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5.0 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

This chapter was originally prepared to describe the reactor coolant system during the initial fuel
cycle. Much of the original text is.retained for historical record. However, where applicable,
changes have been made to reflect the uprating of the unit to a stretch power rating of 2700 Mwt.
Where information associated with the higher power level is not available the existing lnformatlon :
is identified as Cycle 1. Replacement Steam Generators of type 89/19TI were mstalled in Unit 2

in the fall of 2007.

51  SUMMARY DESCRIPTION

The reactor is a pressurized water reactor with two coolant loops. The Reactor Coolant System
(RCS) circulates water in a closed cycle, to remove heat from the reactor core and transfers it to
a secondary (steam generating) system. The steam generators provide the interface between
the Reactor Coolant (primary) System and the Main Steam (secondary) System. The steam
generators are vertical U-tube heat exchangers in which heat is transferred from the reactor
coolant to the Main Steam System. Reactor coolant is prevented from mixing with the main
steam by the steam generator tubes and the steam generator tube sheet. The RCS is a closed
system thus forming a barrier to the release of radioactive materials.

The arrangement of the RCS is shown on Figures 5.1-1 and 5.1-2. The major components of the
system are the reactor vessel; two parallel heat transfer loops, each containing one steam
generator and two reactor coolant pumps; a pressurizer connected to one of the reactor vessel
outlet pipes; and associated piping. All components are located inside containment.

Reactor Coolant System pressure is controlled by the pressurizer, where steam and water are
maintained in thermal equilibrium. Steam is formed by energizing immeérsion heaters in the
pressurizer, or is condensed by the pressurizer spray to limit pressure variations caused by
contraction or expansion of the reactor coolant. The average temperature of the reactor coolant
varies with power level and the fluid expands or contracts, changing the pressurizer water level.

The charging pumps and letdown control valves in the Chemical and Volume Control System
(CVCS) are used to maintain a programmed pressurizer water level. A continuous but variable
letdown purification flow is maintained to keep the RCS chemistry within prescribed limits. Two
charging nozzles and a letdown nozzle are provided on the reactor coolant piping for this
operation. The charging flow is also used to alter the boron concentration or correct the chemical
content of the reactor coolant.

Other reactor coolant loop penetrations are the pressurizer surge line in one reactor vessel outlet
pipe; the four safety injection inlet nozzles, one in each reactor vessel inlet pipe; two outlet _
nozzles to the Shutdown Cooling System, one in each reactor vessel outlet pipe; two pressurizer
spray nozzles; vent and drain connections; and sample and instrument connections.

Overpressure protection for the reactor coolant pressure boundary is provided by three spnng-
loaded ASME Code pressurizer safety valves connected to the

5.1-1 Amendment No. 18 (01/08)



top of the pressurizer. Two power operated relief valves are provided to .
minimize the opening of the pressurizer safety valves. All these valves

discharge to the quench tank where the steam is released under water to be -

‘condensed and cooled. If the steam discharge exceeds the capacity of the

quench tank, it is relieved to the containment atmosphere via the quench tank

relief valve and/or a rupture disc installed in the tank.

5.1-1a - Amendment No. 1, (4/86)
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Overpressure protection for the secondary side of the steam generators is provided by 16 spring-
- loaded ASME Code safety valves located in the Main Steam System upstream of the steam I|ne
lsolatlon vaIves (see Sectlon 10. 3) , S

.‘Components and prplng in the RCS are'insulated with a materlal compatrble W|th the

~© temperatures mvolved to reduce heat losses and protect personnel from high temperatures:

Design parameters of the RCS are listed in Table 5.1-1. Table 5.1-2 lists RCS volumes.

Shielding requirements of the surrounding concrete structures are described in Chapter 12.
Reactor Coolant System shielding permits limited personnel access to the containment during
power operation. The reactor vessel is enclosed by a primary shield wail. This and other”
shielding reduces the dose rate within the containment and outside the shield wall during full
power operation to acceptable levels. ' :

5.1.1 SCHEMATIC FLOW DIAGRAM

The principal pressures, temperatures, and flowrates at.major components are listed in Table 5.1-
3. These parameters are referenced to Figures 5.1-3 and 5.1-4, the piping and instrument
diagram, by numbered locations. Instrumentation provided for operation and control of the RCS
is described in Chapter 7 and is indicated on Figures 5.1-3, 5.1-4, 5.1-4a and 5.1-4b.

512 PIPING AND INSTRUMENT. DIAGRAM

Figures 5.1-3, 5.1-4, 5.1-4a and 5.1-4b comprise the piping and instrumentation diagram of the
RCS. Figures 5.1-3 and 5.1-4 depict the reactor coolant pressure boundary and illustrate the use

. of the isolation design features utilized between the RCPB and connected systems. The entire *
RCS is located within the containment. Fluid systems which are connected to the RCS and which
include the limits of the reactor coolant pressure boundary (as defined in 10 CFR 50.2 (V)) are"
identified and the appropriate piping and instrumentation diagrams are referenced. Figure 5.1-6
is the piping and instrumentation diagram for the reactor coolant pumps. Figure 5.1-6a illustrates
the reactor coolant seal injection system which is descrlbed in Subsection 9.3.4,

513  ELEVATION DRAWINGS
Reactor Coolant Sy_stem plan and elevation drawings are provided as Figures 5.1-1 and 5.1-2.
‘Major components of the RCS are surrounded to the extent possible by concrete structures which

provide support, shielding and missile protection. 'Elevation drawings illustrating principal
dimensions of the RCS and its relationship to the surrounding concrete structures are provided as

Figures 1.2-8 through 1.2-11.
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514 O’PER‘ATION WITH THE RCS AT REDUCED INVENTORY OR MID-LOOP
CONDITIONS

Background

Following reactor shutdown (k. <1.0) irradiated fuel continues to produce substantial quantmes of
heat due to the decay of fission products, primarily through the emission of gamma (y) rays. Most
of this decay heat is deposited in the reactor coolant and is subsequently removed from the RCS
by the shutdown cooling heat exchangers. Sometimes routine reactor maintenance, such as the .
replacement of a reactor coolant pump seal, can require opening the cold leg while the RCS is
partially drained. For this work, the RCS is drained to approximately the mid-plane of the hot leg
piping; this condition is referred to as “mid-loop”. Reducing the RCS water inventory has the
effect of decreasing the system response time to any loss of decay heat removal capability. The
plant is considered to be in mid-loop conditions when the reactor vessel water level is below the
top of the hot leg and at or above the mid-plane of the hot leg piping. The term “reduced
inventory” refers to a water level beginning 3 feet below the reactor vessel flange and continuing
down to the top of the hot leg. This definition is consistent with that used by the NRC in Generic
Letter 88-17, Loss of Decay Heat Removal (Reference 1).

In the event of a loss. of shutdown cooling while at a reduced inventory or mid-loop condition, the
deposited y-ray energy.would heat the core coolant inventory to saturation and begin to boil-off
the water remaining in the reactor vessel above the core. If this boiling condition persists, reactor
fuel will be uncovered from the loss of inventory. Substantial quantities of steam will be evolved

during any inventory boil-off.

Reference 2 calculations have shown that the boil-off of RCS inventory at low pressures is a
relatively slow evolution that requires two hours or more to reduce the RCS water level below the
top of the active fuel. However, if the steam generated by the boil-off process is not effectively
vented from the system, the pressure within the reactor vessel upper plenum may increase,
depressing the reactor vessel water level such that active fuel is exposed. This scenario, which
also requires the presence of an opening in the RCS cold leg and installation of both hot leg
nozzle dams, leads to a more rapid core uncovery than does the low pressure boil-off scenario.

For example, if the pressurizer manway is open and the reactor vessel water level is below the
top of the hot leg piping, a direct steam vent pathway is available. However, as discussed in
Section 6.1.2 of Reference 3, water levels above the mid-plane of the hot leg increase the kg loss
factor, leading to an increase in the loss (or resistance) coefficient K and lower steammg rates,
until pressurization forces additional lnventory into the cold legs.

To preclude rapid core uncovery following any loss of shutdown cooling, the timing of the RCS
drain down to mid-loop conditions is constrained by the following factors: 1) sequencing of nozzle
dam installation; 2) the available RCS vent area; 3) the steam production rate due to inventory
boil-off; and 4) the containment closure capability. The steam production rate after a loss of
shutdown cooling is proportional to the decay heat generation rate. The relationship between hot
side vent area and the steam evolution rate is critical to maintaining a stable (and acceptably
small) pressurization of the core and upper plenum region in the event of a loss of shutdown
cooling when steam generators are not available for heat removal: The ability to close
containment openings quickly aids in minimizing offsite radiological dose.
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Steam generation rates after the onset of core boiling can be derived from tables of the properties
of steam and water and from Tables 4 and 5 of Attachment 1 to the Reference 2 calculation. This
information and information from Reference 4 can be used to derive the vent area required to
avoid excessive pressurization of the RCS following any loss of shutdown cooling.

REGULATORY BASIS

Initially, concerns related to operation while at reduced inventory arose following a loss of
shutdown cooling event at the Diablo Canyon site in 1987. As a result of the event, the NRC
prepared regulatory guidance in the form of Generic Letters (GL), including GL 88-17, Loss of
Decay Heat Removal to discuss a number of phenomena recognized as affecting nuclear piant
operation when these plants are operating in a non-power condition. Some of the phenomena
identified in GL 88-17 can cause the time between theloss of decay heat removal and the onset
of severe core damage to be as short as one hour. The common industry understanding prior to
issuance of GL 88-17 was that core damage required a loss of shutdown cooling of about 4 hour
duration. Enclosure 1 of GL 88-17 went on to discuss the six areas of concern listed below:
Pressurization

Vortexing

Draining the S/G U-tubes .

RCS level differences

Design characteristics of decay heat removal systems

Instrumentation o

AN HWN =
o e e et e e

Of these six items, the NRC's principal concern was that pressurization could occur as a result of
conditions unique to operation with a reduced RCS inventory — and that excessive pressurization
could adversely affect plant safety. After shutdown cooling was lost at Diablo Canyon, the
inventory of core coolant began to boil in 30 to 45 minutes. More importantly, the boiling led to
pressurization of the RCS, which was an unanticipated outcome. As previously noted, in the
presence of a cold leg opening co-incident with installed hot leg nozzle dams pressurization of the
RCS can depress the water level in the reactor vessel, leading to a loss of inventory and an early

core uncovery.

These areas of concern formed the basis for the expeditious and programmatic action
requirements imposed on licensees, including St. Lucie. Section 2.2.2 of Enclosure 2 to

GL 88-17 provided guidance for licensees on establishing interim restrictions for draining the
RCS. The goal of the interim guidance was to have licensees implement procedures and
administrative controls that would reasonably assure containment closure prior to a core
uncovery resulting from a loss of decay heat removal (DHR) -and the-coincident failure of alternate
makeup capability. The NRC anticipated that this interim guidance would later be supplanted by
site-specific guidance developed by licensees and industry owners groups. NRC also envisioned
that periodic updates and revisions to this guidance would be developed using 10 CFR 50.59
criteria. St. Lucie developed its initial, site-specific guidance in 1989 and 1990. Updated
guidance for Unit 2 was developed in 1998 and 1999 and is documented in Reference 6.

For reduced inventory and mid-loop operations with irradiated fuel present in the reactor vessel,
Reference 6 requires an open vent path through the pressurizer manway. Under some
conditions it requires opening an additional vent pathway through IC! Quickloc assemblies. The
Reference 3 calculation quantifies the available ICI vent capacity with and without upper flange
thread protection devices installed. The available ICI vent capacity without thread protectors
installed is slightly greater than the ICI vent capacity available when thread protectors are
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installed. To credit this IC| vent path, removal of the ICI Quickloc seal assemblies is required
prior to entry into reduced inventory conditions. With a vent pathway available through the
pressurizer manway and at least six ICl Quickloc assemblies, adequate venting is present for all
times after shutdown greater than 73 hours.

Time to Boil

Reference 2 provides updated information on decay heat loads, times to boil and the time
required to boil-off enough coolant inventory to uncover the core. The input assumptions used
will bound both current and future operating cycles. Reference 2 results are applicable to a
variety of times after shutdown.

When the RCS is drained to mid-loop and the initial coolant temperature is 120°F, the time to boil
is 11.4 minutes at 72 hours after shutdown and 12.5 minutes at 90 hours after shutdown. Both of
these values assume an equivalent operating cycle length of 16000 EFPH for previous fuel
cycles. If the initial coolant temperature is assumed to be 110°F, the time to boil increases to
12.7 minutes at 72 hours after shutdown and 13.9 minutes at 90 hours after shutdown.. At RCS
temperatures above ~90°F, Reference 2 gives values for the time to boil from mid-loop conditions
that are less than 30 minutes for the first 360 hours after reactor shutdown.

Increasing the water level in the reactor vessel above the core has a minor effect on the time to
boil. At 90 hours after shutdown Reference 2 shows that increasing the RV water volume by
100 ft (748 gallons) delays the onset of care boiling by 0.958 minutes, if the initial temperature is

120°F.

Time to Core Uncovery

Assuming the RCS pressure remains at approximately 15 psia (i.e. depressurized), Reference 2
also provides the time to core uncovery from mid-loop conditions as a function of initial coolant
temperature and time after shutdown. No inventory makeup is assumed available. At 72 hours
after shutdown and with an initial temperature of 120°F, core uncovery occurs 123 minutes

(2.05 hours) after a loss of shutdown cooling. Decreasing the initial temperature to 110°F
increases the time to core uncovery by 2 minutes to 125 minutes. At 90 hours after shutdown the
corresponding the corresponding values are 135 minutes (2.25 hours) and 137 minutes. If the
reactor has been shutdown for only 60 hours, water level in the core will drop below the top of the
active fuel 115 minutes (1.92 hours) after shutdown cooling is lost from mid-loop conditions when

the initial temperature is 120°F,

Steaming Rates and Required Vent Area

As previously noted, Reference 2 can be used, along with properties of steam and water, to
derive the rate of steam generation following any loss of shutdown cooling. Reference 6
tabulates steaming rate information applicable to Unit 2 operation at reduced inventory and
mid-loop conditions. Steam production rates in the range of 9.0 Ibm/sec to 12.5 Ibm/sec could be
expected following a loss of shutdown cooling from hot mid-loop conditions at Unit 2.

The upper limit on acceptable pressurization can be determined by considering the elevation
difference between the RCS cold legs and the top of the core. Pressurization that will raise a
water column by more than this amount could fill the cold legs with liquid inventory that should be
covering the core and lead to a loss of inventory through any hole in the cold leg.
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For Unit 2, the maximum permissible pressurization of the core/upper plenum region that avoids
inventory loss to the cold legs is on the order of 3 0 psig. This is the basis for the 17.7 psia value
(14.7 + 3.0) discussed in Reference 6. ;

Vent Area and Time after Reactor Shutdown

The cross sectional area of the pressurizer surge line is the limiting dimension constraining steam
flow through an open pressurizer manway. The Unit 2 pressurizer surge line has a cross-
sectional area of 0.5592 ft* and Reference 6 uses a K-factor of 4 for the surge line/pressurizer
manway combination. Reference 3 explicitly calculates the pressurizer surge line/manway
opening resistance coefficient and verifies that a value of 4 for this vent pathway is conservative.
Results from the orifice flow equation used to calculate the steaming rate through the open
manway are sensitive to the flow resistance (K) factor used. Reference 6 gives the required hot
side vent area as a function of cycle length and time after shutdown. v

Reference 6 gives the required cooling time of 102 hours after shutdown if the equivalent
operating cycle length for past operation was 16000 EFPH (this bounds 18 month fuel cycles)
and 106.5 hours if the equivalent operating cycle length for past operatlon was characterized by
24-month cycles. These cooling times will ensure that the pressurizer manway vent path alone
has sufficient capacity to maintain the core and upper plenum region pressure not greater than

3.0 psig.

To reduce these required cooling times, an additional vent path on the reactor head muet be
opened. '

Reference 3 determined each ICI Quickloc flange assembly through which a vent path is opened
. provides an additional 0.286 ibm/sec of steam venting capacity at an assumed 3.0 psid. As
shown in Section 6.2.4 of Reference 3, the venting capacity of an ICl assembly is greater if the
upper flange thread protector is not installed. If a vent path is established through any six of the
IC! Quickloc assemblies and the pressurizer surge line/manway during mid-loop operations, then
the combined vent capability is 11.54 Ibm/sec. This venting capacity compares favorably with
steaming rates at 72 hours of 11.56 Ibm/sec (24-month cycles) and 11.39 Ibm/sec (18 month
cycles). Increasing the wait time after shutdown by one hour (to 73 hours) reduces the bounding
steaming rate to 11.50 Ibm/sec. Therefore, removing the pressurizer manway and removing at
. least six of the ICI Quickloc seal assemblies will provide a vent path adequate to prevent )
pressurization above 3.0 psig in the event of a complete loss of shutdown cooling for times of 73
“hours or greater after shutdown.

" Containment Closure

The undesirable containment environment that will rapidly ensue following a loss of shutdown
cooling requires that containment closure be promptly initiated on any loss of shutdown cooling.
The containment closure requirements specified-in Reference 6 ensure that potentially adverse
environmental factors present in the containment atmosphere do not effect the closure evolution.
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Radiological Consequences

The radiological consequences of a sustained loss of shutdowh cooling with an open containment .
equipment hatch have not been evaluated for either St. Lucie unit. This event is not a design

basis event at St. Lucie.

A qualitative assessment of the dose consequences inside and outside containment was
performed for Ft. Calhoun in 1988 by the CEOG (see Reference 7). These calculations used
conservative inputs, such as a 1% failed fuel fraction, and concluded the site boundary whole
body doses would be in the tens of millirem range. This analysis also concluded that the
in-containment isotopic concentrations of many species would exceed 10 CFR Part 20 limits once

core boil-off has begun.

Pump Makeup to Compensate for Inventory Boil-off

Reference 6 shows that two charging pumps can provide sufficient makeup capability to
compensate for inventory boil-off if the reactor has been shutdown for at least 60 hours. In
addition to charging pumps other makeup sources, including a high pressure safety injection
(HPSI) pump, are available. HPSI pump makeup capability is greater than the boil-off rate from
any credible mid-loop condition, so depending on the location of any RCS openings the added
makeup will either flow out through a hole or increase the level of the RCS. If makeup flow is not
required at a time when low elevation openings are present on the hot side of the RCS, it may be
desirable to throttle HPSi pump flow some time after initiation to match the boil-off rate so to
avoid spilling injection flow on the containment fioor.

PLANT RESTRICTIONS

Reference 6 provides a list of operational restrictions applicable to St. Lucie Unit 2 during hot mid- .
loop and reduced inventory conditions. Plant procedures have been reviewed and modified as
necessary to include required restrictions and operational guidance.
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" Component
'. Reactor Vessel
Steam Generator
Reactor Coolant Pump
Piping

Hot Leg

Suction Leg

Discharge Leg
Pressurizer

Surge Line

TABLE 5.1-2 -

514

- REACTOR COOLANT SYSTEM VOLUMES

Volume (Ff%)
4615
1900.22 (each)

112 (each)

140 (each)
112 (each)
81 (each)
1509

29

Amendment No. 18 (01/08)



' Refer to Drawing

2998-3793

FLORIDA POWER & LIGHT COMPANY
ST. LUCIE PLANT UNIT 2

REACTOR COOLANT
SYSTEM ARRANGEMENT -
PLAN
FIGURE 5.1-1
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Refer to Drawing
2998-3794

FLORIDA POWER & LIGHT COMPANY
ST. LUCIE PLANT UNIT 2
REACTOR COOLANT
SYSTEM ARRANGEMENT -
ELEVATION
FIGURE 5.1-2
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Refer to Drawing
2998-G-078 SH 110

FLORIDA POWER & LIGHT COMPANY
ST. LUCIE PLANT UNIT 2

FLOW DIAGRAM
REACTOR COOLANT SYSTEM

FIGURE 5.1-3
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Refer to Drawing
2998-G-078 SH 109

FLORIDA POWER & LIGHT COMPANY
ST. LUCIE PLANT UNIT 2 '

: FLOW DIAGRAM
REACTOR COOLANT SYSTEM

FIGURE 5.1-4
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Refer to D'rawing
2998-G-078 SH 108

FLORIDA POWER & LIGHT COMPANY
ST. LUCIE PLANT UNIT 2

- FLOW DIAGRAM
REACTOR COOLANT SYSTEM

FIGURE 5.1-4a
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Refer to Drawing
2998-G-078 SH 107

FLORIDA POWER & LIGHT COMPANY
~ ST. LUCIE PLANT UNIT 2

FLOW DIAGRAM
REACTOR COOLANT SYSTEM

" FIGURE 5.1-4b
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DELETED

FLORIDA POWER & LIGHT COMPANY
ST. LUCIE PLANT UNIT 2

FIGURE 5.1-5
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Refer to Drawings
2998-G-078 SH 111A, B, C, D

FLORIDA POWER & LIGHT COMPANY
ST. LUCIE PLANT UNIT 2
FLOW DIAGRAM
REACTOR COOLANT PUMPS

FIGURE 5.1-6
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Refer to Drawing
2998-G-078 SH 115

FLORIDA POWER & LIGHT COMPANY
ST. LUCIE PLANT UNIT 2

FLOW DIAGRAM
REACTOR COOLANT
SYSTEM
FIGURE 5.1-6a
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5.2 INTEGRITY OF REACTOR COOLANT PRESSURE BOUNDARY (RCPB)

521  COMPLIANCE WITH CODES AND CODE CASES

5211 Compliance with 10 CFR 50.55a

The code class, edition and ‘addenda for the RCPB are Ilsted in Table 5.2-1 and arein
accordance with the provisions of 10 CFR 50. 55a

5.21.2 Aggllcable Code Cases

The Code Cases applied in the construction of the reactor coolant pressure boundary A
components and those used for modifications to instrument nozzles are listed in Table 5.2-2. -
Except as noted, all of the code cases listed have been included in Regulatory Guides 1.84,
"Code Case Acceptability ASME Section Ill Design and Fabrication,” March 1977 (R9) or 1.85,
"Code Case Acceptability ASME Section IIl Materials,” March 1977 (R9) as approved cases.

The originai’Reactor Vessel Closure Head and the original CEDMs have been replaced.
The Code Cases used in the replacement components are listed in Table 5.2-2.
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522 OVERPRESSURIZATION PROTECTION .

5.2.21 _ Design Bases

Appendix 5.2A presents the design bases for sizing the overpressurization protection system.
The loss of load transient which is used to size the pressurizer safety valves is not a design
transient for any other component in the reactor coolant pressure boundary.

5.2.22 Design Evaluation

Section 15.2 provides an evaluation of the functional design of the overpressure protection {
system. In this analysis, the capability of the overpressure protection system to maintain
secondary and primary operating pressures within 110 percent of design is ciearly demonstrated.

The analytical model and assumptions used in the analysis are discussed in Section 15.2. -

The analysis demonstrates that sufficient relieving capacity has been provided so that when
acting in conjunction with the Reactor Protective System the safety valves prevent exceeding 110

percent of the design pressure.

5223 Piping and Instrumentation Diagram

The piping and instrumentation diagram showing the primary safety valves and their associated‘
discharge lines are shown on Fi tgures 5.1-3 and 5.1-4. The secondary safety valves are shown

on Figure 10.1-1. .

5224 Equipment and Component Description

52241 Pressurizer Safety Valves

See Subsection 5.4.13 for a description on pressurizer safety valves. The pressurizer safety
valves discharge into the pressurizer quench tank. The pipe diameter, pnpe length and routing is

shown on Figure 5.2-1.
5.2.24.2 Main Steam Safety Valves
See Subsection 10.3.2 for a description of main steam safety valves.

5225 Mounting of Pressure-Relief Devices

Mounting of the pressurizer safety valves and main steam safety valves are described in
Subsections 5.4.13 and 10.3.2 respectively.

5226 Applicable Codes and Classification

The applicable codes and classification for the overpressure protection system are contained in
Subsections 3.2.1 and 3.2.2. Additional component information can be found in Subsections

5.2.1,5.4.11, 5.4.13 and Section 10.3.
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5.2.2.7 ~Material Specification

Material specifications for the overpressure protection system are given in
Subsections 5.2.3, .5.4.13, and 10.3.6.

.5.2.2.8 Process Instrumentation

Process instrumentation for the overpressure protection system is shown on
Figures 5.1-3 and 5.1-4 and described in Chapter 7. Instrumentation
associated with pressurizer relief discharge is described in Subsection
5.4.11. .

5.2.2.9 . Svstem Reliability

Reliability of the main steam safety valves is discussed in Subsection 10.3.3.
The pressurizer safety valves are spring actuated mechanisms, and cannot close
when setpoint pressure is exceeded. The operational reliability of the
pressurizer safety valves is assured by:

a) Compliance with ASME Code, Sections III and XI for safety wvalves
b) Conservative design criteria » ‘

c) Selection of é vendor with proven experience and expertise

4d) 'Accounting for thermal cycling during valve operation

e) Technical Speciéications .

5.2.2.10 Testing and Inspection

Each safety valve undergoes initial testing by the valve vendor. Subsequent
testing and inspection of the pressurizer safety valves is governed by ASME
Code, . Section XI, Subsection IWV. Testing and inspection of the main steam
safety valves is .discussed in Subsection 10.3.4. ‘



523 REACTOR COOLANT PRESSURE BOUNDARY MATERIAL

5231 - Material Specifications.

A list of specifications for the principat ferritic materials, austenitic stainless steels, bolting and .
weld materials, which are a part of the reactor coolant pressure boundary is given in Tables 5.2-3
and 5.2-4.

To reduce sensitivity to neutron-induced changes in service, low residual requirements for
copper, phosphorous, and vanadium are imposed on plate and weld materials in the reactor
vessel belt-line. The core beltline region as defined by Appendix G of 10 CFR 50 includes the
intermediate and lower shell courses and their longitudinal weld seams. Also included is the girth
seam joining the intermediate to lower shell courses. The chemical content of the reactor vessel
beltline plate and weld material as determlned by chemical analysis is given in Tables 5 2-5 and

5.2-6.

5232 Compatibility With Reactor Coolant

5.2.3.2.1 Reactor Coolant Chemistry

Controlled water chemistry is maintained within the Reactor Coolant System. Control of the
reactor coolant chemistry is the function of the Chemical and Volume Control System which is
described in Subsection 9.3.4. Water chemistry limits applicable to the, Reactor Coolant System .
are given in Subsection 9.3.4.

5.23.2.2 Materials Compatibility

The materials of construction used in the reactor coolant pressure boundary and for modifications
to instrument nozzles which are in contact with reactor coolant are designated by an "a" in Tables ‘
5.2-3 and 5.2-4. These materials have been selected to minimize corrosion.and have previously
demonstrated satisfactory performance in other existing operating reactor plants.

5.2.3.23 Compatibility with External insulation
5.2.3.2.3. NSSS Components

The possibility of leakage of reactor coolant onto the parts of the reactor coolant pressure
boundary causing corrosion of the pressure boundary has been investigated for reactors similar
to St Lucie Unit 2. Tests have shown that Reactor Coolant System leakage onto surfaces of the
reactor coolant pressure boundary does not affect the integrity of the pressure boundary. -

The reactor vessel closure head dome and lower portion of the reactor vessel are insulated with
stainless steel reflective insulation to minimize insulation contamination in the event of a spillage.
Metal encapsulated fiberglass insulating wool blanket is used to insulate the reactor vessel
closure head flange.

The steam generators are insulated with stainiess steel reflective insulation in response to NRC
Generic Letter 2004-02 “Potential Impact of Debris Blockage on Emergency Recirculation during
Design Basis Accidents at Pressurized-Water Reactors,” which satisfies the requirements
provided in the guidance report NEI-04-07, “Pressurized Water Reactor Sump Performance
,Evaluatlon Methodology.”
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The quantity of leachable ha}ogehs is in accordance with Regulatory Guide 1.36, "Non-metallic
Thermal Insulation for Austenitic Stainless Steel,” February, 1973 (RO0).

~ The other NSSS components-are insulated with non-metallic insulation which is in accordance
with the requirements of Regulatory Guide 1.36 (RO).

5.2.3.2.3.2 - AE-Supplied Components

The piping within the RCPB is insulated for thermal, personnel or anti- sweat requirements.

All insulation used inside the containment consists primarily of fiberglass or metaliic reflective
insulation. The quantities and locations of each type of insulation are provided in Table 6.2-40;
the materials of construction of each type of insulation are listed in Table 6.2-39.

The insulation on stainless steel components is in accordance. with the requirements of
Regulatory Guide 1.36 (RO).

5233 Fabrication and Processing of Ferritic Materials

5.2.3.3.1 Fracture Toughness

The tests and acceptance requirements of 10 CFR 50, Appendix G, are applied to the reactor
coolant pressure boundary ferritic materials, bolting and weld materials used for fabrication of the
reactor vessel, steam generators (primary side), pressurizer, and the reactor coolant piping.

An alternate procedure is used for tributory nozzles (spray and let down/ drain) in the reactor ,
coolant piping. This material is tested in accordance with the ASME Code, Section Ili, 1971
edition through Winter 1972 addenda to, Paragraph NB-2332.a, which requires three Charpy
V-notch specimens tested at a single temperature for pumps, valves, and fittings with pipe
connection of norninal wall thickness 2-1/2 inches or less. The material must exhibit a minimum
of 40 mils lateral expansion at or below the lowest service temperature. Drop weight specimens
are not required, therefore no Typr has been determined for this material. However, the lateral
expansion requirement is more severe than that required by 10 CFR 50 Appendix G and a
conservative RTnpr has been estimated by use of the Branch Technical Position MTEB 5-2,
"Fracture Toughness Requirements for Older Plants,” as shown in Table 5.2-12. These RTypr
values were estimated using the CVN values presented in Table 5. 2 12A. The Iowest service

temperature for these nozzles is 40°F.

The material for bolting and other fasteners greater than one inch diameter is purchased to the
ASME Code Edition and Addenda specified for the component in which they are used. Table
5.2-1 lists Code Editions and Addenda for the components of the reactor coolant pressure
boundary. These materials meet the requirements of the Code Edition and Addenda to which

they are ordered.
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Although these materials are ordered prlor to the publication of 10 CFR 50 Appendix G, sufficient
testing to' demonstrate compliance with Appendix G is performed-in all but two cases. The
. __acceptablllty of these two cases can be demonstrated however as foliows

a) "The 2- 3/8 inch hex bar of SA-193 Gr. B7 used for pressurlzer manway nuts, materlal ID

' ‘No. C-5364, displays 25-53 ft- Ibs absorbed energy-and 18-33 mils lateral expansion at
10°F (s}ee Table 5.2-13a). Since full curves are not required for this material, testing over-
a range of temperatures is not normally done. Examination of the percent shear results.
show that the tests were done in the transition region of the Charpy curve; the range of

shear values was 40-80 percent and two of the three specimens exhibited over 50 percent

shear. Atthe 10°F test temperature two specimens met the 25 mils lateral expansion
requirement. At a temperature 30°F higher (40°F), it is expected that all specimens would
exceed 25 mils lateral expansion. The data for SA-193 Gr. B-7 material, given in Table
5.2-13c, exhibits in excess of 30 mils lateral expansion at a minimum of 66 percent shear.
Thus, had testing been done at 40°F, the requirements of 10 CFR 50 Appendix G would

have been met.

The heat treatment for material ID. No. C-5364 is given in Table 5.2-13b; the heat
treatment for the Table 5.2-13c data is given in Table 5.2-13d. Each of these heat
treatments produce similar metallurgical structures in this alloy.

The preload temperature for these fasteners, equnvalent to their lowest service
temperature, is 70°F. :

b) No data on lateral expansion are reported for material ID. No. C-5365, SA540 Gr. B-24, a
* 1.656 inch diameter bar used for pressurizer manway studs. This material exhibited

absorbed energy values of between 54 and 58 ft-Ibs 10°F, well in excess of the required
45 ft-Ibs. WRC Bulletin 175, "PVRC Recommendations on Toughness Requirements for,
Ferritic Materials,” August 1972, contains energy (ft-Ibs) versus lateral expansion (mils)
data for bolting steels of the 4340 (SA-540 Gr. B-23 and B-24) composition. Based on
this data, at least 30 mils lateral expansion was obtained for bolting steels exhibiting a
minimum of 54 ft-lbs absorbed energy. Therefore, the lateral expansion requirement
(25 mils) for the SL2 material (ID. No. C-5365) would be met at 10°F. :

Fracture toughness data as required by 10 CFR 50, Appendix G is presented in Tables 5.2-7
through 5.2-13. Charpy V-notch test results are shown on Figures 5.2-2 through 5.2-24.

All ferritic reactor coolant pressure boundary (RCPB) welds were made using submerged arc or
covered electrode weld process. The fracture toughness data for the beltline welds are included
in Table 5.2-7a. Impact test data for all weld materials used in the beltline region were taken from
the weld metal certification tests of NB-2400. The highest RTypr for the beltline region weld
materials is -40°F. In all cases RTypr is fixed by the NDT temperature.
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The test specimens for core beltline welds are made with the same pre, interpass, and post-weld
temperature requirements as the reactor vessel welds. The specimens receive a 40 hour,

1150 + 25°F stress relief treatment equivalent to the stress relief given to the vessel. The. test
specimens are in the same metallurgical condition as are the welds in the core beltline region. .

Testing and measuring equipment for fracture toughness tests for the reactor vessel, steam
generators, pressurizer, reactor coolant pumps and piping are calibrated in accordance with
Paragraphs NA-4600 and NB-2360 of the 1971 ASME Code Section lll, through Summer 1972
Addenda (Winter 1972 Addenda for plplng)

The personnel performing impact testlng were qualified in accordance with the ASME Boiler and
Pressure Vessel Code. Compliance with the ASME B&PV Code is verified by Combustion
Engineering quality assurance procedures, and reviewed by ASME and NRC audits.

As required by the Code, the personnel performing impact testing are certified by qualified
supervisory personnel. Records of this certification are maintained in accordance with NA-4900,
"Records and Data Reports," and are available for review at Combustion Engineering's
Chattanooga facility. Combustion Engineering training methods comply with the revision of

10 CFR 50 Appendix G published November 14, 1980 "for comment”.

All of the ferritic pressure retaining materials used in the fabrication of the replacement Reactor
Vessel Closure Head (RVCH) have been tested to demonstrate compliiance with the fracture
toughness requirements of 10 CFR 50, Appendix G as required by the Code. All aspects of the
fracture toughness (impact) testing were performed in compliance with SUBARTICLE NB-2200
and SUBARTICLE NB-2300 of ASME Code Section i, Division 1, 1989 Edition No Addenda.

5.2.3.3.2 Control of Welding
523321  Avoidance of Cold Cracking
5.2.3.3.2.1.1 NSSS Components

St. Lucie Unit 2 components conform to NRC Regulatory Guide 1.50, "Control of Preheat
Temperature for Welding of Low-Alloy Steel,” May 1973 (RO) except for Part C, Paragraphs 1.b
and2. 7 ‘

The strict interpretation of Paragraph 1.b would imply that the qualification plates are an infinite
heat sink that would instantaneously dissipate the heat input from the welding process. The
procedure qualification consists of starting the welding at the minimum preheat temperature.
Welding is continued until the maximum interpass temperature is reached. At this time, the test
plate is permitted to cool to the minimum preheat temperature and the welding is restarted.
Preheat temperatures utilized for low alloy steels are in accordance with Appendix D of Section |l
of the ASME Code. The maximum interpass temperature utilized is 500°F. This position applies
to the steam generators, reactor vessels, 42 inch and 30 inch Reactor Coolant System piping and
pressurizer,

The Paragraph 2 requirement is considered an unnecessary extension of present NSSS vendor
procedures, which continue to produce low-alloy steel welds meeting ASME Code Sections Il
and IX requirements. The requirements of Regulatory Guide 1.50 (RO) are met by compliance

- with Paragraph 4. The soundness of ail welds is verified by ASME Code acceptable examlnatlon

procedures

5.2-6a , Amendment No. 18 (01/08)



With regard to Regulatory Guide 1.43, "Control of Stainless Steel Weld Cladding of Low Alloy -
Steel Components," May 1973 (R0), major Reactor Coolant System components are fabricated
with corrosion resistant cladding on internal surfaces exposed to reactor coolant. The major
portion of the material protected by cladding from exposure to reactor coolant is SA-533, Grade
B, Class 1 plate which, as discussed in the Regulatory Guide, is immune to underclad cracking.
Ciadding performed on SA-508, Class 2 forging material is performed using low-heat-input
welding processes controlled to minimize heating of the base metal.

Moisture Control for low hydrogen covered arc welding electrodes is consistent with
Subparagraph NB-2440 of ASME Code, Section Ill and the requirements of SFA 5.1,
"Specification for Mild Steel Covered Arc Welding Electrodes,” of ASME Code, Section IlI.

The replacement Reactor Vessel Closure Head is SA-508, Class 3 forging material. All high heat
input welding procedures used to apply the cladding were first qualified by undergoing
Intergranular Separation Test as part of the weld procedure qualification. The base materials for
the procedure qualification were of the same spemfcatlon and grade as were used in the cladding

of the Reactor Vessel Closure Head.
5.2.3.3.21.2 AE-SuppIied Components

Low-alloy steels are not utilized in any AE-Supplied RCPB components, therefore, Regulatory
Guides 1.50 and 1.43 are not applicable.

52.3.3.22  Conformance to Regulatory Guide 1.34

Regulatory Guide 1.34, "Control of Electroslag Weld Properties,” December, 1972 (R0),
addresses controls to be applied during welding using the electroslag process. The electroslag
process has not been used in the fabrication of any reactor coolant pressure boundary
components. Therefore, the recommendations of this guide are not applicable.

52.3.3.23  Conformance to Regulatory Guide 1.71
5.2.3.3.2.31 NSSS Components

St. Lucie Unit 2 does not comply with the specific requirements of Regulatory Guide 1.71,
"Welder Qualification for Areas of Limited Accessibility,” December, 1973 (R0). Performance
qualifications, for personnel welding under conditions of limited accessibility, are conducted and
maintained in accordance with the requirements of ASME Code, Sections il and 1X.

A requalification is required when (1) any of the essential variables of Section IX are changed, or
(2) when authorized personnel have reason to question the ability of the welder to satisfactorily
perform to the applicable requirements. Production welding is monitored for compliance with the
procedure parameters and welding qualification requirements are certified in accordance with
Sections 1l and IX. Weld quality is verified by the performance of the required nondestructive
examination.

5.2.3.3.2.32 AE-Supplied Components
Conformance to Regulatory Guide 1.71 (R0) is provided in Subsection 5.2.3.4.2.1.2.

5.2.3.3.3 Nondestructive Examination of Tubular Products
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523331 NSSS Components

All tubular products used for components of the reactor coolant pressure boundary are -
nondestructively examined in.accordance with the requrrements of the ASME Code, Section lll,
- Division 1, with the applicable edition and addenda as listed in Table 5.2-1. In addition the

~ non- -destructive examination requirements of all these tubular products (except the two _
- components noted below) are consistent with the recommendations of Regulatory Guide 1.66,
"Nondestructive Examination of Tubular Products,” October 1973 (R0). :

- The two components (pressurizer heater tubing and heater sleeve tubing) are ultrasonically

tested in accordance with the requirements of the ASME Code Addenda for the 1971 Edition
Summer 1972 Addendum ‘ o

Reactor vessel instrument tubing and CEDM nozzle housings for the replacement RVCH were

ultrasonically examined in accordance with NB-2552.2, in addition to the examinations requrred
by NB-2551(b) of ASME Code Section lil, Division 1, 1989 Edition, No Addenda. ’

5.2-7a ' Amendment No. 18 (01/08)



523332 . AE Supphed Components

Class 1and 2 tubular products of the reactor coolant pressure boundary are examined in
accordance with the requirements of ASME Iil, NB 2552 and NB 2560. See Table 5.2-1 for code
dates. All pressure retaining forgings associated with inlet piping connections of 2-1/2 inches

' nominal size and over, are 100 percent liquid penetrant examlned All bevelled weld: ends and

longitudinal welds are liquid penetrant examined.

5234 Fabrication and Processing of Austenitic Stainless Steel

52341 Avoidance of Stress Corrosion Cracking
5.2.34.1.1 Avoidance of Sensitization
5.2.3.4.1.1.1 NSSS Components

St. Lucie Unit 2 is consistent with the recommendations of Regulatory Guide 1.44, "Control of the
Use of Sensitized Stainless Steel,” May 1973 (R0), as described in items a) through e), except for
the criterion used to demonstrate freedom from sensitization. The ASTM A 708 Strauss Test was
used in lieu of the ASTM A 262 Practice E, Modified Strauss Test, to demonstrate. freedom from
sensitization in fabricated, unstabilized, stainless steel.

a) Solution Heat Treatment Requirements

All raw austenitic stainless steel material, both wrought and cast, used in the fabrication of
the major NSSS components in the reactor coolant pressure-boundary, was supplied in
the annealed condition as specified by the pertinent ASTM or ASME Code; viz,
1900-2050°F for 1/2 to one hour per inch of thickness and water quenched to below
700°F. The time at temperature was determined by the size and type of component.

Solutionvheat treatment was not performed on completed or partially-fabricated
components. Rather, the extent of chromium carbide precipitation is controlied during all
stages of fabrication as described below.

b) Material Inspection Program

Extensive testing on stainless steel mockups, fabricated using production techniques, was
conducted to determine the effect of various welding procedures on the susceptibility of
unstabilized 300 series stainless steels to sensitization-induced intergranular corrosion.
Only those procedures and/or practices demonstrated not to produce a sensitized
structure were used in the fabrication of these reactor coolant pressure boundary
components. The ASTM standard A 708 (Strauss test) was the criterion used to
determine susceptibility to intergranular corrosion. This test has shown
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the following requirements:

Halides
Chloride (?pm) < 0.50¢
Flunride (ppm) £ 0.40
Conductivity, {gmhns/cm) o < 5.0
pli 6.0 = 9.0
Visual clarity " U turbidity, 0il or sediment

Prior te shipment, reacter coolant pressure boundary components were
packaged in such a manner that they were protected from weather, dirt,
wind, water spray, and any nther extraneous enviranmental conditions en-
countered during shipment and subsequent site storage. The environment
within the package and/or cemponent was maintained clean and dry. In some
instances, -use of a desiccant~breather system was utilized. The shipment
package was emplnyed fror site strrage and was not removed until the compn-—
nent was installed within the containment.

Te prevent halide—induced intergranular corrnsinn, which could nccur in
aqueous environment with significant quantities nf dissnlved oxygen,
snolutions were inhibited via additicns of hydrazine or phesphate.- Results
nf tests have proven these inhibitors te be completely effective, Opera-
tinnal chemistry specifications restrict concentratinns of halide and
oxygen, bnth preraquisites of intergranular attacks (refer to Subsection

9.3.4).

Ut
-
N
.
[@%)
.
o~
-
fou
-
™~
i~

AE-Suppliad Cemprnents

The specific clzanliiness requirements and contaminatien protzctien are in
accordance with tha Regulatery Guide 1.37 (RO).

5.2.3.4.1.3 Characteristics and Mechanical Properties nf Cnld-Wnrked
Austenitic Stainless Steels for Reactor Cenlant Pressure

Brundary Cemponents '

Cold-wnrked austenitic stainless steel 'is not utilized for components onf
the redctor cnolant pressure beundary. ’

5.2.3.4.2 Contrel of Welding
5.2.3.4.2,1 Avnidance of Het Cracking
5.2.3.4.2.1.1 NSSS Comprnants

In ordsr te preclude microfissuring in austenitic stainless steal welds,
reactor cenlant pressure boundary compnnents ara censistent with the
recemmendatinns nf the Interim Positinn (Branch Technical Positisn MTEB
5-1) on Regulatery Guide 1.31, Centrol of Stainless Steel Welding, except
for the differences nnted balow. ' : ‘
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a)  Major Reactor Coolant Pressure Boundary Components, Excluding Reactor Coolant
Pumps

The delta ferrite content of A-No. 8 austenitic stainless steel filler metal, except for 16-8-2,
in the fabrication of components of the reactor coolant pressure boundary has been
controlled to 5-18 FN. Delta ferrite content was determined by magnetic measurement or
.chemical analysis in conjunction with the Schaeffler or McKay Diagram, performed on
undiluted weld deposits. In the case of filler metal used with a non-consumable electrode
process, the delta ferrite content may have been determined by chemical analysis of the -
rod, wire or consumable insert in conjunction with the stainless steel constitution diagram.

The ferrite requirements were met for each heat, lot, or heat/iot combination of weld filler
material.

b) The quality and structural adequacy of welds in the reactor coolant pumps were assured
by the use of controls on materials, procedures, and personnel. These controls were
selected to be pertinent to the component functional safety level required and generally,
were imposed through the appropriate ASME Code referenced in Table 5.2-1.

Conformance to Regulatory Guide 1.34, "Control of Electraslag weld Properties," December 1972
(RO) is discussed in Subsection 5.2.3.3.2.2.

Conformance to Regulatory Guide 1.71, "Welder Qualification for Areas of Limited Accessibility,"
December, 1973 (RO) is discussed in Subsection 5.2.3.3.2.3.

5.2.3.4.21 .2 AE-Supplied Components

Conformance to Interim Position MTEB 5-1 on Regulatory Guide 1.31 is provided in Subsection
6.1. 1

Regulatory Guide 1.34, (RO) does not apply since electroslag welding is not utilized on non-NSSS
Components.

Conformance to Regulatory Guide 1.71 (RO0) is as follows:

Welder qualification under simulated limited-access conditions is not performed. However, the
objective of the Regulatory Guide is adhered to by using welding supervisors to monitor welders
and place an experienced welder(s) at limited-access locations.

5.2.34.3 Nondestructive Examination

Nondestructive examination of tubular products is discussed in Subsection 5.2.3.3.3.
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5.24 INSERVICE INSPECTION AND TESTING OF REACTOR COOLANT PRESSURE
BOUNDARY _
An inservice inspection program is provided for the examination of the Quality Group A reactor
coolant pressure boundary (RCPB}.components and supports as defined by Code Class 1 in
ASME Code, Section XI. The purpose of the inservice inspection program is to periodically
monitor the systems or components requiring inservice inspection program in order to identify and
to repair those indications which do not meet acceptance standards. The acceptance standards
are provided in the ASME Code Section XI. The initial inservice inspections conducted during the
first 120 month period following commercial plant operation will be developed to the requirements
of 10 CFR 50.55a(g), to the extent practical. Where it becomes impractical to meet this criteria,
relief from requirements, on a case-by-case basis, will be requested. References 1, 2, 3, 4. A list
of these relief requests is provided in the i mservnce |nspect|on program.

5.2.4.1 Svstem Boundarv Sublect to Inspection

The system boundary subject to inspection is defined in 10 CFR 50, Section'50.2(v). The reactor
pressure vessel, pressurizer, primary side of the steam generator and associated piping, pumps,
valves, bolting, and component supports are subjected to inspection.

5242 Arrangement of Systems and Components to Provide Accessibility

Provisions are made in the plant design for access to permit the conduct of preoperational and
inservice inspections as specified in the ASME Code, Section XI. The inservice inspection
program shall be updated periodically to meet the 10 CFR 50.55a(g) requirements. The design
and arrangement of the components are such that space is provided to conduct examinations
either from the interior or the exterior or a combination of both.

The use of conventional nondestructive, and visual test techniques, both direct and remote, can
be applied to the Reactor Coolant System components. The high radiation levels and remote
underwater accessibility of the reactor vessel present special problems. In order to facilitate an
inservicé'inspection of the vessel from the internal surfaces during refueling, the vessel internals
and the core barrei are removable. During refueling, the reactor vessel head, closure seal
surfaces and studs may be examined. This allows the internal parts of the vessel which are
visible, including the cladding and components, to be visually checked, as well as allowing access
to the vessel wall for volumetric examinations.

The design considerations which have been incorporated into the system and plant layout to
permit the required examinations are as follows:

a) Storage space is provided for the reactor vessel internals and core barrel in the refueling
' cavity, which permits internal and external examinations of these components.
b) The reactor vessel head is stored dry on the containment operating floor during refueling
to facilitate direct visual inspection.
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c) Reactor vessel studs, nuts and washers can be removed to dry storage
during refueling. .

d) Limited clearance is provided around the reactor coolant piping
penetrating the primary shield which permits access to at least one of
+he reactor vessel cold leg nozzle welds. .

e) Limited access is provided to the external surface of the reactor vessel
lower head through the reactor cavity drain tunnel.

£) Access is provided via manways into the primary water box side of the
steam generator An access opening in the support skirt nrovzdes for
inspection of the staywell welds.

g) A manway is prov:.ded in the pressurizer to allow access for intermal
inspection.

h) The reactor coolant pumps can be disassembled and inspected intermally.
Also, access is provided for the volumetric examination of the motor
flywheels.

i) Insulation on Reactor Coolant System components and piping is removable

where necessary.

3) Portions of the auxiliary systems piping, and Emergency Core Cooling
System piping are arranged for maximum accessibility inside the con-
tainment. Access is not available to the segments of these systems
where the piping penetrates the Reactor Coolant System shield wall.

k) Portions of the auxiliary system piping and emergency core cooling
piping extermal to the containment are accessible for inspection at any
time except where the piping penetrates the concrete floors and walls.

1) The piping supports and restraints are designed to facilitate acces-
sibility for examination to the maximum practicable extent commensurate
with other design requirements. Certain welds in pipe restraint
structures will not be available for inspection after installation. An

exarmple of this inaccessibility is the welds attaching shear keys to the

base or anchor plates. The shear keys are embedded in cement grout
during installation and are therefore in accessible for visual
examination.

m) Safety and relief valves are flanged and can be removed from the system
for disassembly and internal inspection.

5.2.4.3 Examination Technicues and Procedures

Examinations include liquid penetrant or magnetic particle techniques when
surface examination is specified, ultrasonic, eddy current or radiographic
techniques when volumetric examination is specified, and wvisual inspection
techniques are used to determine surface condition of components and for
evidence of leakage. Specific technigques, procedures, and eguipment are
defined in the inservice inspection program.
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High radiation level and alert status alarms are provided in the control room. Leakages occurring
under conditions having smaller percentages of failed fuel are better detected by the particulate
detector. Listings of time rate of change in noble gas concentration and time for 10 percent
deviation from normal are shown in Table 5.2-14 which are based on a postulated step increase
in direct ieakage from 0.1 gpm to one gpm at 85 percent thermal rating, 0.1 percent failed fuel, at
the end of a 90 day purge cycle. The response times mdlcated represent the worst case.

52513 Pressurizer Power Opera‘[ed Relief Valves and
Pressurizer Safety Valve Leakage

Leakage through the pressurizer power operated relief valves and pressurizer safety valves is
detected by an increase in temperature in the valve discharge lines (Figure 5.1-4) and rising
water level in the quench tank. These parameters are monitored as follows:

a) =~ Discharge Line Temperature - Each of the pressurizer safety valve discharge lines contain
a temperature detector (TE-1107, 1108, 1109) for monitoring valve leakage. The
discharge lines from the power operated relief valves also contain temperature detectors
(TE-1106 and 1110). Control room temperature monitoring instrumentation consist of
indicator/alarm units (TIA-1107, 1108, 1109, 1106 and 1110) for each of these detectors. -

b)  Acoustic Monitor — Each pressurizer safety and PORYV discharge line contain an
accelerometer used for detection of flow noise through the valve. The noise signal is
converted to a voltage proportional to the flow detected and is indicated in the control
room. A common control room annunciator will alarm beyond a specific threshold. The
control room operator will confirm the alarm by checking the individual monitors.

c) Quench Tank Water Level - Since the pressurizer safety valve or power operated relief
valves discharge to the quench tank, steam leaking through the valves eventually
condenses in the quench tank and causes increasing water level and temperature. Level
indicator alarm unit LIA-1116 detects this increasing water level change and TiA-1116

~detects corresponding increase in water temperature due to steam entry into the tank.

Pressure does not significantly increase due to leakage of steam into the quench tank.
Pressure measurement is used to measure quench tank pressure after a valve discharge.

5.25.14 Safety Injection Tank Check Valves

Leakage of reactor coolant through the safety injection tank check valves (V3215, 3225, 3235,
3245) shown on Figure 6.3-1c can be detected by:

a) Safety Injection Tank Water Level - In-leakage of reactor coolant to the safety injection
tank produces a rising water level in the tank. This is detected by the tank level
indicator/high-low alarm (LIA-3311, 3321, 3331 and 3341) and the level indicator/high high
low low alarm (LIA-3312, 3322, 3332 and 3342) which actuate high water Ievel alarms.

- b) Safety Injection Tank Pressure - Since the safety injection tank is a relatively small closed
volume with a nitrogen cover gas, the rising water level due to reactor coolant in-flow is
accompanied by an increasing tank pressure. Pressure indicator alarm units (PIA-3311,
3321, 3331 and 3341) on the contro} board monitor the
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tank pressure and annunciate alarms on-high tank pressure as well as
pressure switches PIS-3313, -3323, -3333 & -3343 which also actuate a
high-high pressure alarm.

c) Safety Injection Tank Sample - RCS inleakage can be confirmed by
sampling.

The Safety Injection Tank check valves are within the Scope of Generic Letter
87-06, "Periodic Verification of Leaktight Integrity of Pressure Isolation
Valves." The test frequency and leakage limits of these pressure isolation
valves are provided in the Unit 2 Technical Specifications.

§5.2.5.1.5 Heat Exchanger Leakage

Leakage of reactor coolant through the letdown heat exchanger, reactor coolant
pump seal heat exchanger, or sample heat exchangers can be detected by either

of the following:

a) Component cooling system radiation - Heat exchanger leaks produce
leakage of reactor coolant and fission products into the Component
Cooling Water System. Such leakage increases radiation levels in the
system and can be detected by the two component cooling water monitors
described in Subsection 11.5.2.2.1. These monitors alarm and indicate

in the control room.

Complete dispersion of only one gallon of reactor coolant throughout the
volume of the Component Cooling Water System is sufficient to cause
early detectable rapid change in detector scale provided there is no
residual radicactivity already present in the component cooling water.
In this case the limit on detection is the transport time around the
Component Cooling Water System loop. The true detection time however is
based both on component cooling water radiation being directly
proportional to the product of percent failed fuel and leak rate, and
the amount of residual radiation already in the system.

b) Component cooling surge tank water level - Inleakage of reactor coolant
increases the inventory in the Component Cooling Water System, causing a
rising surge tank water level. A one gpm leak into the component
cooling water surge tank can be detected and alarmed within eight hours.

Level switch LS-14-5 and local gage glasses (LG-14-2 A and B) mounted on

the surge tank provide control room high water level alarms and local
indication of tank water level, respectively.

5.2.5.1.6 Steam Generator Tube Leakage

Leakage of reactor coolant through the steam generator tubing is indicated by
secondary side radiocactivity. The following are methods for detecting the
resulting radiation levels.

a) Blowdown line radiation - Increasing radiation levels due to dissolved
N and estrained fission products in the secondary side water can be
detected by the radiation monitors in the steam generator blowdown
lines. Remote readout and high radiation alarms are provided. These
monitors are described in Subsection 11.5.2.2.4.
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" b) Off gas radiation - Increasing off gas radiation due to gaseous and volatile fission products-
~ in the Main Steam System can be detected by the radiation monitor in the condenser air .
~ ejector discharge or the atmospheric steam dump exhaust monitor. These monitors are

. described in Subsections 11.5.2.2.7 and 11.5.2. 2 12 : .

c). Blo_wdown_ sample analysis Steam generator water.samples are taken periodically. The
sample is analyzed for dose equivalent.i-131 and gross activity. The analyses provide the
- capability of detecting reactor coolant leakage into the steam generator secondary side.

The time to detect a one gpm leak depends on reactor coolant activity and previous leakage.

A change from 0.1 gpm to one gpm leak can be detected in approximately two hours by the
steam generator blowdown radiation monitor. A one gpm leak with no previous leakage can be
detected in less than 20 minutes.

Calculation PSL-2FJI-99-001 (Ref. 6), Steam Generator Blowdown Radiation Monitor Response
Time St. Lucie Unit 2, determined that the time to reach the activity concentration corresponding
to the radiation monitor alarm setpoint of two times background is approximately 4 seconds.
These results confirmed the validity of the value listed in Table 5.2-14. However, since this
response time was calculated assuming different conditions than those assumed in Table 5.2-14,
Table 5.2-14 was not revised to reflect the calculated value. Calculation PSL-2FJI-99-001 also
determined the transit time from the steam generator to the radiation monitor to be 500 seconds,
for a total radiation monitor response time of approximately 9 minutes which confirms the validity
of the value cited above of less than 20 minutes to detect aone gpm leak with no previous
leakage.

5.251.7 Reactor Coolant Makeup

An important means of detecting abnormal leakage from the Reactor Coolant System is through
measurement of the net amount of makeup flow to the system. Since all normal sources of
outflow from the system such.as letdown flow and reactor coolant pump controlled bleedoff are
collected and recycled back into the Reactor Coolant System by the Chemical and Volume
Control System described in Subsection 9.3.4, the net inventory in the Reactor Coolant System
and Chemical and Volume Control System under normal operating conditions is constant.
Transient changes in letdown flow rate or Reactor Coolant System inventory can be
accommodated by changes in the volume control tank water level. The net makeup to the
system under zero leakage steady state conditions should be essentially zero. The makeup flow
rates from the makeup water system and boric acid makeup tanks are continuously monitored
and recorded. Any increasing trend in the amount of makeup required indicates a leak which is
increasing in rate. Suddenly occurring leaks are indicated by a step increase in the amount of
makeup which does not decrease as would be the case for a purely transient condition.
Additionally, a RCS inventory balance is performed per Technical Specnf cations using the
makeup volume as input. -

The maximum capacity of thé Chemical and Volume Control System for reactor coolant makeup
is 132 gpm (three 44 gpm charging pumps) wh|ch gives a ratio of maximum allowable leakage to
makeup to 1/132.
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5.251.8 Reactor Coolant Pump Seals

Instrumentation shown on Figure 5.1-6 detects abnormal seal operation. The reactor coolant A
pumps are equipped with three stages of seals plus a vapor backup seal as described in. .- - ’
Subsection-5.4.1.  During operation the Reactor Coolant System operating pressure is decreased

through the three seals to approximately volume control tank pressure. The vapor seal prevents ’
leakage to the containment atmosphere and allows sufficient pressure to be maintained to direct
the controlled seal leakage to the volume control tank. The vapor seal is designed to withstand
full Reactor Coolant System pressure in the event of failure of any or all of the three primary
seals, provided the pump is not rotating.
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Referring to Figure 5.1-6, the reactor coolant pump P&ID, there is sufficient instrumentation on
the reactor coolant pump to detect seal degradation and leakage. All these reactor coolant pump
- control grade instruments have appropriate high or low range alarms to alert the operator to seal
malfunction. The DCS was expanded to include the reactor coolant pump monitoring and display
system. A more detailed discussion of the DCS can be found in Subsection 7.5.1.4a. The flat
pane! display was installed to integrate the RCP monitoring and display system into the DCS in
addition to the equipment discussed in Subsection 7.5.1.4a.

52519 Reactor Vessel Head Closure Leakage

Reactor Vessel Head Closure Flange sealing is accomplished by a double-seal arrangement
utilizing two silver jacketed Ni-Cr-Fe alloy spring-energized O-ring seals. The space between the
double O-ring seal is monitored by a local pressure gage (Pl-1118) and pressure switch (PS-
1118) shown on Figure 5.1-3 to detect an increase in pressure which indicates a leak past the
inner O-ring. A high pressure alarm actuated by pressure switch PS-1118 alerts the operator to

the presence of leakage past the inner seal.
5.251.10 Reactor Coolant Pump Flangé Closure Leakage

This system is essentially the same as the one for the reactor vessel head closure described in
Subsection 5.2.5.1.9. The local indicators (Pi-1150, 1160, 1170 and 1180) and pressure
switches (PS-1150, 1160, 1170 and 1180), shown on Figure 5.1-6, provide the leak detection
monitoring system with control room via the annunciator window and a Distributed Control
System (DCS) driven Flat Panel Display annunciation for the reactor coolant pump closures:

5.251.11 ~ Containment Atmosphere Temperature Indication

Temperature indication is not an absolute method of detecting leakage. However, temperature
indication is provided for monitoring the containment after a leak has occurred.

525112 Safety Injection and Shutdown Cooling Isolation and Check
Valves : .

Certain Safety Injection and Shutdown Cooling Valves as identified in-Table 5.2-15 are within the
scope of Generic Letter 87-06, "Periodic Verification of Leaktight Integrity of Pressure {solation
Valves." The test frequency and leakage limits of these pressure isolation valves are provided in

the Unit 2 Technical Specifications. -

5252 Indication in Control Room

The primary indications of reactor coolant leakage are:

a) Containment sump flow indication and alarm

b) High containment particulate radioactivity indication and alarm
c) High containment gaseous radioactivity indication and alarm
d) High containment iodine radioactivity indication and alarm

Other control room instrumentation used in detecting and identifying reactor coolant leakage
includes:

a) Temperature indication downstream of power operated relief valve and pressurizer safety
valves and high temperature alarm. '

b) Acoustic monitoring downstream of Pressurizer safeties & PORVSs.

¢) Quench tank temperature and water level indication and alarm.

d) Safety injection tank water level indication

e) High and high-high safety injection tank levels alarm

f) Safety injection tank pressure indication and high pressure alarm

. g) Component cooling water radiation indication. ‘
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5.2.6 LOW TEMPERATURE OVERPRESSURE PROTECTION (LTOP)

Overpressure protection of the Reactor Coolant System (RCS) during low temperature conditions
is provided by power operated relief valves (PORVs) V1474 and V1475 connected to the
pressurizer steam space and when the shutdown cooling system (SDCS) is in operation also by
the SDCS relief valves. During hot standby and power operations, the PORVs open at a high
pressure setpoint of 2370 psia. When the RCS is at low temperatures the operator realigns the
PORV setpoints to a low pressure value of 470 psia for low temperature overpressure protection.
The PORVs are shown on the piping and instrumentation diagram of Figure 5.1-4a and described
in Subsection 5.4.13. The protection provided by the PORVs preciudes any overpressurizing
transient from exceeding the pressure-temperature (P-T) operating limits shown on Figures 5.3-6,

and 5.3-7.

Each PORY solenoid is supplied from a separate IE electrical source.. For high pressure service
the actuating signal is provided from the Reactor Protection System (RPS) high pressure trip. A
separate-train signal is supplied to each PORV. For LTOP service the actuation of each PORV is
provided by separate Class 1E channels of RCS temperature and pressure instrumentation.

The low temperature overpressure protection provided by the relief valves is required during
heatup and cooldown and during extended periods of cold shutdowns. The low pressure setpoint
of 470 psia is incorporated in the LTOP mode since each PORYV is desighed to accommodate the
most limiting transients as described in Subsection 5.2.6.2.1. Per the Technical Specifications,
the PORVs are used for LTOP during heatup when any RCS cold leg temperature is in the range |
from 165-247°F and during cooldown when any RCS cold leg temperature is 230°F and below to
165°F. For temperatures below 165°F, the SDCS relief valves are the only means of LTOP. In
addition to administrative controls and procedures, a low temperature alarm is provided to alert
the operator to align the LTOP system. To maintain RCS overpressure protection, the relief
valves are aligned at all temperatures below the P-T curve limits corresponding to the pressurizer
safety valve setpoint of 2,500 psia. At temperatures above the temperature limit which
corresponds to the pressurizer safety valve setpoint, the "normal” PORYV setpoint of 2370 psia is
selected. Backup overpressure protection is provided by the pressurizer safety valves as
described in Subsection 5.4.13. .

5.26.1. Design Criteria

A discussion follows the criteria considered in determining the adequacy of the PORVs and the
. SDCS relief valves to provide low temperature overpressure protection (LTOP) of the RCS. .

5.2.6.1.1 Credit for Operator Action

No credit is taken for operator action to terminate an overpressurization transient until 10 minutes
- after the operator is made aware that a transient is in progress.
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©526.1.2 Single Failure Criteria

designed to protect the reactor vessel given a single failure in addition to a failure that initiated the
pressure transient. The event initiating the pressure transient is considered to result from either
an operator error or equipment malfunction. The PORV system has redundancy in actuation
channels and functions during a loss of offsite power. When the PORVs are used to limit safety
valve opening, at the high setpoint, redundancy is not required; therefore, only one PORV is
aligned to the RCS, since this is an equipment protective rather than a safety-related function.
When the SDCS relief valves are the means of LTOP protection, redundancy is provided by the
system containing two relief valves.

In the LTOP mode, the PORV overpressure protection system and the SDCS relief valves are ||

52.6.13 Testability

To assure operational readiness in the LTOP mode, the PORV protection system is tested in the
following manner:

a) A test is performed to assure operability of the system electronics prior to each shutdown.

b) A test for valve operability is, as a minimum, conducted as specified by the ASME Code,
Section XI. ' :

c) Subsequent to system, valve, or electronics maintenance, a test.on those poﬁion(s) of the

systems maintained is performed prior to declaring the system operational.

The SDCS relief valves are passive components of the shutdown cooling system and have
surveillance and operability requirements designated in the Unit 2 Technical Specifications.

5.2.6.1.4 Seismic Design and IEEE 279 Criteria ' ‘
The PORVs, isolation valves, associated interlocks and instrumentation are designed to Quality

Group A, seismic Category | requirements. The interlocks and instrumentation associated with

the PORVs satisfy the appropriate portions of IEEE 279-1971 criteria.

The SDCS relief valves are Quality Class B, they are included as Ciass 2 equipment and meet
the specifications of ASME Code Section XI. '

52615 Reliability

The use of the PORVs and SDCS relief valves for RCS overpressure protection does not reduce
the reliability of the ECCS or SDCS.

5262 Desiagn and Analysis

In demonstrating that use of the LTOP system meets the criteria listed in Subsection 5.2.6.1, the
following additional information is provided.
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5.2.6.2.1 Limiting Transients

Transients during the low temperature operating mode are more severe when the RCS is
operated in the water-solid condition. Addition of mass or energy to an isolated water-solid
system produces increases in system pressure. The severity of the pressure transient depends
upon the rate and total quantity of mass or energy addition. ‘The choice of the limiting LTOP
transients was based on evaluation of potential transients for St. Lucie Unit 1. These transients
are shown on Figure 5.2-26 and are applicable to St. Lucie Unit 2.

The most limiting transients initiated by a single operator error or equipment failure are:
a) An inadvertent safety injection actuation (mass input).

b) ~ A reactor coolant pump start when a positive steam generator to reactor vessel AT exists
(energy input). '

The transients were determined as most limiting by conservative analyses which maximize mass
and energy additions to the RCS. In addition, the RCS is assumed to be in a water-solid -
condition at the time of the transient; such a condition has been noticed to exist infrequentty
during plant operation since the operator is instructed to avoid water-solid conditions whenever
possible. (Note: water-solid conditions may exist during normal plant heatup and cooldown.)

A new analysis of P/T limits and LTOP for 6 to 21.7 EFPY was performed using the same
methodology as the prior application for 6 EFPY with some changes in the analysis assumptions.
For the revised analysis, the LTOP enable temperatures were determined by following the
guidance that for LTOP, the enable temperature is the water temperature corresponding to a
metal temperature of at least RTypr + 90°F at the vessel beltline, which was calcuiated by the
licensee to be less than or equal to 247°F during heatup and less than or equal to 230°F during
cooldown. The resulits indicated that changes in the present PORYV setpoint of 470 psia and
SDCRYV setpoint of 350 psia are not required.

5.2.6.2.1.1 Transient Analysis Results (Prior to 4 EFPY)

Figure 5.2-24 shows the results of the inadvertent safety injection actuation transient analysis
when the RCS is in the LTOP mode. The mass addition due to the simultaneous operation of two
HPSI and three charging pumps was considered, along with the simultaneous addition of energy
from decay heat and the pressurizer heaters. ’ _

Figure 5.2-25 shows the results of the transient analysis of a reactor coolant pump start when a
steam generator to reactor vessel AT of 100°F exists. In addition to considering the energy

- addition to the RCS from the steam generator secondary side, energy addition from decay heat,
reactor coolant pump, and pressurizer heaters was also included. In the analysis, the steam
generators were assumed to be filled to the zero power level, resulting in about 30 percent of the
secondary water inventory and above the U-tubes. For conservatism, the secondary water both
around and above the U-tubes was assumed to be thermally mixed in order to maximize the
energy input to the primary side. . As a resuit of the temperature distribution within the steam
generator during the transient, the water inventory above the tubes is thermally isolated from the
heat transfer region. Therefore, the heat transfer rate, and thus the primary side pressure, is not
sensitive to the secondary side water level as long as the tubes are covered,

On the basis of experience, the AT value of 100°F used in the analysis is larger than any AT that
might be expected during plant operation. During RCS cooldown
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using the shutdown cooling system, coolant circulation with the reactor
coolant pumps serves to cool the steam generator to keep the temperature
difference between the reactor vessel and the steam generator minimal. Steam
dumps are used to reduce steam generator secondary fluid to below 220°F. If
the steam generator were held at 220°F and the reactor vessel were cooled to
the refueling temperature, the steam generator - reactor vessel AT would still
be less than 100°F. In fact, procedures will direct the operator to maintain
the AT below approximately 20°F.

LTOP transients have not been analyzed for the simultaneous startup of more
than one reactor coolant pump (RCP). Such operation is procedurally precluded
since the operator starts only one RCP at a time and a second RCP is not
started until system pressure is stabilized. RCP motor amperage is used to
establish nominal pump performance and operation prior to starting a second
RCP. Additionally, there is an LTOP transient alarm that indicates that a
pressure transient is occurring.

The results of the anazlyses provided on Figures 5.2-24 and 5.2-25 show that
the use of the PORVs provide sufficient pressure relief capacity to mitigate
the most limiting LTOP events identified above.

A Technical Specification requires that the operator not start an RCP if -the AT
exceeds 40°F. However, as menticned above, administrative procedures will
ensure that the AT is maintained below approximately 20°F. A separate Technical
Specification ensures that the appropriate action is taken if one PORV or one
SDCS relief valve is out of service during the LTOP mode of operation.

5.2.6.2.2 Provision for Low Temperature Overpressure Protection

During heatup, RCS pressure is maintained below the PORV pressure setpoints
until after the PORVs are re-set to the "normal” high setpoint. The PORVs can
be re-set to the normal setpoint when cold leg temperature increases above the
maximum temperature for LTOP during heatup (nominally T. = 247°F), defined in
the Technical Specifications.

During cooldown, RCS pressure is decreased to below the PORV low pressure
setpoint before cooling the plant to below the maximum temperature for LTOP
during cooldown (nominally T, = 230°F), defined in the Technical Specifications.
Once temperature is lowered, the PORV control switch must be aligned in the
LTOP mode.

The LTOP mode applies for all temperatures within the maximum LTOP
temperature range. The PORVs will remain in the LTOP mode until the RCS is
opened during refueling. The LTOP system is designed to be aligned during all
heatup and cooldown operations.

5.2.6.3 ) Ecuipment Parameters

Each PORV 1is actuated from a 90-140v dc solenoid valve which is energized
automatically from a pressurizer pressure transmitter. Each PORV is designed
to close on interruption of power to the solenocid valve.

Pertinent PORV operational and design reguirements are presented in Table
5.4-9. The PORVs are sized based on a transient (simultaneous operation of
two HPSI pumps and three charging pumps) initiated from a water-solid
condition. The resulting flow capacity reguirement for water is 1420 gpm. The
analysis in Subsection 5.2.6.2.1 assumed that the PORV relieved water at this:
rate. Results on Figures 5.2-24 and 5.2-25 show that the maximum pressurizer
pressure is well within the limit (approximately 550 psia) allowed for the
lowest system temperature (80°F) during the LTCOP mode of operation. That 1is,
the pressure limit would still be met using a PORV with a lower flow capacity.
Moreover, this analysis assumed that only one of the two available
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PORVs was in operation. Therefore, both PORVs together are designed to have more than twice
the capacity needed to mitigate the most severe expected transient. To be conservative, the
PORVs are sized for water relief at the highest temperature expected during LTOP system
alignment. As described in Subsection 5.2.6.2.1, any water-solid condition will occur infrequently
during plant operation. When such a condition does occur, the actual water temperature will be
significantly lower than that assumed for sizing purposes. Hence, when relieving water, the
PORV will discharge at a greater rate than is necessary to terminate the limiting transients.

The flow capacity requirement for steam (153,000 Ib/hr) was chosen to avoid unnecessary lifting
of the safety valves, based on an analysis of the control rod withdrawal transient.. Analysis has
shown that each PORYV, sized for LTOP as described above, will have approximately twice the
required steam flow capacity. For at-power operation (PORV setpoint of 2370 psia) only one
PORYV need be in service to provide the required flow capacity. However, it is noted that design
criteria on reactor coolant system pressure would still be met if the PORVs were not in service.
The pressurizer safety valves have sufficient relieving capacity to mitlgate the most severe event

(see Appendix 5.2A).

The PORVs are not specifically designed for two-phase conditions at the PORYV inlet since it is
expected that either steam or subcooled water conditions will exist, but not a two-phase mixture.
(See Appendix 1.9A {item 11.D.1]) and Subsection 5.4.13.4 for further discussion of PORYV testing.

The SDCS relief valves are sized for a flow capacity of 2300 gpm at a lift set pressure of 350
psia. Each of the two SDCS relief valves is sufficient to provide LTOP during low temperature
operation when the SDCS relief valves are aligned to the RCS during modes 4-6.

5264 Administrative Controls

Administrative controls necessary to provide LTOP are limited to those controls that align the
PORVs when Reactor Coolant System parameters are satisfied. Before entering the low
temperature region for which overpressure protection is necessary, RCS pressure is decreased

to below the maximum pressure required for LTOP operation. The technical specifications define -
when the PORVs are required to be operable, when used for LTOP, and the number of block
valves required to be open. The PORVs will remain in the LTOP mode while the RCS is at low
temperature and the reactor vessel.head is secured. Control room indication is provided to give
the operator PORYV position indication and mode of operation.

Unit 2 Technical Specifications define the configuration of the Shutdown Cooling System for
cooldown and heatup in modes 4-6.

5264 Summary of Electrical Controls and Circuitry

This section summarizes the electrical controls and circuitry forthe PORVs. The SDCS relief
valves are passive devices which have no indication or control features.
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PORYV Actuation

Each PORYV is actuated from a 90-140V dc solenoid pilot valve. This valve is energized

automatically from a pressurizer pressure transmitter for LTOP; normal actuation is from the RPS .
high pressure trip. Each PORYV is designed to close on loss of power to the solenoid valve.

Figure 5.2-27 illustrates the PORV actuation logic.

PORYV Switches

Each PORYV is provided with a mode selector switch which is a two position manual control switch
with a "NORMAL" AND "LTOP" position. Each PORV is also provided with a three position
"Off/Override/Test" Selector Switch. The "OFF" position of this switch is used normally when
PORYV control circuitry testing is not desired. The "OVERRIDE" position shuts the PORYV if it is
open and overrides any signal to open the valve. The "TEST" position simulates an open signal
to the PORYV without physically opening the valve. .

LTOP Interlock

An LTOP interlock is provided to prevent PORYV actuation when the cold leg temperature is
greater than 247°F and the mode selector switch is inadvertently positioned to "LTOP". A "PORV
Normal Condition” Alarm will actuate in the control room alerting the operator to select
"NORMAL" on the Mode Selector Switch when cold leg temperature is greater than 247°F. The
interlock will reset when cold leg temperature drops below 247°F. ‘

LTOP System Alarms (see Figure 5.2-28)

a) PORYV LTOP Condition Alarm

During cooldown when the "Mode Selection Switch" is in the "Normal" position a "PORV .
LTOP Condition" alarm will alert the operator to select "LTOP" on the "Mode Selector

Switch" prior to the cold leg temperature reaching a value 230°F. Thus, changing the

PORYV actuation setpoint from 2370 psia to 470 psia for both PORVs (V1474 and V1475). |
This alarm will not reset unless the PORV mode selector switch is in the "LTOP" position

and the motor operated isolation valves of both PORVs are "OPEN".

b) PORYV Normal Condition Alarm

During heatup when the "Mode Selector Switch” is in the “LTOP" position a "PORV
Normal Condition" alarm will alert the operator to select "Normal" on the "Mode Selector
Switch" after the cold leg temperature reaches a value greater than 247°F. Thus,
changing the PORYV actuation setpoint from 470 psia to 2370 psia for both PORV's
(V1474 and V1475). This alarm will not reset unless the PORV Mode Selector Switch is
in the "Normal" position and at least one of the PORYV isolation valves is "OPEN".
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LTOP Transient Alarm

When RCS-température (cold leg) is less than or equal to 230°F or the mode sélector

. switch is in."LTOP" and pressurizer pressure is greater than or equal to 470 psia, a ’
- potential LTOP transient is sensed, actuating the "LTOP Transient" alarm. Alarm values .

may be set conservative to these values. The LTOP B pressure measurement channel
- has separate alarm and actuatmg devices, and the alarm may be set conservatlve to the

actuating device.

PORYV Test Condition Alarm

A "PORV Test Condition" alarm will alert the operator whenever the PORYV protective
system is in the "Override" or "Test" position, bypassing all setpoints. The PORV will
remain closed in this condition until the selector switch is placed in the "OFF" position at

which time the alarm will reset.
Indicating Lights

Open and close position indicating lights have been located in the control room, infdrming
the operator of the actual stem position of each PORV. Indicating lights are not energized
or deenergized from the solenoid valve circuitry. Indicating lights are controlled from the
valve stem position.

Each isolation valve is provided with a two-position open-close switch for valve operation.
Open and close position indicating lights are also provided for each motor operated
isolation valve.

A test indicating light will be provided for each PORV and lit whenever the PORV
protective system control circuitry has been bypassed (in "OVERRIDE") or has been
tested satisfactorily (see Figure 5.2-29).

NOTE: Each PORV (V1474 and V1475) and actuation channel (channel A and B) will have their
own independent alarms as indicated by parentheses on Figure 5.2-28.

Section 5.2: REFERENCES

1)

2)

Letter, A. C. Thadani (NRC) to C. O. Woody (FPL), "Relief from Parts of ASME Code Section XI,"
dated January 13, 1986.

Letter, A. C. Thadani (NRC) to C O Woody (FPL), "Relief from Parts of ASME Code Section XI,"
dated October 10, 1986.

Letter, H. N. Berkow (NRC) to J. H. Goldberg (FPL), "St. Lucie Unit 2 - Reliefs from Parts of ASME
Code Section XI," dated October 2, 1989.

Letter, Eugene V imbro (NRC) to Thomas F. Plunkett (FPL), "St. Lucie Units 1 and 2 - Request for
Approval of ASME Code Case N-416-1 As An Alternative to the Required Hydrostatic Pressure
Test," dated April 29, 1996.

Safety Assessment by PITant Systems Branch Division of Systems Safety and Analysis Office of
Nuclear Reactor Regulation Region [l Concerns (TIA 96-019) Regarding the Containment
Radiation Monitoring Systems at St. Lucie Units 1 and 2, and Turkey Point Units 3 and 4, May 27,

1999.

Calculation PSL-2FJI-99-001, “Steam Generator Blowdown Radiation Monitor Response Time
St. Lucie Unit 2," Rev. 0.

5.2-23f Amendment No. 18 (01/08)



TABLE 5.2-1

REACTOR COOLANT SYSTEM PRESSURE BOUNDARY CODE REQUIREMENTS

Component

Reactor Vessel, Pressurizer

Replacement Reactor Vessel
Closure Head

Steam Generator
Reactor Coolant Pump

Pressurizer Spray, Safety, Power
Operated Relief, and Power
operated relief isolation valves

Codes and Classes

1.

ASME Boiler and Pressure Vessel Code,
Section lil, Nuclear Power Plant Components,
Class 1, 1971 Edition through Summer 1972
Addenda.

ASME Boiler and Pressure Vessel Code, Section
Ill, Nuclear Power Plant Components, Div. 1
Class 1, 1989 Edition, No Addenda.

ASME Boiler and Pressure Vessel Code, Section
Ill, Nuclear Power Plant Components Class 1
and 2, 1998 Edition through 2000 Addenda.

ASME Boiler and Pressure Vessel Code, Section
lil, Nuclear Power Plant Components, Class 1,
1971 Edition through Summer 1973 Addenda.

ASME Boiler and Pressure Vessel

Code, Section Ill, Nuclear Power :
Plant Components, Class 1, 1971 Edition through
Winter 1972 Addenda.”

ASME Boiler and Pressure Vessel Code, Sectidn
Ill, Nuclear Power Plant Components Class 1,
1974 Edition.

‘ASME Boiler and Pressure Vessel Code, Section

lll, Nuclear Power Plant Components Class 1,
1974 Edition through Winter 1974 Addenda.

ASME Boiler and Pressure Vessel Code, Section
111, Nuclear Power Plant Components Class 1,
1974 Edition through Summer 1974 Addenda.

ASME Boiler and Prelssure Vessel Code, Section
I, Nuclear Power Plant Components, Class 1,
1977, Edition Through Summer 1979 Addenda.

5.2-24 | Amendment No. 18 (01/08)




Component

Reactor Coolant Piping

RCPB Piping

Miscellaneous NSSS Valves -

Control Element Drive Mechanisms

Miscellaneous Non-NSSS Valves

TABLE 5.2-1 (Cont'd)

Codes and Classes

1.

ASME Boiler and Pressure Vessel Code, Section
I, Nuclear Power Plant Components, Class 1,
1971 Edition through Winter 1972 Addenda.
(NSSS)

ASME Boiler and Pressure Vessel Code, Section
1, Nuclear Power Plant Components, 1971
Edition through Summer 1973 Addenda (A/E).

ASME Boiler and Pressure Vessel Code, Section
I, Nuclear Power Plant Components, Class 1,
1971 Edition through Winter 1972, Summer
1973, Winter 1973 Addenda.

ASME Boiler and Pressure Vessel Code, Section
lil, Nuclear Power Plant Components, Class 1,
1974 Edition through Summer 1974, Winter 1974
and Summer 1975 Addenda.

ASME Boiler an‘d Pressure Vessel Code, Section
I, Nuclear Power Plant Components, Class 1,
1977 Edition through Summer 1978 Addenda.

ASME Boiler and Pressure Vessel Code, Section
lll, Nuclear Power Plant Components, Class 1
1998 Edition through 2000 Addenda..

ASME Boiler and Pressure Vessel Code, Section
lll, Nuclear Power Plant Components, Class 1,
1974 Edition (Summer 75 Addenda).

Codes listed above are construction codes. In addition, all these componenté are designed and
constructed to permit the performance of the tests and inspections required by Section X}, Rules

for In-Service Inspection.
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Code Case
_Number
1141-1

1332-6

1334-3
(N-2)

1361-2

1492

1519~

1553-1

1580-1

1581

1590

TABLE 5.2-2

CODE CASE INTERPRETATIONS

Title

Foreign Produced Steel; Annulled 7/23/76.
Requirements for Steel Forgings

Requirements for Corrosion Resisting Steel, Steel
Bars and Shapes, Section 11l

Socket Welds

Post-Weld Heat Treatment; Annulled 3/3/75

Use of A 105-71 in lieu of SA-105

The ASTM A 105-71 material provided for more
desirable chemistry than SA-105. This code case
was incorporated into the Code in the Summer 1973
Addenda. '

Pressure temperature ratings of SA-351 Grades
CF8A, CF3 and CF3M, Section Iil.

Buttwelded alignment tolerance and acceptable .
slopes for concentric centerlines for Section I, Class
1, 2 and 3 construction.

Power operated pressure relief valves, Section lll.

Chemical analysis variations Section Ili, construction .

5.2-26

Component(s)
Affected

Reactor Vessel,
Pressurizer

Reactor Vessels,
Reactor Coolant Pipe

CEDM's

Pressurizer

Reactor Vessel,
Reactor Coolant Pipe,
Pressurizer

Reactor Coolant Pipe

Miscellaneous Valves

Miscellaneous Valves

Pressurizer power
operated Relief Valve

Miscellaneous Valves

Amendment No. 18 (01/08)



Code Case

- Number -

1649
1661

1698

17317

1769

N-432**

N-474-1***

. 21427

N-416-1

 N-20-4

N-740-1****

(DRAFT)

TABLE 5.2-2 (Cont'd)

Title' s

MOdlfled SA453 GR660 for class 1,2,3and CS
constructlon

Post-Weld Heat Treatment for P-1 Materials

Waiver of Ultrasonic Transfer Method

This case is used for ferritic safe-end and piping-
welds. It permits elimination of the transfer method
which is ineffective in compensating for attenuation
differences between the calibration block and the
component materials. The transfer methods used
comply with the condition of acceptance given in
Regulatory Guide 1.85.

Basic Calibration Blocks for Section 1X, Division 1,
Ultrasonic Examination of Welds 10 inches to
14 inches thick.

This case is used for reactor vesse! upper shell
calibration blocks, since the basic Code does not
provide for thicknesses greater than 10 inches.

Qualification of NDE Level lll Personnel, Section Il .
Division | :
Repair Welding Using Automatic or Machine Gas

Tungsten-Arc Welding (GTAW) Temperbead
Technique Section XI, Division |

Design Stress Intensities and Yield Strength Values
For UNS N06690

F-Number Grouping for Ni-Cr-Fe, Classification UNS

N06052 Filler Metal, Section IX

Alternative Pressure Test Requirements For Welded
Repairs or Installation of Replacement ltems By
Welding Class 1, 2, and 3 Section Xl, Division 1

SB-163, Cold Worked UNS N08800, and SB-163 |
UNS NO06600, UNS N06690, and UNS N08800 to
Supplementary Requirements S2 of SB-163,
Section Ili, Division 1, Class 1.

Dissimilar Metal Weld Overlay for Repair of Class 1,
2, and 3 ltems Section XI, Division 1

5.2-27

Component(s)

. Affected -

Miscellaneous Valves

Pressurizer,
Reactor Coolant Pipe

Reactor Coolant Pipe

Reactor Vessel

Miscellaneous Valves

Reactor Coolant Pipe and
Pressurizer

Pressurizer and Reactor
Coolant Pipe Instrument
Nozzles

Pressurizer and Reactor
Coolant Pipe Instrument
Nozzles

Class 1, 2, and 3 Piping
Systems

Steam Generator

Class 1, 2 and 3 Piping
Systems
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TABLE 5.2-2 (Cont'd)-
E Not mcluded in Regulatory Guides 1.84 or 1. 85

S Included in Regulatory Guide 1.147 Rev. 6 dated May, 1988 and 1 85 Rev. 25 dated
May, 1988

*** Included in Regulatory Guide 1.85, Rev. 28 dated April, 1992

** Not listed in Regulatory Guide 1.147, Rev. 14, dated August 2005

For the Reactor Vessel Head Penetrations (CEDM) nozzle and weld repairs, the following Code
Cases were used as permitted by NRC Regulatory Guides 1.85 and 1.147:

Code Case .
Number Title

N-416-1, -2  Alternative Pressure Test Requirements for Welded Repairs or Installation of
Replacement ltems By Welding Class 1; 2, and 3 Section XI, Division 1

N-2142-1 - F-Number'Grouping for Ni-Cr-Fe, Ciassification UNS WO06052 Filler Metal Section 1X

N-2143-1 F-Number Grouping for Ni-Cr-Fe, Classification UNS W86152 Weldlng Electrode
Section IX

N-474-2 Design Stress Intensities and Yield Strength Values for UNS N06690 with Min.
Specified Yield Strength of 35 ksi

N-638 Similar & Dissimilar Metal Welding Using Ambient Temperature Machine GTAW
Temper Bead Technique

The original Reactor Vessel Closure Head has been replaced. The Information abbve,
concerning the Reactor Vessel Head Penetrations (CEDM) nozzle and weld repairs is historical.

For the replacement Reactor Vessel Closure Head the following Code Cases were used as
permitted by NRC Regulatory Guide 1.84: '

Code Case
Number . _. Title

N-2142-1 F-Number Grouping for Ni-Cr-Fe, Classification UNS W06052 Filler Metal Section 1X

N-2143-1 F-Number Grouping for Ni-Cr-Fe, Classification UNS W86152 Welding Electrode
Section IX _

N-474-2 Design Stress Intensities and Yield Strength Values for UNS N0O6690 with Min.
Specified Yield Strength of 35 ksi

N-416-1 Alternative Pressure Test Requirements for Welded Repairs or Installation of
Replacement Items By Welding Class 1, 2, and 3 Section XI, Division 1
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TABLE 5.2-3

REACTOR COOLANT PRESSURE BOUNDARY MATERIALS -

Component

Reactor vessel o

Shell
Forgings
Cladding®®

Replacement Reactor Vessel
Closure Head (RVCH)

Forging
Replacement RVCH Cladding

CEDM Nozzles
Instrument Nozzle

Vessel Internals®
Fuel Cladding®

Control element drive
mechanism housings

Lower

Upper

Closure head bolts & Nuts
Support (on Nozzles)

Pressurizer -

Shell
"~ Upper Head Instrument Nozzle
Penetration Bore®

Materlal Specmcatlon

SA-533 Grade B,~ Class 1 Stee'l. ‘
SA-508 Class 1 and 2

* Weld deposited austenitic stainless steel with greater
than 5% delta ferrite (Equivalent to SA-240 Type
304) or NiCrFe alloy (equivalent to SB-‘1 68)

SA-508, Class 3 | o
Weid Deposited austenitic stainless steel:

First layer is 309L with delta ferrite number
“acceptable range of 5FN to 20FN.
.Subsequent layers are 308L with delta ferrite number
acceptable range of 5FN to 17.6FN.

Nozzle: SB-167 (Alloy 690)

Adapter: SB-166 (Alloy 690)

Weld Filler: 52 or 52M (Alloy 690)

Nozzle: SB-167 (Alloy 690)

Adapter: SA-479 Type 304 Stainless Steel
Weld Filler: 52 or 52M (Alloy 690)
Austenitic Stainless Steel and NiCrFe alloy
Zircaloy-4 '

SA-182 Type 403 stainless steel Special Code Case
1334 with end fittings to SB-166 (Alloy 690)

SA-479 and SA-213 Type 316 stainless steel with
end fitting of SB-166 and vent valve seal of Type 440
stainless steel seat to SA-479 -

SA-540 B23 and B24, Class 3 -
SA-508, Class 2 '

SA-533 Grade B Class 1
SA-533 Grade B Class 1

Cladding® Weld deposited austenitic stainless steel with greater
than 5% delta ferrite or NiCrFe alloy (equivalent to
SB-168)
(a) Materials exposed to reactor coolant
. (b) Special weld wire with low residual elements of copper and phosphorus is specified
. : ‘ for the reactor vessel core beltline region.
’ (©) The four (4) one-inch instrument nozzles in the upper head have SA-182, Type

316L safe ends.
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TABLE 5.2-3 (Cont'd)

. _.___Component

‘ M'aterial Specification ’
~ Pressurizer (Contd) ' '

' Forged nozzles |
Instrument nozzles®
Surge and PORV
nozzle safe ends®
Spray and instrument
nozzle safe ends®®

Studs and nuts

, Steam generator

Primary head, nozzles and
manways

Primary divider plate
Primary nozzle safe ends
Primary head cladding®®
Tubesheet

Tubesheet cladding
Tube®

Secondary shell and head
Secondary nozzles

Steam nozzle venturis

 Secondary instrument nozzles

“Studs / Nuts
Support Skirt

Sliding base support studs and

nuts -

SA-508 Class 2 .
SB-166

SA-351, Gr CF8M

SA-182, Type 316, except upper head
instrument nozzles have Type F316L
SA-540 Grade B24 and SA-194 Grade 7

SA-508 Grade '3, Class 2

SB-168 UNSN 06690
SA-105

Weld déposited austenitic stainless steel (Type 308L
and 309L) :

SA-508 Grade 3, Class 2

Weld deposited NiCrFe (Alloys 52 / 152)
NiCrFe Alloy (SB-163 UNSN 06690)
SA-508 Grade 3, Class 2

SA-508 Grade 3, Class 2

SB-166 UNSN 06690

SA-105

SB-193 B16 / SA-194 Grade 7

SA-508 Grade 3, Class 2

SA-540 Grade B23 Class 2
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TABLE 5.2-3 (Cont'd)

‘ __Component SRR B  ' Material Specification
Reactor coolant pumps R - '
Casing® © SA-531 Grade CF8M
Internals® ' Austenitic stainless steel (SA-351

Grade CF81 ASTM-A-479 Type 316
ASTM-A-240 Type 316, SA-182 GR F 304)

Studs and Nuts SA-540 Grade D23 and SA-194 Grade B-7
Reactor coolant piping -
Pipe (30 in. and 42 in.) . SA-516 Grade 70
Cladding' SA-240 - 304L
Surge Line (12 in.)® SA-351 - CF8M
Spray Line Pipe SA-312, Type 316
Spray Line Fittings SA-403, Type WP 316
' ‘ SA-182,F 316

SA-376, TP 316
SA-182(M), TP 316/316L

Piping safe ends (30 in.)® SA-351 - CF8M
Surge nozzle forging SA-541-1

‘ Surge nozzle safe end® . SA-351 - CF8M
Shutdown cooling outlet . SA-541-1
nozzle forgings
Shutdown cooling outlet® SA-351 - CF8M
nozzle safe ends
Safety injection nozzle SA-182 - F1
forgings _
Safety injection nozzle® SA-351 - CF8M
safe ends '
Charging inlet nozzle SA-182-F1
forging ,
Charging inlet nozzle® - SA-182-F316
safe end .
Spray nozzle forgings SA-105 Grade |l
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TABLE 5.2-4

REACTOR COOLANT PRESSURE BOUNDARY WELDING MATERIAL .

Material

" Specification . Base Ma'teria'f
1. SA-533 SA-533
Gr.BC1.1 Gr.BC1.1
2. SA-508 SA-533
c1.2 GR. B C1.1
3. SA-508 SA-508
C1.1 C1.2
4. SA-516 SA-516
Gr. 70 . Gr. 70
5. SA-182 SA-516
FI Gr. 70
6. SA-105 SA-351
Gr.li CF8M
7. SA-182 SA-351
FI CF8M
8. SA-105 SA-182
Cr.ll F316
. 9. SB-166 SA-182
, F316
10. SA-167 SA-182
. F304
11. SA-516 SA-351
Gr. 70 CF8M
12. SA-182 SA-182
F1 F316
13. SB-166 SA-533
GR. B C1.1
14. SA-182 Code SB-167
Case 1334 -
15. SA-516 SA-508
C1.2

Gr. 70

Weld Material

®» o To

5.2-32

SFA 5.9, E-8018, C3
MIi-E-18193, B4

SFA 5.5, E-8018, C3
MIL-E-18193, B4

SFA 5.5, E-8018, C3
SFA 5.1. E-7018€@)
SFA 5.1, E-7018

SFA 5.14, ERNICr-3
ErNiCrFe-7A

SFA 5.11, ENiCrFe-3

SFA 5.14, ERNICr-3
ErNiCrFe-7A

SFA 5.14, SFA 5.11, Root ERNiCr-3
Remaining ENiCrFe-3

Root SFA 5.14, ERNILCr-3
Remaining 5.11, ENiCrFe-3

SFA 5.11, ERNICr-3

SFA 5.11, ENiCrFe-3

SFA5.11, ENiCrFe-3..

SFA 5.14, ERNICr-3

SFA 5.5, E-8016, C3
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Material
Specification

16.
17.
18.
19.

20.

21.
22.
23.
24,

25.

26.

Austentic®
stainless
steel
cladding

Inconel
Inconel
inconel

SB-166 Alloy®
690 (Inconel)

Inconel Pad®

SA 508 Gr3 Cl 2
SA 105 -

Inconel 690 Clad®

Austenitic SS
clad®®©

Austenitic SS
clad®®

' TABLE 5.2-4 (Cont'd)

. Base Material

Inconel

SA-516
Gr. 70

SA-533
Gr.BC1.1

UNS N06052 Ni-Cr-Fe
(inconel Pad)

SA-533
GR. B C1.1

SA508 GR3Cl2
SA 508 GR3Cl2

SA 508 GR3ClI2

SA 508 GR3Cl2

SA 105

5.2-33

_Weld Material - -

a. SFA 5.9, ER-308¢®)

' SFA 5.9, ER-309¢€(™" "
SFA 5.9, ER-312

a. ENiCrFe-3

ERNiICr-3

a. ERNICr-3

UNS N06052 Ni-Cr-Fe

a. ERNiICr-3

UNS N06052 Ni-Cr-Fe

UNS N06052 Ni-Cr-Fe

covered electrode: SFA-5.5 E9018-G
wire/flux: SFA 5.23 FOP4-EG-G

coVered electrode (repair); SFA-5.1
E7018 wire/flux: SFA 5.23 F10P2-EG-G

wire: SFA-5.14 ERN:CrFe-7

covered electrode: SFA-5.11 ENiCrFe-7
strips - trade designation: WEL ESS
309L and WEL ESS 308L

flux - trade designation: WEL BND F-8
covered electrode: SFA-5.4 E309L-16
and -E308L-16 _

wire - SFA-5.9 ER309L and ER308L

strips - trade designation: WEL ESS
309L and WEL ESS 308L

flux - trade designation: WEL BND F-8

covered electrode: SFA-5.4 E309L-16

and E308L-16
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TABLE 5.2-4 (Cont'd)

Material : : - R o ; .
Spegification - ' BaseMaterial _ - Weld Material __ ‘
27.- SB 163 Alloy 690 Inconel 690 Clad ~ wire (repair): SFA 5.14 ERNiCrFe-7 -
© (tubes)®® ' ' ; ' o
28. Inconel 690 Austenitic SS clad and wire: SFA-5.14 ERNiCrFe-7
Partition Plate® Inconel 690 Clad- - covered electrode: SFA-5.11 ENiCrFe-7
The original Reactor Vessel Closure Head and‘CEDMs have been replaced.
The following weld materials were used in fabricating the pressure boundary of the
replacement RVCH:
29. SB-166 (Alloy 690) SA-479, F-304 ERNiCrFe-7
30. SA-508, Class 3 SB-167 (Alloy 690) _ ~ ERNICrFe-7 or EniCrFe-7
31. SB-167 (Alloy 690) SB-166 (Alloy 690) ERNICrFe-7 or EniCrFe-7
32. Austentic SS ' SA-508, Class 3 : SFA-5.9, ER-308L
Cladding SFA-5.11, ER-309L

Note: (a) Materials exposed to reactor coolant

b) Deleted
c) Filler materials are not classified.

d) Current welding is performed without filler material but wire may be used
for repair.

(e) During replacement of the steam generators, the following welding
materials were used for attachment of the RCS piping to the RSG nozzles.

(1) ER309L / E309L
(2) ER308L / E308L
(3) ER70S-6/ E-7018

() PCM 07003M applied ErNiCrFe-7A UNS N06054 Structural Weld Overlay
: (SWOL) material to the following nozzle to safe-end welds - Hot Leg (HL)
Shutdown Cooling Nozzies A&B, HL Surge Nozzie and HL Drain Nozzle.
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TABLE 5.2-5 .

CHEMICAL ANALYSES OF PLATE MATERIAL IN ST. LUCIE UNIT 2
REACTOR VESSEL BELTLINE ’

L ower Shell Plate ' Infermediate Shell Plate

Heat# B-8307-2 A-3131-1  A-3131-2 A-8490-2 B-3416-2 * A-8490-1
Code# M-4116-1 M-41162 M-4116-3 M-605-1 M-605-2  M-605-3
Element - (wt. %) A _ '
Si 0.24 0.26 0.26 023 023 . 023 -
s 0.010 0009 0008 0.012 0014 0017

P 0.007 - 0.007 0.008 0.008 0.008 0.009
Mn 1.37 1.44 1.47 1.39 " 1.40 1.39

c 0.20 023 023 0.23 024 023
Cr 0.02 0.03 0.03 | 0.08 0.13 0.08

Ni 057 0.60 0.60 0.61 062 . 061
Mo 0.55 060 061 056 055 057

B 0.001 <.001 <.001 <.001 <.001 <.001
Cb <.01 <.01 . <.01 s <.01 <.01 <.01

Ti <.01 <.01 <.01 <.01 <.01 <.01

Co 0.011 0.011 © 0.012 . 0.015 0.016 0.015
Cu 0.06 0.07 0.07 0.1 0.13 0.11

Al 0.025 0.019 0.018 - 0.028 - 0.025 0.027
N, 0.007 0.008 . 0.008 0.009 0.008 0.009
Vv 0.004 0.004 0.004 - 0.004 0.004 = 0.003
W <.01 <01 <01 <.01 <01 <.01

- Notes: ND = Not Detected
NA = Not Analyzed
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TABg.2-7

REACTOR VESSEL TOUGHNESS PROPERTIES

Minimum
’ ) Transverse
Place Code Drop Weight RTnor Charpy USE™

Location Number Number Material NDTT(F) (°F) (ft+lb)
Upper Shell Plate 122-102A M-604-1 . | SA533B C1 1 0 +50 -
Upper Shell Plate 122-102B M-604-2 SA 533B C1 1 +10 +50 -
Upper Shell Plate 122-102C ‘M-604-3 SA 533B C1 1 -10 +10 -
Intermediate Shell Plate | 124-102B M-605-1 SA533B C1 1 0 +30 105
Intermediate Shell Plate | 124-102C M-605-2 SA 533B C1 1 -10 +10 113
Intermediate Shell Plate | 124-102A M-605-3 SA 533B C1 1 -20 0 113
Lower Shell Plate 142-102C M-4116-1 SA533BC11 -30 +20 91
Lower Shell Plate 142-102B M-4116-2 SA 533B C11 -50 +20 105
Lower Shell Plate 142-102A M-4116-3 SA 533B C1 1 -40 +20 100
Closure. Bead (3) 102-101 M-4110-1 SA533B C11 -10 +30 -
Closure Bead Fiange (3) § 106-101 M-4101-1 SA 508 C12 0 0 -
Inlet Nozzle -128-101A M-4102-1 SA 508 C1 2 -20 -20 -
Inlet Nozzle 128-101D M-4102-2 SA 508 C12 -20 -20 -
Inlet Nozzle 128-101B M-4102-3 SA 508 C12 - 0 -
Inlet Nozzle 128-101C M-4102-4 SA 508 C12 -10 -10 -
Outlet Nozzle 128-301B M-4103-1 SA 508 C12 -20 -20 -
Outlet Nozzle 128-301A M-4103-2 SA 508 C12 -30 -30 -
Vessel Flange 126-101 M-602-1 SA508C12 -30 -10 -
Inlet Nozzle Safe End 131-102A M-4104-1 SA508C11 -20 +20 -
Inlet Nozzle Safe End 131-102D M-4104-2 SA 508 C1 1 -20 . +20 -
Inlet Nozzle Safe End 131-102B M-4104-3 SA 508 C1 1 -20 +20 -
Inlet Nozzle Safe End 131-102C M-4104-4 SA 508 C1 1 -20 +20 -
Outlet Nozzle Safe End 131-101B M-4105-1 SA 508 C11 10 0 -
Outlet Nozzle Safe End 131-101A M-41105-2 SA 508 C11 -10 0 -
Bottom Head Dome 152-101 M-4112-1 SA533BC11 -50 -40 -
Bottom Head Torus 104-102 (Ato F) M-4111-1 SA 5335 C11 -40 +40 -
Closure Head Torus (3) | 104-102 (A to D) M-4109-1 SA 533B C1 1 -60 -10

(1) Reported only for beltline region:plates

(2) Not Used

(3) This is historical data for the original Closure Head. The Closure Head has been replaced

. The replacement Closure Head Forging is

SA 508, Class 3 Low Alloy Steel. From six Charpy Impact tests conducted at Tndt +60 degree F (20 deg F), the minimum absorbed
energy was 139 ft-Ibs, which is above the required 50 ft-lbs and the minimum lateral expansion was 79 mils, which is above the required
35 mils minimum. Based on these requirements, RTndt = -40 degree F. .

5.2-37
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Name of Part

Channel Head
Tubesheet
Inlet Nozzle Safe End

Outlet Nozzle Safe End - 1

Outlet Nozzle Safe End -2

Partition Plate

TABLE 5.2-8a

STEAM GENERATOR (PRIMARY SIDE) TOUGHNESS PROPERTIES (SG A)

Part Number

GV/SL313 FS/001

GV/SL313 PT/001
GV/SL313 ERP1
GV/SL313 ERP2-1
GV/SL313 ERP2-2
GV/SL313 PLPA

Heat Number

04W81-1-1

04W24-1-1
51049
51049
51049

5.2-38

Material

SA 508 Gr 3 Cl 2

SA 508 Gr3 Cl 2

SA 105

SA 105

SA 105

SB-168 UNS N06690

Drop Weight

RTNDT (°F)

NDTT (°F)

-20 -20

-10 -10
18 -18.

-18 18

-18 -18

N/A N/A
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Name of Part

Channel Head

Tubesheet

Inlet Nozzle Safe End
Outlet Nozzle Safe End - 1
Outlet Nozzle Safe End -2
Partition Plate

TABLE 5.2-8b

STEAM GENERATOR (PRIMARY SIDE) TOUGHNESS PROPERTIES (SG B)

Part Number Heat Number Material Drop Weight RINDT (°F)
| NDTT (°F)
GV/SL314 FS/001 04W84-1-1 =~ SA508Gr3ClI2 -20 -20
GV/SL314 PT/001 04W25-1-1 SA 508 Gr3Cl2 -40 -40
GV/SL314 ERP1 51049 SA 105 - <50 -50
GV/SL314 ERP2-1 51049 SA 105 : -50 -50
GV/SL314 ERP2-2 51049 SA 105 . ‘ -850 | -50
GV/SL314 PLPA : SB-168 UNS N06690 N/A N/A
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TABLE 5.2-10

STEAM GENERATOR (SECONDARY SIDE) TOUGHNESS PROPERTIES (SG A

Name of Part Part Nﬁmber " Heat Number Material Drop Weight RTNDT (°F)
NDTT (°F) _
Lower Shell "~ GV/SL313 VI/001 04D358-1-1  SA 508 Gr3 Cl 2 -20 - 200
Middle Shell GV/SL313 VI/002 04D477-1-1 SA 508 Gr3 Cl 2 -20 20
Conical Shell ' GV/SL313 VI/003 04W110-1-1 SA 508 Gr3Cl 2 , -10 410
Intermediate Shell GV/SL313 VI/004 04D593-1-1 SA 508 Gr3 Ci 2 -20 20 __
Upper Shell . " GV/SL313 VI/005 04W92-1-1 SA 508 Gr 3 CI 2 -10 f -10
Elliptical Head GV/SL313 FE/001 04W92-1-2  SA508Gr3Cl2 20 .20
04D518-1-1 | -10 0

Feed Water Nozzle ' GV/SL313 TE/001 5-0025 - SA 508 Gr 3 Cl 2 0 _ 0
Recirculation Nozzle - GV/SL313TE/002 . 5-0025 SA 508 Gr3 Cl 2 18 18 |
Secondary Manways GV/SL313 TE/003 5-0025 SA 508 Gr3Cl2 -9 ' -9._ .
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Name of Part

Lower Shell

" Middle Shell

Conical Shell
Intermediate Shell
Upper Shell
Elliptical Head

Feéd Water Nozzle
Re_circu!ation Nozzle

Secondary Manways

TABLE 5.2-11

STEAM GENERATOR (SECONDARY SIDE) TOUGHNESS-PROPERTIES (SG B)

Part Number

GV/SL314 VI/001
GV/SL314 VI/002
GV/SL313 VI/003
GV/SL314 VI/004
GV/SL314 V1/005
GV/SL314 FE/001

GV/SL314 TE/001
GV/SL314 TE/002
GV/SL314 TE/003

Heat Number

04D359-1-1
04D478-1-1
04W111-1-1
04D663-1-1

04W144-1-1

04W144-1-2

04D515-1-1
5-0025
5-0025
5-0025

5.2-41

Material

SA 508 Gr3 Cl 2
SA 508 Gr3 Cl 2

SA 508 Gr3Cl2

SA 508 Gr3Cl2
SA 508 Gr3Cl2
SA 508 Gr3Cl2

SA 508 Gr3Cl2
SA 508 Gr3Cli2
SA 508 Gr3Cl2

RINDT (°F)

Drop Weight
NDTT (°F) |
-10 - -10
-10 -10
-20 C20
0 0
-20 20
-20 P20
-10 -10.
0 0
-18 18
-9

Amendment No. 18:'(01/08)_




. TABLE 5.2-13

BOLTING MATERIALS TOUGHNESS PROPERT!ES

I

Temperature

. for45 ft-lb .
Piece Code and 25 mils
Component Number Number Location Material Lat.'Exp. (°F
Reactor Vessel -179-101 M-4114-1 Studs SA 540 Gr B-24 +1O h
Reactor Vessel 179-102 M-4115-1 Nuts SA 540 Gr B-23 +10
Reactor Vessel 179-103 M-4115-1 Washers SA 540 Gr B-23 +10
Steam Generator A GV/SL313 GJTHP Heat 28853 Pri. Manway Studs SA 193 Gr B16 +60
Steam Generator A GV/SL313 BL/120 .Heat 3093 - Pri. Manway Nuts SA 194 Gr B7 +60
Steam Generator B GV/SL314 GJTHP Heat 28853 Pri. Manway Studs SA 193 GrB16 - +60
Steam Generator B GV/SL314 BL/120 Heat 3093 | Pri. Manway Nuts SA 194 Gr B7 ’+60 '
Pressurizer 676-108 C-5364 ~ Manway Nuts SA 193 Gr B-7 +60°
Pressurizer 674-106 C-5365 Manway- Studs SA 540 Gr B-24 +104
Pressurizer 674-106 C-5365 Flange Bolts SA 193 Gr B-7 +40
Safety Valves 4
Power Operated 676-106 C-5365 Flange Bolts SA 193 Gr B-7

Relief Valves

A - Estimated based on extrapolation of available data (reference Subsection 5.2.3.3.1)

5.2-44
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TABLE 5.2-13e '
STEAM GENERATOR PRlMARY MANWAY STUD AND BOLT MATERIAL IMPACT AND HEAT TREATMENT DATA

Absorbed Energy Lateral Expansion . . o
Part Number | Heat Material | Temp. (ft/lb) (Mils.) Austenitized Tempe””g_ Quenching
Number . (°F) (°F)
1 2 3 1 2 3 _ L

GV/SL313 GJTHP | 28853 | SA 193 GrB16 +60 | 86 | 93 87 62 64 62 1706 1238 - Oil
|GV/SL313 BL/120 3093 SA 194 Gr B7 +60 89 90 92 62 65 67 1562 1202 | . Water

GV/SL314 GJTHP | 28853 SA 193 GrB16 | +60 86 93 87 62 64 62 1706 _ 1238 »A Oil

GV/SL314 BL/120 3093 | SA 194 GrB7 +60 89 90 92 62 65 67 1562 1202 | Water
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Refer to Drawing
2998-G-211

FLORIDA POWER & LIGHT COMPANY
ST. LUCIE PLANT UNIT 2

MISCELLANEOUS PIPING REACTOR
AREA SH. 1

FIGURE 5.2-1
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ENERGY (FT-LBS) LATERAL EXPANSION (MIL) CLEAVAGE (PERCENT)

Historical informational only.
- The RVCH has been replaced.
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FLORIDA POWER & LIGHT COMPANY
ST. LUCIE PLANT UNIT 2

CHARPY TEST RESULTS -
CLOSURE HEAD DOME

- M-4110-1

FIGURE 5.2-13
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Historical informational only.
The RVCH has been replaced.
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FLORIDA POWER & LIGHT COMPANY
ST. LUCIE PLANT UNIT 2

M-4109-1
FIGURE 5.2-14

CHARPY TEST RESULTS
CLOSURE HEAD TORUS
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FLORIDA POWER & LIGHT COMPANY
- ST. LUCIE PLANT UNIT 2

4

' CHARPY TEST RESULTS
CLOSURE HEAD FLANGE
M-4101-1

FIGURE 5.2-23




OVER/TEST SW.
“OFF

TTEMP 115 |
<UIF
(T1125)

MODE SEL. SW,
“LTOP"

PORV
V1474 (V1475)
OPENS

PRESS. P-1103
2 470 PSIA

(P-1105)
PRESS. P-1104
2 470 PSIA
(P-1106)

MCDE SEL. SW.
““NORMAL"

PRESS. P-1102

> 2370 PSIA
OVER/TEST SW.
“OVERRIDE” PORV
‘ V1474 (V1475)
OVER/TEST SW. CLOSES
“TEST"
LEGEND:

“AND" GATE - ALL INPUTS ARE REQUIRED
_ TO SATISFY GATE FORLOGIC
TO CONTINUE.

“OR° GATE - EITHER INPUT IS REQUIRED
TO SATISFY GATE FOR LOGIC
TO CONTINUE.

AMENDMENT NO. 18 (01/08)

FLORIDA POWER & LIGHT COMPANY
ST. LUCIE PLANT UNIT 2

PORV V1474 (V1475)
. ACTUATION LOGIC
FIGURE 5.2-27




MODE SEL. SW,
*NORMAL"

TEMP. T-1115
<230°F.

(T-1125)
MODE SEL. SW.

"LTOP* "1_“

TEMP. T-1115
2247°F
(T-1125)

OVER/TEST SW.
"OVERRIDE"

OVER/TEST SW.
"TEST

TEMP. T-1115
<230°F
{T-1125)

MODE SEL. SW.
"LTOP"

PRESS. P-1103
2 470 PSIA
(P-1105)

PRESS. P-1104
2 470 PSIA
(P-1106)

NOTE: PORVS V1475/1474 and channel A/B will
have their own independent alams.

(1) This alarm will not clear unless the PORV
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223 ACCEPTABILITY OF SAFETY VALVE BLOWDOWN

An evaluation!” of the EPRI test results for the St. Lucie 2 pressurizer safety valve. showed that

- the valve ring adjustments which assure stable valve operation resulted in blowdowns of
approximately 10 percent. An analysis was performed, as outlined below, to demonstrate that the
‘extended blowdown would not adversely affect overpressure protection or plant operation, per
ASME Code requirements. .

An extended blowdown of the safety valves could result in swelling of the pressurizer liquid level
due to flashing and possible liquid carryover through the safety valves. Since the safety valve
design specification specifies dry saturated steam flow conditions, it is desirable to show that
these conditions are maintained during the extended blowdown. It is also desirable to verify that
the RCS remains in a subcooled condition in order that steam bubble formation in the RCS is

precluded.

A computer analysis was performed of the loss-of-load event with delayed reactor trip, similar to
that used in safety valve sizing, except that a conservative 20 percent safety valve blowdown and
initial conditions biased to maximize pressurizer liquid level were assumed. The purpose of this
analysis was to determine the pressurizer liquid level response and the RCS subcooling under

“these conservative conditions. In order to introduce additional conservatism, into the results, an
additive adjustment was made to the computer-calculated pressurizer levels on the basis of a
very conservative pressurizer model. This model assumed that the initial saturated pressurizer
liquid did not mix with the cooler insurge liquid, that the initial liquid remained in equilibrium with
the pressurizer steam space, and that the steam which flashed during blowdown remained
dispersed in the liquid phase and caused the liquid level to swell. The adjusted pressurizer water
level vs. time curve showed a maximum of 95.5 percent (expressed as the percentage of the
distance from the lower level nozzle to the upper level nozzle; corresponds to 1395 ft°), below the
safety valve nozzle elevation of 107 percent, so that dry saturated steam flow to the safety valves
is assured throughout the blowdown. The computer analysis also showed that adequate
subcooling was maintained in the RCS during the blowdown, so that steam bubble formation is
precluded. ’ ’

In addition, the licensing safety analyses of the St. Lucie 2 FSAR Chapter 15 pressurization
events were re-evaluated to determine the impact of assuming a 15 percent blowdown for the
pressurizer safety valves in lieu of the five percent generally assumed. The evaluation indicated
that, for the FWLB event analysis, which produces the greatest increase in pressurizer fevel, the
increased blowdown would not result in the pressurizer liquid level reaching the safety valve
nozzle elevation and thus normal safety valve operation would be assured. It is therefore
concluded that a 15 percent safety valve blowdown does not adversely affect the conclusions of
the St. Lucie 2 FSAR Chapter 15 safety analyses.

In Summary, the evaluation of the 10 percent blowdown of the St. Lucie 2 pressurizer safety
valves shows that plant overpressure protection is not adversely impacted and that the
conclusions of the St. Lucie 2 FSAR Chapter 15 safety analyses are not changed.

PCM 96139M replaced the relief valves with a more rigid forged steel valve body design which
has an actual blowdown of 4%.
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3. CONCLUSIONS

The steam generators and RCS are protected from overpressurization in accordance with the

* guidelines set forth in the ASME Boiler and Pressure Vessel Code, Section Ill. The maximum
RCS pressure is shown as a function of time on Figure 5.2A-3 for the worst case loss of
turbine-generator load. ‘As can be seen on Figure 5.2A-3, the maximum pressure remains below
110 percent of design pressure during this worst case transient. Figure 5.2A-1 depicts the steam
generator pressure transient for this worst case loss-of-load accident. As can be seen on Figure
5.2A-1, the steam generator pressure also remains below 110 percent of design pressure during
the incident. Both primary and secondary safety valves satisfy the requirements per Subsection
NB7421 of the ASME Boiler and Pressure Vessel Code, Section lll, Nuclear Vessels, regarding
the required number and capacity of pressure relief devices. Also, in accordance with code
requirements, the 10 percent blowdown of the St. Lucie 2 pressurizer safety valves was shown to

be acceptable.

Furthermore, the analysis of a complete loss-of-load incident is described in Section 15.2. In the
event that a complete loss-of-load occurs without a simultaneous reactor trip, this analysis
reveals that the protection provided by the high pressurizer pressure trip, pressurizer safety
valves and main steam safety valves is sufficient to assure that the lntegnty of the RCS and Main

Steam System is maintained.

The analysis in the above section was repeated without taking credit for Doppler reactivity
feedback or reactor trip on high pressurizer pressure (the first trip signal). The resulting primary-
side and secondary-side pressures are within the acceptance criteria of Standard Rewew Plan

Section 5.2.2.
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APPENDIX 5.2B

ANALYSIS OF ST. LUCIE UNIT 1 NATURAL CIRCULATION COOLDOWN

WITHOUT UPPER HEAD VOIDING

"AND ST. LUCIE UNIT 2 CONDENSATE

STORAGE TANK REQUIREMENTS
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INTRODUCTION

- An analytical evaluation of natural circulation cooldown to shutdown cooling system entry
~“conditions without formation of voids was performed for St. Lucie Unit 1. The analytical
evaluation was performed with a detailed thermal hydraulic model utilizing the RETRAN computer
code. This code uses for inputs the RCS fluid volumes, flow junctions and heat conductors.

"The St. Lucie Unit 1 analysis is applicable to St Lucie Unit 2. St. Lucie Unit 2 "is essentially the
same design as St. Lucie Unit 1" (Subsection 1.3.1). Because of this similarity, the fiuid volumes,
flow junction and heat conductors for Unit 2 are virtually identical to the St. Lucie Unit 1.
Therefore, if the analysis was to be performed on Unit 2 the numerical values of the nodal points,
listed in Table 5.2B-1, would be very similar to the ones used for Unit 1. The differences in the
numerical values would be mainly caused by the 16 x 16 fuel geometry used in Unit 2. However,
these differences wouid not appreciably change the end result.

Additionally, the selection of auxiliary equ|pment assodiated with this analysis, have caused
some physical arrangements to differ between the two Units. These physical dlfferences
however, have not caused any S|gn|f|cant changes in the flow conditions.

The reactor coolant system pressure must be reduced to 275 psia for shutdown cooling initiation.
Consequently to prevent the formation of voids the upper 1-lead fiuid must be cooled to a value
less than the corresponding saturation temperature of 409.5°F. After that time de-pressurization
to shutdown cooling system entry conditions can occur without void formation in the reactor
coolant. - Hot Leg temperature cooldown rates of 30°F/hr and 50°F/hr to 325°F were investigated
to determine the cooldown time required for the fluid temperature in the reactor vessel upper
head to reach shutdown cooling entry conditions without void formation.

THERMAL-HYDRAULIC MODEL

The analysis was performed with a detailed thermal-hydraulic model utilizing the RETRAN
(Reference 1) computer code. Figure 5.2B-1 presents a schematic drawing of the fluid volume,
flow junctions and heat conductors used in the model. Table 5.2B-1 provides a description of
these volumes junctions, and conductors. Specific features of the model include: a detailed
nodalization of the upper portion of the reactor vessel inciuding a representation of the reactor
vessel walls and internals; a number of automatic control systems including those for charging
pumps, the letdown flow control valve and the pressurlzer heaters; and a non-equilibrium thermal-
hydraulic model for the pressurizer.

ANALYSIS RESULTS

~ The St. Lucie Unit 2 SGs have been replaced. The natural circulation capability of the RSGs has
been verified (Reference 4). Therefore, the original responses, as they applied to the 0OSGs,
remain appropriate following the SG replacement.

" An analysis of a St. Lucie Unit 1 natural circulation cooldown from full power for a hot leg
temperature cooldown rate of about 30°F/hr to 325°F demonstrates that the reactor vessel upper
head fluid cools to 409.5°F (shutdown cooling
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entry cenditions) in 16.1 hours. The results are presented in Figure 5.2B-2. The condensate
supply required for this cooldown is 218,500 gallons.

‘The analysis for a hot leg temperature cooldown rate of about 50°F/hr to 325°F demonstrates that
the reactor vessel upper head fluid coois to 409.5°F (shutdown cooling entry conditions) in

14.2 hours. The results are presented in Figure 5.2 B-3. The condensate supply required for this
cooldown is 193,000 gallons. '

The analysis for a hot leg temperature cooldown rate of about 50°F/hr to 325°F was repeated
using very conservative assumptions regarding fluid mixing in the upper reactor vessel in order to
determine a bounding cooldown time for operating guidelines. The results demonstrate that the
reactor vessel upper head fluid cools to 409.5°F (shutdown cooling entry conditions) in

25.7 hours. The condensate supply reguired for this cooldown is 270,500 gallons.

In addition, FP&L has investigated the amount of water required to bring St. Lucie Unit 2 through
four hours of hot standby followed by a Natural Circulation Cooldown without upper head voiding.
Table 5.2B-2 indicates the amount of condensate water required to meet a variety of different
cooldown rates. The maximum conservative value of 330,900 gallons is composed of 60,400
gallons required for hot standby coupled with 270,500 galtons needed for natural circuiation
cooldown. The condensate requirement of 330,900 gallons will be met via revising FP&L
procedures to require the operator to foliow a hot standby Natural Circulation Cooldown
procedure to establish makeup to the condensate storage tank and to maintain the volume of the
tank continuously above the technical specification Limit. The makeup supply of condensate
water can be supplied from the two 500,000 gallon city water storage tanks located on the

St. Lucie Unit 1 site. Pumping capabilities can be provided by the St. Lucie Unit 1 diesel

generators.

We have concluded that this approach adequately accomplishes the goal of bringing the plant to
shutdown conditions in a safe manner.

RECOMMENDATION

The above results show that for a hot leg temperature cooldown rate of 50°F/hr to 325°F, the
upper head fluid can be cooled to shutdown cooling system entry conditions without void
formation in approximately 14.2 hours.

In order to provide additional conservatism, it is recommended that for natural circulation
cooldown to shutdown cooling system entry conditions without void formation, the hot leg
temperature cooldown rate be about 50°F/hr to 325°F followed by a soak at 325°F for 20.4 hours
for a total cooldown time of approximately 25.7 hours from cooldown initiation. Figure 5.28-4
shows the recommended plant cooldown rate. The condensate supply required for this cooldown
is 270,500 gallons.

OTHER ANALYSIS.

The NRC staff indicated that the St. Lucie Unit 1 natural circulation cooldown event would not, by
itself, provide sufficient basis to satisfy the boron mixing and-natural circulation cooldown test
requirements associated with Reactor System Branch, Branch Technical Position 5-1. Therefore,
St. Lucie
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" Unit 2 was required to: 1)provide a r_epcﬁ on the San Onvofre Unit 2 Natural Circulation Cooldown

and Mixing Test, and- 2) justify that the test data is applicable to St. Lucie Unit 2. The information
from the San Onofre report was used on a comparison basis for NRC approval and' provrdes the
similarities of the results and the applicability to St. Lucie. Unlt 2. (2)

Based on San Onofre Nuclear Generating Station Report CEN-259, the estimated cboling water
requirement for St. Lucie Unit 2 is 276,000 gallons. Therefore, St. Lucie Unit 2 has a sufficient
amount of water in the CST to meet the requirements of BTP RSB 5-1©).

REFERENCES:-

(1)

(2)
©)
(4)

RETRAN-A Program For One-Dimensional Transient Thermal-Hydraulic Anlysis of
Complex Fluid Flow Systems, Volumes 1, 2, 3 and 4, EPRI CCM-5, December 1978.

FPL Letter L-84-68 from J W Williams to D G Eisenhut dated March 13, 1984.
NRC Letter from E G Tourigny to W F Conway dated April 12 1988.

AREVA NP Inc. Document 77-5069878-001, “Replacement Steam Generator Réport for
Florida Power and Light St. Lucie Unit 2.”
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minimum distance equal to the greatest diameter of the larger defect, unléés the defects
are contained within the area described above. All carbon and low-alloy steel products
are magnetic partlcle examlned after accelerated cooling to the magnetic-particle criteria

cited above.

d) All vessel bolting material receives ultrasonic and magnetic-particle examination during
the manufacturing process.

The bolting material receives a straight-beam, radial-scan, ultrasonic examination with a
search unit whose search area does not exceed one square-inch. The standard for
rejection is 50 percent loss of first back reflection or an indication in excess of 20 percent
of the height of the back reflection. All hollow material receives a second uitrasonic
examination using angle-beam, radial scan with a search unit whose area does not
exceed one square inch. A reference specimen of the same composition and thickness
containing a notch (located on the inside surface) one inch in length and a depth of three
percent of nominal section thickness, or 3/8 inch, whichever is less, is used for calibration.

Any indications exceeding the calibration notch amplitude are unacceptable. Use of these
techniques ensures that no materials that have unacceptable flaws, observable cracks, or
sharply defined linear defects are used.

The magnetic- partlcle inspection is performed both before and after threading of the
studs. Axially aligned defects whose lengths are greater than one inch and nonaxial
defects are unacceptable.

Non destructive testing of a vessel is performed throughout fabrication. The non-destructive
examination requirements including calibration methods, instrumentation sensitivity, and '

reproducibility of data, are in accordance with requirements of ASME Code, Section Il (see Table -

5.2- 1) Strict quallty control is malntalned in critical areas such as calibration of test instruments.

Upon completion of ali postweld heat treatments, the reactor vessel is hydrostatlcally tested at
3125 psia, after which all accessible ferritic weld surfaces, including those of welds used to repair
material, are magnetic-particle inspécted in accordance with ASME Code, Section Il

Aftef hydrostatic testing, a set of ultrasonic examination is perfo.rmed to insure that tHe welds
meet the acceptance criteria of ASME Code, Section XI.

Replacement Reactor Vessel Closure Head (RVCH) Non-Destructive Inspection (NDE)

‘Table 5.3-11 summarizes the quality assurance program inspections for the replacement RVCH.
Within this table are identified all of the non-destructive test and inspections required by the
RVCH Certified Design Specification as well as all test and inspections required by the applicable
.Codes. The applicable Codes for the'RVCH are ASME Section lll, Div. 1, for Class 1
Components, 1989 Edition No Addenda and ASME Section XI, 1998 Edition with Addenda
through 2000. As required by the Certified Design Specification for the RVCH and summarized in
Table 5.3-11, the NDE performed on the PSL2 RVCH as well as the acceptance criteria is more
stringent than that required by the applicable ASME Codes. - '
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in addition to the NDE summarized in Table 5.3-11, there are those inspections which the -
equipment supplier performs- to confirm the adequacy of materials received, and those performed
_ by the producer of the materials in the production of the basic materials. Procedures for. -
performing all of the examinations are consistent with the requirements of the applicable ASME
Codes and are reviewed by qualified FPL and Owner's Agent representatives. These procedures
have been developed to provide the highest assurance of quality in.the materials and fabrication.
They consider not only flaw size, but equally as important; how the material is fabricated, the
orientation and type of possible flaws, and the areas of most severe service conditions. The
volumetric inspections (Ultrasonic Testing technique) of the forging were done using both the
straight beam and angle beam techniques. In addition, the surfaces most subject to damage as a
result of forging, heat treating, forming, fabricating, and hydrostatic testing received 100% surface
inspections by Magnetic Particle or Liquid Penetrant test at various stages during the processes
and again after final completion of the hydrostatic pressure testing of the RVCH.

The RVCH requires welding and weld cladding be performed which require the use of both
preheat and post-weld heat treating. Preheat of weld areas and post-weld heat treating are
performed on all welds on the replacement RVCH. Pre-heat and post-weld heat of weldments
both serve the common purpose of producing tough, ductile metallurgical structure in the
weldments. Pre-heating produces tough ductile welds by minimizing the-formation of hard
non-ductile zones whereas post-weld heat treating achieves this by tempering any hard zones
which may have formed due to rapid cooling.

FPL and the owner's Agent reviewed the manufacturer’s quality control methods and results of
the vendor and subvendors of the RVCH and have found.them to be acceptable. FPL and the
Owner's Agent Quality Control engineers monitored the supplier's work, witnessing key
inspections not only in the supplier's shop but also in the shops of the subvendor of the major
forging. Normal surveillance includes verification of records of materials, physical and chemical
properties, review of radiographs, witnessing the performance of the required tests, review and

approval of test procedures and results and review of the qualification of supplier personnel. FPL

and the Owner’s Agent reviewed the manufacturing quality control results and records of the
vendor and subvendors of the RVCH and found them to be complete and acceptable.

5.3.1.4 Special Controls for Ferritic and Austenitic Stainless Steels

Special controls for ferritic and austenitic stainless steels are as follows:

Regulatory Guide 1.31, "Control of Stainless Steel Welding,” June 1973 (R1) is addressed in
Subsection 5.2.3.4.

'5.3-3a . Amendment No. 18 (01/08)

X

o




Regulatory Guide 1.34, "Control of Electroslag WeId Propertres " December 1972 (RO) is
addressed in Subsectron 5 2.3.3. '

, ,Regulatory Gurde 1.43, "Control of Stainless Steel Weld Claddrng of Low-AIon Steel
'(Components " May 1973 (RO) is addressed in Subsection 5.2.3.3. . '

" 'Regulatory Guide 1 .44, "Control of the Use of Sensmzed Stalnless Steel " May 1973 (RO) is
addressed in Subsection 5.2.3.4.

Regulatory Guide 1.50, "Control of Preheat Temperature for Weiding of Low-Alloy Steel,"
May 1973 (RO) is addressed in Subsection 5.2.3.3.

Regulatory Guide 1.71, "Welder Qualification for Areas of L|m|ted Accessibility," December 1973
(RO) is addressed in Subsection 5.2.3.3.

Regulatory Guide 1.99, "Effects of Residual Elements on Predicted Radiation Damage to Reactor
Vessel Materials,” April 1977 (R1) is addressed in Subsection 5.3.1.6.7.

5.3.1.5 Fracture Toughness

The reactor vessel beltline piate materral were Charpy lmpact tested in the weak d|rect|on to
establish RTypr as required by 10 CFR 50, Appendix G. Vessel weld heat-affected-zone -
 materials for all plates were not tested as these materials were not available during fabrication ,
nor were they required to be tested by the applicable code. Weld heat-affected zone materials for
the applicable reactor vessel beltline most limiting plate are tested as part of the reactor vessel
|rrad|at|on surverllance program Described in Subsection 5.3.1.6.

Impact test data for the reactor vesseI beltline weld materlals were obtained from weld metal
certification tests performed in accordance with the ASME (Code, Section i, Subartrcle NB-2400.

The hrghest RTwpr for the beltlme region weld materials was -40°F.

The highest reported RTypt for reactor vesse( beltline plate materials was +30°F (intermediate
shell plate M-605-1). For other reactor vessel plate materials the highest RTnpr value reported
was +50°F (upper shell plates M-604-1 and 2). Predictions of end of life adjusted reference
temperature (adjusted RTnpr) corresponding to the shift at the 30 ft.-Ibs. value of Charpy V-Notch
fracture energy are made for the beltline region plates and welds. These predictions are
calculated using the initial reference temperature, a shift to account for irradiation embrittlement
and a margin term to account for uncertainty in the initial measurement and the prediction
method. Current predictions are maintained in the NRC docket under 10 CFR 50.61. The
predictions indicate that the end of life transition temperatures for the beltline materials are safely
below the 10 CFR 50.61 screening limit. Predictions are also used as a basis for heatup and
cooldown curves as noted in Section 5.3.2. The predictions are periodically benchmarked by the
reactor vessel surveillance program (Section 5.3.1.6).

The lowest Charpy upper shelf energy (weak direction) for the reactor vessel beltline material is
91 ft-Ib, well above the 75 ft-Ib minimum required by 10 CFR 50, Appendix G.
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RTnot vatues for each weld adjacent to a nozzle, a flange, and a sheil region near a geometric
discontinuity in the reactor vessel were evaluated. IE Bulletin No. 78-12, dated September 29,
1978, required the review and submission of all reactor vessel welding materials test data to the
NRC(4). Review of the data in the IE Bulletin response shows that no welding materials used in
CE vessels has an RTypr higher than -10°F. Therefore, the weldments in the RV have RTnpor
<-10°F. This is less than the RTnpt of the adjacent base materials, and therefore these
weldments are not limiting for operation.

Conformance to Regulatory Guide 1.2, "Thermal Shock to Reactor Pressure Vessels,"
November 1970 (RO) is described below:

A reactor vessel materials irradiation surveillance program and test samples are provided with
each reactor vessel. The recommended surveillance program is in accordance with 10 CFR 50,
Appendix H and ASTM E185, "Recommended practice for Surveillance Tests for Nuclear Reactor
Vessels." This program provides for periodic measurement of the radiation induced changes in
reactor vessel materials properties and provides assurance that these materials retain adequate
toughness to preciude brittle failure under postulated accident conditions. (Regulatory Guide 1.2
was withdrawn in 1991 and was superceded by 10 CFR 50.61.)

| As required by 10 CFR 50.61, "Fracture Toughness Requirements for Protection Against
Pressurized Thermal Shock" (PTS Rule), an analysis was conducted which projected values of
RTers (at the INNER vessel surface) of reactor vessel beltline materials at the expiration date of

the operating license.

The controlling beltline material from the standpoint of PTS susceptibility was identified to be the

- intermediate shell plate M-605-2. The RTprs for this limiting material at the expiration date of the
license is less than 270°F which is the screening criterion for the limiting material at the expiration
date. The current actual EOL RTprs results for all the beltline materials are maintained in the
NRC Docket file under 10 CFR 50.61 for the unit.

Experimental irradiation programs have been undertaken to provide information on changes in
toughness properties due to neutron irradiation, and recovery of these properties by thermal
annealing. The Heavy Section Steel Technology research and development program sponsored
by the ASME has and is developing improved basic data on reactor vessel materials properties.
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Low residua! alloy steel has been utilized for the reactor vessel! beltline material which has been
shown to be resistant to neutron radiation embrlttlement to further assure -adequate fracture '
- toughness throughout vessel life. .

5 3.1.6 Matenals Survelllance Proqram (1)

The |rrad|at|on surveillance program is conducted to assess the radiation induced changes in the
strength and toughness properties of the reactor vessel beltline materials. Changes in these
properties are evaluated by the comparison of pre- and post irradiation test results. The
surveillance test specimens are irradiated under conditions which represent, as closely as
practical, the irradiation conditions of the reactor vessel.

This surveillance program is consistent with the objectives of ASTM E185-82 (Standard Practice
for Conducting Surveillance Tests for Light-Water Cooled Nuclear Power Reactor Vessels) and
10 CFR 50, Appendix H; "... to verify the initial predictions of the surveillance material response to
the actual radiation environment ..." and "... to determine the conditions under which the vessel
can be operated with adequate margins of safety against fracture." Tables 5.3-9 and 5.3-9a
summarize the information necessary to comply with-10 CFR Part 50, Appendix H. The tables
include information on the withdrawal schedule, the origin of the surveillance specimens, and
specimen types, quantities, and chemical compositions (Tables 5.2-5 and 5.2-6 provide complete
chemical composition data). The one difference between the plant survenlance program and the
requrrements presented in Appendix H, is the following: :

The surveillance capsules are attached to the cladding on the inside vessel wall in the beltline
region. This modification to 10 CFR 50, Appendix H, Section 1I.C.2 is described in
CENPD-155(1), and the procedures described therein are considered acceptable(2).

5.3.1.6.1 Test Materials Selection

Regions of both the intermediate and lower shells of the reactor vessel are nearest to the reactor
core and, therefore, sustain the greatest neutron exposure. The material from which surveillance .
test specimens are manufactured is obtained from the plate in the reactor vessel beltline which
would become the limiting plate with respect to reactor operation during its lifetime. This material
(intermediate shell plate M-605-1) is selected on the basis of highest initial RTnpt, chemical
composition and fluence. The test materials are processed so that they are representative of the
materials in the completed reactor vessel. A record of chemical analyses, fabrication history and
mechanical properties of the shell plate from which the surveillance test materials are prepared is
maintained. The results of mill test chemical analyses for the six plates of the beltline region of
~one vessel are presented in Table 5.2-5.
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is reached. The compositions and therefore the melting temperatures of the temperature
monitors are differentiated by the physical iengths of the quartz tubes which contains the alloy

wires. :

A set of temperature monitors is included in each tensile-monitor compartment. The temperature
monitors are placed in holes drilied in stainless steel housings, as shown on Figure 5.3-3 which
are placed at three axial locations in each capsule assembly (Figure 5.3-1) to provide an axial
profile of the maximum temperature to which the specimens were exposed.

53.1.6.5 Irradiation_Locations

The encapsulated test specimens are irradiated at approximately identical radiaf positions about
the midplane of the core. The test specimens are enclosed within six capsule assemblies, the
axial positions of which are bisected by the midplane of the core. A summary of the specimens
contained in each of these capsule assemblies is presented in Table 5.3-8. ‘

The test specimens contained in the capsule assemblies are used for monitoring the radiation-
induced property changes of the reactor vessel materials. These capsules, therefore, are
positioned near the inside wall of the reactor vessel so that the irradiation conditions (fluence, flux
spectrum, temperature) of the test specimens resemble as. closely as possible the irradiation
conditions of the reactor vessel. The neutron fluence of the test specimens is expected to be
approximately 50 percent greater than seen by the adjacent reactor vessel wall.

The capsuie assemblies are placed in capsule holders positioned circumferentially about the core
at locations which include the regions of maximum flux. Figure 5.34 presents the exposure
locations for the capsule assemblies.

o
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All capsule assemblies are inserted into their respective capsule holders during the final reactor

assembly operation. ‘ ' . . ' ‘

5.3.1.6.6 Withdrawal Schedule

The capsule assemblies retain within their holders until the test specimens contained therein
have been exposed to predetermined levels of fast neutron fluency. At that time, the capsule
assembly is removed and the surveillance materials are evaluated. The capsule assembly
withdrawal schedule is presented in Table 5.3-9.

The surveillance capsule withdrawal schedule for St. Lucie Unit 2 was established in accordance
with 10 CFR 50, Appendix H, Paragraph 11.C.3(b).

A significant advantage results from withdrawal of the first surveillance capsule after one cycle
(1.1 EFPY), because it provides an early indication of the validity of the reactor vessel fluency
and reference temperature shift predictions used to set the vessel operating limits. Actual ,
dosimetry and shift measurements are then available for projecting radlatlon induced changes in
the toughness properties of the vessel beltline materials. :

The target exposure levels for the surveillance capsules are determined at the azimuthal
locations at the time intervals indicated in the withdrawal schedule in 10 CFR 50, Appendlx H,

Section 11.C.3.b.
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Withdrawal schedules may be modified to coincide with those.refueling outages or plant
_shutdowns most closely approaching the withdrawal schedule. The three standby capsules are
- provided in the event they are needed to monitor:the effect of a major core change or annealing

of the vessel . )

53167  Irradiation Effects Prediction Basis

The irradiation effects prediction basis used to originally select the surveillance plate is shown on
Figure 5.3-5. (It is no longer used as a prediction basis, but is maintained as historical
information.) This figure was developed using transition temperature shift data for SA 533 B Class
1 plate typical of that used in the fabrication of the reactor vessel beltline materials. This method
is more conservative than Regulatory Guide 1.99, "Effects of Residual Elements on Predicted
Radiation Damage to Reactor Vessel Materials," April 1977 (R1), which was in effect at the time,

- throughout the design lifetime of the reactor vessel.

Regulatory Guide 1.99 was revised (Rev. 2) in 1988 and has been used as the prediction basis
since. These prediction bases have been used to establish the surveillance capsule withdrawal
schedule (Table 5.3-9) and the pressurized thermal shock submittal for 10 CFR 50.61 (Section’
5.3.1.5). It was also used to predict the radiation induced change in reference temperature for
the reactor vessel beltline as part of the determination of the heatup and cooldown operating limit
curves (see Subsection 5.3.2). Once actual post-irradiation surveillance data becomes available,
these data will be incorporated, along with the current applicable prediction basis, to adjust the -
reactor vessel operating limit curves.

5.3.1.7 Reactor Vessel Fasteners

The stud material for the reactor vessel closure head is SA 540 Grade 324 Class |l material. The
nuts.and washers for the reactor vessel are SA 540 Grade B23 material. These materials meet
the requirements of 10 CFR 50, Appendix G and Regulatory Guide 1.65, "Materials and
Inspections for Reactor Vessel Closure Studs," October 1973 (R0). Material tests for the stud,
nut and washer materials demonstrate adequate toughness in accordance with ASME Code,
Section Ill, 1971 Edition through Summer 1972 Addenda, and an acceptable level of ultimate
_tensile strength which'is consistent with ‘the recommendations of Regulatory Guide 1.65 (R0) (see
Table 5.2-13). Test results (Table 5.2-13) demonstrate that the stud, nut and washer material
meets the 25 mil lateral expansion, 45 ft-lb criteria of 10 CFR 50 Appendix G at 10°F.
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5.3.2 PRESSURE-TEMPERATURE LIMITS

All components on the Reactor Coolant System are designed to withstand the effects of cyclic
loads due to Reactor Coolant System temperature and pressure changes. These cyclic loads are
introduced by normal unit load transients, reactor trips and startup and shutdown operations.

During unit startup and shutdown, the rates of temperature and pressdre changes are limited.
The design number of cycles for heatup and cooldown is based upon a rate of 100°F/hr.

The maximum allowable Reactor Coolant System pressure at any temperature is based upon the
stress limitations to prevent brittle fracture. These limitations are derived by using the rules
contained in ASME Section Il including Appendix G, Protection Against Nonductile Failure and
the rules contained in 10 CFR 50, Appendix G, Fracture Toughness Requirements. Compliance
with the criteria in 10 CFR 50, Appendix H is discussed in Subsection 5.3.1.6. The reactor vessel
-beltline materials primarily establish the RCPB pressure-temperature limitations.

5.3.2.1 Limit Curves

The reactor vessel beltline material consists of six plates. The nilductility transition temperatures
(TnoT) Of each plate is established by drop weight test. Charpy tests are performed to determine
at what temperature the plates exhibited 50 ft-Ib absorbed energy and 35 mils lateral expansion.
From this testing, a reference temperature for transverse direction (RTypr) of +30°F is
established.

For the remaining material in the Reactor Coolant System, a limiting RTypt of +60°F is
established in the transverse direction. This determination is made based on the data presented
in Tables 5.2-7 through 5.2-13. No RCPB welds outside the reactor vessel are limiting for
operation. The controlling items for the system P-T limit curves are the beltline region of the RV,
the reactor vessel flange, and the RV flange to upper shell transition region. The beiltline region
has added to its initial RTypr, the predicted shift in RTypr from plant operation for the period of P-
T Limit Curve applicability, and the associated margin for the prediction. This produces a much
higher RTypr than is allowed anywhere else in the RCPB (maximum RTypr = 60°F).

As a result of fast neutron irradiation in the beltline region, RTypr increases with operation. The
techniques used to analytically and experimentally predict the integrated fast neutron (E>1 MeV)
fluxes and their effects on the reactor vessel are described in Subsections 5.3.1.6.4 and
5.3.1.6.7.

The measured reference transition temperature shift for a surveillance specimen can be applied

to the adjacent section of the reactor vessel for later stages in plant life equivalent to the

difference in calculated flux magnitude. The maximum exposure of the reactor vessel is obtained

~ from the measured surveillance specimen exposure by application of the calculated azimuthal
neutron flux variation.
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5.3.22 O’peratinq Procedures o ] A | al

. Pressure- temperature limitations and addltlonal mformatron are descnbed in the plant Technrcal ' .
Specifications. The pressure-temperature limit curves (Flgures 5.3-6 and 5.3-7) have been .

‘prepared in accordance with Appendix G, ASME Code, Section Ill. Maintenance of Reactor

Coolant System pressure and temperature within these prescrrbed limits énsures that the integrity

of the reactor coolant pressure boundary is maintained.

5.3.3 REACTOR VESSEL INTEGRITY

CE desrgned and fabricated the reactor vessel for St. Lucie Unit 2. CE has been involved in » |
reactor vessel design and fabrication since the late 1950's, and this proven expertise is reflected

in the St. Lucie Unit 2 reactor vessel and the satisfactory performance of a large number of |
reactor vessels in the operating plants.

Reactor vessel integrity is ensured because proven fabrication techniques are employed and
because well characterized steels, which exhibit uniform properties and consistent behavior, are
used. The characterization of these materials is established through industrial and governmental
studies which examined the prefabrication material properties through to irradiated service
operation. In-service inspection and material surveillance programs are also conducted during
the service life of the vessel, which further ensures that reactor vessel integrity is maintained.

5.3.3.1 Design

The applicable design code for the reactor vessel is tabulated in Tabie 5.2-1. The materials of
.construction are described below and are listed in Table 5.2-3. A schematic of the reactor vessel ,
is shown on Figure 5.3-8. Additional design information can be found in Subsection 5.3.1.2. The

reactor vessel design parameters are given in Table 5.3-9. .

5.3.3.2 Materials of Construction

The reactor vessel materials of construction are listed in Table 5.2-3. The reactor vessel shell is
fabrrcated from SA-533, Grade B, Class 1, material. This material has a tensile strength of 80
k/in.? and a yield strength of 50 k/in.2. This shell material responds well to quench and tempered
‘heat treatment, which in combination with fine-grained melting practice produces high quality
plate with excellent toughness properties. The nozzles, also having excellent toughness
properties, are fabricated from SA-508, Class 2 forgings. The welding materials used include Mil
Spec. E-18193, B-4 wire for submerged arc processes and E-8018C-3 material for manual arc
processes. The stainless steel cladding utilized is nominal SA 240, Type 304.

5.3.3.3 Eabrication Methods

The reactor vessel construction is basically that of formed plates welded into cylinders and
hemispherical heads. Flanges on the closure head, upper shell, and the nozzles are forgings.

This typifies construction of the reactor vessel in the preceding introductory material. No special
fabrication methods were used in the fabrication of the reactor vessel. The basic design and I
fabrication of the reactor vessel is as follows:
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The reactor vessel is a vertically mounted cylindrical vessel with a hemispherical lower head
welded to the vessel and a removable hemispherical upper closure head. The pressure vessel is
approxmately 504 inches high (overall) by 172 inches inside diameter and is all welded
manganese -molybdenum nickel steel plate and forging construction.. The internal surfaces that
are in contact with the reactor coolant are clad with 1/8 inch minimum Type 304 austenitic
stainless steel and have a finish acceptable for inservice inspection of weld joints. The closure _
head flange and reactor vessel shell flange provide the structural rigidity necessary for bolting the
head to the shell. The reactor vessel is supported by three support pads integral with the nozzie

forgings.

The reactor vessel fabrication process is begun with an upper vessel assembly which consists
basically of the upper shell, intermediate shell, nozzles, and reactor vessel shell flange. Both the
upper and intermediate shells consist of three 120 degree segments formed from plate material
welded together to form cylindrical shells. Once the shells are welded, the upper shell is welded
to the reactor vessel sheli flange. The intermediate shell is then welded to form the upper vessel
assembly. Four inlet nozzles and two outlet nozzles are then welded to complete the upper

vessel assembly.

At the same time, a lower vessel assembly is in fabrication. The lower vessel assembly is
basically the lower shell and the bottom head. The lower shell is formed from three 120 degree
segment plates and welded together to form a cylindrical shell. The bottom head is constructed
of six peel segments and a dome section, all formed from plate material. These are welded
together to form a hemispherical head. The lower shell and bottom head are then welded
together to complete the lower vessel assembly. The upper and lower vessel assemblles are
welded together to complete the reactor vessel.

During fabrication, the closure head is considered separately since it is bolted to the reactor
vessel and not joined, except for hydrostatic testing, until at the site and ready for operation.

The closure head assembly consists basically of the closure head flange, dome, torus, control.
element drive mechanism (CEDM) housings, and instrument nozzles. The closure head torus is
constructed from four peel segments formed from plate material. The closure head dome, torus,
and flange are welded together to form the ciosure head assembly. Penetrations are then '
machined in the closure head for 91 control rod mechanisms, 10 instrumentation nozzles, and
one vent pipe. Attachment of these complete the closure head assembly. The closure head is
attached to the reactor vessel by 54 seven inch diameter studs which are threaded into the vessel
flange and extend through the closure head flange.

The original Reactor Vessel Closure Head (RVCH) supplied by Combustion Engineering is
described in the paragraph above. However, the original RVCH has been replaced with a

. replacement RVCH manufactured by AREVA NP Inc. The replacement RVCH is a uni-block
(one-piece) forging in which the head dome and the head flange are integral with no connecting
‘welds. After the head is forged it is machined to design dimensions and the interior surface is
clad with stainless steel weld overlay. Penetrations are then machined in the closure head for 91
CEDM nozzles, 10 instrumentation nozzles and one vent nozzle: The RVCH flange mating

“surface is machined and 54 stud holes are machined to match and accommodate the 54 seven
inch diameter studs which are threaded into the Reactor Vessel (RV) and extend through the
RVCH to facilitate attachment of the RVCH to the RV. Attachment (welding) of the CEDM,
Instrumentation, and vent nozzles complete the RVCH assembly.

Previous expenence using the above procedures in fabrlcatlng other reactor vessels is
summarized in Subsection 5.3.3.
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‘ ,5 3. 3 4 Inspectlon Reqwrements

Inspection: requurements of ASME Code, Sectlon III 1971 Ed|t|on |nclud|ng Summer 1972
-Addenda are dlscussed in Subsection 5.3.1.3. » ‘ _

5335 Shlpment and Installatlon-. -

The'reactdr vessel was shipped by barge to the site, while fnounted on the shipping skid used for
installation. The reactor vessel was protected by closing all openings (including the top of the
vessel) with wooden shipping covers.

The closure head was shipped with separate skids and metal covers. Reactor vessel surfaces
and covers were sprayed with a strippable coating for protection against corrosion during
shipping and installation. Prior to the welding of inter-connecting piping, and installation of
insulation, the temporary protective coating is removed by peeling. '

5.3.3.6 Operating Conditions

Operating parameters are provided in Subsection 4.4.3. Design transient information is supplied
in Subsection 3.9.1.1.

5.3.3.7 In-service Surveillance

5.3.3.7.1 ‘ 'lrradiated Materials Surveillance

The reactor vessel surveillance program is described in detail in Subsection 5.3.1.6. The
program is designed on the basis of 10 CFR 50, Appendix H and ASTM E 185-73. When
combined with the use of highly radiation resistant materials in the beltiine of the reactor vessel,
this surveillance program provides maximum assurance, consistent with commercial
requirements, of the integrity of the reactor pressure vessel in terms of strength and fracture - -
resistance. .

5.3.3.7.2 In-service Inspection

In-service inspection requirements of ASME Code, Section Xl, as governed by 10 CFR 50.55a(g),
are as indicated in Subsection 5.2.4.

5.3.3.8 Reactor Vessel Thermal Shock Aneivsis

In response to the NUREG-0737 Item 11.K.2.13 requirement to perform an analysis of the thermal-
mechanical conditions in the reactor vessel during recovery from small breaks with an extended
loss of all feedwater, FP&L participated in CE Owners Group activities which resulted in submittal
to the NRC staff of review report CEN-189®). This report provided the required analysis,
describing the analytical methods used in all analytical evaluations and reporting plant-specific
analysis results in separate appendices. Appendix (F) of CEN-189 contains results specifically
for the St. Lucie Unit 2 reactor vessel

The results contained in report CEN-189 and in Appendix (F) demonstrate that the St. Lucie
Unit 2 reactor vessel can safely withstand a small break loss-of-coolant accident with extended
. loss of feedwater for the full design life without crack initiation.
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TABLE 5.3-9a

ST. LUCIE UNIT 2 SURVEILLANCE PROGRAM
. Withdrawal : .
Capsule  Azimuthal - Schedule Lead Surveillance Specimen Type Chemical
No. Location EFPY Factor Materials No. & Orientation Composition
1 83" See Table 5.3-9 <15 1. Plate M-605-1 12 CVN-L 0.1 Cu
12 CVN-T .008 P
. 3 Tensile
2. - Weld Metal* -12  CVN 0.07 Cu
Linde 124 Lot No. 0951 3 Tensile 009 P
Mit B-4 Wire Heat : '
Heat No. 83637
3.  HAZ material 12 CVN-T 011 - Cu
Plate M-605-1 3 Tensile .008
2. 97° See Table 5.3-9 <15 1. Plate M-605-1 12 CVN-L 011 - Cu
. _ 12 CVN-T .008 P
3 Tensile
2.  Weld Metal 12 CVN 0.07 Cu
Linde 124 Flux . 3 tensile .009 P*
Lot No. 0951 .
Mil B-4 Weld Wire
Heat No. 83637
3.  HAZ material 12 CVN-T 0.1 Cu
Plate M-605-1 3 ensile .009 P
3 104° See Table 5.3-9 <1.5 1. Plate M-605-1 12 CVN 0.11 Cu- -
. ' 3 Tensile .008 P
2.  Weld Metal* 12 CVN 0.07 Cu
124 Flux, Lot 0951 3 Tensile .009 P
Mil B-4 Weld Wire )
Heat No. 83637
3. HAZ material 12 CVN 0.1 Cu
Plate M-605-1 3 Tensile .008 P
4. SRM Material, HSST - 12 CVN-L Ref. B O
Plate 01

*Weld Metal specimens are fabricated from the same heat of wire and lot of flux as was used in the weld seam No. 101- 171 (closing girth seam weld)
** Ref. C: "Heavy Section Steel Technology Program, Semi-Annual Progress Report for period ending 8/31/81" ORNL - 4377.
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TABLE 5 3- 11

REPLACEMENT REACTOR VESSEL CLOSURE HEAD NON DESTRUCTIVE TEST

CENOIO R WN =

RT UT PT - MT
1. RVCH Mono-Biock Forging o
{1 1.1 After Rough Machining " YES: YES
1.2 After Final Machining , YES
1.3 Machined Surfaces To Be Clad YES®Y
1.4 External Unclad Surfaces ' ' YES™
1.5 _All Clad Surfaces YES®® | YES®
1.6 Final Machined O-Ring Groove YES®
2.  SB-167 UNS 6690 CEDM and ICI Tubing YES"? | YES?
3. SB-166 UNS 6690 CEDM Nozzles YES"? | YESY"
4.  SA-479 Type 304 ICl Nozzle Adapter YES™ | YESD
5.  Weldment :
5.1 All Weld Prep Areas . YES®
5.2 Root Pass Of All Welds : YES
5.3 Final Surface Of All Welds YES®
5.4 Nozzle To Forging Area YES""
5.5 CEDM and ICl Nozzle to Adapter Butt Weld YES
5.6 Vent Pipe Nozzle To Vent Pipe Butt Weld " YES
All accessible ferretic surfaces after final hydrostatic test.
Sealing and bearing surfaces of the head examined for defects and bond.
Non-sealing and non-bearing surfaces examined for bond.
. After machining and prior to cladding.
After post weld heat treatment.
The bottom sealing surfaces must be free of indications (PT White).
After final machining.
After Final weld preparation machining but prior to root pass welding.
Final surface of all CEDM nozzle attachment and vent pipe welds must be free of
indications (PT White).
10.  After rough machining.
11. This is a baseline for future volumetrlc examinations.
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e) Upper and Lower Radial Guide Bearings

), Axial Thrust Bearing

g) Flywheel
h) Anti-Reverse Rotation Device
i) - Motor

The heat exchanger cooling water is supplied from the Component Cooling Water System. Two 10
hp ac oil lift pumps are used to support the pumpmotor shaft assembly during startup and shutdown
of the reactor coolant pumps. The motor-pump hearing support system includes a Kingsbury double
acting thrust bearing, upper and lower radial bearings in the motor and a radial hydrostatic bearing
located above the pump impeller. The piping and instrumentation diagram for the lube cil and-cooling
system of the pumps is shown on Figure 5.1-6. The flywheel and motor-pump rotating assembly has
a minimum total moment of inertia of 100,000 Ib-ft* to improve pump coastdown characteristics in
order to meet system requirements during a loss of pump power condition.

- Each pump-motor assembly is equipped with an anti-rotation device shown in Figure 5.4-4 to
preclude reverse rotation caused by backflow through the impeller. The device stops the pump when
it decelerates from normal speed (900 rpm) to zero speed while the remaining reactor coolant pumps
continue to operate. The anti-reverse device consists of a rotating disc keyed to the motor shaft, and
a stationary disc which is bolted to the motor frame. The stationary disc contains several detents
each with ramped sides and flats on top of the detents and in the troughs between them. The
rotating elements contain several holes in which the retaining pins are located. When reactor coolant
pump rotation stops, each pin drops to the flat between detents, and reverse rotation is prevented by
the pin which bears against the vertical side of a detent. When motor rotation is started in the normal
direction, the pins ride up the ramped sides of the detents and are locked against the sices of the
holes in the rotating disc by centrifugal force. No parts are in contact when the motor is operating at
rated speed and no lubrication is required for the device. One pin is capable of holding the pump
stationary against the torque produced by reverse flow or by the application of 100 percent voltage in
reversed phase rotation.

The reactor coolant pump motor is sized for continuous operation at the flows resulting from four-
pump operation or partial pump operation with 0.74 specific gravity water. The motor service factor is
sufficient to allow 500 heatup cycles. The motors. are designed to start and accelerate to speed
under full load when 80 percent or more of normal voltage is applied. The motors are contained
within NEMA Standard 1-1.20 drip-proof enclosures and are equipped with electrical insulation
suitable for a zero to 100 percent humidity and radiation environment of 30R/hr of gamma. The
motor cross section is shown in Figure 5.4-5. S
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5.4.1.2.1.5 Reactor Coolant Pump Lube 0il Collection Sysfem

A Reactor Coolant Pump Lube 0il Collection System 1s provided to meet the
following criteria:

a)

b)

c)

d)

Capable of collecting lube oil from all potential pressurized and
unpressurized leakage sites in the reactor coolant pumps' lube.oil

systems,

Capable of draining lube o0il from the collection system at the pumps.
to a safe location at a rate in excess of the largest anticipated leal

in the lube o0il systems,

Seismically analyzed to insure the syster will remain on the reactor
coolant pump motors during design basis earthquake conditions, and

Capable of collecting 225 gallons of lube oil. This quantity is in
excess of the quantity which would require pump shutdown (approxi-
mately 15 gallons for each pump). Also, the capacity is in excess
of the entire volure of the lube o0il contained in one reactor coolant

pump (19C gallons).
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5443 Evaluation

"The reactor coolant pumps are sized to deliver flow that equals or exceeds the desngri flowrate used
 in the thermal hydrauhc analysis of the Reactor Coolant System Analysis of steady state and
- anticipated transients is performed assuming the minimum design flow rate. Tests are performed to
“evaluate reactor coolant pump performance durmg the post- core load hot functlonal testmg to verify

adequate flow.

Leakage from the reactor coolant pump past the pump shaft is controlled by the shaft seal assembly.
Reactor coolant entering the seal chambers is cooled and collected in closed systems so that reactor
coolant leakage to containment is essentially zero. In the event of a seal malfunction, instrumentation
in the form of pressure transmitters, a flow meter, and a temperature detector is provided to alert the
operator to a potential problem.

Component cooling water to the reactor coolant pumps is not required to ensure (1) the integrity of
the reactor coolant pressure boundary, (2) the capability to shutdown the reactor and maintain it in a
safe shutdown condition, or (3) the capability to prevent or mitigate the consequences of accidents
that could result in potential offsite exposures comparable to the-guideline exposures of 10 CFR 100.
Low component cooling water flow to each pump is indicated and alarmed in the control room. The
component cooling water flow from the reactor coolant pumps is sensed by four separate redundant
transmitters and low flow is indicated and alarmed in the control room. If the component cooling
water flow from the reactor coolant pumps is not restored in 10 minutes, the system automatically
trips the reactor and the reactor coolant pumps could be tripped by the operator manually, allowing
the system to be cooled down by natural circulation flow.

The reactor coolant pumps, by design and field experience, are not susceptible to seal failure
resulting from loss of seal cooling water. The reactor coolant pumps are equipped with four
series-arranged face seals, all of which are designed for 2500 psid. The P across any one of the
three main seals during normal operation is 750 psi. - The loss of any single seal would result in a P of -
approximately 1100 psi. A seal leakage chamber structurally designed for 2500 psia is provided to
collect controlled seal leakage and conduct it to a closed system. The fourth face seal is provided as
an integral part of the seal leakage chamber to prevent liquid or gaseous leakage from escaping to
the atmosphere. This seal is.designed to operate normally against a backpressure of 25 to 250 psia
and is capable of holding against 2500 psia in the static condition and during coastdown following
failure of the three series-arranged main seals. When holding against 2500 psia in the static
condition, the seal leakage should not exceed the normal operating seal leakage.

The seals have been specified and tested for 10 minutes of RCP operation without cooling water to
the RCP seals without incurring seal damages. See Subsection 9.2.2.3.1

In the event of an actuation of containment isolation and subsequent isolation of CCW, the reactor
coolant pumps are tripped, as discussed above,
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resultrng |n no requrrement for component coolmg water.

In the event of a break in the reactor coolant.pump suctlon prplng a hlgh reverse ﬂow through the' o .
pump is prevented by the anti-reverse rotation device, as described in Subsection 5.4.1.2.1.4. In the . 4

‘event of a discharge line break, increased flow through the pump tends to accelerate the pump
impeller and flywheel in the forward direction. A detailed. evaluatlon of thls incident relating to the-

mtegrlty of the flywheel is presented in'Subsection 5.4.1.4.

5.4.1 .4 Reactor Coolant Pump Flywheel Integrity

The following design conditions and material specifications for the flywheels are consistent with the
recommendations of Regulatory Guide 1.14, "Reactor Coolant Pump Flywheel Integrity,"
October 1971 (RO).

54.1.4.1 Flywheel Material Specification

The material used to manufacture the flywheel was produced by a process that minimizes flaws by a
commercially acceptable process such as the vacuum melt and degassing process which provides
adequate fracture toughness properties. The acceptance criteria for flywheel design is compatible
with the safety philosophy of the reactor coolant pressure boundary criteria as appropriate
considering the inherent design and functional requirement differences between the pressure

boundary and the flywheel.

a) The nil ductility transition temperature (NDTT) of the material, as obtained from the dropweight
tests (DWT) performed in accordance with the Specification ASTM E- 208 66T was no greater

than 10°F.

b) The Charpy V-Notch (Cv) upper shelf energy level, in the "weak" (WR) direction, as obtained- .
per ASTM-A-370 was no less than 50 ft.-Ibs. A minimum of three Cv specimens were tested -

from each plate or forging.

c) The minimum fracture toughness of the material at the normal operating temperature of the

flywheel is equivalent to a dynamic stress intensity factor K, (dynamic) of at least 100 Ksn/—
Compliance was demonstrated by either of the following:

1) Testing of the actual material of the flywheel to establish the K,; (dynamic) value at the
normal operating temperature.
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The middle seal, upper seal and controlled bleedoff cavities in each reactor coolant pump are
provided with pressure transmitters that generate a signal proportional to the pressure within the
cavity. High and low pressure alarms for the upper seal cavity and the controlled bleedoff cavity are
provided. Pressure indication of all three is also provided. -

5415.22 High Pressure Oil Lift Pump Discharge Pressures

Pressure switches at each high pressure oil lift pump discharge actuate indicating lights and alarms
on low pressure in the control room. In the event of a failure of one of the oil lift pumps, the second
oil lift pump must be started. A separate measurement channel provides a control signal to the

" respective reactor coolant pump circuit; which prevents the starting of the reactor coolant pump if
insufficient oil lift pressure exists. Another separate measurement channel provides local lndlcatlon of

pressure in the oil lift pump discharge header.

54.15.2.3 Reactor Coolant Pump Differential Pressure

Two independent differential pressure transmitters are provided on each reactor coolant pump.
The differential pressure signal is indicated in the control room. The pump performance curve
(Figure 5.4-2) relates pump differential pressure to pump flow.

541524 Casing Main Closure Gasket Leakage Pressure

A pressure indicator and pressure switch are provided on each reactor coolant pump to monitor the

pressure between the double casing main closure gaskets. High pressure in the cavity between the
gaskets indicates leakage of the inboard gaskets and is alarmed in the control room.

54.153 Flow
54.1.5.31 Reverse Rotation Indicator Switch
A flow switch in the lube oil system mounted near the main thrust bearing bracket provides an

indication that the reactor coolant pump motor is turning in the reverse direction.. This switch causes
an alarm in the control room.” This feature has been removed from 2B1 RCP motor. '

. 541532 - Pump Controlled BIeedoff_Flow

A flowmeter is used to measure the controlled bleedoff flow from the bleedoff seal cavity to the
CVCS. This instrument provides an indication of the flowrate and annunciates high and low flow

alarms
54.1.5.3.3 Motor Circulating Oil System Flow

A lube oil flow switch is provided at the outlet from the lube oil cooler. Should the lube oil flow to the .
cooler fall below a predetermined setpoint, a low flow alarm is actuated. This feature has been
removed from 2B1 RCP motor.
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5.4.1.5.4 Level

Each RCP upper lower oil reservoir has a bubbler type level measurement
system. A level transmitter is used to measure the air backpressure from
each bubbler which is equivalent to the oil level in the reservoir. The
excess flow valve in the bubbler limits the excess air flow to the oil
reservoir. The transmitter transmits a signal for level indication and
high and low alarms in the control room.

5.4.1.5.5 Vibration

Reactor coolant pump motor vibration and axial shaft position is sensed by
proximity probes arranged around the motor and pump shaft. These probes
are noncontacting. The probes are used to determine axial shaft position
relative to the motor case (one probe), provide phase angle information
(one probe) and to determine X-Y vibration at the upper motor bearing and
the top of the pump mechanical seal (four probes). Pumps 221 and 2A2 are
provided with an additional set of X-Y probes which are installed at the
lower motor bearing. These are available for maintenance and
troubleshooting and are not normally indicated in the control room.

Excessive X-Y vibration at the upper motor bearing and mechanical seal is
alarmed in the control room.

The vendor supplied cables are routed such that they are separated from
other plant cables.

5.4.1.6 - Testing and Inspection

The reactor coolant pressure boundary is nondestructively inspected as
required by ASME Code, Section III for Code Class 1 components. The reactor
coolant pump casing inspections include complete radiography and liquid
penetrant or ultrasonic testing. The reactor coolant pump receives a
hydrostatic pressure test in the vendor’s shop and with the Reactor Coolant
System. In-service inspection of the reactor coolant pump pressure boundary
is performed during plant life in accordance with ASME Code, Section X1.

The reactor coolant pump assembly is performance tested in the vendor’'s
shop over at least the normal operating range in accordance with the
Standards of the Hydraulic Institute. Tests also demonstrate the ability of
the reactor coolant pump to function under wvarious operating conditions
specified. Tests commonly performed are hot and cold performance and
start-stop cycling. Vibrations are monitored at several places on the
reactor coolant pump during shop testing.

The reactor coolant pump mdétors undergo a "routine” test in accordance with
NEMA MG-1. This test also confirms that the motors are within their vibra-
tion limits. Each motor is tested further by being used as the driver for
the reactor coolant pump assemblies during the pump manufacturer’s shop
testing. . ’

To the greatest extent practicable, all conditions of normal operation of
the reactor coolant pumps are duplicated during testing. :

The reactor coolant pump flywheel inspections and testing are described in
Subsection 5.4.1.4. : .
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54.2 STEAM GENERATORS

5.4.2.1 Design. Bases

The two steam generators are designed to transfer 2710 MWt from the Reactor Coolant System to
the Main Steam System, producing approximately 11.8x10° Ib/h of 896.9 psia saturated steam, when
provided with 435°F feedwater. Moisture separators and steam driers in the shell side of the steam
generator limit the moisture content of the steam to 0.10 wt% during normal operation at full power.
The steam generator design parameters are listed in Table 5.4-2. The steam generators, including
the tubes, are designed for the Reactor Coolant System transients listed in Subsection 3.9.1.1 so that
the code allowable stress limits are not exceeded for the specified number of cycles. All transients
have been established based on conservative assumptions of operating conditions in consideration of
supportive system design capabilities. The steam generators are capable of sustaining the following
additional design transients without exceeding code allowable stress limits: (Note: differences exist
between the cycles and transients assumed in the design of Unit 1 and those assumed in the design
of Unit 2. Further, there may also be unit differences with respect to those cycles and transients
required by plant procedure to be tracked).

a) Ten secondary side hydrostatlc tests with secondary side pressurized to 1250 psia with the
primary side at atmospheric pressure. The minimum shell side temperature for this test is
100°F

b) Two hundred secondary side leak tests with the secondary side pressurized from 820 psia to

design pressure, with the primary side pressurized so that the tube differential pressure
(secondary to primary) does not exceed 820 ps| (test condltnon) The secondary side
temperature shall be 100-200°F.

c) Fifteen thousand cycles of adding 40°F feedwater at 600 gpm to each of the steam generators
through the main feedwater nozzle when at hot standby conditions (normal condition). The
basis is nominal operating condltlons assumlng intermittent feeding of the steam generators.

d) Eight cycles of adding 40°F feedwater at 650 gpm to each of the steam generators after a loss
of normal feedwater. This feedwater flow may be introduced wh:le the secondary side is dry:

at 610°F and atmospheric pressure.

e) Four thousand pressure transients of 85 psi across the primary divider plate in either direction
caused by starting and stopping reactor coolant pumps (normal condltlon)

54211 Steam Generator Materials
The pressure boundary materials used in the construction of the steam generator are listed in
Table 5.2-3. These materials are in accordance with the ASME Code, Section Il plus code case

interpretations as specified in Subsection 5.2.1.

The Code CIass 1 components of the steam’ generator meet the fracture toughness requirements of
the ASME Code and 10 CFR 50 Appendix G as discussed in
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Subsection 5.2.3.3.1. Fracture toughness data for the steam generator materials‘is presented in
Tables 5.2-8, 5.2-10, and 5.2-12. | .

During final assembly and shipment, the steam generator primary and secondary sides are brought to
a state of cleanliness consistent with the rest of the fluid system in interfaces with as described in
Subsection 5.2.3. In addition, the interior of the steam generator is protected by pressurizing with an
inert gas during shipment and interim storage. Cleanliness during construction is discussed in
‘Subsection 5.2.3.4.1.2.1.

The chemistry control and corrosion control effectiveness of the secondary side water is discussed in
Subsection 10.3.5.

54.2.1.2 Steam Generator Description

The nuclear steam supply system utilizes tWo steam generators (Figure 5.4-6) to transfer the heat
generated in the Reactor Coolant System to the secondary system. The design parameters for the
steam generators are given in Table 5.4-2.

The steam generator is a vertical U-tube heat exchanger with the reactor coolant on the tube side
and the secondary fluid on the shell side.

Reactor coolant enters the steam generator through the 42 inch ID inlet nozzle, flows through 3/4

inch OD 0.0429 inch wall U-tubes, and leaves through two 30 inch ID outlet nozzles. Divider plates in |
the lower head separate the inlet and outlet plenums. The plenums are carbon steel with stainless

steel clad. The reactor coolant side of the tube sheet is Ni-Cr-Fe clad. The U-tubes are Inconel 690 |

composition

The steam generator contains 8999 U-tubes for heat transfer for primary to secondary water. Each ’
tube is expanded into the tube sheet so that there is no voids or crevices occurring along the entire

length of the tube sheet interface. The tubes are also welded to the Ni-Cr-Fe alloy clad on the reactor
coolant surface of the tubesheet. The tube to tubesheet welding conforms with the requirements of

the ASME Code, Sections lll and IX. Support for the tube bundles are by stainless steel broached

tube support plates. Additional support is provided by stalnless steel anti-vibration bars to prevent ’
excessive flow-induced V|brat|on

Feedwater enters the steam generator through the feedwater nozzle where it distributed via a
feedwater distribution ring. The feedwater ring is constructed with discharge nozzles which are
configured in the form of a "J". These nozzles are welded to the top of the ring and direct the
feedwater flow away from the shell. This construction greatly reduces the rate at which the ring

drains, helping to provide assurance that the feedwater ring remains full of water as long as there is
feedwater flow when the level in the steam generator drops below the feedwater ring {refer to Figures -
5.4-6, 16, and 17).

The downcomer in the steam generator is an annular passage formed by the inner surface of the
steam generator shell and the cylindrical sheil that encloses the vertical U-tubes. Upon exiting from |

the bottom of the downcomer, the secondary flow is directed upward over the vertical U-tubes. Heat -
transferred from the primary side converts a portion of the secondary flow into steam. '
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Upon leaving the vertical U-tube heat transfer surface, the steam-water mixture enters the
cyclone-type separators. These impart a centrifugal motion in the mixture and separate the water
particles from the steam. The water exists from the perforated separator housing and combines with
the feedwater to repeat the cycle. Final drying of the steam is accomplished by passage of the steam
through the double pocket, chevron-type dryers.

The steam generators are mounted on bearing plates which allow controlled lateral motion due to
thermal expansion of the reactor coolant piping. Key stops embedded in the concrete base limit this
motion in case of a reactor coolant pipe rupture. The top of each unit is restrained from sudden
lateral movement by keys and hydraulic snubbers mounted rigidly in the concrete structure.

The steam generators are located at a higher elevation than the reactor vessel. The elevation
difference created natural circulation capability sufficient to remove core decay heat following coast
down of all reactor coolant pumps.

Overpressure protection for the shell side of the steam generators and the main steam line up to the
inlet of the turbine stop valve is provided by 16 flanged spring loaded ASME Code safety valves
which discharge to atmosphere. Overpressure protection is discussed in Subsection 5.2.2.

54213 Steam Generator Tubes

The steam generator are tubed with 0.750 inch OD by .0429 wall tubes. The tubes are fabricated
from Inconel 690 to insure compatibility with both the primary and secondary waters.. The design
incorporates a general corrosion allowance that provided for reliable operation over the plant design

lifetime.

Localized corrosion has led to steam generator tube ieakage in some operating plants. Examination
of tube defects that have resulted in leakage has shown that two mechanisms are primarily
responsible. These localized corrosion mechanisms are referred to as (1) stress assisted caustic
cracking, and (2) wastage or beavering. Both of these types of corrosion have been related to steam
generators that have operated on phosphate chemistry. The caustic stress corrosion type of failure is
precluded by controlling feedwater chemistry to the specification limits shown in Subsection 10.3.5.
Removal of solids from the secondary side of the steam generator is discussed in Subsection 10.4.8.
Localized wastage or beaverlng has been ehmlnated by removing phosphates from the chemistry
control system

- Volatile chemistry (discussed in Subsection 10.3.5) has been successfully used in all CE steam
generators that have gone into operation since 1972.

a) Tube Degradation Mechanisms

The design steady state and transient conditions specified in the design of the steam
generator tubes are discussed in Subsection 3.9.1.1.
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Alloy 690 tubes are less susceptible to various forms of the degradation.

NRC Information Notice 90-49, "Stress Corrosion Cracking of PWR Steam Generator Tubes,"
identified conditions.of similar steam generators, where circumferential cracks were observed
near the tube expansion transition at or near the top of the tubesheet.

Should a circumferential crack be detected the tube may have a stabilizer and tube plug
installed. If the plugged tube severs, the stabilizer is designed to reduce the possibility of
tube-to-tube contact. The stabilizers the plugs and their installation are designed to function
under all operating, transient or test conditions of the steam generator. This installation takes
into consideration maintaining integrity under vibrating loads and material compatibility with
tube material subject to both reactor coolant and feedwater system environments.

A number of operating plants have experienced a corrosion phenomenon known as "denting".

Denting is caused by the uncontrolied corrosion of carbon steel support structure surfaces
surrounding a tube. As the uncontrolled corrosion of carbon steel takes place, the original
base metal (iron) is converted to nonprotective magnetite (Fe3;O,4) resulting in a doubling of
volume (i.e., twice the volume of the original base metal is occupied by the metal oxide).

Because the magnetite is nonprotective, the base metal continues to corrode, producing large

localized concentrations of metal oxide. The expanded metal oxide exerts pressure on the
steam generator tube and the support. Then pressure in the tube/tube support annulus
becomes sufficient to produce yielding in the tube wall, denting results.

Experience from operating steam generators and laboratory ’iesting has demonstrated that
two conditions are required to initiate denting: '

1) The original clearance tietween the tube and the support must have become blocked
with a porous deposit in which bulk water can enter and be concentrated.

2) The bulk water being concentrated must have impurities that produce chloric acid
solutions, which in corroding the carbon steel of the support result in the formation of a
nonprotective form of magnetite.

The potential for tube denting has been reduced in the St. Lucie Unit 2 steam generators by
the installation of tube support plates and antivibration bars system that are stainless steel
with a high-chromium content that forms a tight adherent oxide layer. This combination
eliminates the potential for denting.
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a)

.4.

Potential Effects of Tube Rupture

The steam generator tube rupture incident is a penetration of the
barrier between é the RCS and the Main Steam System. The integrity of
this barrier is significant from the standpoint of radiological
safety in that a leaking steam generator tube allows the transfer of
reactor coolant into the Main Steam System. Radiocactivity contained
in the reactor coolant would mix with water in the shell side of the
affected steam generator. This radioactivity would be transported by
steam to the turbine and then to the condenser or directly to the
condenser via the Steam Dump and Bypass System. Noncondensible
radiocactive gases in the condenser are removed by the Main Condenser
Evacuation System and discharged to the plant vent. Analysis of a

'steam generator tube rupture incident, assuming complete severance of

a tube, is presented in Section 15.6.

Experience with nuclear steam generators indicates that the proba-
bility of complete severance of a tube is remote. The material used

- to fabricate the vertical U-tube is a Ni-Cr-Fe alloy. A double-ended

rupture has never occurréd in a steam generator of this design. The

" more probable modes of failure, which result in smaller penetrations,

are those involving the occurrence of pinholes or small cracks in the
tubes, and of cracks in the seal welds between the tubes and tube
sheet. Detection and control of steam generator tube leakage is
described in Subsection 5.2.5.

Composition of Secondary Fluid and Radiological Considerations

Radiocactivity concentration in the secondary side of the steam
generator is dependent upon the activity level of the Reactor Coolant
System, the primary to secondary leak rate, and the operation of the
Steam Generator Blowdown System. An evaluation of shell side
radioactivity concentration is given in Section 11.1.

The recirculation water within the steam generators contains volatile-
additives necessary for proper chemistry control. These and other
chemistry considerations of the Main Steam System are discussed in
Subsection 10.3.5.

Materials used in fabrication of the steam generator are not affected
by the radiation levels and doses resulting from operation. Although
radiation levels are significant for any internal maintenance opera-
tions, procedures and equipment have been developed to minimize
individual personnel exposure during these operations by allowing
rapid completion of individual maintenance operations.

.2 Steam Generator In-service Inspection

Preservice and periodic inservice inspections of the steam generators
will be performed. These programs are developed to comply with the
ASME Code, Section XI requirements as appropriate, to permit examina-
tions of the steam generator Code Class 1 and 2 component parts, in-
cluding the steam generator tubes (refer to Subsection 5.2.4 and
Section 6.6). '
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b) The parameters of the preservice and inservice inspection prbgrams comply with the
guidelines recommended in Regulatory Guide 1.83, "In-service Inspection of Pressunzed :
‘Water Reactor Steam Generator Tubes," July 1975 (R1) ‘

c) The preSérvice and inspection program examination method, equipment and reporting

‘ requirements comply to Appendix IV of the ASME Code, Section XI. The program parameters
governing the criteria used for tube inspection, tube sample sizes, inspection intervals, and
acceptance criteria (including plugging limits) are included in Technical Specifications.

543 - REACTOR COOLANT PIPING

5.4.3.1 Design Basis

The reactor coolant piping is designed and analyzed for normal operation and all transients discussed
in Subsection 3.9.1. Loading combinations and stress criteria associated with faulted conditions are
presented in Subsection 3.9.1. In addition, certain nozzles are subjected to local transients that are
included in the design and analysis of the areas affected. Thermal sleeves are installed in the surge
nozzles, safety injection nozzles, and charging nozzles to accommodate these additional transients.
Principal parameters are listed in Table 5.4-3. The ASME Code and Addenda the piping is designed

to is specified in Subsection 5.2.1.

In addition to being specified as seismic Category |, the following additional vibratory requirement is
specified in the engineering specification. The various piping assemblies are designed so that no
damage to the equipment is caused by the frequency ranges 14 to 15 Hz and 70 to 75 Hz. The
frequency ranges account for mechanical vibratory excitation of the reactor coolant pump and .
impeller vane passing pressure variations. :

54.3.2 Descrigtion _ , .

Each of the two heat transfer loops contains five sections of pipe; one 42 inch internal diameter pipe
between the reactor vessel outlet nozzle and steam generator inlet nozzle, two 30 inch internal
diameter pipes from the steam generator's two outlet nozzles to the two reactor coolant pump suction
nozzles, and two 30 inch internal diameter pipes from the reactor coolant pump discharge nozzles to
the reactor vessel inlet nozzles. These pipes are referred to as the hot leg, the suction legs, and the
cold legs, respectively. The other major section of reactor coolant piping is the surge line, a 12 inch .
schedule 160 pipe between the pressurizer and the hot leg in Loop 2B, and the spray line, a 4 inch
Schedule 160 pipe at the pressurizer reduced to two 3 inch schedule 160 pipes between the 4 inch

- pipe and each cold leg in Loops 2B1 and 2B2. Arrangement of this piping is further described in

Subsection 5.1.1.
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54.4 MA'IN STEAM LINE FLOW RESTRICTIONS

The main steam line, venturi type, flow elements located in each main steam line and within the
containment are components of the feedwater control system and also act as flow restrictors to
impede the discharge of steam into the containment in the event of a steam line break accident
downstream of the flow element. Further information is found in Section 10.3 and Table 10.3-1.
5.4.5 MAIN STEAM ISOLATION SYSTEM

The Main Steam Isolation System is discussed in Section 10.3.

546  REACTOR CORE ISOLATION COOLING SYSTEM

This subsection is not applicable to St. Lucie Unit 2.
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547 - RESIDUAL HEAT REMOVAL SYSTEM ‘ .

5471 Design Bases
54.7.1.1 Summary Description

The Shutdown Cooling 'System (SDCS) is used in conjunction with the Main Steam and Main or
Auxiliary Feedwater Systems to reduce the temperature of the Reactor Coolant System (RCS) in post
shutdown periods from normal operating temperature to the refueling temperature. The initial phase

of the cooldown is accomplished by heat rejection from the steam generators to the condenser or
atmosphere. For a normal cooldown the reactor coolant hot leg temperature is reduced to 325°F and
the pressurizer pressure is reduced to 276 psia*. Then, the SDCS can be put into operation to

reduce the reactor coolant temperature to the refueling temperature of 140°F, or less, and to maintain |
this temperature during refueling. During refueling, a portion of the shutdown cooling flow is directed

to the CVCS and is processed by the CVCS ion exchangers and filters for purification of the RCS.

This purified flow is then retumed to the RCS.

The SDCS is used in addition to the atmospheric dump vaives and the Auxiliary Feedwater System to
cooldown the Reactor Coolant System following a small break LOCA (see Section 6.3). Operating
plants with similar designs (with some genenc differences due to necessary requirements) are St.
Lucie Unit | and Millstone 2.

Assuming a loss of offsite power (LOOP), the plant cooldown process to reach cold shutdown
conditions is comprised of two phases of heat removal. The initial phase is accomplished by
controlling heat rejection to the atmosphere through the secondary atmospheric dump valves. The
Reactor Coolant System (RCS) is depressurized by the main or auxiliary spray system or manual
control of letdown and/or charging pumps throughout the RCS cooldown while maintaining RCS
pressure temperature requirements in accordance with the St. Lucie Unit 2 Technical Specifications
and subcooled margin limitations. Safety Injection tanks may be isolated when depressurizing to
reach shutdown cooling entry pressure condition. With offsite power available, forced RCS flow is
maintained during a plant cooldown. However, for a LOOP, natural circulation flow is used dunng the
plant cooldown until the reactor coolant pumps are restarted after offsite power is restored. :

Once the RCS has been adequately cooled down and depressurized, the Shutdown Cooling System
(SDCS) is aligned and the cooldown proceeds by rejecting heat to the SDCS heat exchangers.
Assuming loss of offsite power, the most limiting postulated single failure is a failure of one
emergency power train. A loss of one DC emergency train would effectively prevent AC power off
one diesel generator, even if operating, from being transferred to the onsite electrical system. The
single failure disables one train of components associated with the atmospheric dump valves,
chemical and volume control systems, auxiliary feedwater system, and shutdown cooling systems.
However, the plant can be cooled down to cold shutdown conditions with one emergency power traln
and one train of system components within 36 hours as shown in Subsection 5.4. 7.5.

54712 Functional Design Bases

The following functional design bases apply to the Shutdown Cooling System: .

* The operating limit for SDC entry has been conservatively established at 275 psia.
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'.m) .No components of the SDCS for St. Lucie Unit 2 are shared by St. Lucie Unit 1, thereby

satisfying GDC 5.

.. n) The SDC operation is a closely monitored mode of operation. Inthe event of a closure of a

SDC suction line isolation valve, the operator sees indications on the instruments in the
control room and shuts the LPS! pump off avoiding overheating and damage. Adequate
cooling of the core is provided by the redundant SDC train. The coohng curve for a one train

cooldown is shown on Figure 5.4-8.

54.7.2 System Desiqh

54.7.2.1 System Schematic

‘The SDCS piping and instrumentation diagram, shutdown cooling mode diagram' and flow point data

are shown on Figures 6.3-1a, b, c and 6.3-2d, and Table 6.3-4d, respectively. For a two train
cooldown, the pressurizer pressure and hot leg temperature of the reactor coolant system vary:from
276 psia* and 325°F at initiation of shutdown cooling to atm_osphenc pressure and less than 140°F at
refueling conditions.

The SDCS contains two shutdown cooling heat exchangers and employs one or both low pressure
safety injection pumps throughout shutdown cooling. During initial shutdown cooling, a portion of the
reactor coolant flows out the shutdown cooling nozzles located on the reactor vessel outlet (hot leg)
pipes and is circulated through the shutdown cooling heat exchangers by the LPSI pumps. The
return to the reactor coolant system is through the safety injection nozzles in reactor coolant pump
discharge (cold) legs.

The SDCS suction line isolatioh valves are interlocked to prevent overpressurization of the SDCS by
the reactor coolant system. These interlocks are described in Subsection 5.4.7.2.3 and Section 7.6.

Shutdown cooling and LPSI flow are measured by orifice meters FT-3301 and 3306 installed in each
LPS! header or by flow instruments FT-3312, 3322, 3332 and 3342 installed in the individual injection
headers. The information provided by these flow elements is used to manually maintain total flow
control during shutdown cooling operation.

The cooldown rate is controlled by adjusting the flow rate through the heat exchanger(s) with the
throttle valves (HCV-3512, HCV-3657).on the discharge of the heat exchangers in conjunction with
valves FCV-3301 and FCV-3306. The injection header motor-operated isolation valves, HCV-3615,
3625, 3635 and 3645 are manually controlled to maintain the required total shutdown cooling flow

rate to the core.

During initial cooldown the temperature-differential for heat transfer is large, thus only a portion of the -
total shutdown flow is diverted through the heat exchangers. As cooldown proceeds, the temperature
differentials become less and the flow rate through the shutdown cooling heat exchangers is

increased to the maximum achievable.

“ The operating limit for SDC entry has been conse‘rvatively established at 275 psia.
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At this time, full shutdown cooling flow (with the exception of any bypass valve leakage and .
purification flow) is through one or both of the shutdown cooling heat exchangers. A portion of the
shutdown cooling flow from either of the loops through connections on the discharge side of the Low
Pressure Safety Injection (LPSI) pumps is diverted to purify Reactor Coolant inventory during periods

of shutdown. The flow is directed to the Chemical and Volume Control System (CVCS) just upstream

of flow element FE-2202 and is processed by the CVCS ion exchanger and filters. The flow is then
returned to the suction of the LPS! pumps via the shutdown cooling lines (Figure 6.3-1a,b and 9.3-

5a).
54.7.2.2 Component Description
a) Low-Pressure Safety Injection Pumps

The Low Pressure Safety Injection (LPSI) pumps are used jointly as part of the SDCS and ]
SIS. During all periods of plant operation, when SIS operability is required, the LPSI pumps
are manually aligned for emergency core cooling operation.

During shutdown cooling. LPSI pump 2A takes flow from the Reactor Coolant System hot leg
2A and discharges through the shutdown cooling heat exchanger 2A. Train A shutdown

cooling flow is returned to the Reactor Coolant System through the LPSI| header A to the
Reactor Coolant System cold legs 2A1 and/or 2A2. Likewise, LPS! pump 2B takes flow from |
the Reactor Coolant System hot leg 2B and discharges through the shutdown cooling heat
exchanger 2B. Train B shutdown cooling flow is returned to the Reactor Coolant System cold
legs 2B1 and/or 2B2. Thus, two completely independent shutdown cooling trains are

provided.

The LPSI pump design flowrate of 3000 gpm was based on maintaining a core AT ‘
(approximately equal to the full power AT) at shutdown cooling 3 1/2 hours after shutdown for
the pre-stretch core decay heat. The LPSI pump characteristics are further discussed in
Section 6.3.2.2.2. Note that the SDC flow required to maintain fuli power AT at 3 %2 hours
after shutdown with post-stretch core decay heat is approximately 4000 gpm which is beyond
the capacity of a single SDC train. However, this AT would only be approached during a '
natural circulation cooldown without RCPs available. For a natural circulation cooldown, a
soak period of at least 20 hours is maintained to preclude voiding in the reactor head prior to
initiating SDC. At this time, the SDC flow required to maintain a full power core ATis less
than 2300 gpm. :

b) Shutdown Cooling Heat Exchangers (SDCHX)

The shutdown cooling heat exchanger removes core decay heat, sensible heat, and LPSI and
reactor coolant pump heat during plant cooldown and cold shutdown. The shutdown cooling
heat exchangers are sized to lower the reactor coolant to the refueling water temperature
(140°F) 27 1/2 hours after shutdown, assuming two shutdown cooling heat exchangers and
two LPSI] pumps are operating. ‘

A conser\)ative fouling factor is assumed, resulting in an additional area margin for the
shutdown cooling heat exchangers The shutdown cooling heat exchanger charactenstlcs for
the shutdown cooling mode are glven in Table 5.44.. '

The design pressure of the shutdown coolmg heat exchanger is based on the maximum
operating pressure of the LPSI pump suction piping plus the shutoff head of the LPSI pump.
The design temperature of the shutdown cooling heat exchanger is based on the SDC .

initiation temperature.
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Plplng

All SDCS piping is austenitic stainless steel. All piping jomts and connections are welded

Valves

1) .

~ except for a minimum number of ﬂanged connections that are used to facmtate equnpment
. maintenance or accommodate component de5|gn - ' :

Motor Operated Valves
Design pressures and temperatures for the SDCS motor operated valves are provnded
in Table 6.3-5. :

Throttle valves HCV-3512, HCV-3657, FCV-3301 and FCV-3306 are provided for
remote control of the shutdown cooling heat exchanger tube side and bypass flow.

The two SDCS suction lines are equipped with three remotely controlled isolation
valves in each line. A remotely controlled valve (V3545) serves as a crossover valve
between the two SDCS suction lines. Five of the suction line isolation valves are
located inside containment, and two valves are located outside containment. The
shutdown cooling suction valves power and control diagram is shown on Figure 7.6-1.

All motor operated valves in the ECCS are equipped with Limitorque motor operators.
These operators allow disengagement of the motor for handwheel operation, but are
automatically re-engaged when the motor is activated. As a result, it is not possible for
the motor operated valves to be disabled from automatic operation due to a prior
manual handwheel operation.

The following SDCS motor operated valves are s'ubject to the requirements of NRC
Generic Letter 83-10: FCV-3301, FCV-3306, V3456, V3457, V3480, V3481,
HCV-3512, V3517, V3536, V3533, V3651, V3652, HCV-3657, V3658, V3664, V3665.

As a result of evaluations performed to address NRC Generic Letter 95-07 "Pressure
Locking and Thermal Binding of Safety Related Power-Operated Gate Valves", valve
V3545 is maintained "Locked Open" during normal operation to eliminate susceptibility
to pressure locking, V3651, V3652, V3480 and V3481 have a 3/16" hole drilled on the

- RCS side of the disk to prevent pressure Jocking.

2)

3)

The LPSI pump suction isolation valves (V3432 and V3444) are motor operated, to
facilitate SDCS alignment from the. control room.

Manual

Manual isolation valves are provided to isolate equipment for maintenance.

Manual valves exist in the flow paths of the SDCS trains which, if-improperly aligned,
could prevent flow from that train. "These valves are V3206 and V3207, which are just
downstream of the LPSI pumps. These are "locked open” and administrative '
procedures are used to assure their proper position. .There is no single manual valve
which, if misaligned, would disable both SDCS trains.

~ Relief Valves

Protection against overpressure of components within the shutdown cooling system is
provided by relief valves. A description of relief valves, their set
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pressures and capacities is provided in Subsection 6.3.2.2.6.

4) Check Valves : : ‘ .

Check Valves prevent reverse flow through the system during shutdown cooling.

5) Power Supplies

In addition to the preferred sources of offsite power, independent onsite standby
electrical power supplies are provided for the SIS equipment by the diesel generators.
A detailed description of the onsite standby power sources is given in Section 8.3.
Diesel generator load sequencing is provided in Section 8.3.

e) Instrumentation

Operation of the SDCS is controlled and monitored through the use of installed
instrumentation. The instrumentation provides the capability to determine heat removal,
cooldown rate, shutdown cooling flow, and the capability to detect degradation in the flow or
heat removal capacity. The instrumentation provided for the SDCS consists of:

1) Temperature measurements - Shutdown cooling heat exchanger inlet and the
~ temperature of the shutdown cooling flow to the low pressure header. All
temperatures are indicated in the control room. The shutdown cooling heat
exchangers inlet temperature, and the low pressure header temperatures are recorded
to facilitate control of the Reactor Coolant System cooldown rate.

‘2) Pressure Measurements - LPSI header pressure and shutdown cooling heat
exchanger inlet pressure. These pressures are indicated in the control room, and, .

when used with the low-pressure pump performance curves, provide an alternate
means of measuring system flow rate.

3) Flow Measurements - Total shutdown cooling flow rate is measured by flow indicators
F1-3301 and 3306 or alternatively by FI-3312, 3322, 3332, and 3342,

. The instrumentation is discussed further in Sections 7.4 and 7.6.
54.7.2.3 Overpressure Control

Protection against overpressure of the SDCS is provided by relief valves and interlocks.
A description of relief valves is provided below and in Subsection 6.3.2.2.6.1.

There are six relief valves in the SDCS suction lines. These valves are sized to protect the

components and piping from overpressure due to thermal expansion of the fluid. Valves V3482 and
V3469 have a '
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'sét pressure of 2485 psig and a capacity of five gpm. Relief fluid from these valves is collected in the
quench tank. These valves are designed to 1974 ASME, Section NB, Quality Group A (see Figure -

6.3-1b).

Valves V3483 and V3468 have a set pressure of 335 psig and a capacity of 155 gpm. Relief fluid
from these valves is collected in a holdup tank in the Waste Management System. These valves are

designed to 1974 ASME, Section NC, Quality Group B (see Figure 6.3-1b).

In addition to protecting the components and piping from overpressure due to the thermal expansion
of the fluid, valves V3666 and V3667 are sized to protect the components and piping from '
overpressure due to inadvertent starting of the charging pumps, HPSI pumps, and pressurizer
"heaters. These valves have a set pressure of 335 psig and a capacity of 2300 gpm. Relief fluid
collected from these valves is collected in the containment sump. These valves are designed to 1974
ASME, Section NC (to 1975 summer addenda) Quality Group B (see Figure 6.3-1b). When
calculating the capacity of valves V3666 and V3667, the capacity of each valve was taken to be
greater than the combined flow rate of two HPSI pumps, three charging pumps and the fluid forced
out of the pressurizer when the backup heaters are actuated. This is a very conservative sizing, as
the inadvertent actuation of the HPSI pumps, the charging pumps, and simultaneous energization of
the pressurizer heaters is an unlikely coincidence. The largest flow rate. which would be expected is
from two safety injection pumps delivering approximately 1100 gpm at the Reactor Coolant System at

335 psig.

For the Shutdown Cooling mode, the LPSI pump suction is aligned to the hot leg of the RCS. The
flow from the discharge side of the pump goes to the cold leg of the RCS. Due to this arrangement,
the LPSI pump would not be' dead headed by an RCS pressure surge. Relief valves in the shutdown
cooling suction lines prevent isolation of the line from any anticipated overpressure events.

Valves V3666 and V3667 are located inside containment in close proximity of the containment sump.
The discharge fluid from these relief valves is routed directly to the containment sump in order to
prevent the accidental spread of Reactor Coolant System inventory outside the containment. The
discharged liquid, which is collected and contained in the containment sump, will then be transported
to the Liquid Waste Management System for processing. The containment sump is.a large collecting
reservoir provided to supply water to the Containment Spray and Safety Injection System for long
term recirculation. The design of the containment sump is described in FSAR Subsection 6.2.2.2.3.

The use of the containment sump as an atmospheric collection tank minimizes the possibility of
introducing any backpressure on the relief valve discharge piping. The relatively short piping runs in
the discharge piping reduces the potential for any downstream pressure buildup or pressure
fluctuations. This design assures maximum relief valve capacity at design conditions.
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Since the SDCS is not designed to accommodate full Reactor Coolant System pressure, isolation of .
the system suction lines is assured by interlocks on the four suction line isolation valves inside
containment. An independent interlock, utilizing pressurizer pressure is provided for each of the
valves. For each SDCS train, power is supplied to the interlocks on these valves by two independent
power supplies (one power supply for each interlock). This ensures isolation of the SDCS from the
Reactor Coolant System should a spurious signal inadvertently open one of these valves. Each
interlock is designed to.prevent opening of its associated valve whenever pressurizer pressure is
greater than 276 psia. - An audible alarm sounds in the control room whenever any of the valves are
off the full closed position. The interlock also provides automatic closure of the valves prior to an
actual or simulated pressurizer pressure signal exceeding 515 psia. When power to an interlock is
removed, the interlock fails as is. This precludes the loss of LPSI pump suction flow and, thereby,
damage to the pump is avoided. As there are two isolation valves with interlocks in each LPSI| pump
suction train it is still possible to close off the LPSI pump line, as required, by both automatic and
manual means. It should be noted that the basic purpose of the interlock is to provide double barrier
protection between the Reactor Coolant System and the SDCS before the Reactor Coolant System
returns to normal operating temperature and pressure. Each of the seven suction line isolation
valves is equipped with open/close position indication in the control room.

Valve control circuitry is covered in Section 7.6. Interlocks are discussed further in Section 7.6.
Interlocks are provided on the safety injection tank isolation valves for overpressure protection of the
SDCS. The SIT interlocks are discussed in Section 7.6 and Subsection 6.3.2.2.1.
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5.4.7.2.4 Applicable Codes and Classifications

Table 5.4-4 and Section 6.3 provides the appliéable codes for system
components. Refer to Section 3.2 for safety and seismic classifications.

5.4.7.2.5 System Reliability

The SDCS is ‘designed to perform its design function assuming a single

- failure, as described in Subsection 5.4.7.1.2.

To assure availability of the SDCS when required, redundant components and
power supplies are utilized. The Reactor Coolant System can be brought to
refueling temperature utilizing one of two LPSI pumps and one of two
shutdown cooling heat exchangers. However, with the design heat load, the
cooldown would be considerably longer than the specified 27 1/2 hour time
period. . '

Inadvertent overpressurization of the SDCS is precluded by the use of
pressure relief valves and interlocks installed on the shutdown cooling
suction line isolation valves and safety injection tanks isolation valves
(see Subsections 5.4.7.2.3, Sections 6.3, and 7.6).

The instrumentation, control, and electric equipment pertaining to the SDCS
are designed to applicable portions of IEEE Standards. See Section 7.5 for
further details.

" In addition to normal offsite power sources,‘physically and electrically

separated and redundant onsite emergency power supply systems are provided
to power safety related components. See Chapter 8 for further details.

Since the SDCS is essential for a safe shutdown of the reactor, it is a
seismic Category I system and designed to remain functional in the event of -
a safe shutdown earthquake (see Section 3.10).

For a long-term performance of the SDCS without degradation due to cor;
rosion, only materials compatible with the pumped fluid are used.

Environmental conditions are specified for system components to ensure

"acceptable performance in normal and applicable accident environments (see

Section 3.11).
5.4.7.2.6 Manual Actions

Plant shutdown is the series of operations which bring the reactor from a
hot standby condition to cold shutdown. The Shutdown Cooling System is used

_ in conjunction with the Main Steam, and Main or Auxiliary Feedwater Systems

to reduce the temperature of the Reactor Coolant System to the refueling
temperature. The initial phase of the cooldown is accomplished by heat
rejection from the Steam Generators to the condenser. In the case of no
condenser vacuum, the atmospheric dump valves may be used.

For a normal cooldown, the reactor coolant hot leg temperature is reduced
to 325F and the pressurizer pressure is reduced to 276 psia*. The Shutdown

* The operating limit for SDC entry has been conservatively established at
275 psia.
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Cooling System is then put into operation to reduce the reactor coolant temperature to the refueling

temperature.

The SDCS is a manually aligned and actuated system. Alignment to the shutdown cooling mode is
accomplished via remote (from the control room or from the local control station outside the reactor

containment) operated valves with the exception of the minimum flow isolation valves which are

manually aligned in the plant. These valves also have a handwheel for local operation. Once system

alignment to the shutdown cooling mode is accomplished, the SDCS system, and hence plant
cooldown, can be controlled remotely from the control room during normal plant conditions.

Required manual actions for normal two train SDCS alignment and operation are listed below

(Functionally, these actions allow for SDCS alignment and are not intended to provide appropriate

sequencing of steps). All actions are performed from the control room, except as noted:

a)

b)

g)
h)

j)

The containment spray isolation valves for the shutdown cooling heat exchangers (MV-07-03,

MV-07-04) are closed.

The safety injection tank isolation valves (V3614*, V3624*, V3634, V3644) may be closed or
the tanks depressurized. Note: In order to close these valves, power must be restored to the
valves at the motor control center.

The shutdown cooling heat exchanger (SDC HX) flow control valves (HCV-3657*, HCV-3512)
are operated as required to control cooldown and the SDC HX inlet vaives (V3517*, V3658)

are opened.

The SDC HX bypass valves (FCV-3306*, FCV-3301) and the SDC warm-up valves (V3536*,

V3539) are operated as required to initiate and control SDC operation.

The SDC HX outlet valves (V3456*, V3457) are opened.

The LPSI pumps are operated as required.

The LPSI Recirculation valves (V3767*, V3205) are locked closed Iocally at the valves.

The LPSI pump suction valves (V3444*,V3432) from the RWT and the containment sump are

locked closed.

The hot Ieg suction valves (V3480*, V3481*, V3664*, V3651, V3652, V3665) are opened (the

normal position for the hot leg suction cross-tie V3545 is locked open). Note: In order to
operate valves V3480, V3481, V3545, V3651 and V3652, power must be restored to the

valves at the motor control center outside the control room.

CCW is established to the SDC HX's by opening valves HCV-14-3A and HCV-14-3B.
The LPSI header isolation valves (HCV-3615*, HCV-3625*, HCV-3635, HCV-3645) are

opened as required. .
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k) The shutdown cooling throttle valves (HCV-3657*, HCV-3512) are adjusted as necessary to
maintain the RCS cooldown rate at 75°F/hr. or less. The total SDCS flow is maintained
greater than or equal to 3000 gpm through one or both shutdown cooling trains when required
by Technical Specifications. At other times, SDC flow is maintained as required to meet the
heat removal requirements. The SDCS bypass flow control valves (FCV-3306, FCV-3301)
are manually controlled by the operator.

A graph of Reactor Coolant System temperature vs. time after shutdown for a typical cooldown is
presented on Figure 5.4-7. .

Shutdown cooling is continued throughout the entire period of plant shutdown to maintain a refueling
water temperature of 140°F or less. When RCS pressure is reduced to atmospheric and shutdown
cooling is in operation, shutdown purification flow may be initiated to purify the circulating reactor
coolant in the chemical and volume control system by using the connection between the SDCS and
the chemical and volume control system.

The shutdown cooling function is used during the early stages of plant start up to control reactor
coolant temperature., Heat generated by the reactor coolant pumps and by core decay is removed as
required by the shutdown cooling system. Prior to continuing plant heatup above SDC design
conditions, the interconnections to the reactor coolant system are isolated and the safety injection
system is aligned for emergency operation. The six isolation valves (V3480*, V3481*, V3664*,
V3651, V3652 and V3665) in the shutdown cooling suction lines are closed, the cross connect,
V3545 is opened. After reactor coolant pump operation is allowed (reactor coolant system pressures
> 265 psia) and prior to reaching 325°F (reactor coolant system hot leg temperature) or 276 psia**,
the LPSI pumps are stopped and the shutdown coolmg heat exchangers are aligned for their
containment spray function. .

Initiation of shutdown coollng with the most limiting single failure (loss of one shutdown cooling train) .
can be accomplished using the procedures under plant cooldown for the operable train (i.e.,
operating the valves with (*) for train A, or the valves without (*) for train B). The SDC isolation valves
are unique in that one of the two valves inside containment on each physical train is powered from
separate electrical trains (i.e. V3480 and V3651 are powered by the B bus, and V3481 and V3652

are powered from the A bus).

in the event of a loss of a power (emergency or normal) supply, the SDCS suction line crossover
valve (V3545) may be utilized to provide at least one complete shutdown cooling train. The operator
selects the system flow path with an active available power supply (emergency or normal), and since
the SDCS suction line crossover valve (V3545) is a normally Locked Open valve, the SDC function
can continue. At times of reduced RCS inventory, the cross-tie valve can be closed to guard against
the simultaneous loss of both trains resulting from an inadvertent loss of RCS level. Closure of the
cross-tie valve is procedurally controlled to ensure that it is opened prior to pressurizing the RCS.

Following certain accidents, (feedwater line break, small break LOCA, steamline break, or loss of
offsite power), it may become necessary to initiate shutdown cooling with reactor coolant system hot
leg conditions which exceed the normal shutdown cooling initiation temperature (325F

* Indicates valves on shutdown cooling train 'A'. )
* The operating limit for SDC entry has been conservatively established at 275 psia.
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Reactor Coolant System hot leg temperature). However, shutdown cooling is

not initiated at conditions which exceed the design temperature of the SDCS

components (350F Reactor Coolant System hot leg temperature).

5.4.7.3 Performance Evaluation

The design point of the SDCS 1is taken at 27 1/2 hours after plant ,
shutdown. At this point, the design heat load is to maintain a refueling
temperature of 140F with 100F component cooling water. Two shutdown cooling
heat exchangers and two LPSI pumps are assumed to be in operation at the
design flow of 3000 gpm per shutdown cooling heat exchanger train. The
SDCHX size is determined at this point, since it demands the greatest heat
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transfer area due to the relatively small AT between reactor coolant and component cooling water.
The cooldown rate is limited to a maximum of 75 F/hr throughout the cooldown. The emergency
cooldown curve is shown on Figure 5.4-7.

For the most limiting single active failure (see Table 5.4-5) in the SDCS, pressurizer pressure and
Reactor Coolant System hot ieg temperature are reduced to 276 psia and 350 F by other heat
rejection means (atmospheric vent valves, steam bypass through the condenser). From these initial
conditions, Reactor Coolant System temperature can be brought to 200 F in approximately 10.5
hours following shutdown cooling initiation using one LPS!I pump and one shutdown cooling heat
exchanger. The cooldown curve for an emergency one traln cooldown is.shown on:Figure 5.4-8.

A failure modes and effects analysis (FMEA) for the ,SDCS is presented in Table 5.4-5. The analysis
demonstrates that the SDCS can withstand any single active failure and still perform its design
function. Analysis of passive failures in the SDCS is summarized in Appendix 3.6F.

On December 5, 1980, the Davis-Besse Nuclear Power Station experienced an inadvertent actuation
of the emergency core cooling system (ECCS) in the recirculation Mode. At the time, the system was
in the Hot Shutdown Mode, as repairs were being made to the electrical system. An electrical short -
circuit or ground caused the Safety Injection System to be actuated. As the Reactor Coolant System
(RCS) was at a higher pressure than the Safety Injection pumps' shut off head (2100 vs. 1600 psig)
the water from the Refueling Water Storage Pool did not enter the RCS. The electrical failure also
caused a change to the Recirculation Mode. During the mode changeover period (1-1/2 minutes) the
piping was aligned such that water from the RWSP drained into their SIS Recirculation Sump (about
15,000 galions drained). After this switchover time, the High Pressure and Low Pressure Pumps
(HPSI and LPSI Pumps) were aligned to a dry sump (save for the 15,000 gallons mentioned above).
The major concern here is that the Safety Injection Pumps could become air bound, which could
result in significant damage to the pumps, causing them to become inoperable.

If an electrical failure of the type that occurred at DaVIs-Besse could take place at St Lucie Unit 2, the
following fluid system response would occur. The LPSI and HPSI pumps are aligned with the RWT
during normal plant operation. For this event no flow would be delivered to the RCS because the
RCS pressure exceeds the shut off head of the LPSI and HPSI pumps. After the SIAS, but before the
RAS, the only flow through the pumps would be mini-flow back to the RWT. This is done to prevent
damage to the pumps when no ﬂow can be delivered to the RCS

Upon lnltlatlon of the RAS, the LPSI pumps are automatically shut off and the mlm-ﬂow valves are
closed. This stops all flow through the HPSI pumps. The operator must take manual action to stop
the HPSI pumps. ‘Any degradation to the HPSI system as a result of this would have no effect on the -
decay heat removal abilities of the unit.
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the valve transition period. The St. Lucie Unit 2 Design prevents this flow with a pair of check valves
(one in each train) just downstream from the containment sump isolation valves. Because the outlet
nozzle on the RWT is approximately 12 feet above these check valves, a pressure of about 5 PSI
holds them closed. :

At this point Davis-Besse's piping layout allowed flow from the RWSP to the containment sump during '

The April 19, 1980 event which occurred at Davis Besse inadvertently aligned the decay heat
removal (DHR) pumps to the recirculation mode (and a dry containment sump) while the RCS was in
a quasi-refueling mode. This resulted in air in the suction line of the system. As a result, the DHR
system was down for approximately 2 1/2 hours while the lines were vented. During this delay the
temperature limit for the refueling mode was exceeded.

Should this unlikely combination of events occur at the St. Lucie Unit 2 plant, no damage would occur
to the DHR system. After the SIAS and before the RAS, the LPSI pumps would be aligned to their
suction lines, which is the condition they were in prior to the event. After the RAS, the LPSI pumps
would not be connected to the dry containment sump due to two conditions: the suction lines are
isolated from both the RWT and the sump by valves V3444 and V3432 which do not receive an RAS;
also the RAS automatically turns off the LPSI pumps. However, the HPSI pumps will be connected to
the dry sump and could become damaged by becoming airbound if the operator does not shut them
off soon enough. This damage will not affect the decay heat removal capabilities of the DHR system.

The preceding discussions compared the vulnerability of the St. Lucie Unit 2 fluid system to two ‘
similar events that occurred at Davis-Besse. It is concluded that the results for St. Lucie Unit 2 would
be much less severe and could be handled by operator action.

5474 Preoperational and [n-Service Testing ' ' .

Preoperational tests were conducted to verify proper operation of the SDCS. The preoperational
tests included testing of the automatic flow control,(automatic control was subsequently removed in
favor of manual control), verification of adequate shutdown cooling flow, and verification -

of the operability of all associated valves. In addition, a preoperational

hot functional performance test was made on the installed shutdown cooling heat exchangers.

For availability of the SDCS, components of the system are periodically tested as part of the Safety
Injection System testing, as described in the Technical Specification. The heat exchanger bypass-
valves leakage is tested on a frequency determined by historical test data. The system and
component tests are sufficient to demonstrate the continued operability of the SDCS.

 In addition to flow tests, the SDCS also undergoes a series of preoperational and in-service

hydrostatic tests. Preoperational hydrostatic tests were conducted in accordance with Section Ill of
the ASME Code while in-service hydrostatlc tests are carried out as required by Section X! of the
ASME Code.

ASME Boiler and Pressure Vessel Code Case N-416, "Alternative Rules for Hydrostatic Testing or
Replacement of Class 2 Piping," may be used within the limitations stated in the "Inquiry” and "Reply"

sections of the Code Case to satisfy the inservice pressure testing requirements of the ASME Code,
Section XI. .
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St. Lucie Unit 2 had RSGs mstalled in Fall 2007. The RSGs have been evaluated with respect to
natural circulation (see AREVA Doc. 77- 5069878 -01), and have been shown to have natural

' C|rculat|on capabilities-equal to or better than the OSGs. Addltlonally, the RSGs |mpact on the
Condensate Storage Tank, Shutdown Cooling System, and Auxiliary Feedwater was evaluated.

It was considered that the OSGs requirements bound the RSGs, and no modif catlons to these :
systems |s required. (Reference 8) :

5475 Compliance With Branch Technical Position RSB 5-1

(See Appendix 5.2B for additional analysis related to natural circulation cooldown.)

This section contains information which is historical in nature in that it documents FPL's response to
the Branch Technical Position; however, compliance with RSB 5-1 is still required and update of this
section should occur, as appropriate.

BRANCH POSITION

A. Functional Requirements

The system(s) which can be used to take the reactor from normal operating conditions to cold
shutdown shall satisfy the functional requirements listed below.

1. The design shall be such that the reactor can be taken from normal operating
conditions to cold shutdown using only safety-grade systems These systems shall
satisfy General DeS|gn Criteria 1 through 5.

- RESPONSE:

Cooldown to cold shutdown conditions employ the auxiliary feedwater system, the main steam
system, the chemical and volume control system, the component cooling water system, and the
shutdown cooling system. The initial plant cooldown is accomplished by heat rejection to the
atmosphere by the steam generator atmospheric dump valves. Four safety grade atmospheric dump
valves, two per steam generator, are provided at St. Lucie Unit 2. The atmospheric dump valves,
valve operators, and power supplies are all built in accordance with seismic Category I, Quality Group
B requirements. Two atmospheric dump valves are supplied from vital dc bus SA; the other two
atmospheric dump valves are supplied from vital dc bus SB. The valves are also supplied with
handwheels to allow them to be operated manually. Should a single failure occur making two
atmospheric dump valves inoperable from the control room, the other two valves are sufficient for

plant cooldown.

During loss of offsite power the reactor coolant system is depressurized using auxiliary spray. The
auxiliary spray is safety grade and has vital power supplied by emergency onsite power (4160 volt ac
bus, diesel generator). Redundant auxiliary spray valves are provided.

Boration is accomplished using the chemical and volume control system. This system incorporates
redundant charging pumps, boric acid makeup tanks and charging pump suction and delivery paths.
This system satisfies the single failure criterion and can function without offsite power.

When the plant reaches the appropriate temperature and pressure, the shutdown cooling system is
aligned, and the cooldown proceeds by reJectmg heat to the shutdown cooling system heat

exchangers.
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BRANCH POSITION

A.2 The system(s) shall have suitable redundancy in components and
features, and suitable interconnections, leak detection, and isolation
capabilities to assure that for onsite electrical power system operation
(assuming offsite power is not available) the system function can be
accomplished, assuming a single failure.

RESPONSE:

Assuming loss of offsite power, the most limiting single failure associated
with the thirty-six hour criterion is the failure of a dc bus and
associated diesel generator. This failure disables the auxiliary spray
valve and one train of components associated with the chemical and volume
control system, the auxiliary feedwater system, the component cooling water
system, and the shutdown cooling system. The sequence of operator actions
described below is required to cool down to the shutdown cooling system

entry conditions.
1. Secondary Steam Removal

The steam generated for decay heat removal and for system cooldown after a
loss of offsite power is discharged through the atmospheric dump valves
(ADVs). The two steam generator dump valves, operators, and power supplies
are safety grade. There are two dc operated ADVs located on each of the two
main steam lines. The ADVs are capable of automatic modulating service
using ac control power and are capable of open/close service from the
control room using dc power only. Each ADV is sized to pass 50 percent of
the steam flow reguired to hold the Reactor Coolant System at hot standby
for two hours followed by a 75F/hr cooldown to the shutdown cooling system
entry temperature of 350F during natural circulation conditions, assuming
that only 125,000 gallons of condensate are available from the condensate
storage tank (see Appendix 5.2B for analysis of natural circulation
cooldown at lower cooldown rates). The ADVs are ASME Code Class 2, seismic
Category I with Class IE qualified electrical components and a single valve
capacity of 54,000 1lb/hr at 40 psig. Should a single failure of an
emergency power train occur making one ADV on each steam generator
inoperable, the remaining two ADVs are capable of releasing the design
basis required steam flow. :

In addition to the ADVs, the following means are also available for dumping
secondary steam. .

- Steam may be released from either or both of the steam generators
through the auxiliary feedwater pump turbine steam supply lines which
are also safety grade (seismic Category 1, Quality Group B).

- Steam may be bypassed to the condenser if it is available.
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Steam traps may be bypassed, if necessary, to relieve steam.
- Vent valves and drain valves may be used, if necessary, to relieve steam.

In sﬁmmary, four 50 percent capacity safety grade‘(seisrhic Category |, Quality Group B) atmospheric
steam dump, valves with multiple, diverse backup means of relieving steam are provided. See FSAR
Section 10.3 for more information.

2. Primary Depressurization

Allora portlon of the charging flow may be used for auxﬂlary spray flow to cool and depressurlze the
pressurizer in the event that reactor coolant pumps and thus main spray flow are not available.
Auxiliary spray flow can be provided by operating one or more of the three safety grade charging
pumps (Seismic Category |, ASME Class 2) after opening one or both of the two safety grade
auxiliary spray isolation valves, SE-02-3 and SE-02-4 (seismic Category |, ASME Class 1), and after
closing both safety grade charging line isolation valves, SE-02-1 and SE-02-2 (seismic Category |,
ASME Class 1). The charging pumps are powered from the emergency onsite power sources while
the auxiliary spray valves are dc powered. Only one charging pump and one auxiliary spray isolation
valve need be operable in order to provide adequate auxiliary spray system operation. However,
both charging line isolation valves must be closed to ensure that adequate charging flow is diverted
through the auxiliary spray line. Three alternatives are available for plant depressurization if both
offsite and one emergency power train fails. Plant shutdown without letdown and without auxiliary

“spray is addressed in Subsection 9.3.4.3.1.3.4. The second alternative involves manual action inside -

containment to close the fail-open charging line isolation valve. With the failed charging line isolation

~ valve closed, adequate auxiliary spray and normal charging flow can be obtained throughout a plant

cooldown with one charging pump, one auxiliary spray valve and one charging line isolation valve

.operable from the available emergency power train. (Note: The charging line isolation valves would

not require manual action inside the containment since the current plant design uses 125V DC valves
powered from a battery backed electrical bus; therefore, the valves would be available for use during

-this scenario). The third alternative involves operation of the safety grade pressurizer power -

operated relief valves (PORVs) to cool and depressurize the pressurizer (within the 36 hour cooldown
criterion). The PORVs provide a redundant diverse means of pressurizer depressurization in addition

" to the use of the pressurizer auxiliary spray system. See Subsection 9.3.4 for more information.

As the RCS pressure is being reduced to the shutdown cooiing entry pressure, the safety injection

- tanks (SITs) have their pressure reduced in accordance with operating procedures. An interlock with
- pressurizer pressure prevents the SIT isolation valves from being closed until RCS pressure drops to

shutdown cooling entry pressure. Isolation of the tanks requires restoring power to the valve
operators at the motor control center, in order to close the isolation valves from the control room.
However, the tanks can be depressurized from the control room by using the vent valves. Two vent
valves are provided on each tank. Each valve on a tank is powered from a separate emergency

power source.

To initiate shutdown cooling, the SDC isolation valve breakers (for V3480, V3481, V3545 V3651 and
V3652) must be manually closed at the Motor Control Center to allow for remote operation from the

control room.
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3. Primary Boration and Inventory Makeup

The St. Lucie Unit 2 design incorporates three safety grade charging pumps (seismic Category |,
ASME Code Class 2), redundant safety grade charging pump borated water sources (two seismic
Category I, ASME Code Class 2 boric acid make-up tanks and one seismic Category |, ASME Code
Class 2 refueling water tank), redundant charging pump suction paths, and redundant charging pump
delivery paths. The charging pumps and all related automatic control valves are connected to vita! .
power if the normal power supply system should fail. During the plant cooldown, the Chemical
Volume and Control System (CVCS) borates the RCS to cold shutdown boron concentration and
accommodates the reactor coolant shrinkage, taking suction from the boric acid makeup and"
refueling water tanks. The minimum amount of stored boric acid solution that is maintained in either
boric acid makeup tank is sufficient to bring the RCS to the required cold shutdown boron

concentration.

Since the original response, and according to the implemented Boric Acid Concentration Reduction
Program (Licensing Amendment #40), sufficient boric acid is added from the boric acid makeup tanks
to the RCS to achieve a condition where the cooldown can be concluded using mventory and boric
acid concentration from the refueling water tank.

Should offsite power be unavailable, letdown flow will be isolated and the normally closed motor-
operated valve, V2504, will be operated manually to provide suction for the charging pumps from the
refueling water tank. This valve is powered from vital MCC 2B5, but no credit is taken for its remote
operation because its operator is not class IE. The capability of the CVCS to borate and to makedup is
not compromised as a result of this event. A single failure of one emergency power train would leave
at least one charging pump and one borated water source operable for RCS injection off the available
emergency dc bus. One charging pump will allow the RCS to be borated to a cold shutdown boron
concentration within the period that the plant is initially held at hot standby. Borated makeup water
from the refueling water tank becomes available upon the opening of valve V2504 manually via the
handwheel at the valve location within the Reactor Auxiliary Building. The procedure to bring the
plant from hot standby to cold shutdown conditions is identical to that described in Subsection
9.3.4.3.1.3.4 for a shutdown without letdown and without auxiliary spray.

As a result of the Boric Acid Concentration Reduction Program, the boron concentration needed to
maintain the required shutdown margin was calculated for each temperature during cooldown.
Throughout the cooldown, the RCS boron concentration is maintained above the concentration
needed to maintain the required shutdown margin.

4. Secondary Makeup “

During cooldown, the auxiliary feedwater system (AFWS) and atmospheric dump valves provide a
means to bring the reactor coolant system temperature down to the shutdown cooling system entry
temperature. The auxiliary feedwater pump(s) are started and the safety grade auxiliary feed
isolation valves are opened by an auxiliary feedwater actuation signal (AFAS). The auxiliary
feedwater system is designed such that no single active failure coupled with a loss of offsite power
prevents plant cooldown. A failure modes and effects analysis is prowded in the St. Lucie Unit 2
FSAR Table 10.4-3.

Theé AFWS contains one steam driven and two motor driven auxiliary feedwater pumps. Each pump
by itself is capable of maintaining the RCS in hot standby. Also, the steam driven or either of the
motor driven auxiliary feedwater pumps is capable of delivering enough feedwater condensate for a
plant cooldown. The AFWS is designed to safety grade requirements (seismic Category |, Safety
Class 3, ASME Code Section ill). Each of the motor driven auxiliary feedwater pumps utilize a Class
IE ac safety related power supply and the turbine driven pump train relies strictly on dc power supply.
If the motor driven auxiliary
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BRANCH POSITION

A.4 The system(s) shall be capable of bringing the reactor to a cold
shutdown condition, with only offsite or onsite power available within a
reasonable period of time following shutdown, assuming the most limiting
single failure. .

RESPONSE :

The initial phase of cooldown is accomplished by heat rejection to the
atmosphere from the atmospheric dump valves (see Position A.2). Once the
Shutdown Cooling System (SDCS) is aligned, the cooldown proceeds by
rejecting heat to the SDCS heat exchangers. Assuming loss of offsite power,
the most limiting postulated single failure is that of one vital dc bus and
associated diesel generator. This single failure disables one train of
components associated with the ADVs, CVCS, Auxiliary Feedwater System and
Shutdown Cooling System. However, the plant can be cooled down to cold
shutdown conditions with one diesel generator and train of system
components within 36 hours. « )
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BRANCH POSITION

B. RHR System lsolation Requirements | , : .
The RHR system shall satisfy the isolation requirements listed below.
1. The following shall be provided in the suction side of the RHR system to isolate it from the r

RCS.

(a) Isolation shall be provfded by at least two power-operated valves in series. The valvé

positions shall be indicated in the control room.

(b) The valves shall have independent diverse interlocks to protect against one or both
valves being opened during an RCS increase above the design pressure of the RHR

system. v -

RESPONSE:

The SDCS is designed to provide adequate isolation between the SDCS and the safety injection
tanks or the RCS when the RCS is above the design pressure of the SDCS (350 psig) as follows:

There are two parallel paths with two isolation valves per path inside containment on the suction line
to the SDCS pumps. Each valve has a separate, independent power source and each valve is
interlocked with a separate and independent pressurizer signal. Valve opening is prevented until the
RCS pressure falls to a value of 276 psia. The setpoint for automatic closure of the SDCS suction
line isolation valves is 500 psia to preclude premature isolation of the SDCS*.

Each isolation valve is equipped with open/close position indication in the control room. .

It should also be noted that there is a cross-connect between the two LPSI pump trains. This cross
connect is situated between the two isolation valves on each train. This cross connect piping is :
opened and closed via valve V3545 (key locked opened). Power is supplied to the valve from either |
electrical Train A or B via the swing Bus. This cross connect valve can be operated from the control

room and also from another control station. Open and closed positions are shown by corresponding
lights. These lights are powered from electrical Bus A. In addition, there is 0-100 percent indication

for this valve.

Thus, if one of the valves failed or if one of the diesel generators failed, there would still be one 4
functioning LPSI pump train. For example, if valve V3481 failed closed, the piping line to LPSI pump I
2A would no longer be ‘ .

* The requirement is prior to an actual or simulated pressurizer pressure signal exceeding 515 psia.

5.4-28i - Amendment No. 18 (01/08)



- available; however, the line to LPSI pump 2B would still be open and operable. As a second
example; electrical Train A failed - the diesel generator - failed to start - these valves V3652, V3481
-and V3664 would not open. Electrical Train B is functional and is used to open the SDC isolation
valves (V3480 and V3651). Water flows through the LPSI pump 2A train (up to the cross connect
point), flows through the cross connect piping and into the LPSI pump 2B piping train, thus supplying
LPSI pump 2B with the necessary flow. Plant procedures ensure that the cross connect valve
(V3545) will be opened when both SDC trains are operatmg

At times when the SDC system is being operated at reduced levels in the RCS and the suction
pressure valve interlock is defeated with the pressurizer manway removed, a pressturizer safety valve
removed or the reactor head removed, the suction cross-tie valve, V3545, may be closed to gain
additional heat removal performance from the SDC system. In addition, at times when a rapid loss of
RCS level couid cause air ingestion into the SDC system, such as operation at hot leg mid-loop level,
the closed cross-tie valve could preclude the failure of both trains and allow continuation of, or
expeditious recovery of, the SDC function.

Water solid overpressure protection is provided by PORVs V1475 and V1476. Isolation of relief
valves in SDCS does not affect LTOP.
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BRANCH POSITION " | . - | .

B.2. One of the following shail_ be provided on the discharge side of the RHR system to isolate it
from the RCS:

(a) The valves, position indicators, and interlocks described in item 1 (a)-(c).

(b) One or more check valves in series with a normally closed power operated valve. The
power-operated valve position shall be indicated in the control room. If the RHR |
system discharge line is used for an ECCS function, the power-operated valve is to be

opened upon receipt of a safety injection signal once the reactor coolant pressure has
decreased below the ECCS design pressure. .

(c) Three check valves in series, or
((e)] Two check valves in series, provided that there are design provisions to permit

periodic testing of the check valves for leak tightness and the testing is performed at
least annually. : : .

RESPONSE:
Two check valves are within the containment barrier.

Design features permit leak testing of each check valve separately during plant operation to fulfill staff
requirements for high/low pressure isolation.

In addition, normally closed motor operated valves are provided outside the containment. Thése .
valves will automatically open on SIAS.

NOTE:

Subsequent to initial plant operétion, the technical specifications have been revised to allow testing at
intervals greater than annual.
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BRANCH POSITION

C. Pressure Relief Requirements

The RHR system shall satisfy the pressure relief requnrements listed below.

1., To protect the RHR system agalnst accidental overpressurlzatlon when it is in operation (not
isolated from the RCS), pressure relief in the RHR system shall be provided with relieving
capacity in accordance with the ASME Boiler and Pressure Vessel Code. The most limiting -
pressure transient during the plant operating condition when the RHR system is not isolated
from the RCS shall be considered when selecting the pressure relieving capacity of the RHR
system. For example, during shutdown cooling in the PWR with no steam bubble in the ,

. pressurizer, inadvertent operation of an additional charging pump or inadvertent opening of an
ECCS accumulator valve should be considered in selection of the design bases. ‘ '

2. Fluid discharged through the RHR system pressure relief valves must be collected and
"~ contained such that a stuck open rellef valve will not: :

a. Result in flooding of any safety-related equipment.

b. Reduce the capability of the ECCS below that needed to mitigate the consequences of
a postulated LOCA.

c. Result in a non-isolatable situation in which the water provided to the RCS to maintain
the core in a safe condition is discharged outside of the containment.

3. If interlocks-are provided to automatically close the isolation valves when the RCS pressure
exceeds the RHR system design pressure, adequate relief capacity shall be provided during
the time period while the valves are closing.

RESPONSE:

Overpressure protection of the SDCS is provided by relief valves in the suction lines and valves in the
LPSI pump discharge header. There are six relief vaives in the SDCS suction lines. These valves
are sized to protect the components and piping from overpressure due to thermal expansion of the
fluid. Valves V3482 and V3469 have a set pressure of 2485 psig and a capacity of five gpm. Relief
fluid from these valves is collected in the quench tank and are designed to 1974 ASME, Section NB,

Quality Group A (see Figure 6.3-1b).

Valves V3483 and V3468 have a set pressure of 335 psig and a capacity of 155 gpm. Relief fluid
from these valves is collected in a holdup tank in the Waste Management System. These valves are
designed to 1974 ASME, Section NC, Quality Group B (see Figure 6.3-1b). Further protection is
provided by relief valves V3666 & V3667 between the inside and outside containment isolation
valves. The relief valves protect the SDCS from inadvertent RCS pressurlzatlon during SDCS

operation. ' The valves are sized
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and designed to provide protection against water-solid overpressure transients. The setpoint and

valve capacity for V3666 & V3667 are 335 psig and 2300 gpm, respectively. The valves are capable ™
of passing full safety injection flow. The relief valves at discharge of the LPSI pumps protect the
header from pressure developed by temperature changes to the trapped water. The setpoint for the
relief valve is 500 psig with a capacity of five gallons per minute (Ref. FSAR 6.3.2.2.6.1). See .
Subsection 5.4.7.2.3 for more information.
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BRANCH POSITION

D. Pump Protection Requirements

The design and operating procedures of any RHR system shall have provisions to prevent damage to
the RHR system pumps due to overheating, cavitation or loss of adequate pump suction fluid.

RESPONSE:

The shutdown cooling system mode is a closely monitored manual mode of operation. Control room
indication of the RCS pressure (P1-1103), the pressure in each LPSI header (PI-3304 (Train B) and
P1-3307 (Train A)), each LPSI pumps flow rate (F-3312 (Train A), F-3322 (Train A), F-3332 (Train B),
and F-3342 (Train B), and the position of each remotely actuated suction line isolation valve (V3480
(Train A), V3481 (Train A), V3651 (Train B), and V3652 (Train B) permits the operator to take the
necessary steps to prevent damage to the pumps resulting from overheating, cavitation, or a loss of
adequate suction fluid.” If evidence of pump cavitation appears, manual control of LPSI flow can be
used to maintain adequate available NPSH. Should the operator determine it necessary to secure
one shutdown cooling train, adequate cooling of the core can be provided by the redundant train.
Also, the existing design permits a single failure of the A or the. B bus to close a suction valve in each
train of the SDCS. To avoid a loss of suction to the LPSI pump, plant procedures ensure that the
cross connect valve (V3545) will be opened when both SDC trains are operating or that the closure
interlock is defeated whenever the cross connect valve is closed.

Low flow alarms aid the operator in evaluating pump performance. The *ultrasonic flow sensors are
located in the miniflow lines (FE-03-1-1 (Train A) and FE-03-21 (Train B)) and the discharge lines
(FE-03-1 (Train A) and FE-03-2 (Train B)) for the LPSI pumps, with alarm annunciators in the Control

- Room.

*Note: The ultrasonic flow sensors and alarms were subsequently deleted by PC/M 104-294, due to
sensor obsolescence and procedural improvements. .
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BRANCH POSITION

E. The preoperational and initial startup test program shall be in .
conformance with Regulatory Guide 1.68. The program for PWRs shall include
tests with supporting analysis to (a) confirm that adeguate mixing of,
borated water added prior to or during cooldown can be achieved under
natural circulation conditions and permit estimation of the times regquired
to achieve such mixing, and (b) confirm that the cooldown under natural
circulation conditions can be achieved within the limits specified in the
emergency operating procedures. Comparison with performance of previously
tested plants of similar design may be substituted for these tests.

RESPONSE:

The preoperational and startup test programs conform to Regulatory Guide
1.6 (R2). Boron mixing under natural circulation conditions, has been
demonstrated in a prototypical test at the San Onofre Nuclear Generation
Station (SONGS). The results of this SONGS test have been reported to the
NRC under separate correspondence. (1)

2 natural circulation test and simulator training will be performed for St.
Lucie Unit 2 to demonstrate the capability of cooling the plant. A
detailed plan is included in Subsection 14.2.12.42 in a separate -
correspondence. St. Lucie Unit 1 submittals to the NRC concerning Natural
Circulation cooldown have been reviewed with respect to their applicability
to St. Lucie Unit 2. It is FPL’s opinion that the submittals.provided to
the staff for Unit 1 are directly applicable to Unit 2. In summary, Unit 2
has revised emergency operating procedures which reflect a more stringent
cooldown rate than the existing 75F/hr rate. However, it i1s our position
that the more stringent cooldown rate is not required to preclude safe
cooldown or plant shutdown. 2all evaluations completed by our NSSS Vendor
(CE) concur with our position. The St. Lucie Unit 2 response is covered by
the St. Lucie Unit 1 analysis which is addressed in FP&L letters L-~80-343
dated October 17, 1980 and L-80-431 dated December 30, 1980 (see also
Appendices 5.2B and 5.2C which contain the St. Lucie Unit 1 analysis).

(1) FPL letter L-84-68 dated March 13, 1984
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are provided in the control room. A hlgh temperature alarm may be indicative of a safety/relief valve
leakage or discharge to the quench tank.

5.4.1 1.4.2 Water Level

Water level instrumentation consists of a level transmitter and associated indicating and alarming
equipment. Quench tank level indication and high and low level alarms are provided in the control
room. A low level alarm is indicative of the sparger being uncovered or of insufficient tank fluid
volume to quench the design basis steam release. A high level alarm alerts the operator of
insufficient gas volume in the quench tank to accept a pressurizer steam release without becoming
overpressurized and causing the rupture disc to burst.

541143 Pressure
The pressure measurement instrument consists of a pressure transmitter and associated indicators

and alarms. Quench tank pressure indication and high pressure alarm are provided in the control
room. The high pressure alarm alerts the operator to the situation prior to the bursting of the rupture

54115 Inspection and Testing Requirements

Inservice inspection of the applicable portions of the pressurizer relief discharge system is performed
in accordance with ASME Code, Section XI.

5412  VALVES

54121 Design Basis

The safety related vaives within the reactor coolant pressure boundary act as pressure retaining
vessels and leak tight barriers during normal plant operation, accidents and seismic disturbances.
‘The valves associated with the Reactor Coolant System pressure boundary are shown on’

Figures 5.1-3 and 5.1-4. These valves are designed in accordance with ASME Code, Section llI,
Code Class 1 requirements and withstand the effects of the system design transients

(see Subsection 3.9.1.1) plus other transients associated with the valve location or service .
~requirements. The valves meet seismic Category | requirements. Backseats are specified on

manual and motor-operated gate and globe valves to further minimize potential leakage. Functlonal
requirements for each valve are detailed in the individual valve specifications.

Materials of construction are specified to assure compatlblhty with the environment and contained
fluids.

54122 Desigh Description

All valves in the Reactor Coolant System are constructed primarily of stainless steel. Other materials.
in contact with the reactor coolant, such as hard facing and packing, are compatible materials.
Fasteners, packing, gland assemblies and yoke fasteners are constructed of stainless steel or equal
to eliminate corrosion problems. Valves, over 2 inches which are not

5.4-34 Amendment No. 18 (01/08)



constructed with diaphragms, bellows, or not normally backseated, are
provided with either two independent sets of packing, separated by a
lantern ring and leak-off connections piped to the reactor drain tank or
provided with the EPRI recommended five ring packing stack-up, with capped
‘leakoff connectiéns, to control valve stem leakage.

5.4.12.3 Design Evaluation

All valves within the reactor coolant pressure boundary are stress analyzed
in accordance with ASME Code, Section III, Code Class 1, refer to Section

3.9

5.4.12.4 Tests and Inspections

The valves are hydrostatically tested and leak tested across the seats and
across the packing in accordance with the ASME Code, Section III as in-
dicated in Table 5.2-1. Valves greater than one inch nominal pipe size are
dimensionally checked, including measurements to determine minimum wall
thickness.

In-service inspection is performed in accordance with ASME Code, Section
XI.

5.4.13 PRESSURIZER SAFETY AND RELIEF VALVES
5.4.13.1 Design Basis

The pressurizer safety and power operated relief valves are designed to the
requirements of the ASME Code, Section III, Code Class 1 (refer to Table
5.2-1 for code date). Their location in the RCS, flow paths, and
associated instrumentation are shown on Figure 5.1-4.

The design basis for establishing the relieving capacity of the pressurizer
safety valves is presented in Appendix 5.2A. The relieving capacity of the
pressurizer safety valves are designed to provide overpressure protection
for the postulated transients presented in Chapter 15. ©No credit is taken
for power operated relief valves (PORVs) in the Section 15.2 analysis or in
the sizing of the safety valves.

The PORVs prevent opening of the pressurizer safety valves during hot
standby or power operations based upon the design transient which is a
control rod withdrawal accident. This design basis transient assumes the
main steam safety valves (described in Subsection 10.3.3) are operational
and the reactor is scrammed on high pressure by the Reactor Protective
System. The PORVs are also designed to provide the RCS with Low
Temperature Overpressure Protectlon (LTOP) as described in Subsection

5.2.6.

5.4.13.2 Description

The RCS is protected against overpressure by protective and control devices
such as the pressurizer spray system, PORVs and the high-pressure reactor
trip. In addition to these features, three ASME Code safety valves ensure
that RCS piping and components are protected from overpressure in
accordance with ASME Code requirements. The pressurizer safety valve is
illustrated on Figure 5.4-14. The design parameters are listed in Table
5.4-8. A flanged connection is used to secure these valves to the top of
the pressurizer. They are direct acting, spring-loaded safety valves with
an enclosed bonnet and a balanced bellows to compensate for backpressure
variations. ’

The RCS has two power operated relief valves connected to the top of the
pressurizer as shown on Figures 5.1-4 and 5.l1-4a. During certain transient
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conditions, the RCS pressure will increase at a rate that exceeds the control capacity of the
pressurizer spray system. The PORVs are provided to prevent such excursions from unnecessarily
lifting the safety valves.

The PORVs are designed to open at the reactor high-pressure trip setpoint (2370 psia). When the
plant is at power, one PORYV is isolated from the RCS by closure of the upstream motor operated
gate valve to avoid an excessive discharge of reactor coolant due to both PORVs lifting. '

In the startup and cooldown mode of operation, both PORVs are aligned to the pressurizer. While in
the Low Temperature Overpressure Protection (LTOP) mode, the PORYV setpoints are at low
pressures. The power operated relief valve is illustrated on Figure 5.4-15. The design parameters for
the power operated relief valves are given in Table 5.4-9.

Downstream temperature and flow instrumentation actuate their respective alarrhs in the control
room, notifying the operator of PORV leakage.

54133 Evaluation

Low temperature overpressure protection by the PORVs is discussed in Subsection 5.2.6. ,
Overpressure protection by the pressurizer safety valves is discussed in Subsection 5.2.2 and the
ASME Code Report on safety valve overpressure Protection is included as Appendix 5.2A.

The NRC Staff per GL 90-06 identified actions to enhance the reliability of the PORVs and PORV
block valves that perform safety related functions. For St. Lucie the PORV's (V1474 & V1475)
perform the safety related function of providing low temperature overpressure protection for the -
reactor coolant pressure boundary as discussed in Section 5.2.6. The PORVs are not credited with
performing any accident mitigation function, nor are they relied upon to cooldown the plant.

54134 Tests and Inspections

Both the safety valve and the PORVs are inspected and tested during fabrication in accordance with
ASME Code, Section Ill requirements. The following four paragraphs describe the original safety
valves and are maintained as-is for historical purposes.

The inlet and outlet portions of the pressurizer safety valves are hydrostatically tested with water at
the appropriate pressures required by the ASME Code. Using a prorated spring to permit valve
‘operation with the available steam supply, each valve is cycled; set pressure and seat leakage tests
are performed, and adjustment is made for blowdown. The actual operating spring is then installed
and set pressure and seat leakage tests are performed using air at room temperature. Another seat
leakage test is then performed using air at 650°F (+25°F, -0°F). Final set pressure and leakage tests

- are performed in the field at operating temperatures. On the basis of the results of the EPRI PWR
Safety and Relief Valve Test Program, which included full scale testing of a St. Lucie 2 model
pressurizer safety valve, valve ring adjustments for the St. Lucie 2 pressurizer safety valves were
selected to assure stable operation. The resulting valve blowdown is approximately 10 percent (2250
psia blowdown pressure). Note: 10% represents the blowdown of the originally installed safety
valves. PCM 96139 installed new valves with a specified blowdown of 4%.

The inlet and outlet portions of the PORVs are hydrostatically tested with water at the appropriate
pressures required by the ASME Code. Each valve is cycled at LTOP pressure using room
temperature water and at normal steam service pressure using air at 650°F (+25°F, -0°F). Cycling is
done by manually energizing and deenergizing the solenoid. During the cycling, the operation of the
‘position indicators on the main valve disc and on the solenoid is checked. Total leakage tests which
include main seat leakage and solenoid leakage are performed using room temperature water at
LTOP pressure and air at 650°F (+25 °F, -0°F) at normal steam.service pressure.
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St. Lucie 2, along with other PWR utilities, participated in the EPRI program for the performance
testing of PWR safety and relief valves. The EPRI program was conducted in response to
NUREG-0578 Section 2.12, "Performance Testing for BWR and PWR Safety and Relief Valve
Operability." Models of the St. Lucie 2 pressurizer safety valves and power operated relief valves
were tested in the program. The EPRI test program results demonstrated satisfactory operability for
“the St. Lucie 2 pressurizer safety and power operated relief valves. Results were reported in
Combustion Engineering reports CEN-213 (June 1982)") for power operated relief valves and
CEN-227 (December 1982)? for safety valves.

Reference 3 documents NRC acceptance of the Relief and Safety Valve Test Program designed to
qualify the operability of prototypical valves and to demonstrate that their operation would not
invalidate the integrity of the associated equipment and piping. NRC review of NUREG-0737 items
including relief and safety valve testing is discussed in FSAR Appendix 1.9A.

Per GL 90-06 (Ref. 4 & 5), the following requirements apply to the PORV's and PORV block valves |
(V1474, V1475, V1476 and V1477):

1) These valves are Class 1 valves and are to be included in its QA program for maintenance

and procurement.
2) Include the PORVs and block valves within the scope of ASME Section XI, Subsection IWV

for inservice testing.

3) Include the block valves in the Motor Operated Valve (MOV) test program, GL 89-10, "Safety
Related Motor Operated Valve Testing and Surveillance”.

In-service testing of PORVs for the LTOP mode is discussed in Subsection 5.2.6.1.3.

5.4.14 - COMPONENT SUPPORTS

The structures supporting Code Class 1 components are also discussed in Subsection 3.8.3.

5.4.14.1 - Design Bases

The criteria applied in the design of the reactor coolant system supports are that the specific function
of the supported equipment be achieved during all normal, earthquake, and LOCA conditions.
Specifically, the supports are designed to support and restrain the reactor coolant system

components under the combined design basis earthquake and LOCA loadings in accordance with the

stress and deﬂectlon limits listed in Subsectlon 3.9.3.1.

5.4.14.2 'DescriQtion

The Reactor Coolant System support pomts are illustrated in Flgures 3.8-41, 3.8-42, 3.8-43, 3.8-44,
and 3.8-52.

a) Reactor Vessel Supports
The reactor vessel is supported by three integral pads at an elevation below the centerline of
the vessei nozzles. The integral pads provide vertical vessel support and allow for

unrestrained thermal expansion of the vessel.

Keyways located alongside the vertical support péds guide the vessel during thermal
expansion and contraction of the Reactor Coolant System and maintain the vessel centerline.
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TABLE 5.4-1 (Cont'd)

Instrumentation

Seal Temperature Detectors

Pump Casing Pressure Taps

Seal Pressure Detectors

Controlled Bleedoff Flow Detectors
Controlled Bleedoff Temperature Detectors
Motor Qil Level Detectors

Motor Bearing Temperature Detectors
Motor Stator Temperature Detectors
Reverse Rotation Detectors

Vibration Monitors

Oil Lift Pressure Switches

Oil Lift Pressure Gage

Total Seal Assembly Leakage

Three Pressure Seals Operating, gpm
Two Pressure Seals Operating, gpm
-One Pressure Seal Operating, gpm

5.4-38

S, OO0ONMIAN A WN -

The spare pressure switch has been removed from 2B1 RCP motor.

(Removed from 281 RCP motor)

Note (*): Four pressure switches in opefation and one is an installed spare.
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- TABLE 5.4-2

STEAM GENERATOR PARAMETERS .

Parameter

- Number of units
Heat transfer rate, each, Btu/h
Primary side:

Design pressure/temperature (psia/°F)

Coolant inlet temperature, °F '

Coolant outlet temperature, °F

Coolant flow rate, each, Ib/h

Coolant volume at 68 °F each, ft*

Tube size, OD inches

Tube thickness, nominal inches
Secondary side:

Design pressure/temperature (psia/°F)

Steam pressure, psia

Steam flowrate each, Ib/h

Feedwater temperature at full power, °F
. Moisture carryover, weight maximum, %
Reactor Coolant inlet nozzle, No./ID inches
Reactor Coolant outiet nozzle, No./ID inches
Steam Nozzle, No./ID inches
Feedwater nozzies, No./size/schedule
Overall heat transfer coefficient (estimated),

Btu/h-Ft? - °F

(a) Performance parameters are based on full power Cycle 1 opération. :

~ Cycle 1@ '
- Value

2 .
4.386 x 10°

2500/650 -
604

550
- 61x10°

1629
3/4
0.048

1000/550
815
56 x 10°
435
0.20
1/42

- 2/30

1/34
1/16/80
933

»RS_G(F?)- .

Va_er
2
4623 x 10°

. 2500/650

595.5
549.0
75.8 x 10°
1900

3/4
0.0429

1000/550
896.9¢
5.9x 108
435

0.10
1/42

- 2/30

1/34 -
1/18 (16" ID)
1458 '

(b) RSG parameters are based on no fouling, no plugging and continuous blowdown

of 1% of total steamflow.

(c) Static steam pressure.
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TABLE 54-6

PRESSURIZER PARAMETERS

Property Parameter
Design pressure, psia 2500
Design temperature, °F 700
Normal operating pressure, psia 2250
Normal operating temperature, °F 653
Internal free volume, minimum, ft> 1500
Normal (full power) operating water volume, ft* 800
Minimum (zero to 15% power) operating water

volume, ft 450
Spray flow, maximum, gpm 450
Spray flow, continuous, gpm . ' 1.5
Heater type Immersion
Heater capacity total, kW 1500*
Proportional, kW 300*
Backup, kW 1200*

- Operation with a reduced pressurizer heater capacity of 700 kW is acceptable. This

permits up to 16 pressurizer heaters, a total of 800 kW, to be removed from service, as
described below: '
One proportional pressurizer heater (50 kw), and;

Fifteen backup pressurizer heaters (750 kW). Diesel backed heater banks should be
maintained at full capacity to provide margln over the Technical Specification heater
requirement of 150 kW.

Heaters available from backup banks (non diesel backed) can be utilized to replace
heaters removed from service from the proportional heater banks and diesel backed
banks.
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FLORIDA POWER & LIGHT COMPANY
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SECTIONAL ASSY REACTOR PRIMARY
COOLANT PUMPS
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FLORIDA POWER & LIGHT COMPANY
ST. LUCIE PLANT UNIT 2

REACTOR COOLANT PUMP SHAFT
SEAL ARRANGEMENT N-9000 SEAL

FIGURE 5.4-3
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