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ABSTRACT

Westinghouse has considered shutdown operations in the engineering of the AP600 nuclear
power plant. The AP600 defense-in-depth design philosophy to provide normally operating
front-line active systems backed up by passive safety-related systems gives the AP600 a
greate: degree of safety during normal power operation and improved safety during
shutdown operations. This report presents and evaluates the AP600 design features in the
context of the specific shutdown issues identified by the Nuclear Regulatory Commission.
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1.0 INTRODUCTION
1.1 PURPOSE

The AP600 Shutdown Evaluation Report (SDER) presents AP600 design features that address
the issues of shutdown risk and shutdown safety. This report further evaluates these design
features with respect to their ability to reduce and or mitigate the consequences of events that
can occur during shutdown. The SDER provides both design basis evaluations and a
probabilistic risk assessment (PRA) for the plant at shutdown.

The SDER provides the Nuclear Regulatory Commission (NRC) with a single-source reference
to AP600 design certification issues that address shutdown capabilities. This report includes
a roadmap to information previously provided to the NRC and documents any additional
information required to resolve shutdown issues related to the AP600 design. The SDER
summarizes closure of related Draft Safety Evaluation Report (Reference 1-1) open items and
responds to request for additional information (RAI) 440.53 (Reference 1-2) by documenting
compliance with NUREG-1449 (Reference 1-3).

1.2 SCOPE

The scope of the SDER, as agreed to by the NRC staff, was provided to the NaC ir. the
AP600 SDER Outline (Reference 1-4). Geaerally, the scope of this report includes discussions
of the following:

. Systems designed to operate during shutdown

. Shutdown operations - including maintenance insights, risk management, and
Emergency Response Guidelines (ERGs) (Reference 1-5)

. Safety analyses and evaluations for shutdown operations

. AP600 Standard Safety Analysis Report (SSAR), Chapter 16, "Technical Specifications”
(Reference 1-6)

. Shutdown risk evaluations - including shutdown PRA results and insights and
fire/flood risk

. Compliance with the guidance in NUREG-1449

. Draft Safety Evaluation Report open item tracking system (OITS) open item resolutions,
including RAI responses

Introduction Revision 0, March 1997
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While this report does not address draft Rule 50.57 for shutdown, it does address shutdown-
related issues.

The scope of the AP600 SDER provides the NRC staff with the necessary information to
support the AP600 Design Certification Final Safety Evaluation Repori (FSER) with respect to the

AP600 shutdown capabilities.
1.3  BACKGROUND

The Diablo Canyon event of April 10, 1987, and the loss of ac power at the Vogtle plant on
March 20, 1990, led the NRC staff to issue NUREG-1449, which provides an evaluation of the
shutdown risk issue. Through RAI 440.53, the NRC requested that Westinghouse perform a
systematic assessment of the shutdown risk issue to address areas idenafied in NUREG-1449
as applicable to the AP600 design. This assessment is documented in this SDER,
WCAP-14837.

14  REFERENCES
1-1  Draft NUREG-1512, Draft Safety Evaluation Report, November 1994,
12 DCP/WMS0331, RAI Management Review, RAI 440.53, July 29, 1994.

1-3  NUREG-1449, Shutdown and Low Power Operations at Commercial Nuclear Power Plants in
the United States, September 1993.

14 NSD-NRC-97-4975 (DCP/NRC0731), AP600 Shutdown Evaluation Report Outline,
February 5, 1997.

15 NSD-NRC-97-4936 (DCP/NRC0702), AP600 Emergency Response Guidelines,
January 10, 1997.

16 AP600 Standard Safety Analysis Report, Chapter 16, "Technical Specifications.”

Introduction Revision 0, March 1997
m:\ 3497w wpf 1b-041097



2-1

2.0 MAJOR SYSTEMS DESIGNED TO OPERATE DURING
SHUTDOWN

Westinghouse has considered shutdown modes, shutdown alignments, and industry issues
related to shutdown in the design of the AP600 safety-related and nonsafety-related systems
designed to operate or be available during shutdown. This section provides descriptions of
the important systems designed to operate during shutdown and includes specific design
features that have been incorporated for shutdown operations with a discussion of their
operating modes or alignment during shutdown.

In this report, references are made to the various AP600 operating modes. The AP600
operating modes have been defined in the Technical Specifications (AP600 Stendard Safety
Analysis Report [SSAR] section 16.1, Table 1.1-1) (Reference 2.0-1). The mode definitions for
the AP600 are similar to that of current Westinghouse pressurized water reactors (PWRs),
with the difference being the definition of Mode 4, safe shutdown. In current plants, Mode 4
has traditionally been defined as hot shutdown and corresponds to the range of reactor
coolant system (RCS) temperature between 350° and 200°F. The upper temperature limit
corresponds to the temperature at which the safety-related residual heat removal system
would be aligned to provide closed-loop cooling.

In the AP600, Mode 4 has been redefined as safe shutdo\/n and corresponds to the range of
RCS temperature between 420°F and 200°F. The upper te nperature limit corresponds to
the RCS temperature that can be achieved by the passive safety-related systems 36 hours
after shutdown. The ability of the passive safety-related systems to achieve Mode 4 within
36 hours is shown in subsection 4.10.2 of this report.

2.0.1 References

2.0-1 AP600 Standard Safety Analysis Report, Chapter 16, "Te thnical Specifications.”
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2.1  REACTOR COOLANT SYSTEM
2.1.1 System Description

The RCS is described in chapter 5 of the AF600 SSAR (Reference 2.1-1). The RCS consists of
two heat transfer circuits - each with a steam generator, two reactor coolant pumps (RCPs),
and a single hot leg and two cold legs — for circulating reactor coolant between the reactor
and the steam generators. In addition, the system includes a pressurizer, interconnecting
piping, and valves and instrumentation necessary for operational control and safeguards
actuation. All system equipment is located in the reactor containment. Figure 2.1-1 (SSAR
Figure 5.1-1) is a simplified sketch of the RCS. Figure 2.1-2 (SSAR Figure 5.1-2) illustrates the
physical arrangement of the major components in the RCS.

During power operation, the RCPs circulate pressurized water through the reactor vessel and
the steam generators. The water - which serves as coolant, moderator, and solvent for boric
acid (used for chemical shim control) - is heated as it passes through the core. The water
next flows to the steam generators, where the heat is transferred to the steam generator
system (SGS), and then is returned to the reactor by the RCPs to repeat the process. The
steam generators have a vertical shell and U-tube configuration with integral moisture-
separating equipment. The RCPs are high-inertia, high-reliability, and low-maintenance
canned-motor pumps, which are integrated into the steam generator channel heads in the
inverted position.

The pressurizer and its associated subsystems (spray, heaters, safety valves, and automatic
depressurization valves) control RCS pressure by maintaining a single major water-steam
interface in equilibrium under saturated conditions by electrical heaters and/or a water
spray. The pressurizer, a vertical cylindrical vessel with hemispherical top and bottom
heads, communicates with the RCS primary coolant loops via a surge line connected to one
RCS hot leg. Electrical heaters are installed through the bottom head of the vessel and are
removable for maintenance or replacement. Steam is formed by the heaters or condensed by
the spray (circulated from the cold legs by the driving head of the RCPs) to control pressure
variations due to expansion and contraction of the reactor coclant. The pressurizer pressure,
temperature, and level instrumentation is provided as required by the protection and safety
monitoring system (PMS) and the plant control system (PLS). For continuous monitoring of
pressurizer /hot leg reactor coolant loop level, as the pressurizer and eventually the loops are
drained to obtain an RCS level in the loop piping, the bottom tap of the pressurizer cold-
caﬁbntedwide—rmgelevelchmneliscmuwchedtot}wbottomofﬂwhotlegﬂ\at
communicates with the pressurizer. Surge line temperature is monitored to detect thermal
stratification and pressurizer insurges from the RCS hot leg.
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Figure 2.1-1 Reactor Coolant System Simplified Sketch
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Two spring-loaded safety valves - designed in accordance with American Society of
Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section I1I - are located on
the top of the pressurizer to provide overpressure protection for the RCS. One valve is
installed on each of the two headers leading to a set of automatic depressurization valves.

The inlet piping does not contain a water-filled loop seal, which simplifies the discharge
piping supports. This also will reduce the effects that water-filled loop seals can have on
sa‘ety valve setpoint drift as engineered in operating plants. The downstream piping directs
the valve discharge away from the pressurizer, automatic depressurization system (ADS)
valves, and safety-related equipment and into the containment atmosphere (and eventually
collected in either the in-containment refueling water storage tank [IRWST] or the
containment sump). The downstream piping consists of a short length of piping fitted with a
rupture disc to provide a closed volume (discharge chamber) in which valve leakage may
cool and condense. A 1l-inch cross-connect between the pressurizer safety valve discharge
piping and the automatic depressur zation valves discharge piping permits the pressurizer
safety valve leakage to continuously drain to the reactor coolant drain tank via the discharge
piping of the automatic depressurization valves. A temperature detector with a high alarm
(in each discharge line) alerts the operator either of safety valve leakage or of actuation.

The automatic depressurization valve subsystem consists of four different valve stages.
These stages open sequentially to reduce RCS pressure sufficiently so that long-term core
cooling can be provided from the passive core cooling system (PXS).

ADS stages 1, 2, and 3 are arranged into two groups. Each group has a “ummon inlet header
connectedhotlvztopoftheptessurizermdaconm\ondischugelimtooneof&\espargersm
the IRWST.

For ADS stages 1, 2, and 3, each valve stage consists of two lines with each line containing
two valves in series that are both normally closed. Each stage line is arranged with an
isolation valve in series with (and upstream of) a control valve. When ADS is actuated, the
isolation valve opens first; then the control valve subsequently opens to initiate and control
the flow to the IRWST. The upstream ADS isolation valves for stages 1 through 3 are gate
valves. The downstream ADS valves are globe valves.

ADS stage 4 is arranged into two groups. Each group has a common inlet header connected
to one of the hot legs. Each stage 4 group discharges separately into a steam generator
compartment at an elevation above post-accident flood-up level.

ADS stage 4 consists of four lines, each line containing two valves in series. Each line is
arranged with a normally open isolation valve in series with (and upstream of) a squib valve.
The normally open isolation valve is a motor-operated gate valve and is closed to perform
maintenance on the ADS squib valves.

Major Systems Designed to Operate Dwing Shutdown Rewvision 0, March 1997
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2.1..  Design Features to Address Shutdown Safety

The AP600 has incorporated many design features that address issues related to shutdown
operations. This subsection provides a detailed discussion of the RCS design features that

are incorporated to address shutdown operations or that are important to minimizing the risk
to plant safety during shutdown.

2.1.2.1 Loop Piping Offset

As described in SSAR subsections 5.3.4.1 and 5.4.7.2.1 (Reference 2.1-1), the RCS hot legs and
cold legs are vertically offset. This permits draining of the steam generators for nozzle dam
insertion with the hot leg level much higher than traditional designs. The RCS must be
drained to a level sufficient to provide a vent path from the pressurizer to the steam
generators. This is nomunally an 80-percent level in the hot leg. This loop piping offset also
allows an RCP to be replaced without removing a full core.

2.1.2.2 RCS Instrumentation

Instrumentation is provided to monitor the RCS process parameters as required by the PLS
and PMS as discussed in chapter 7 of the SSAR (Reference 2.1-2). This subsection describes
RCS instrumentation designed to accommodate shutdown operations.

RCS Hot Leg Level

There are two safety-related RCS hot leg level channels, one located in each hot leg. These
level indicators are provided primarily to monitor the RCS water level during mid-loop
operation following shutdown operations. These are totally independent of each other. One
level tap is at the bottom of the hot leg, and the other tap is on the top of the hot leg as close
to the steam generator as possible. The steam generator tap is located at the high point of
the tubing run.  The level tap for the instrument in the hot leg with the normal residual heat
removal system (RNS) step-nozzie suction line connection is between the reactor vessel and
the step-nozzle. Figure 2.1-3 shows a simplified sketch of the RCS level instruments.

These channels provide signals for the following protection functions:

. Isolation of letdown on low level on * one-out-of-two basis

. Actuation of IRWST injection on low (empty) hot leg level on a two-out-of-two basis

. Actuation of fourth-stage ADS valves on low (empty) hot leg level on a two-out-of-
two basis

Major Systems Designed to Operate During Shutdown Revision 1, june 1997
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Figure 2.1-3 Reactor Coolant System Level Instruzaents Used During Shutdown
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These functions protect the plant during shutdown operations. Letdown isolation assists the
operators when draining the RCS to a mid-loop level. If the operators fail to isolate letdown,
these channels send a signal to close the letdown valves and stop the draining process.

In the event of a loss of the RNS during shutdown, coolant inventory could be boiled away.
When the hot leg water level indicates that the loops are empty, IRWST injection and fourth-
stage ADS ave actuated 30 minutes after receipt of the empty hot leg level signal.

These channels also provide signals to the letdown flow control valve to control the drain
rate of the RCS via the letdown line during the transition to mid-loop operation. When the
hot legs are full the drain rate can proceed zt a high level. As the water level is reduced to
the hot legs, the drain rate is automatically decreased to a rate of approximately 20 gpm.

These channels are also used to generate the alarms on low hot leg water level. The alarm
setpoints are selected to give the operator sufficient time to take the manual actions necessary
to prevent the automatic actuations described previously. Indication of these channels is
retrievable in the main control room. This variable is used by the operator to monitor the
status of RCS inventory following an accident and is, therefore, classified as a post-accident
monitoring system (PAMS) variable as discussed in SSAR section 7.5 (Reference 2.1-2).

Table 2.1-1 provides a summary of the various protection functions, control functions, and
alarms associated with the hot leg level instruments.

The accuracy and response time of the hot leg level instruments are consistent with the
standard engineered safety features (ESF) actuations discussed in SSAR section 7.3. As
discussed in the Westinghouse response to request for additional information (RAI) 420.24
(Reference 2.1-3), concerns related to potential problems of noncondensible gases in the not
leg level instrument lines that have been raised in NRC Information Notice 92-54, Level
Instrumentation Inaccuracies Caused by Rapid Depressurization (Reference 2.1-4), have been
addressed in the layout of the instrument lines. In addition, as the hot leg level instruments
are provided primarily for shutdown operations, off-gassing due to sudden depressurization
of the RCS in shutdown modes is not a concern.

In the AP600, draining of the RCS to mid-loop conditions is achieved in a controlled manner
as discussed in subsection 2.1.2.4. Due to the low RCS drain rate (20 gpm), and the RCS
step-nozzle as discussed in subsection 2.1.2.3, the amount of air-entrainment, and therefore
RCS level perturbation during mid-loop, is negligitle. Draining of the RCS is conducted in a
quasi-steady-state, and the reliability of an accurat: level reading is high.

Major Systeins Designed to Operate During Shutdown Revision 1, June 1997
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Table 2.1-1
AP600 Hot Leg Level Setpoints

Elevation Time"
Nominal Level {in.) (minutes)

Top of Level Tap 54.37

Top of Hut Leg

Nominal Water Level for Mid-loop Operation

Approximate Low Level Alarm Setpoint

Approximate Auto-isolation ¢f Letdown

Hot Leg Centerline

Onset of Incipient Vortex Formation

Potential 5-Percent Air Entrainment

[RWST Actuatio: Setpoint

1. Tunes assuming nominal drain rate of 20 gpm

Pressurizer Level

A fifth nonsafety-related independent pressurizer level transmitter, calibrated for low
temperature conditions, prc /ides water level indication during startup, shutdown, and
refueling operations in the main control room and in the remote shutdown workstation. The
upper level tap is connected to an ADS valve inlet header above the top of the pressurizer.
The lower level tap is connected to the bottom of the hot leg. This provides level indication
for the entire pressurizer and a continuous reading as the level in the pressurizer decreases to
mid-loop levels during shutdown operations

RCS Hot Leg Wide-Range Temperatures

The RCS contains two safety-related thermowell-mounted hot leg wide-range temperature
detectors, one in each hot leg. The orientation of the resistance temperature detectors enables
measurement of the reactor coolant fluid in the hot leg when in reduced inventory
conditions. Their range is selected to accommodate the low RCS temperatures that can be
attained during shutdown. In addition, at least two incore thermocouple channels are
available to measure the core exit temperature during mid-loop RNS operation. These two
thermocouple channels are associated with separate electrical divisions
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Pressurizer Surge Line Temperatures

There are three nonsafety-related temperature detectors located on the RCS pressurizcr surge
line. These instruments monitor the pressurizer surge line fluid temperature during plant
normal operations to detect thermal stratification in the surge line. Two of the temperature
detectors are on a moderately sloped run approximately midway between the RCS hot leg
and the pressurizer. One detector is on the bottom of the pipe and e other detector on the
top. The third detector is located on the pressurizer surge line as close to the pressurizer
nozzle as possible. This detector is used to monitor cold insurges to the pressurizer during
transient operations.

The temperature is monitored at the three locations using strap-on resistance temperature
detectors. Temperature indication is provided in the main control room. One low-
temperature alarm is pr- ‘ded to alert the operator of thermal stratification in the surge line.
This alarm is associatec .vith the detector on the bottom of the pipe.

During shutdown operations, this temperature instrumentation will be monitored to detect
possible surge line stratification. If stratification is detected, the operators can increase spray
flow to increase the outsurge from the pressurizer and reduce stratification in the surge line.

2.1.2.3 Step-nozzle Connection

The AP600 RNS uses a rtep-nozzle connection to the RCS hot leg. The step- nozzle is a
20-inch schedule 140 pipe, approximately 2 feet long. A comparison of the AP600
step-nozzle to a typical residual heat removal nozzle for current plants is shown in
Figure 2.14.

The step-nozzle connection has two effects on mid-loop operation. One effect is to
substantially lower the RCS hot leg level at which a vortex occurs in the residual heat
removal pump suction line due to the lower fluid velocity in the hot leg nozzle. This
increases the margin from the nominal mid-loop level to the level where air entrainment into
the pump suction begin

Another effect of the step-nozzle is that, if a vortex should occur, the maximum air
entrainment into the pump suction as shown experimentally will be no greater than 5 percent
(NTD-NRC-94-4191) (Reference 2.1-5). The step-nozzle thereby precludes air binding of the
pump and will allow for RNS pump operations with low water levels in the hot leg.

Table 2.1-1 provides a comparison of the critical hot leg level during mid-loop to the various
protection and control functions and alarms associated with the hot leg level instruments to
demonstrate the margin available during mid-loop operation.
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Figure 2.1-4 Comparison of AP600 Step-nozzle to Current
Residual Heat Removal Nozzles
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2.1.2.4 Improved RCS Draindown Method

During the cooldown operations, the RCS water level is drained to a mid-loop level to permit
steam generator draining and maintenance activities. The AP600 has improved the reliability
of draindown operations by incorporating a dedicated drain path to be used to reduce the
water level in the RCS controlled in the main control room. In current plants, various drain
paths can be used either locally or remotely from the control room. These drain paths
include the safety-related residual heat removal system, loop drain valves, and letdown. The
result is that draining of the RCS can be difficult to control, and perturbations in water level

can occur due to inadvertent system manipulations of which the operators are not always
aware.

The RCS drain path is via the CVS letdown line from the RNS cross-connect provided to
maintain full RCS purification flow during shutdown. The letdown line flow control valve
controls the letaown rate, which controls the RCS draindown rate. At the appropriate time
during the cooldown, the operator will initiate the draindown by placing the CVS letdown
control valve into a refueung draindown mode. At this time, the makeup pumps will be
turned off and the letdown flow control valve will control the drain rate to the liquid
radwaste system proceed at an initia! maximum rate of 100 gpm and be reduced to 20 gpm
once the level in the RCS is to the top of the hot leg. The letdown rate is manually
controlled based upon the difference in flow instruments readings in the VS letdown line
and injection line. The letdown flow control valve as well as the letdown line containment
isolation valve will receive a signal to automadcally close once the appropriate level is
attained. Alarms will actuate in the control room if the RCS level falls below the automatic
letdown valve closure setpoint so that the operator is alerted to manually isolate the letdown
line. Furthermore, an automatic isolation of the letdown lire is actuated on low hot leg level

as shown in Table 2.1-1. This draindown method provides a reliable means of attaining mid-
loop conditions.

2.1.2.5 ADS Valves

The ADS first-, second-, and third-stage valves, connected to the top of the pressurizer, are
open whenever the core makeup tanks (CMTs) are blocked during shutdown conditions
while the reactor vessel upper internals are in place. This provides a vent path to preclude
pressurization of the RCS during shutdown conditions if Jecay heat removal were lost. This
also allows the IRWST to automatically provide injection flow if it is actuated on a loss of
decay heat removal. In addition, two of the four ADS fourth-stage valves are required to be
available during reduced inventory operations to preclude surge line flooding following a
loss of the RNS. The effectiveness of the ADS valves and IRWST injection to mitigate loss of
the RNS during shutdown is shown in subsection 4.8.5 of this report.
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2.1.2.6 Steam Generator Channel Head

The AP600 steam generator is a vertical-shell U-tube evaporator with integral moisture
separating equipment. The generator is discussed in SSAR subsection 5.4.2 (Reference 2.1-1).

Ontheprinnryside,ﬁ\ereactorcoohntﬂowmterstlwprimarychamberviathehotleg
nozzle. n\elowerporﬁonof&wpﬁnuryd\amberissp}edcdmdmgesmmacyhndncd
portion, which mates to the tubesheet. This arrangement provides enhanced access to all
tubes, including those at the periphery of the bundle, with robotics equipment. This feature
mhancatheabilitytoinspect,replace,andrepairporﬁonsof&xeAPﬁOOm\itcomparedto
the more spherical primary chamber of earlier designs. The channel head is divided into
inletandoutletchambersbyaverticaldividerplaheextendingfromdleapexofﬂ\eheadto
the tubesheet.

The reactor coolant flow enters the inverted U-tubes, transferring heat to the secondary side
uunng its traverse, and returns to the cold leg side of the primary chamber. The flow exits

the steam generator via two cold leg nozzles to which the canned-motor RCPs are directly
attached.

The AP600 steam generator channel head has provisions to drain the head. For minimizing
deposits of radioactive corrosion products on the channel head surfaces and for enhancing
the decontamination of these surfaces, the channel head cladding is machined or
electropolished for a smooth surface. The large prinary manways provide enhanced manned
access capability compared to the manways in previous model steam generators.

The steam generator is equipped with permanently mounted nozzle dam brackets, which are
designed to support nozzle dams during refueling operations. The design pressure of the
nozzle dam bracket and nozzle dam is selected to withstand the RCS pressures that can occur
during the shutdown events. In particular, their design pressure is greater than that
experienced during the loss of RNS analysis presented in subsection 4.8.5.

2.1.3 Shutdown Operations

The operation of the RCS for the various phases of shutdown operation is described in the
following subsections.

2.1.3.1 Plant Startup

Plant startup encompasses the operations that bring the reactor plant from cold shutdown to
no-load operating remperature and pressure.
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The AP600 RCS uses a steam bubble heatup method traditionally used in most PWRs.
Historically, plants have used both steam bubble heatups and water solid heatups. Both
methods require careful monitoring of the RCS parameters during operation, and both could
be used by the AP600. Operating plant experience has shown that steam bubble heatups are
preferable. By maintaining a steam bubble in the pressurizer, the RCS is less vulnerable to
pressure excursions due to inadvertent operations (such as an inadvertent starting of an RCP

or chemical and volume control system [CVS] makeup pump). This section describes the
steam bubble method of heatup for the AP600.

Before plant startup, the reactor coolant loops and the pressurizer are filled by the makeup
pumps with coolant containing the proper concentration of boron. The secondary sides of

the steam generators are filled to the normal startup level with water that meets the steam
plant water chemistry requirements.

The RCS is filled using a vacuum refill system. At the conclusion of plant shutdown
operations, the RCS is closed and the RCS water level is established near mid-loop. A
vacuum refill system is connected to the manual vent located on top of the pressurizer.
When started, the vacuum system transfers air from the RCS to the plant vent. Air is

evacuated from the entire RCS including the reactor vessel head, inverted steam generator
U-tubes, and pressurizer.

After the air is removed, the CVS makeup pump operates to fill the RCS to the pressurizer
no-load level. The level then remains at or near this value throughout the heatup. The
heatup is initiated by shutting off cooling water flow to the RNS and energizing the
pressurizer heaters. This allows slow heating of the RCS with core residual heat coincident
with controlled pressurizer heating. When the saturation temperature for the existing low
pressure is reached in the pressurizer, the pressurizer heatup is suspended briefly to permit
steaming off (through the automatic depressurization valves into the reactor coolant drain
tank) of any gasses present in the pressurizer. After this venting, pressurizer heatup is
resumed and continues until saturation conditions at the pressure required to provide
adequate net positive suction head (NPSH) for reactor coolant pump operation are reached.
Then all RCPs are started and RCS heatup proceeds on pump heat.

UL ing heatup operations, the pressurizer spray valves are opened to provide partial
pressurizer spray flow. This will cause a continuous outsurge from the pressurizer to thus
reduce or eliminate the potential for surge line stratification.

During the initial RCS heatup phase, hydrazine is added to the reactor coolant to scavenge
dissolved oxygen in the system. RCS temperature is not raised above 180°F until the oxygen
content has been reduced below the specified maxirium concentration.
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After the stean bubble has been established at the desired RCS pressure, subsequent
pressurizer heating is controlled to maintain adequatc suction pressure for the pumps while
minimizing the temperature difference between pressurizer and loops (to reduce the potential
for thermal shock across the surge line). RCS heatup operations have been defined to limit
the AT across the surge line to 320°F. Pressurizer spray operation is used when necessary for
pressurizer pressure-temperature control. Figure 2.1-5 shows the RCS heatup operations as
discussed in SSAR section 5. The RCPs are used to heat the coolant to the hot standby
(no-load) temperature.

2.1.3.2 Plant Shutdown

Plant shutdown is defined as the operation that brings the reactor plant from no-load
operating temperature and pressure to cold shutdown.

Before plant shutdown, a boric acid solution from the CVS is added to the RCS to increase
the reactor coolant boron concentration to that required for cold shutdown. If the shutdown
is for re ueling or an operation that requires opening of the RCS, the hydrogen and any
fission gases in the reactor coolant are reduced by degassing the coolant with the CVS and
the liquid radwaste system. The pressurizer liquid level is reduced to the no-load value.

Plant cooldown is accomplished in two phases. The first is by the combined use of the RCS
and the SGS, and the second is by the RNS.

During the first phase of the cooldown, with the RCS temperature above 350°F, residual core
and reactor coolant heat is transferred to the steam system via the steam generators. The
steam is dumped to the main condenser as long as a vacuum can be maintained. At least
one of two RCPs in steam generator (SG) 1 is kept running to er:sure uniform RCS cooldown.

At least one pump in the SG 1 loop is kept rurning because th= pressurizer spray lines are
connected to the cold legs in this loop. Two pumps may be operated to provide additional
spray flow. One RCP will provide flow through b th steam generators to assist in the
cooling of the steam generators and will provide sufficient flow through the core for core
decay heat removal and mixing.

The pressurizer heaters are de-energized and spray flow is controlled to cool the pressurizei

while maintaining the required RCP suction pressure. When the reactor coolant temperature
isbelowappro)dmately350°f-'andﬂ\epressumisintherangeofAOOto450psig,thesecond

phase of cooldown commences with the operation of the KNS. The RNS takes suction from

the hot leg and returns flow to the vessel via the direct vessel injection nozzles.

Major Systems Designed to Operate During Shutdown Revision 0, March 1997

0\ 3497w . wpf-1b-041097



2.1-15

o AP600 Heatup
653 F
PRESSURIZER
600
Maximusn Surge Line Deita T < 320 F
i
™ r
g Hold 285 PSIG
Ew -
o -
REACTOR COOLANT SYSTEM
200 }
START RCPS ?
'm 4 ' y | J
0 5 10 15 2 25 0
Time, Hours
Figure 2.1-5 AP600 Heatup Profile
Major Systems Designed to Operate During Shutdown Revision 0, March 1997

m:\3497w.wpt: 1b-041097



2.1-16

When the pressurizer has been cooled to the saturation temperature corresponding to the
minimum pressure required for RCP operation, its pressure and temperature are maintained
constant while cooling of the loops and reactor continues. During this period, the pressure is
maintained at or above the minimum required for RCP operation. When the RCS
temperature has been reduced to 180°F, hydrogen peroxide is added to the RCS (via the CVS)
to improve activity reduction in the RCS. For minimizing the chances for collectir.g a
hydrogen bubble in the pressurizer, the pressurizer is filled water-solid for hydrogen
peroxide addition. This is accomplished by filling the pressurizer via the auxiliary spray
lines. Heaters continue to ope-ate to maintain system pressure necessary for RCP operations.
Once the pressurizer is filled, pressure is controlled by the letdown flow control valve in the
CVS5. The pressurizer spray valves are then opened to circulate the contents of the
pressuﬁwtomaintainﬁmepressuﬁwwaterdmﬁsﬂyinequﬂibﬁumMﬂ\therestofthe
system. An RCP continues to operate throughout the process to keep the RCS coolant
chemistry in equilibrium. After the RCS temperature has been decreased to 160°F, the
operating RCP is tripped, provided that the RCS activity levels have been reduced
sufficiently to continue with the planned shutdown activities.

Figure 2.1-6 shows the RCS cooldown operations.

2.1.3.3 Mid-loop Operations

During plant shutdown, the RCS may be required to be drained to a reduced inventory state
referred to as mid-loop. Mid-loop operations are required to facilitate maintenance
operations associated with the steam generators.

The RCS has dedicated hot leg level instrumentation that provides the operator with readout
in the main control room. All operations associated with mid-loop operations are controlled
from the main control room. The following paragraphs describe the process to achieve mid-
loop operations.

At the appropriate time during the cooldown, the operator can initiate the draindown by
placing the CVS letdown control valve into refuelirig draindown mode. At this time, the
letdown flow control valve will control the drain rate to the liquid radwaste system. The
drain rate will proceed at an initial maximum rate down to a drain rate of 20 gpm once the
level in the RCS is to the top of the hot leg. The operator can manually isolate the letdown
control valve to stop the draindown at the appropriate setpoint. In addition, the letdown
flow control valve as well as the letdown line containment isolation valve will receive a
signal to automatically close once an appropriate level is attained. Furthermore, alarms will
actuate in the control room if the level continues to drop so that the operator would be
alerted to manually initiate isolation of the letdown line.
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2.1-18

Orce mid-loop conditions are achieved, the required maintenance activity is performed.
During refueling outages, nozzle dams are inserted in the steam generator inlet and outlet
nozzles. The nozzle dams allow steam generator maintenance activities to continue during
the refueling. Once the nozzle dams are in place, refueling operations may begin.

2.1.3.4 Refueling

Before removing the reac‘or vessel head for refueling, the system temperature is reduced to
120°F and hydrogen and fission products are removed. The pressurizer is vented, and the
operation of draining the RCS begins. When the level instrumentation indicates that the
coolant has been draiied to below the reactor vessel head vent, the vessel head is vented.
Draining then corianues until the water level is below the reactor vessel flange. The
refueling canal is then flooded by gravity, and then later, by the spent fuel pool cooling
system (SFS) pumps. The SFS floods the canal directly to therefore bypass the need to flood
up through the vessel. This reduces radiation doses during the refueling outage and
improves the clarity of the refueling water. The vessel head is raised as the refueling canal is
flooded. RCS cooling is provided by the RNS during refueling. Upon completion of

refueling, the refueling cavity is driined, the reactor vessel head is replaced, and the system
is refilled for plant startup.

2.1.4 References

2.1-1 AP600 Standard Safety Analysis Report, Chapter 5, "Reactor Coolant System and
Connected Systems.”

2.1-2  AP600 Standard Safety Analy.is Report, Chapter 7, "Instrumentation and Controls."

2.1-3  ET-NRC-93-3924 (NSRA-APSL-93-0249), "Westinghouse Responses to NRC Requests
for Additional Information on the AP600," RAI 420.24, July 16, 1993.

2144 NRC Information Notice 92-54, "Level Instrumentation Inaccuracies Caused by Rapid
Depressurization,” July 24, 1992.

2.1-5 NTD-NRC-94-4191 (DCP/NRC0124) APWR-0452, AP600 Vortex Mitigator Development
Test for RCS Mid-loop Operation, July 6, 1994.
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22 STEAM GENERATOR AND FEEDWATER SYSTEMS
2.2.1 System Description

This section discusses the AP600 steam generator system (SGS) and the main and startup
feedwater system (FWS) designs es they relate to shutdown operations. These systems are
discussed in chapter 10 of the AP600 SSAR (Reference 2.2-1). The SG5 consists of the safety-
related portions of the secondary side systems. The FWS consists of the main feedwater and
startup feedwater subsystems designed to provide feedwater to the steam generators during
normal power operations and following transient and accident events as desired.

Figures 2.2-1, 2.2-2, and 2.2-3 are simplified sketches of the SGS and FWS based on SSAR
sections 10.3 and 10.4 system descriptions.

2.2.1.1 Main Steam and Associated Lines

The primary function of the main steam line is to supply steam from the steam generators to
the main steam system (MSS) and subsequently to the main turbine system (MTS) over a
range of flows and pressures covering the entire operating range from system warmup to
maximum calculated turbine conditions for full power operation. Each main steam line
within the SGS has one main steam isolation valve (MSIV), three main steam safety valves,
one power-operated relief valve (PORV), and one PORV block valve. The MSIV has a bypass
valve for use when the MEIVs are closed to permit warming of the main steam lines prior to
startup. A drain line with two isolation valves collects condensate upstream of the MSIVs
and directs it to the turbine drain system. All of these valves are located in the auxiliary
building within the penetration area.

2.2.1.2 Feedwater Lines

The function of the SGS feedwater subsystem is to transport feedwater to the steam generator
as required to maintain steam generator level during the various modes of operation. The
main feedwater portion of the SGS is designed to furnish feedwater flow at the required
temperature, pressure, and flow rate to the steam generators during all modes of power
operation above a minimum power level. The startup feedwater portion is designed to
furnish feeawater flow to the steam generators under low flow conditions such as startup,
hot standby, shutdown, or transient conditions or up to 10-percent power when the rmain
feedwater system is unavailable.
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2.2.1.3 Main Feedwater

Main feedwater is delivered to the SGS from the FWS. Condensate from the deaerator is
pumped via high pressure main feedwater pumps to the interface with the SGS. Each SGS
main feedwater line includes one main feedwater control valve (MFCV), one main feedwater
check valve, and one main feedwater isolation valve (MFIV), all located in the auxiliary
building. There is also a manual isclation valve and a flow measuring feedwater venturi
upstream of these valves in the turbine building. The manual valve permits isolation of the
MFCV from the feedwater system for maintenance. Normal main feedwater sampling is not
provided in the SGS, but rather is accomplished by secondary sampling system connections
in the feedwater system within the turbine building.

2.2.14 Startup Feedwater Delivery From the Main Feedwater Pumps

After fillic g drained steam generators with st. ntup feedwater pumps, the preferred source of
startup feedwater is from the demineralized water storage tank through the booster /main
teedwater pumps. The flow path is the same as that described for main feedwater up to a
point cn the main feedwater pump discharge piping; at this point, 2 startup feedwater cross-
connect line allows feedwater from a bocster/main feedwater pump train to be supplied to
the SGS startup feedwater control valves (SFCVs). Startup feedwater flows through a single
common line, called the startup feedwater header, to a location near the turbine/ auxiliary
building interface where the flow then splits into ‘v.0 individual lines to the steam
generators. The individual lines are part of the SGS, and each line includes a flow measuring
element, an SFCV, a check valve, and a startup feedwater isolation valve (SFIV). Startup
feedwater is supplied to each steam generator through a startup feedwater nozzle connection,
which is physically separate from the main feedwater nozzle connection.

The startup feedwater header can be supplied either by the main feedwater pumps as
described previously or by the startup feedwater pumps. A check valve in the cross-connect
supply piping from the main feedwater pumps restricts feedwater from the startup feedwater
pumps from flowing to the main feedwater portion of the FWS. An air-operated isolation
valve in the cross-connect piping opens to allow the main feedwater pumps to supply the
startup feedwater header. The isolation valve is normally closed during full power operation
and provides positive isolation of main feedwater. The cross-connect isolation valve also
automatically closes, if open, in the event of a main feedwater isolation signal, based on the
same isolation signal that trips the booster/main feedwater pumps, and closes the feedwater
isolation valve. The isolation valve provides redundant protection to prevent the main
feedwater pumps from delivering to the startup feedwater lines.
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2.2.1.5 Startup Feedwater Delivery From the Startup Feedwater Pumps

The relatively low capacity startup feedwater pumps are normally used to fill the steam
generators during startup following outages and during the early stages of plant startup
while water chemistry in the main feedwater path is being adjusted. During power
operation, the startup feedwater pumps and their associated flow paths primarily provide

backup feedwater capability in the event the booster /main feedwater pumps or their
associated flow paths are lost.

The startup feedwater pumps and their associated flow paths provide a nonsafety-related

decay heat removal capability, mitigating loss of feedwater events. The PXS provides safety-
related protection for loss of feedwater.

2.2.1.6 Blowdown Lines

The primary purpose of the steam generator blowdown system is to assist in maintaining
acceptable secondary coolant water chemistry during normal operation and during
anticipated operational occurrences of main condenser inleakage or primary to secondary
steam generator tube leakage. It does this by removing impurities concentrated in the steam
generator. The steam generator blowdown system accepts water from each steam generator
and processes the water as required. The blowdown system also performs additional
functions in support of the steam generator during shutdowns. It accepts water drained
from the steam generator shell side, and it has a recirculation capability that can be used to
cool the steam generator secondary side or to add chemicals for wet layup.

222 Design Features to Address Shutdown Safety

2.2.2.1 Feedwater Control

As discussed in the previous subsection, the AP600 provides improvements in feedwater
control that minimizes the probability of loss of feedwater transients during low power and
shutdown modes. The main feedwater pumps are capable of providing feedwater during all
modes of operation, including plant startup and standby conditions. In addition, the startup
feedwater pumps are automatically started in the event that the main feedwater pumps are
unable to continue to operate. The startup feedwater pumps are also automatically loaded
on the diesels for operation: following a loss of offsite power.

2.2.2.2 Safety-Related Actuations in Sautdown Modes

The AP600 has various safety-related actuations associated with the SGS that are operable
dunng shutdown modes. These include the PRHR HX actuation on low steam generator
level during shutdown modes, and this is discussed in section 2.3 of this report. Also
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included is the isolation of the main steam line on a high (large) negative rate of change in
steam pressure. This safety-related signal is provided to address a steam line break that
could occur in Mode 3 or 4. If actuated, this signal causes the MSIVs to close to thus
terminate the blowdown of the SGS following a steam line break. This signal is placed into
service below the setpoint that disables the low steam line pressure signal (F11) that actuates
steam line isolation as discussed in SSAR section 7.3 (Reference 2.2-2). When the operator
manually blocks the low steam line pressure signal, the steam line pressure-negative rate
high signal is automatically enabled.

This signal is operable during Mode 3 when a secondary side break or stuck open valve
could result in the rapid depressurization of the steamn line(s). In Modes 4,5, and 6, this
function is not needed for accident detection and mutigation. Subsection 4.2.3 discusses steam
line break events that could occur in shutdown modes. Operability of this actuation logic is
discussed in the AP600 Technical Specifications (Reference 2.2-3).

2.2.2.3 Steam Generator Cooling in Shutdown Modes

As discussed previously, the secondary side of the steam generators can be cooled during
shutdown by recirculating their contents through the blowdown system heat exchanger. This
feature reduces the challenges to low-temperature overpressure events. During RCS water-
solid operation, heat input from the steam generators is capable of challenging the low-
temperature relief valve. The Technical Specifications prevent the operators from starting an
RCP with the steam generator secondary sidz temperature more than 50°F higher than the
primary side, with the pressurizer water-solid. With the RCS water-solid, the heat input that

could occur would cause the system to be pressurized to the low-temperature overpressure
relief valve in the RNS.

When the RCPs are operating, the secondary side of the steam generator is cooled by
steaming to the MSS. Once the RNS is aligned, and steaming to the MSS is decreased, the
secondary side of the steam generators is cooled by operation of the RNS. However, once
the RCPs are tripped, water does not circulate through the primary side of the tubes and the
secondary side of the steam generators remains at elevated temperature. With the ability to
cool the secondary side via the blowdown system, the AP600 reduces the probability that an
RCP would be started with the secondary side of the generator at elevated temperature to
thus reduce the risk of a low temperature overpressure event. This mode of cooling also
makes the equipment available for maintenance at the earliest time in an outage.

The AP600 has also incorporated steam generator fluid thermocouples to monitor the
temperature of the fluid in the secondary side of the steam generator. This improves the
ability of the operators to monitor this temperature to prevent them from inadvertently
starting an RCP with the secondary side at elevaied temperatures.
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2.2.3 Shutdown Operations

This subsection discusses shutdown operations associated with the SGS and feedwater
systems.

2.2.3.1 Steam Generator Wet Layup

The steam generators are filled by the startup feedwater pumps using the condensate storage
tank as a water source.

While the plant is in a cold shutdown condition, the SGS provides a recirculation flow to and
provides a return flowpath from the blowdown system, which is used in a recirculation
modewminhinthesteamgmamrﬂmmﬁﬁnthedxemishyhnﬁts. The flow is
provided to the blowdown system via the 4-inch steam generator system blowdown lines
and is returned to the steam generator via the startup feedwater lines.

2.2.3.2 Plant Heatup

The initial water inventory in the steam generator will depend on the duration and the
purpose of the shutdown. If drainage is required during shutdown, the steamn generator is
drained through the blowdown system. Normal levels will be established prior to startup.

Steam generator water level is maintained during startup/shutdown using the startup
feedwater mode of the FWS. If the level of impurities in the steam generator exceeds the
chemistry guidelines, operating the startup feedwater pumps at maximum blowdown flow
allows for the impurity levels to be brought down to meet the secondary cycle chemistry
operating guidelines within the shortest period of time.

Blowdown will be maintained at the maximum normal blowdown flow rate of 1 percent
maximum steaming rate (MSR) during startup, except when a lower flow rate is required to
achieve an adequate heatup rate using only the RCPs. The basis for this requirement is to
facilitate stable feedwater conirol during this mode of operation. Because startup feedwater
is in automatic control, responding to the steam generator level program, a continuous
blowdown rate tends to create a continuous demand for startup feedwater, enhancing stable
control. A continuous startup feedwater flow also reduces temperature transients on the
startup feedwater nozzle, compared to slug feeding (start and stop flow).

Steamgenentedin&nsteamgmatorﬂowstoﬁ\eMSSviaﬂ\eMSIbepasshnes,duﬁng
the time period before the MSIVs are opened, which warms the steam lines. This steam is
also used for initial operation of various MSS subsystems.
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As the RCS temperature increases during plant heatup, the temperature of the fluid in the
steam generators also increases, causing a corresponding increase in main stear pressure.
As the steam generator reaches a temperature of approximately 400°F, plant warmup and
turbine roll may begin, with a continuous supply of feedwater being provided to the steam
generator by the startup feedwater pumps, controlled by steam generator level demand.
During this period, secondary side no-load temperature and pressure are maintained
automatically by the turbine bypass system, which is placed in the pressure control mode.
The bypass valves modulate to maintain steam header pressure.

As delivery of feedwater to the steam generator exceeds approximately 10 percent of the
design feedwater flow, the main feedwater system will automatically come online.

2.2.3.3 Hot Standby

Hot standby conditions are defined as the reactor being subcritical at zero power and no-load
pressure and temperature. During hot standby, a continuous supply of feedwater is
delivered by the main or startup feedwater pumps through the startup feedwater lines in
automatic control. Blowdown is maintained at 1 percert MSR to facilitate stable feed control
and to minimize temperature transients on the startup feedwater steam generator nozzle.

Steam pressure is maintained by the condenser steam dump system operating in the pressure
control mode automatically relieving steam as required.

2.2.3.4 Normal Cooldown

For performing a normal cooldown from power operation, the turbine load is decreased, the
turbine is tripped, and the reactor is shut down. The turbine bypass system is placed in the
cooldown mode of operation, which given operator inputs of initial and final temperatures
and desired cooldown rate, automatically adjusts bypass valve position to cool the plant
down to the point where the RNS can be placed in service.

Initially, feedwater is delivered continuously by the main feedwater pumps during cooldown
to maintain steam generator inventories while heat is being removed. Decay and sensible
heat are removed by supplying feedwater to the steam generator and releasing stearmn via the
steamn dump system to the condenser. Typically, feedwater flow rate demand during
cooldown drops below 5 percent of design flow within 1 hour after reactor shutdown.
Responsibility for feedwater suppiy is then transferred from the main feedwater lines to the
startup feedwater lines with water provided by the main feedwater pumps. Blowdown is
maintained at 1 percent MSR to facilitate stable feed control and to minimize temperature
transients on the startup feedwater steam generator n zzle.
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After approximately 4 hours, steam pressure is reduced to 125 psia at which point the RNS
canbealignedtoremvedecayheatfromﬁ\eRCSandtheblowdownsystemcanbeu.sedto
remove sensible heat from the steam generators.

2.2.3.5 Steam Generatcr Cooling

The SGS provides a flowpath to, and a return flowpath from, the blowdown system for use
during shutdown operations when the steam generator pressure is less than 125 psig to cool
the steam generator for inspection and maintenance. The flowpath within the SGS is the
same as that used for steam generator wet layup.

2.2.4 References

2.2-1 AP600 Standard Safety Analysis Report, Chapter 10, "Steam and Power Conversion
System."

2.2-2  AP600 Standard Safety Analysis Report, Chapter 7, "Instrumentation and Controls.”

2.2-3  AP600 Standard Safety Analysis Report, Chapter 16, "Technical Specifications.”
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2.3

PASSIVE CORE COOLING SYSTEM

2.3.1 System Description

The PXS is described in SSAR section 6.3 (Reference 2.3-1). The primary function of the PXS
is to provide emergency core cooling following postulated design basis events. To
accomplish this primary function, the PXS is designed to perform the following functions:

Emergency core decay heat removal

Provide core decay heat removal during transients, accidents, or whenever the normal
heat removal paths are lost. This heat removal function is available at RCS conditions
including shutdowns. During refueling operations, when the IRWST is drained into
the refueling cavity, other passive means of core decay heat removal are used.

RCS emergency makeup and boration

Provide RCS makeup and boration during transients or accidents when the normal
RCS makeup supply from the CVS is unavailable or is insufficient.

Provide safety injection to the RCS to provide adequate core cooling for the complete
range of loss-of-coolant accidents (LOCAs), up to and including the double-ended
rupture of the largest primary loop RCS piping.

Containment pH control

Provide for chemical addition to the containment during post-accident conditions to
establish floodup chemistry conditions that support radionuclide retention. with high
radioactivity in containment and to prevent corrosion of containment equipment
during long-term floodup conditions.

The PXS consists of 2 PRHR HX, two accumulators, two CMTs, an IRWST, two RCS
depressurization spargers, pH adjustment baskets, and associated valves, pipirg, and
instrumentation. Two simplified sketches, Figures 2.3-1 and 2.3-2 (SSAR Figures 6.3-3 and
6.34), inctude the four ADS stages because they functionally support the PXS. The PXS is
designed to operate without the use of active equipment such as pumps and ac power
sources. The PXS depends on reliabie passive components and processes such as gravity
injection and expansion of compressed gases. The PXS does require a one-time alignment of
valves upon actuation of the specific components.
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The major subsystems of the PXS that are important to shutdown are described in the
following subsections.

2.3.1.1 RCS Injection Subsystem

The RCS irjection subsystem (Figure 2.3-1) consists of CMTs, accumulators, an IRWST , and
associated valves, piping, and insttumentation.

The CMTs provide RCS makeup and boration for LOCAs and non-LOCAs when the normal
makeup system is unavailable or insufficient. There are two CMTs located inside the
containment at an elevation above the reactor coolant loops. During normal operation, the
CMTs are completely full of cold, berated water. The boron concentration of the water is
higher thar that in the accumulators and the IRWST. The boration capability of these tanks

provides adequate core shutdown margin following a steam line break and for safe
shutdown e sents.

The CMTs ae connected to the RCS through a discharge injection line and a cold leg inlet
pressure bal: nce line. The discharge line is blocked by two normally closed, parallel air-
operated isolation valves that open on a loss of air pressure or electrical power. The cold leg
pressure balance line is normally open.

The pressure balance line is normally open t» maintain the CMTs at RCS pressure. The inlet
lines contain 1xormally open dc powered motor-operated valves (MOVs). The pressure
balance line it well insulated and routed continuously vp-ard from the top of the cold leg to
a high point close to the top of the CMT. Water in the line* vill remain at or near the

temperature ¢f the cold legs, which will provide for natural circulation injection of the CMT
water.

The outlet line from the bottom of each CMT provides an injection path to one of the two
direct vessel njection lines, which are connected to the reactor vessel downcomer. Upon
receipt of a safeguards actuation signal, the two parallel valves in each discharge line open to
align the associated CMT to the RCS.

The CMTs can: operate in two different modes, depending on the RCS conditions. If the cold
legsmﬁlkd,thentheCMTswilloperabeinawaterredraﬂaﬁonmodewi&\thedﬁving
forcebusedanﬂ\edensitydiﬁemmebetweenhotwaterfromﬂ\eRCScoldlegvmusthe
cold water initially in the CMT. If the cold legs become voided, as they do during LOCAs,
the CMTs will operate in a steam drain down mode. In this mode, the driving force is based
on the dersity difference between steam from the cold legs and water in the CMTs. The
RCPs are tripped when the CMTs are actuated to allow steam and water to separate in the
RCS and aliow steam displacement drain down. As the CMTs drain, the ADS

stages 1 through 3 valves are sequentially actuated on a low-1 CMT water level (~67 percent
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volume of span). As the CMTs continue to drain, the ADS stage 4 valves are actuated on a
low-2 CMT water level (20 percent volume of span).

Downstream of the parallel discharge isolation valves, the CMT discharge line contains two
check valves, in series, which are designed to be normally open even without flow. These
valves prevent reverse flow through this line, from the accumulator, which would bypass the
reactor vessel in the event of a larger LOCA in the cold leg or the cold leg pressure balance

line. The use of normally open check valves improves the reliability of the CMT as modeled
in the PRA.

An orifice in the CMT injection line allows for adjustment of the CMT injection flow rate.
This orifice is located downstream of the CMT injection check valves. Between the check
valves and the orifice is the connection from the RNS pumps. Upon decreasing CMT water
level approaching the ADS actuation setpoint, the operators are instructed to start the RNS
pumps to provile injection to the RCS. Operation of the RNS pumps increases the
backpressure on the CMT such that its injection flow stops. Continued operation of the RNS

pumps prevents actuation of the ADS stage 4 because the CMT level would not drop to the
low level setpoir.+.

Although gas accumulation is not expected in the CMT inlet lines, vertical pipe stubs are
located at the high point of each of the inlet lines to serve as gas collection chambers. Level
detectors in each chamber indicate the presence of gases. There are provisions to allow the
operators to locally open shielded manual valves to vent these gases to the reactor coolant
drain tank during power operation.

The two accumulators contain borated water and a compressed nitrogen cover gas to provide
rapid injection. They are located inside the reactor containment, and the discharge from each
m\kiscom\ectedtooneofﬂ\edirectvesselin)ecﬁonlines. These lines connect to the reactor
vessel downcomer. A deflector is located in the downcomer at the end of the direct vessel
nozzle to direct the PXS injection flow downward to minimize core bypass flow. The reactor
vessel nozzles have a venturi shape which reduces the loss of reactor coolant in case of a
breakofthedirectvesselin)ecﬁon(DVI)limandalsoudnimizesthemutcoveredpressure
loss during PXS injection.

The accumulator water and gas volumes, and the discharge line resistance have been selected
to provide a relatively long injection time, at least 2.5 minutes in a large LOCA. This long

injection time reduces the injection flow required from the CMTs when they inject following
emptying of the accumulators.

Each accumulator discharges through a normally open motor-operated isolation valve and
two check valves in series. The check valves isolate the accumulators from the RCS during

Maijor Systems Designed to Operate During Shutdown Revision 0, March 1997
m:\ 3497w . wpf: 1b-040897



2.3-6

normal plant operation. An orifice is installed in the accumulator injection line to allow
adjustment of the accumulator flow rate.

The IRWST contains cold borated water and is located in the containment at an elevation
slightly above the RCS loop piping. The IRWST is connected to the RCS through two gravity
injection lines, with each lin> connecting to a DVI line. Each gravity injection line is
connected to the bottom of the IRWST and to a containment recirculation screen and contains
a normally open motor-operated isolation valve and four isolation valves. The isolation
valves are arranged in two parallel paths, each path having one squib valve backed np by
one check valve. The squib valve provides leak-tight isolation and eliminates the normal
back seating differential pressure across the check valve to thus reduce concerns of the check
valves sticking. The check valve prevents a LOCA in case of an inadvertent opening of a
squib valve. The IRWST injection valves are actuated on an ADS stage 4 actuation signal
(low-2 CMT water level). In addition, for gravity injection during shutdown and reduced
inventory operations, the IRWST squib valves are actuated on a two-out-of-two basis based
on low (empty) hot leg water level.

The IRWST injection and the containment recirculation lines are protected by screens that
prevent large particles from being injected to the reactor. These screens are designed to pass
the maximum injection flow with one-half of their area blocked (as is required by Regulatory
Guide 1.82) (Reference 2.3-2). The containment recirculation screens are located above the
loop compartment floor elevation: one is in loop compartment A and the other is in the
hallway between both loop compartments. Because of the large volume of IRWST and the
minimum amount of open space below the RCS loops, there is no need for recirculation
sumps.

Both containment recirculation paths are connected to an associated gravity injection line via
two parallel flow paths. One path contains a squib valve backed up by a check valve. The
other path contains a squib valve backed up by a normally closed motor-operated valve. The
squib valves provide leak-tight isolation of the IRWST and eliminate the normal back seating
differential pressure across the check valves. They also eliminate spillage of water into the
containment and potential boric acid buildup during inservice testing of the MOVs. The
contairunent recirculation paths are actuated on a low IRWST water level coincident with a
safeguards actuation signal. The path with the MOV can also be opened to dump the IRWST
water into the contairumnent in case of an accident and complete failure to coo! the core.
Dumping the IRWST allows for cooling of the molten core while it is located inside the
reactor vessel in severe accident scenarios.

2.3.1.2 Emergency Core Decay Heat Removal Subsystem

The emergency core decay heat removal subsystem consists of the PRHR HX and associated
valves, piping, and instrumentation.
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The heat exchanger is located in the IRWST, which provides the heat sink for the heat
exchanger. The heat exchanger consists of a bank of C-tubes, connected at the top (inlet) and
bottom (outlet) to a tubesheet and channel head that is mounted on the IRWST wall. The
number of tubes installed provides for tube plugging margin. The PRHR HX is connected to
the RCS through a normally open inlet line from one RCS hot leg. This line contains a
normally open dc powered MOV. This line is shared with one of the fourth-stage automatic
depressurization lines. The outlet line connects to the associated steam generator cold leg
plenum (RCP suction). The outlet line contains normally closed air-operated valves that open
on loss of air pressure or electrical power. These valves are opened on receipt of a PRHR

actuation signal. Refer to SSAR chapter 7 (Reference 2.3-3) for a discussion of the plant
parameters that actuate the PRHR HX.

The alignment of the PRHR HX (with a normally open inlet MOV and normally closed
common outlet air-operated valves) maintains the heat exchanger full of reactor coolant at
RCS pressure. The inlet lire is well insulated and routed continuously upward from the top
of the hot leg to a high point above the heat exchanger inlet. The water in the heat
exchanger is stagnant and will be in thermal equilibrium with the water in the in-
containment refueling water storage tank. This arrangement, which provides for the initial

PRHR HX startup operation, maintains a thermal driving head during normal plant standby
conditions.

The heat exchanger is elevated above the k.S loops to induce natural circulation flow
through the heat exchanger when the RCPs are not available. The PRHR HX piping
arrangement also allows actuation of the heat exchanger with RCPs operating. When the
RCPs are operating, they provide forced flow in the same direction as natural circulati>n flow

through *the heat exchanger. If the pumps are operating and subsequently trip, then natural
circulation provides the driving head for the heat exchanger flow.

Although gas accumulation is not expected, a vertical pipe stub is located on the top of the
inlet piping high point that serves as a gas collection chamber. Level detectors in the
chamber indicate if gases have collected. There are provisions to aliow the operators to
locally open shielded manual valves to vent these gases to the in-containment refueling water
storage tank during power operation.

2.3.1.3 Valve Leak Test Subsystem

The PXS also includes a valve leak test panel which is used at shutdown conditions to leak
test some RCS pressure boundary isolation valves. Four PXS valves and eight RNS valves
are provided with connections that can be used to determine their seat leakage. All of these
valves are located inside the containment. This testing is provided to reduce operational
difficulties; it is not required by the inservice test program as discussed in SSAR

subsection 3.9.6 (Reference 2.3-4).
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The leak test is performed by pressurizing the RCS side of a valve and measuring the leak
flow. For leak testing of MOVs and the first check valve interfacing with the RCS, the leak
pressure is supplied by the RCS. As a result, these tests require the RCS to be pressurized to
several hundred psig. For the second check valve from the RCS, the leak test pressiwre is
supplied by the accumulators or the CVS makeup pumps through test lines provided as a
part of this subsystem.

The test connection is routed - the test panel, whicli coi.tains the small (3/8-inch) manual
valves used to align the pressurization/leak fiow test lines. It also contains a local flow
meter and pressure gauge. The test valves are mounted such that their stems protrude
through the front of the panel. The test valves are arranged and labeled to make it easy for
the operator to align each test. The readouts of the local gauges are also on the panel.

The panel is placed in a location that is accessible during shitdown conditions.

2.3.2 Design Features to Address Shutdown Safety

A significant improvement in shutdown safety for the AP600 is the availability of a dedicated
safety-related system that can be automatically or manually actuated in response to an
accident that can occur during shutdown. In current plants, the safety-related systems that
mitigate the consequences of an accident are also the front-line operating systems that are

used for decay heat removal. In the AP600, nonsafety-related active systems provide the first
level of defense, while the passive safety-related systems are available during shutdown
modes to mitigate the consequences of an accident. This design approach results in the
significant improvement in the AP600 shutdown risk, as quantified in the AF600 shutdown
PRA (see PRA section 6) (Reference 2.3-5) and as demonstrated in the shutdown accident
analysis proviced in section 4 of this report

Table 2.3-1 prevides a summary of the availability of the passive safety-related systems
during shutdown modes. The availz' ity of the passive safety-related systems is controlled
by the Technical Specifications (SSAR chapter 16) (Reference 2.3-6) and includes the
availability of the mechanical components as well as appropriate automatic and /or manual
ictuations via the PMS. The availability of the PXS mechanical components and PMS
instrumentation and controls is discussed in the following paragraphs.

2.3.2.1 Core Makeup Tanks

The CMTs provide RCS makeup. During shutdown, the CMTs are available in Modes 3, 4,
and 5, until the RCS pressure boundary is open and the pressurizer water level is reduced
During power operation, the CMTs are automatically actuated on various signals including a
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Table 2.3-1
“.vailability of Safety-related Components
W
Mode ADS CMT PRHR HX IRWST Containment | Containment Cooling
Mode 1 - 47 10 of 10 paths Both CMTs | PRHR HX Both IRWST injection paths | Integrity Both water flow
Full er - safe | operable operable operable and both containment paths operable
shutdown All paths closed recirculating paths operable
Mode 5 9 of 10 paths One CMT PRHR HX One IRWST injectior: path | Closure ®
RCS pressure operable operable operable and one containment
boundary closed All paths closed recirculating path operable
Mode 5 Stages 1, 2, and | None None One IRWST injection path | Closure @ Both water flow
RCS pressure 3 open; two and one containnient paths operable™
boundary open Stage 4 paths recirculating path operable
operable
Mode 5 Stages 1, 2, and |None None One iIRWST injection path | Cl.sure ® Both water flow
RCS pressure 3 open; two and one containment paths operable™
boundary open, Stage 4 paths recirculating path operable
reduced RCS operable
inventory
Mode 6 Stages 1, 2, and | None None One IRWST injection path | Closure “ Both water flow
Reactor internals in |3 open; two and one containment paths operable™
place, refueling Stage 4 paths recirculating path operable
cavity not full operable
Mode 6 None None None None Closure @ None
Reactor internals
removed, refueling
cavity full

1. Both accumulators are required in Modes 1 through 3, above 1000 psig. The accumulators are not required in Modes 4 through 6.
2. Containment closure is defined as the ability o close the containment prior to core uncovery foliowing a loss of decay heat removal.
3. PCS water flow paths required when shutdown is less than 100 hours.
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safeguards actuation signal (low RCS pressure, low RCS temperature, low steam line
pressure, and high containment pressure) and on low pressurizer water level. See SSAR
chapter 7 (Reference 2.3-3) for a complete description of the AP600 PMS actuation logic. In
shutdown modes, portions of the safeguards actuation signal are disabled to allow the RCS
to be cooled and depressurized for shutdown. For instance, the low RCS pressure and
temperature, and low steam line pressu:. signals are blocked in Mode 3 prior to cooling and
depressurizing the RCS. Therefore, during shutdown Modes 3, 4, and 5, the primary signal
that actuates the CMTs due to a loss of inventory is the pressurizer level signal. In Mode 5,
with the RCS open (in preparation for reduced inventory operations), the low pressurizer
level signal is blocked prior to draining the pressurizer. Therefore, in Mode 5 with the RCS

open, the CMTs are not required to be available and the RCS makeup function is provided
by the IRWST.

The CMTs also provide an emergency boration function for accidents such as steam line
breaks. However, the signals that provide the primary protection for this function (low
steam line: pressure, low RCS pressure, and low RCS temperature) are pblocked in Mode 3 as
discussed above. Prior to blocking these signals in Mode 3, the Technical Specifications
require that the RCS be sufficiently borated. For these events, the pressurizer level signal
provides automatic actuation of the CMTs for a steam line break that might occur due to the

RCS shrinkage that would occur. This event is discussed in more detail in subsection 4.2.3 of
this report.

2.3.2.2 Accumulators

The PXS accumulators provide safety injection following a LOCA. In Mode 3, the
accumnulators must be isolated to prevent their operation when the RCS pressure is reduced
to below their set pressure. The accumulator isolation valves are closed when the RCS
pressure is reduced to 1000 psig to block their injection when the RCS pressure is reduced to
below the normal accumulator pressure. Analysis is provided in section 4.7 of this report

that shows the plant response to LOCAs that could occur at shutdown without the
accumnulators aligned.

2.3.2.3 In-containment Refueling Water Storage Tank

The IRWST provides long-term RCS makeup. During shutdown, the IRWST is available until
Mode 6, when the reactor vessel upper internals are removed and the refueling cavity
flooded. At that time, the IRWST is not required, due to the large heat capacity of the water
in the refueling cavity.

The IRWST injection paths are actuated on a low-2 CMT water level. This signal is available
in shutdown Modes 3, 4, and 5, with the RCS intact. When the RCS is open to transition to
reduced inventory operations, the CMT actuation logic on low pressurizer level is removed,

Major Systems Designed to Operate During Shutdown Revision 0, March 1997
™\ 3497w wpt 1b-040897



2.3-11

and the CMTs can be taken out of service. For these modes, automatic actuation of the
IRWST can be initiate:l (on a two-out-of-two basis) on low hot leg level. However, manual
actuation of the IRWST is relied upon to meet the design basis safety analysis case provided

in section 4 of this report for lous of inventory/ cooling events that occur during these
conditions.

2.3.2.4 Passive Residual Heat Removal H :at Exchanger

The PRHR HX provides decay heat removal during power operation and is required to be
available in shutdown Modes 3, 4, and 5. until the RCS is open. In these modes, the

PRHR HX provide . a passive decay heat removal path. It is automatically actuated on a
CMT actuation signal, which would eventually be generated on a loss of shutdown decay
heatrenwval,asshownintheamlysisproﬂdedinsection4ofthisreport. In modes with
the RCS open (portions of Mode 5 and Mode 6), decay heat removal is provided by "feeding”
water from the IRWST and "bleeding" steam from the ADS.

2.3.2.5 Reduced Challenges to Low-Temperature Overpressure Events

Anu&erdesignfeammofﬁ\ePXSﬂutmduceschAngesmshutdownsaktyisﬂw
elimination of high-head safety injection pumps in causing low temperature overpressure
events. In current plants, during water solid operations that may be necessary to perform
shutdown maintenance, the high-head safety injection pumps are a major source of cold
overpressure events. To address this, plants are required to lock out safety injection pumps
to prevent them from inadvertently causing a cold overpressure event. This eliminates a
potential source of safety injection for a loss of inventory event that could occur at shutdown.
With the AP600 PXS, the CMTs are never pressurized above RCS pressure and are, therefore,
not capable of causing a cold overpressure event. Therefore, they are not isolated until the
pressurizer is drained for mid-loop. Low-temperature overpressure events are discussed in
section 4.10.1 of this report.

2.3.2.6 Discussion of Safe Shutdown for AP600

The functional requirements for the PXS specify that the plant be brought to a stable
condition using the PRHR HX for events not involving a loss of coolant. For these events,
the PXS, in conjunction with the passive containment cooling system (PCS), has the capability
to establish long-term safe shutdown conditions, cooling the RCS to less than 420°F within
36 hours, with or without the RCPs operating.

The CMTs automatically provide injection to the RCS as the temperature decreases and the
pressurizer level decreases, actuating the CMTs. The PXS can maintain stable plant
conditions for a long time in this mode of operation, depending on the reactor coolant
leakage and the availability of ac power sources. For example, with a technical =pecification
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leak rate of 10 gpm, stable plant conditions can be maintained for at least 10 hours. With a
smaller leak, a longer time is available. However, in scenarios when ac power sources are
unavailable for as iong as 24 hours, the ADS will automatically actuate.

For LOCAs and other postulated events where ac power sources are lost, or when the CMT
levels reach the ADS actuation setpoint, the ADS initiates. This results in injection from the
accumulators and subsequently from the in-containment refueling water storage tank, once
the RCS is nearly depressurized. For these conditions, the RCS depressurizes to saturated

conditions at about 240°F within 24 hours. The PXS can maintain this safe shutdown
condition indefinitely for the plant.

The basis used to define the PXS functional requirements is derived from section 7.4 of the
Standard Review Plan (Reference 2.3-7). The functional requirernents are met over the range of
anticipated events and single failure assumptions. The primary function of the PXS during a
safe shutdown using only safety-related equipment is to provide a means for boration,
injection, and core cooling. Analysis is provided in subsection 4.10.2 of this report that
verifies the ability of thc AP600 passive safety systems to meet the safe shutdown
requirements discussed previously.

2.3.3 Shutdown Operations

During shutdown operations at reduced temperatures and pressures, the PXS continues to
provide core cooling capability. As the RCS temperature and pressure are reduced, some of
the PXS features are isolated to prevent interaction with normal operation or to allow for PXS
equipment maintenance as discussed previously.

2.3.3.1 Operation During Loss of Startup Feedwater During Hot Standby and Cooldown and
Heatup Events

During normal cooldowns, the steam generators are supplied by the startup feedwater
pumps and steamn from the steam generator is directed either to the main condenser or to the
atmosphere. There are two nonsafety-related diesel-generators in the event offsite power is

lost. However, because the startup feedwater pumps are nonsafety-related, their failure is
considered.

In the event of a loss of startup feedwater, the PRHR HX is automatically actuated on low
steam generator water level to provide safety-related heat removal. The PRHR HX can

maintain the RCS temperature, as well as provide for RCS cooldown to conditions where the
RNS can be operated.

Because the CVS makeup pumps are nonsafety-related, they may also not be available. In
this case, the CMTs automatically actuate as the cooldown continues and the pressurizer level
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decreases. The CMTs operate in a water recirculation mode to maintain RCS inventory while
the PRHR HX operates.

The IRWST provides the heat sink for the PRHR HX. Initially, the heat addition increases the
water temperature. Within 1 to 2 hours, the water reaches saturation temperature and begins
to boil. The steam generated in the IRWST discharges to containment. Because the
containment integrity is maintained during cooldown (Mode 4 and above), the PCS provides
the safety-related ultimate heat sink. The:efore, most of the steam generated in the IRWST is
condensed on the inside of the containment vessel and drains back into the IRWST via the
condensate return gutter arrangement. This allows it tc indefinitely function as a heat sink.

2.3.3.2 Operation During Loss of Normal Residual Heat Removal Cooling During Cold
Shutdown With the Reactor Coolant System Pressure Boundary Intact

During normal shutdown conditions, the RNS is placed into service at about 350°F to
accomplish RCS cooldown to refueling temperatures. Heat removed by the RNS is
transferred to the component cooling water system (CCS) and then to the service water

system. The entire heat removal path is powered by the nonsafety-related diesel generators
in the event that offsite power is lost.

The RNS piping is safety-related and meets seismic Category I requirements to prevent pipe
breaks that could result in a significant loss of reactor coolant during system operations. The
RNS is designed so that with the single failure of an active component, it can maintain the
plant in a hot shutdown condition (<350°F). It is also possible to perform an RCS cooldown,
but at a slower rate than with full system capability. However, the pump motors and the
electrical power supplies are nonsafety-related.

The RNS and its support systems are designed to be reliable. However, because they are not
safety-related systems, their failure has to be considered. When the RCS pressure boundary

is intact, the PRHR HX provides the safety-related heat removal flow path when the RNS is
unavailable.

The PRHR HX is capable of functioning at low RCS temperatures and pressures. Their
operation may result in a small increase in the RCS temperature, depending on the initial
RCS conditions and decay heat values. They can remove sufficient heat to maintain the RCS
within the RNS design limits (400°F). This permits the RNS to be placed back in operation
when it becomes available.

With a loss of RNS cooling during shutdown operations, the RCS temperature will increase,
which will result in an increase in pressure. Without operator action, the RNS relief valve

would open. Continued operation would lead to automatic CMT and PRHR HX actuation on
low pressurizer level.
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For this event, RCS makeup can be provided by the CVS makeup pumps. They would
provide automatic makeup, starting on a low pressurizer level and stopping on a higher
level. However, their unavailability must be considered because they are nonsatety-related.
Safety-related makeup is provided by the CMTs operating in the water recirculation mode.
The CMTs would be automatically actuated as described previously.

2.3.3.3 Operation During Loss of Normal Residual Heat Removal Cooling During Mid-loop
Events

During RCS maintenance, the most limiting shutdown condition anticipated is with the
reactor coolant level reduced to the hot leg (mid-loop) level and the RCS pressure boundary
opened. It is normal practice to open the steam generator channel head manway covers to
install the hot leg and cold leg nozzle dams during a refueling outage. In this situation, the
RNS is used to cool the RCS. The AP600 incorporates many features to reduce the

probability of losing RNS. However, because the RNS is nonsafety-related, its failure has
been considered.

In this situation, core cooling is provided by the safety-related PXS, using gravity injection
from the IRWST, while venting through the ADS valves (and possibly through other
openings in the RCS). Note that with the RCS depressurized and the pressure boundary
opened, the PRHR HX is unable to remove the decay heat because the RCS cannot heat
sufficiently above the IRWST temperature.

During plant shutdown, at 1000 psig, the accumulators are isolated to prevent inadvertent
injection. Prior to draining the RCS inventory below the no-load pressurizer level, the CMTs
are isolated by closing the inlet MOVs to preclude inadvertent draining into the RCS while
preparing for mid-loop operation. Although these tanks are isolated from the RCS, the
valves can be remotely opened by the operators to provide additional makeup water
injection.

Prior to initiating the draindown of RCS to mid-loop level, the automatic depressurization
first-, second-, and third-stage valves are opened. This alignment provides a sufficient RCS
vent flow path to preclude system pressurization in the event of a loss of nonsafety-related
decay heat removal during mid-loop operation. The ADS first- to third-stage valves are
required to be opened before blocking the CMTs. They are required to remain open until
dﬂ\ertheRCSlevelisincreasedandtheRCSisclosed,oruntiltheuppercoreintermlsare
removed and the refueling cavity flooded. Note that the upper internals can restrict the veni
flow path and prevent water in the refueling cavity from draining into the RCS unless ADS
valves are open. With the CMTs blocked, there is no automatic actuation of the ADS valves.

The IRWST injection squib valves are automatically opened if the RCS hot leg level indication
decreases below a low setpoint. A time delay is provided to provide time for the operators
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to restore nonsafety-related decay heat removal prior to actuating the PXS. The time delay
with an alarm in the containment serves to protect maintenance personnel. Once the IRWST
injection valves open, the IRWST provides gravity-driven injection to cool the core.
Containment recirculation flow would be automatically initiated when the IRWST level
dropped to a low level to provide long-term core cooling.

Subsection 4.8.5 provides the analysis of the loss of the RNS during mid-loop operations.
Table 2.3-2 provides the results of calculations performed to demonstrate the amount of time
between a loss of RNS that could occur at mid-loop until core uncovery. This calculation is
performed with the RCS water level at the nominal mid-loop water level and is performed
with conservative, design basis assumptions for decay heat. As described previously and
shown in Table 2.3-2, the operators have a significant amount of time to actuate gravity
injection before core uncovery. In addition, the PMS, on a two-out-of-two basis, provides a
signal to actuate the IRWST when the hot legs empty.

This arrangement provides automatic core cooling protection, in mid-loop operation, while
also providing protection (an evacuation alarm and sufficient time to evacuate) for
maintenance personnel in containment during mid-loop operation.

Containment closure capability is required to be maintained during mid-loop operation, as
discussed in subsection 2.6.2 of this report. With the containment closed, containment
recirculation can continue indefinitely with decay heat generating steam condensed on the
containment vessel and drained back into the IRWST and/or the containment recirculation.

2.3.3.4 Operation During Loss of Normal Residual Heat Removal Cooling During Refueling

The RNS is normally used for decay heat removal during refueling operation. Its failure is
considered because it is not a safety-related system. In this case, it is assumed that the
reactor vessel head is removed and the water from the IRWST has been transferred to the
refueling cavity, which is flooded to its high-level condition. The PRHR HX is not available
and containment integrity is expected to be relaxed with air locks and /or equipment hatches
open.

Table 2.3-2

Evaluation of a Loss of RNS at Mid-ioop with no IRWST Injection
e

Time After Shutdown | Time to Boiling Time to Empty Hot Leg Time to Core Unccvery

28 hours 17 minutes 59 minutes 102 minutes
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Assuming that the refueling cavity has just been flooded when the RNS system fails, the
refueling cavity water heats up to saturation temperature in approximately 9 hours. Boiling
reduces the water level to the top of the fuel assemblies in approximately 5 days, assuming
that the containment is not closed. If the containment is closed, water will not be lost from
containment and long-term cooling can be maintained without a subsequent need for cooling
water makeup.

Continued core cooling can be easily maintained by one of several methods. With the slow
heatup of the refueling cavity water, there is ample time to close containment before the
significant steaming to containment begins. In addition, there are multiple nonsafety-related
systems - such as the CVS, the SFS, the demineralized water system, and the fire system -
which can add water to the containment in this situation. In addition, temporary water
supplies such as fire trucks can also supply water to containment.

2.3.4 References

2.3-1 AP600 Standard Safety Analysis Report, Chapter 6, "Engineered Safety Features.”

2.3-2 NRC Regulatory Guide 1.82, "Water Sources for Long-Term Recirculation Cooling
Following a Loss-of-Coolant Accident,” Revision 2, May 1996.

2.3-3 AP600 Standard Safety Analysis Report, Chapter 7, "Instrumentation and Controls.”

2.34 AP600 Standard Safety Analysis Report, Chapter 3, "Design of Structures, Components,
Equipment, and Systems.”

2.3-5 AP600 Probabilistic Risk Assessment, Chapter 6, "Success Criteria Analysis,"
September 30, 1996.

236 AP600 Standard Safety Analysis Report, Chapter 16, "Technical Specifications.”

2.3-7 NURECG-0800, Standard Review Plan, July 1981.
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24 NORMAL RESIDUAL HEAT REMOVAL SYSTEM

24.1 System Description

The RINS is discussed in section 5.4.7 of the SSAR (Reference 2.4-1). The RNS consists of two
mecharucal trains of decay heat removal equipment. Each train includes one RNS pump and
one RNS heat exchanger located in tne auxiliary building. The two trains of equipment share
a common suction line from the RCS and a common discharge header which splits inside
containment to returr. the flow to the RCS via the two PXS DVI lines. The RNS has direct
connections to the spent fuel pool to allow its use to supplement or replace the normal SFS
cooling. The RNS is also interconnected with the IRWST and the CVS to accomplish other
support functions such as water transfer. In addition, the RNS includes the piping, valves,
and iustrumentation necessary for correct system operasion. Figure 2.4-1 is a simplified
sketch of the RNS (SSAR Figure 5.4-6).

The portions of the RNS piping that perform the reactor coolant pressure boundary outside
containment have a design pressure and temperature such that full RCS system pressure is

below the ultimate rupture strength of the piping. This feature greatly reduces the risk of a
LOCA outside containment.

T'heRNSsuctionheaderiscmmectedtoanRCShotlethhasinglestep-nozzleconnecﬁon.
The step-nozzle connection is used to minimize the likelihood of air induction into the RNS
pumps during RCS reduced inventory operations (including RCS levels near the centerline of
the hot leg pipe). The step-nozzle consists of a short section of 20-inch schedule 160 pipe

attached to the hot leg (straight down from the bottom of the pipe) and connected by a
reducer to the RNS suction line.

The suction header then branches into two parallel lines with each line containing two
normally closed, motor-operated isolation valves in series which serve as reactor coolant
pressure boundary valves. RCS pressure boundary isolation and decay heat removal
initiation occur by allowing RNS initiation following a single failure of an isolation valve to
open and also by allowing for RNS isolation following a single failure of an isolation valve to
close. The isolation valve in each pair closest to the containment penetration also serves as a
containment isolation valve. Each RNS/RCS suction isolation vaive receives power from a
class 1E power supply (125 Vdc) and is interlocked with RCS pressure to prevent the
operator from opening the valve until RCS pressure is at or below the normal operating
pressure of the RNS. These valves are also interlocked to prevent opening unless the
isolation valves are closed from the IRWST to the RNS pump suction header and from the
RNS pump discharge header to the IRWST. In addition, the power supply to each valve is
blocked at the valve’s motor control center during plant power operations. There is one
check valve in both pressure relief lines between each pair of suction isolation valves from
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the RCS. These check valves prevent the expansion of trapped water between the suction
isolation valves from overpressurizing the valves and piping bv relieving water back to the
RCS. In addition, test connections are provided to perform leak rate testing of the RCS
pressure boundary valves.

The lines are then joined into a common suction line inside containment. A single line from
the IRWST is connected to the suction header upsteam of the containment penetration. The
IRWS] line contains one normally closed, motor-operated isolation valve which automatically
closes on a high containment radiation signal for containment isolation.

In addition, the common RNS suction header inside containment serves as the return point
(for eventual discharge to the RCS) for CVS flow during plant startup and shutdown

operations when the RCPs are not operating (to enhance coolant mixing) and when nozzle
dams are installed in steam generator RCS-MBO01 for maintenance.

Immediately downstream of the RCS suction isolation valves is one pressure relief valve
which protects the RNS from overpressurization by discharging to the IRWST during system
operations when pressure in the suction line exceeds 563 psig. This relief valve also provides
low temperature overpressure protection for the RCS comporents when the RNS is aligned to
the RCS to provide decay heat removal during plant shutdowr: and startup operations.

Once outside containment, the suction header contains a single, normally closed,
motor-operated isolation valve which also automatically closes on a high containment
radiation signal for containment isolation. The RNS piping from the RCS up to and
including this valve is designed for full RCS pressure. Downstream of the suction header
isolation valve, the header branches into two separate lines, one to each pump. Each branch

line has a normally open manual isolation valve upstream of the RNS pumps. This valve is
provided for pump maintenance.

The RNS suction header has a continuous downward slope from the RCS hot leg to the
pump suction. This eliminates any local high points where air could collect and cause a loss
of residual heat removai capability due to RNS pump cavitation. This design feature has
been incorporated because of mid-loop operation concerns. If the RNS pumps are stopped
because of air-entrainment, this piping configuration allows the line to self-vent and

immediately refill with water. The pumps can then be restarted once an adequate RCS water
level is attained.

The discharge of each RNS pump is routed directly to its respective RNS heat ex er.
Immediately downstream of each pump is a pressure sensor with transmitter for main
control room indication of pump discharge pressure. Upstream of each RNS heat ex er
is a temperature element with a transmitter for indication in the main control room to
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monitor RNS heat exchanger inlet temperature. This temperature instrument is also used for
control of the flow of cooling water to the heat exchanger.

The discharge line from each RNS heat exchanger also has a temperature element, with a
transmitter for indication in the main control room, to monitor RNS heat exchanger outlet
temperature. A flow element with a transmitter provides indication and high and low alarm
in the main control room to monitor RNS heat exchanger flow.

Aminiﬂowlinemdoriﬁceﬁ'omtheRNSheatexcha.ngeroutlettotheRNS pump suction are
included for pump protection. This line is sized to provide a sufficient pump flow when the
pressure in the RCS is above the RNS pump shutoff head.

The outlet of each FNS heat exchanger is routed to a common discharge header, which
contains a normally closed, motor-operated isolation valve outside of the containment
penetration. This valve closes automatically upon receipt of a high containment radiation
signal for containment isolation. Upstream of the isolation valve in the common discharge
header is a relief valve (that discharges to the effluent holdup tank) to protect the RNS
discharge piping and equipment against overpressurization due to any RCS leakage or
thermal expansion of trapped water.

Inside containment, the common discharge header contains a check valve which acts as a
containment isolation valve. Downstream of the check valve, the discharge header branches
into two lines routed to each PXS DVI line. These branch lines each contain a pressure-
reducing orifice to provide the backpressure required to deliver the required purification flow
through the cross-connect line to the CVS letdown heat exchanger. The RNS to RCS pressure
boundary consists of a stop check valve followed by a check valve in series. Also branching
from one of the DVI lines is a line to the CVS demineralizers which is used for shutdown
purification of the RCS. Another line is routed from the discharge header to the IRWST for

The connections to the spent fuel pool are normally isolated by locked closed gate valves.
n\eaevalvesareopenedorﬂyforabnomulsituaﬁonswhereﬂ'wRNSisusedforspentfuel
pool cooling. The line from the RNS discharge to the spent fuel pool includes a flow
restricting orifice flange set to prevent pump runout. Spent fuel pool cooling by the RNS is
permitted during normal plant power operation and also during shutdown when the entire
reactor core has been off-loaded into the pool.

2.42 Design Features to Address Shutdown Safety

The AP600 has incorporated various design features to improve shutdown safety. The RNS
features that have been incorporated to address shutdown safety are described in this
subsection.
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2.4.2.1 RNS Pump Elevation and NPSH Characteristics

The AP600 RNS pumps are located at the lowest elevation in the auxiliary building. This
location provides the RNS pumps with a large available NPSH during all modes of operation
including RCS mid-loop and reduced inventory operations. The large NPSH provides the
pumps with the capability to operate during mid-loop conditions with saturated fluid in the
RCS without throttling the RNS flow. This allows for the RNS pumps to be restarted and
operated with saturated RCS conditions that might occur following a temporary loss of RNS
cooling.

The plant piping configuration, piping elevations and routing, and 'ne pump characteristics
allow the RNS pumps to be started and operated at their full desi-a fiow rates without the
need to reduce RNS pump flow to meet pump NPSH requireme 's. This eliminates the
potential failure mechanism that exists in current PWRs, where ailure of an air-operated
control valve can re< Ut in pump runout and cavitation durs » mid-loop operations.

24.2.2 Self-Venting . ~tion Line

The RNS pump suction line is sloped continuously upward from the pump to the RCS hot
leg with no local high points. This eliminates potential problems with refilling the pump
suction line if an RNS pump is stopped due to pump cavitation and/or excessive air
entrainment. With the self-venting suction line, the line will refill and the pumps can be
immadiately restarted orce an adequate level in the hot leg is re-established.

2.4.2.3 IRWST Injection via the RNS Suction Line

During shutdown modes, initiating events such as the loss of the nonsafety-related RNS are
postulated to occur. Such events would require IRWST injection as discussed in section 2.3
of this report, and as shown in the accident analyses provided in section 4 of this report. For
initiating IRWST injection, the operation of PXS squib valves in the IRWST injection line is
required. However, the operators can use the RNS pump suction line that connects to the
IRWST to provide controlled IRWST injection. This flow path, shown in Figure 2.4-2,
connects the IRWST directly to the RCS via the RNS hot leg suction isolation valves and
provides a diverse method for IRWST injection. In addition, it would be the preferred
method of providing IRWST injection because the flow would be controllable by the
operation of the IRWST suction line isolation valve. This path provides IRWST injection
regardless of whether the RNS pumps are operating.

Major Systems Designed to Operate During Shutdown Revision 0, March 1997
m:\ 3497w wpf1b-041097



@* ' IRWST
l

|
/\ e PXS
| T r X®
- )
PXS '
FUEL i
IRC |
o s i 0 e e e
i ORC ‘ " _]
: ‘ |
| M l :
| ; Bt | |
| ' )
; p— |
i ® | ! |
| v
~t.ame s L1 3 | ® |
’ } RNS HX DT l
RC ,‘ ORC - RNS PUMP |
; m‘ |
| ces
— ET}

RNS PUMP

Figure 2.4-2 IRWST Injection Flow Path

Major Systems Designed o Operate During Shutdown Revision 0, March 1997

™\ 3497w wpf: 1b-041097



247

24.24 Codes and Standards/ Seismic Protection

The portions of the RNS located outside containment (that serve no active safety functions)
are classified as AP600 equipment Class C so that the design, manufacture, installation, and
inspection of this pressure boundary is in accordance with the following industry codes and
standards and regulatory requirements: 10 CFR 50, Appendix B (Reference 2.4-2); Regulatory
Guide 1.26, quality group C (Reference 2.4-3); and ASME Boiler and Pressure Vessel Code,
Section III, Class 3 (Reference 2.44). The pressure boundary is classified as seismic

Category L

24.25 Increased Design Pressure

The portions of the RNS from the RCS to the containment isolation valves outside
containment are designed to the operating pressure of the RCS. The portions of the system
downstream of the suction line containment isolation valve and upstream of the discharge
line containment isolation valve are designed so that its ultimate rupture strength is not less
than the operating pressure of the RCS. Specifically, the piping is designed as schedule 80S,
and the flanges, valves, and fittings are specified to be greater than or equal to ANS

class 900. Dmdesigx\pressureof&mRNSismpsig,wtﬁchiswpercentofopeutingRCS
pressure.

2.4.2.6 Reactor Coolant System Isolation Valve

The RNS contains an isolation valve in the pump suction line fro.n the RCS. This motor-
operated containment isolation valve is designed to the RCS pressure. It provides an
additional barrier betwee: the RCS and lower pressure portions of the RNS.

2.4.2.7 Normal Residual Heat Removal System Relief Valve

The inside containment RNS zelief valve is connected to the residual heat removal pump
suction line. This valve is designed to provide low-temperature, overpressure protection of
the RCS as described in SSAR section 5.2.2 (Reference 2.4-1). The valve, connected to the

high-pressure portion of the pump suction line, reduces the risk of overpressuriz. g the low-
pressure portions of the system.

2.4.2.8 Features Preventing Inadvertent Opering of Isolation Valves
The RCS isolation valves are interlocked to prevent their opening at RCS pressures above

450 psig. SSAR section 7.6 (Reference 2.4-5) discusses this interlock. The power to these
valves is administratively blocked during normal power operation.
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In addition, these valves are interlocked with the RNS/IRWST isolation valves to prevent

their opening with the RNS open to the IRWST. This precludes the blowdown of the RCS to
the IRWST through the RNS upon system initiation.

24.29 RCS Pressure Indication and High Alarm

The AP600 RNS contains an instrumentation channel that indicates pressure in each normal
residual heat removal pump suction line. A high-pressure alarm is provided in the main
control room to alert the operator to a condition of rising RCS pressure that could eventually
exceed the design pressure of the RNS.

2.4.3 Shuidown Operations

The operation of the RNS for the pertinent phases of plant operation is described in the
following subsections. All system operations are cont-olled and monitored from the main
control room, including mid-loop operations. The RCS is equipped with mid-loop level
instrumentation with remote indication in the main control roorn. This instrumentation is
used for monitoring mid-loop operations from the main control room.

24.3.1 Plant Startup

Plant startup is defined as the operations that bring the reactor plant from a cold shutdown
condition to no-load operating temperature and pressure, and subsequently to power
operation.

During cold shutdown conditions, RNS pumps and heat exchangers operate to circulate
reactor coolant and remove decay heat. The RNS pump(s) are stopped when plant startup
begins. The RNS remains aligned to the RCS to maintain a low-pressure letdown path to the
CVS. This alignment provides RCS purification fiow, low-temperature over-pressure
protection of the RCS, and RCS low-pressare control when the RCPs are not operating. As
the RCPs are started, their thermal input begins heating the reactor coolant inventory. Once
the pressurizer steam bubble formation is complete, the RNS suction header isolation valves
and the discharge header isolation valve are closed and tested for leakage. The valve
arrangement is then set for normal power operation as shown in Figure 2.4-1.

24.32 Normal Cooldown

Plant cooldown is defined as the operation that brings the reactor plant from normal
operating temperature and pressure to cold (ambient) conditions.

The RNS removes decay heat from the core and reduces the temperature of the RCS during
the second phase of plant cooldown. The first phase of cooldown is accomplished by
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transferring heat from the RCS via the steam generators to the MSS. Following cooldown,
the RNS continues to remove decay heat from the core during the entire plant shutdown
until the plant is started up again.

The initial phase of plant cooldown consists of reactor coolant cooling and depressurization
via the steam generators. Heat is transferred from the RCS to the MSS where the rate of
steam dump is controlled to establish an RCS cooldown rate of approximately 50°F /hr.
Depressurization is accomplished by spraying reactor coolant into the pressurizer, which
cools and condenses the pressurizer steam bubble.

When the reactor coolant temperature ard pressure have been reduced to 350°F and 450 psig
respectively (approximately 4 hours after reactor shutdown), the second phase of plant
cooldown is initiated with the RNS being placed in service.

Prior to starting the RNS pumps, the IRWST isolation valve is verified to be closed. The RNS
suction header isolation valve and the discharge header isolation valve are then opened.

When the pressure in the RCS has been reduced to below 450 psig, the inner/outer suction
isolation valves are opened.

Once the proper valve alignment has been performed, and CCS flow is available to both RNS
heat exchangers, RNS operation may begin.

Initially only one RNS pump and heat exchanger are started. Later, when the RCS cooling
rate is restricted due to the temperature difference in the heat exchanger, the second RNS
pump is started and the cooldown proceeds in accordance with the AP600 refueling outage
plan. The cooldown rate is limited by the CCS flow being throttled through the shellside of
both heat exchangers by CCS control /isolation valves. Operation of the system in this
manner limits the RCS cooldown rate to less than 75°F /hr. RNS cooling continues fo~ the
duration of the cooldown until the RCS temperature is reduced to 140°F and the system is
depressurized. The RCS may then be opened for either maintenance or refueling. Cooldown

continues until the RCS temperature is lowered to 120°F (approximately 96 hours after
reactor shutdown).

The system is designed so that any single failure of an active component during normal
cooldownwinnotprecludetheabﬂitytocooldown,butwﬂllengﬂ\enﬂ\etimerequiredto
reach 120°F. Furthermore, if a single failure occurs while the reactor vessel head is removed,
the reactor coolant temperature remains below boiling.
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2.4.3.3 Refueling Heat Removal

Following cooldown, the RNS removes heat from the core and the RCS during refueling

operations. The system maintains the RCS at a temperature less than or equal to 120°F
indefinitely.

Both RNS pumps and heat exchangers remain operating during refueling. All water transfers
from the IRWST to the refueling cavity are performed by the SFS. This function has
traditionally been performed by residual heat removal systems and that capability is available
if the need arises. Using the RNS would involve flooding the refueling cavity through the
reactor vessel. This method has contributed to clarity problems in the refueling cavity and
has caused additional occupational radiation exposure (ORE). Therefore, the SFS is used to
floed the refueling cavity without flooding through the reactor vessel.

Asdeayheatdecreasesmdasﬁxelismovedtoﬂuspmtﬁtelpool,oneRNSpumpmd
heat exchanger may eventually be taken out of service. All valves will remain aligried if the
needwouldarisehostartﬂlestandbypumpquicklymcaseofahilmeofﬂ\eopentingRNS
pump.

2.4.34 IRWST Cooling

The RNS provides cooling for the IRWST during operation of the PRHR HX or during
normal plant operations when required. The system is manually initiated by the operator
within 2 hours of initiation of the PRHR HX. The RNS is designed to limit the IRWST water
temperature to less than boiling during extended operation of the PRHR HX or to limit the
IRWST water temperature to 120°F during normal operation.

24.3.5 Spent Fuel Fool Cooling

The RNS provides the capability of supplementing or taking over the normal cooling function
of the SFS. With a failure of the one SFS train with a full-core off-load into a pool occupied
by 10 years of spent fuel, one train of RNS is used to supplement the cooling and the pool
temperature is maintained less than 120°F. When used to replace the normal SFS cooling,
one RNS train is sufficient to maintain the spent fuel pool below boiling.

24.3.6 Post-Accident Closed Loop Cooling

Following an accident including all stages of ADS and IRWST injection, the RNS can be
aligned to provide decay heat removal. For this mode of operation, the RNS can take suction
&omﬂwPXSconumnwntmdrcuhﬁmsumpmdmjedmmﬂ\ediredvesselwecﬁonhnes.
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2.4.3.7 Low Pressure RCS Makeup

Makeup from IRWST

The RNS is capable of providing low-pressure makeup fron: the IRWST to the RCS. The
system is designed to be manually initiated by the operator following receipt of an ADS
signal. If the system is available, it will provide RCS makeup once the pressure in the RCS
fails below the shutoff head of the RNS pumps.

Following an ADS signal where a LOCA has not occurred, the RNS, if available, is designed
to provide sufficient makeup flow such that the water level in the CMTs does not drain
below the fourth-stage automatic depressurization valve setpoint. In this way, successful
operation of the RNS will prevent the fourth-stage ADS valves (located off the RCS hot legs)
from opening and thereby preventing substantial flooding of the containment. The RNS is
designed to perform this function based on the following;

. The RNS is assumed to be initiated manually by the operator upon receipt of the
appropriate signal.

. Both normal RNS pumps are assumed to operate.
. The hydraulic path for makeup flow is low pressure through the PXS DVI lines.

If an ADS signal has been generated as a result of a LOCA, the normal RNS pumps will be
unable to prevent the CMTs from draining. However, if the RNS is available, the system will
provide makeup from the IRWST to the RCS and provide additional core cooling margin.

The RNS will not jeopardize the ability of the passive safety systems to mitigate design basis
accident. The system will not be operated if high radiation leveis due to significant core
damage are detected inside containment. Furthermore, if the RNS is providing makeup to
the RCS from the IRWST, the level in the IRWST must be above specified limits to continue
RNS operation.

Long-Term Makeup from Outside of Containment

After an accident including fourth-stage ADS, low-pressure makeup may be required from
outside of containment. The flow path for this supply of water is through any of the RNS
heat exchanger channel head drain connections.
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24.3.8 Low-Temperature Overpressure Protection

The RNS provides low-temperature overpressure protection (LTOP) for the RCS during
refueling and shutdown operations. The system is designed to limit the RCS pressure within
the limits specified in 10 CFR 50 Appendix G, Fracture Toughness Requirements

The RNS relief valve provides LTOP for the RCS. The valve is sized to limit the pressure of
the RCS to below the minimum Appendix G pressure limit of 621 psig for the limiting design
basis LTOP transients by relieving 555 gpm. The following two limiting transients were
identified as the design basis LTOP transients:

. Mass injection - two CVS makeup pumps delivering at runout. This transient is
postulated to occur over the range of RCS temperatures between 100°F and 350°F.

. Heatinput—startupofanRCPwithaSOdegreehemperaturedifferencebeMeentl-\e
RCS and the steam generator secondary side. This transient is postulated to occur
over the range of RCS temperatures between 100°F and 200°F.

Because the RNS suction relief vaive does not have a variable pressure / temperature lift
setpoint, the analysis must show that, with the selected setpoint, the relief valve will pass
flow greater than that required for the limiting LTOP transient while maintaining RCS
pressure less than the pressure /temperature limit curve. The current analysis shows that up
to a temperature of 205°F, the mass input transient is limiting, and above this temperature,
the heat input transient is limiting.

For preventing the possibility of a heat input transient, and thereby limiting the required
flow rate of the RNS suction relief valve, an administrative requirement has been imposed
that does not allow an RCP to be started with the pressurizer water level above 92 percent
and the RCS temperature above 200°F. Under these conditions, the transient created by the
startup of an RCP when the RCS temperature is above 200°F can be accommodated without
additional pressure relief.

With the RCS depressurized, a vent size of 5.4 in® is capable of mitigating an LTOP transient.
The area of the vent is equivalent to the area of the inlet pipe to the RNS suction relief valve
so the capacity of the vent is greater than the flow possible with either the mass or heat input
h‘amia\t,whﬂemmhkﬁngﬁ\eRCSpmsmelessﬁunﬂ\euwdmumpnssureon&t
pressure /temperatu_e limit curve.
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2.4.3.9 Loss of Offsite Power

Loss of offsite power will start the plant emergency diesel generators. The RNS pump(s) will
be automatically loaded onto the emergency diesel generators and restarted.
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2.5 COMPONENT COOLING AND SERVICE WATER SYSTEMS

The only system supported by the service water system is the CCS. They are normally
operated such that when one train of the CCS is required for cooling plant components, only
one train of the service waer system is needed to dissipate its heat into the atmosphere.

Two operating trains of the CCS will require operation of two trains of the service water
system.

2.5.1 Component Cooling Water System Description

The CCS provides a reliable supply of cooling water to the following plant components:

RCP motor and thermal barrier cooling

RNS heat exchangers (shutdown and refueling modes)
SFS heat exchangers

Chilled water system chillers

CVS letdown heat exchangers

Primary sampling system (PSS) sample heat exchanger
Liquid radwaste system reactor coolant drain tank heat exchanger
CVS miniflow heat exchanger

RNS pumps’ seals

Compressed air system plant air compressors

CCS condensate pump motor bearing oil heat exchangers

Figure 2.5-1 is a simplified sketch of the CCS (SSAR Figure 9.2.2-1).

The CCS is 2 closed loop cooling system that transfers heat from various plant components to
the service water system. The CCS operates during all plant modes, including normal power
operation, normal cooldown, and refueling. The system includes two trains, each with a

component cooling water pump and heat exchanger, one CCS surge tank, and associated
valves, piping, and instrumentation.

Each train of equipment takes suction from a single return header. The surge tank is
connected to a shared portion of the return header. Each pump discharges directly to its
respective heat exchanger. A cross-connection at the discharge of each pump allows for
either pump to feed either heat exchanger. A bypass line around each heat exchanger
containing a manual throttle valve is provided to prevent overcooling the component cooling

water. The discharge of each heat exchanger is routed directly to the common supply
header.

Component cooling water is distributed to the components by this single supply/return
header arrangement. The return lines from each user are provided with balancing flow
orifices or flow control valves in the CVS letdown heat exchanger and RNS heat exchanger
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return lines. Components are grouped in branch lines according to plant layout. One branch
line enters containment and supplies the RCPs (for motor and thermal barrier ccoling via a
3-inch and 1-inch line, respectively), the letdown heat exchanger, the sample he:t exchanger,
iand the reactor coolant drain tank heat exchanger.  All loads inside containment are remotely
isolatedinresponsetoasafetyinjecﬁonsigml.

The safety injection actuation signal also trips the RCPs. The CCS sides of the RCPs and CVS
letdown heat exchangers can be automatically isolated (on the return lines) in case of RCS
leakage into the CCS. Check valves isolate the leakage in the supply lines. The CCS side of
the RNS heat exchangers can be remotely isolated (on the return lines) by the operator in
case of leakage into the CCS. Closure of the manual butterfly valves isolates the supply

lines. All individually cooled components can be locally isolated for maintenarce of the
component while supplying the remaining components with cooling water.

The CCS surge tank accommodates thermal expansion and contraction from temperature
changes in the CCS. The tank also accommodates leakage in to or out of the CCS until the
operator can isolate the leak. Water makeup to the surge tank is provided by the
demineralized water transfer and storage system. The normal makeup for initial fill of the
system is capable of filling the system in approximately 4 hours. The surge tank is vented to
the atmosphere.

A line is routed from the pump discharge header to the chemical additior: tank. The
chemical solution, through the chemical addition tank discharge line, is then discharged to
the surge tank. The chemical addition line contains valves and piping that facilitate mixing
chemicals into the system to control oxygen concentration and inhibit corrosion.

Each component heat exchanger cooled by the CCS is protected by a thermal relief valve in
the CCS line between the isolation valves of the heat exchanger. The RCPs and letdown heat
exchanger cooling lines, which are automatically isolated in case of a reactor coolant leakage,
have reliet valves suitable for overpressure protection of the heat exchanger and the CCS
piping subjected to the RCS pressure.

The containment CCS supply penetration line is provided with one automatic MOV located
outside containment and one check valve located inside the containment. The check valve
performs the thermal relief function to prevent overpressurization of the piping between the
inner and outer isolation valves. The containment CCS return penetration line is provided
with two automatic MOV located inside and outside containment. These valves are
designed for controlled leaks to perform the thermal relief function to prevent
overpressurization of the piping between the inner and outer isolation valves. Each
penetration line is provided with test boundary valves, test connection lines, and test vent
lines to allow leak testing.
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The CCS is equipped with adequate instrumentation to provide complete control and
supervision of the system functions during operation. Pressure and flow instrur.ents
monitor cooling water flow delivery to the various system users. CCS water inventory
variations are monitored and controlled by supervising the surge tank level changes. The
performance of the various CCS users can be assessed by evaluating the heat transfer
process. This is done by monitoring the cooling water flow through each user and the
cooling water temperature change across the individual heat exchangers. Any leakage of
primarycoohntintotl‘wCCSisdehechedmdisolnedbymordmﬁngthehighﬂowinﬁw
cooling water return lines from these users, a high radiation level on the common header at
the pump suction, or a high surge tank level.

Chemicals are added to control CCS water chemistry as necessary. These include a corrosion
inhibitor, biocide, oxygen scavenger, and pH adjustment.

2.5.2 Service Water System Description

The service water system includes two 100-percent-capacity service water pumps, automatic
backwash strainers, a two-cell cooling tower with a divided basin, and associated piping,
valves, controls, and irstrumentation. Figure 2.5-2 is a simplified sketch of the service water
system based on the SSAR chapter 9 service water system description.

The service water pumps, located in the turbine building, take suction from piping connected
to the basin of the service water cooling tower. Service water is pumped through strainers to
the component cooling water heat exchangers for removal of heat. Heated service water
from the heat exchangers then returns through piping to an induced draft cooling tower
where the system heat is rejected to the atmosphere. Cool water, collected in the tower
basin, flows through fixed screens to the pump suction piping for recirculation through the
system.

A small portion of the service water flow is normally diverted to the circulating water
system. This blowdown is used to control levels of solids concentration in the service water
system. An alternate blowdown flow path is provided to the waste water system.

The service water system is arranged into two trains of components and piping. Each train
includes one service water pump, one strainer, and one cooling tower cell. Each train
provides 100-percent-capacity cooling for normal power operation. Cross-coanections
between the trains upstream and downstream of the CCS heat exchangers aliows either
service water pump to supply either heat exchanger, and allows either heat exchanger to
discharge to either cooling tower cell.
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Figure 2.5-2 Service Water System Sketch
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Service water system materials are compatible with the cooling water chemistry and the
chemicals used for the contiol of long-term corrosion and organic fouling. Water chemistry
iscontrolledbytheturbimishndchendcalfeedsywem

2.5.3 Shutdown Operation

All systen: operations all monitored from the main control room. The operations to initiate
ormkuteﬂuwohngto&tums,mdiﬁem\topenﬁngmodes.mpufomdbyﬂm
operator locally by manual actuation of valves or remotely for those valves with power-

operated actuators. The CCS and service water system pumps are controlled remotely from
the main control room.

Plant shutdown is defined as the operations that bring the reactor plant from power
operation to cold, subcritical conditions. During plant shutdown operations, both CCS and
service water system mechanical trains normally operate. Operation of only a single CCS
and service water system train results in an extended plant cooldown.

The initial phase of plant cooldown consists of reactor coolant cooldown and
depressurization. Heat is transferred from the RCS via the steam generators to the MSS,
where the rate of steam dump is controlled to establish an RCS cooldown rate of about
50°F/hr. Depressurization is accomplished by spraying reactor coolant into the pressurizer,
which cools and condenses the pressurizer steam bubble.

When the reactor coolant temperature and pressure have been reduced to 350°F and 450 psig
respectively (approximately 4 hours after reactor shutdown), the second phase of plant
cooldown is initiated by placing the RNS in service.

PﬁortoshrﬁngtheRNSpumps,thestandbyCCSpumpandheatexdmngermphcedin
operation and component cooling water is initiated to the RNS heat exchangers. Following
this, the RNS can be placed intooperaﬁmbyahgrﬁngvalvesandsurﬁngomRNSpump.
ThesecondRNSpumpisshmdlaterandmecooldownproceedsinaccordmmﬁnhe
AP600 refueling outage plan.

The CCS, in conjunction with the RNS and the service water system, cools the RCS to 120°F
within 96 hours after shutdown consistent with the AP600 refueling outage plan. During the
cooldown period, the component cooling water inlet temperature to the various components
may not exceed 110°F, and the RCS cooldown rate may not exceed 75°F /hr. These
conditions are maintained within limits by automatic control throttling of the CCS flow to the
RNS heat e«changers.

The CCS provides cooling water at a temperature not greater than 95°F during normal
operation based on a service water temperature not greater than 89°F.
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2.5.3.1 Normal Plant Cooldown

The CCS, in conjunct.un with the RNS, is designed to remove both residual and sersible heat
from the core and the RCS and reduce the temperature of the RCS during the second phase
of plant cooldow~ The first phase of cooldown is accompushed by transferring heat from
he RCS via the r ceam generators to the MSS.

The CCS perfe.ms this function with both CCS pumps and heat exchangers operating. The
unavailabilit of a pump or heat exchanger to operate during cooldewn extends the required
time for cooldown but does not prevent plant cooldown.

The CCS performs this function in a timely manner (96 hours) consistent with the AP600
refueling and maintenance outage schedule

The CCS provides cooling water at a temperature not greater than 110°F from 4 hours after
shutdown, based on a service water temperature not greater than 100°F

The CCS provides cooling water at a temperature not greater than 87°F at the end of
cooldown, based on a service water temperature rot greater than 85°F

2.5.3.2 Refueling

The CCS, during and after a partial core fuel shuffle refueling or a normal full-core off-load,
is designed to supply cooling water to both sp=nt fuel pool heat exchangers to cool the spent
fuel pool water. Normally, the CCS performs this function with both CCS pumps and heat
exchangers operating. The cooling of both SFS trains may be supported with only one CCS
train when some of the normal heat loads are shed from the system. The CCS also cools one
or both trains of NS during refueling.

2.5.3.3 Plant Startup

Plant startup is defined as the operations that bring the reactor plant from a cold shutdown
condition to no-load operating temperature and pressure, and subsequently to power
operation

During this period, both CCS trains of equipment are cperating. Once the RIS heat
exchangers are isolated, only one CCS train is required to remove the heat load. Plant
heatup is initiated by starting the RCPs. Residual heat removal from the core is disvontinued
by stopping the RNS pumps. The letdown heat exchanger is placed on automatic
temperature control to maintain a constant letdown temperature. When the RCS is heated to
proximately 350°F, the RNS is isolated from the RCS and thz CCS supply to the RNS heat
hangers is stopped. Throughoui the plant startup procedure, cooling water flows and
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temperatures are monitored to verisy thai the values are within the required limits. Once
startup is complete, one CCS pump and heat exchanger are taken out of service.

2.5.3.4 Operations During Plant Transients and Accidents

IRWST Cooling

Operation of the RNS to provide cooling for the IRWST limits the IRWST water temperature
to prevent boiling during extended operation of the PRHR HX or limit IRWST temperature
during normal operation. The CCS provides cooling water to the RNS to transfer the heat to
the service water system.

Post-Accident Cooldov. n and Recovery

Operation of the RNS after ADS actuation, IRWST injection, and containment flood-up will
permit removal of decay heat. The CCS provides cooling water to the RNS to transfer the
heat to the service water system.

Loss of Offsite Power

Loss of offsite power will start the plant emergency diesel generators. Following a loss of
offsite power, the CCS pumps are automatically loaded on the standby diesel generators and
thus continue to provide the required cooling water flow. Power from the standby diesel
generators is also provided to the service water and normal residual heat removal pumps.
Therefore, after initial RCS cooldown and depressurization, the RNS can be aligned and core
decay heat removed via the normal train of the RNS, CCS, and service water system.
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26 CONTAINMENT SYSTEMS
2.6.1 System Description

The containment systems are described in SSAR section 6.2 (Reference 2.6-1). This section
discusses the major design features of the containment systems as they apply to shutdown

safety including the containment system (CNS) and the passive containment coolir 3
system (PCS).

2.6.1.1 Containment System

The CNS is the collection of boundaries that separates the containment atmusphere from the
outside environment. The containment atmosphere for the AP600 includes all volumes on
the inside of the containment vessel that would be exposed to radioactive releases subsequent
to a breach in the RCS boundary. The outside environnient under design basis assumptions
includes any areas beyond the containment. The collection of boundaries and, therefore, the
CNS, includes the steel containment shell, electrical and mechanical penetrations, fuel transfer
penetration, equipment hatches and personnel airlocks, steam generator shells, steam
generator steam side instrumentation connections, and sieam, feedwater, and blowdown lines
within the containment shell. The steam generator shells and instrumentation connections,
and the steam, feedwater, and blowdown lines are part of the containment boundary because
they are boundaries against activity leakage from inside containment after a LOCA. As such,
these barriers serve the same purpose as the containment vessel and, therefore, become part
of the containment itself. Containment isolation valves and test connections are an integral
part of every system that penetrates the containment and not a part of the CNS. However,
compliance is required with CNS criteria for these valves and connections. The CNS is
designed to perform the following safety-related functions:

. Integrity

The CNS acts as the third line of defense against the release of fission products to the
atmosphere, with the fuel cladding and the RCS boundary being the first two barriers.
The CNS is designed to withstand the maximum internal pressure and temperature
resulting from postulated LOCAs, steam line breaks, and feedwater line breaks. The
design also provides that adequate protection from external pressure conditions that
may result from design basis events, including a loss of all ac power.

. Isolation

The CNS provides containment isolation criteria to preserve the integrity of the
containment boundary to prevent or limit the escape of fission products while

allowing the normal or emergency passage of fluids through the containment
boundary.
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. Heat removal

The CNS provides the interface with the PCS to reduce pressure and remove heat
from the containment atmosphere following a LOCA, steam line break, feedwater
break, IRWST steaming during PRHR HX operation, or ADS actuation.

2.6.1.2 Passive Containment Cooling System

ThePCSisasafety-rebt&syshemwldchiscapableof&ansuﬁtﬁngheatdhecﬂyfmmﬁ\e
containment vessel to the environment such that the containment design pressure (and
temperature) is not exceeded following any postulated design basis event and the pressure is
significantly reduced in the longer term. The heat transfer mechanism includes conduction,
convection, radiation, and mass transfer (water evaporation). Figure 2.6-1, based on the
SSAR section 6.2 PCS description, and Figure 2.6-2 (SSAR Figure 6.2-2) illustrate how the PCS
makes use of the steel containment shell as a heat transfer surface. Cooling air is drawn
from the environment via an "always open” air flow path over the containment vessel and
returned to the environment after removing heat from the containment shell. The
containment shell is wetted by passive draining of the water storage tanV that is incorporated
into the shield building structure above the containment.

The PCS consists of the integral shield bullding water storage tank, a couling water delivery
path to the containment shell, an air path formed within the shield building surrounding the
cmhhmmt(consisﬁngofmakbdﬂebﬁwm&nshddhﬁldhgmdconhhmu,mm
inlet, and an air/steam exhaust structure), and associated instrumentation, piping, and
valves. The majority of the cooling water components directly associated with the storage
tank are located in a valve room in the shield building above containment and underneath
the water storage tank.

Heatremovdbyﬁ\ePCSishﬁﬁatedautouuﬁcaﬂybythePMSinmpmmtoaHi-Hi
containment pressure signal, as sensed py two out of four independent safety-related,
pressure sensor instrumentation channels. Also, manual actuation can be accomplished by
the operator from the main control room or the remote shutdown workstation via the PMS.
Addiﬁonally,hDASprovidesadiversebackuptothePMSacmatingthePCSonhigh
containment temperature. The DAS also provides for manual actuation of the PCS. The
system actuation logic is documented further in section 7.3 of the SSAR (Reference 2.6-2).

As shown in Figure 2.6-2, actuation of the PCS initiates water flow by gravity from the PCS
water storage tank contained in the shield building structure above the containment onto the
containment dome outer surface, forming a water film over the structure. The water flow is
automatically established by the opening of either of two parallel air-operated isolation
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valves. The valves are safety-related, fail-open, and air-operated to enhance system reliability
and ensure system availability. Opening of either or both of the isolation valves will result in
acceptable system performance. Upstream of each isolation valve is a normally open safety-
related motor-operated isolation valve, which is available to isolate cooling water flow in the
event of inadvertent actuation. The MOVs receive a confirmatory opening signal from the
PMS in response to a Hi-Hi containment pressure condition.

2.6.2 Design Features to Address Shutdown Safety

The AP600 has addressed the issue of containment closure at shutdown and incorporated the
following requirements in the Technical Specifications (Reference 2.6-3). In shutdown
Modes 3 and 4, containment status is the same as at-power. Specifically, containment

integrity is required, the major equipment hatches are closed and sealed, and containment air
locks and isolation valves are operable.

In Modes 5 and 6, containment closure capability is required during shutdown operations
when there is fuel inside containment. Containment closure is required to maintain, within
containment, the cooling water inventory. Due to the large volume of the IRWST and the
reduced sensible heat during shutdown, the loss of some of the water inventory can be
accepted. Further, accident analyses provided in section 4 of this report show that
containment closure capability is not required to meet offsite dose requirements. Therefore,
contajnmentdoesnotneedtobeleak-tightasrequiredforMod&slthroughi

In Modes 5 and 6, there is no potential for steam release into the containment immediately
following an accident. Pressurization of the containment could occur only after heatup of the
IRWST due to PRHR HX operation (Mode 5 with RCS intact), after heatup of the RCS with
direct venting to the containment (Mode 5 with reduced RCS inventory or Mode 6 with the
refueling cavity not fully flooded), or after heatup of the RCS and refueling cavity (Mode 6
with refueling cavity fully flooded). The time from loss of normal cooling until steam release
to the containment for these different conditions is shown in Figure 2.6-3 (duplicated from
SSAR section 16.1, Figure B3.6.8-1) (Reference 2.6-3) as a function of time after shutdown. To
limit the magnitude of cooling water inventory losses and because local manual action may
be required to achieve containment closure, it is assumed that the containment hatches, air
locks, and penetrations must be closed prior to steaming into containment.

Ti.e containment equipment hatches, which are part of the containment pressure boundary,
provide a means for moving large equipment and components into and out of containment.
If closed, the equipment hatch must be held in place by at least four bolts. 1f open, each
equipment hatch can be closed using a dedicated set of hardware, tools, and equipment. A
self-contained power source is provided to drive each hoist while lowering the hatch into
pos - 1. Large equipment and components may be moved through the hatches as long as
they can be removed and the hatch closed prior to steaming into the containment.
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The containment air locks, which are also part of the containment pressure boundary,
provide a means for personnel access during Modes 1, 2, 3, and 4 unit operation. Each air
lock has a door at both ends. The doors are normally interlocked to prevent simultaneous
opening when containment operability is required. During periods of unit shutdown when
containment closure is required, the door interlock mechanism may be disabled, allowing
both doors of an air lock to remain open for extended periods when frequent containment
entry is necessary. Temporary equipment connections (for example, power or
communications cables) are permitted as long as they can be removed to allow containment
closure prior to steaming into the containment.

Containment spare penetrations, which also provide a part of the containment boundary,
provide for temporary support services (electrical, 1&C, air, and water supplies) during
Modes 5 and 6. Each penetration is flanged and normally closed. During periods of plant
shutdown, temporary support systems may be routed through the penetrations; temporary
equipment connections (for example, power or communications cables) are permitted as long
as they can be removed to allow containment closure prior to steaming into the containment.

The spare penetrations must be closed or, if open, capable of closure prior to reaching boiling
conditions within reactor coolant inven

Containment penetrations, including purge system flow paths, that provide direct access
from containment atmosphere to outside atmosphere must be isolated or isolatable on at least
one side. Isolation may be achieved by an operable automatic isolation valve or by a manual

isolation valve, blind flange, or equivalent.

The fuel transfer canal may be opened to provide for the transfer of new and spent fuel in to
and out of containment during Modes 5 and 6. At times when the canal is opened, it must
be isolatable on at least one side by closure of the flange within containment or the gate
valve outside containment.

2.6.3 References
2.6-1 AP600 Standard Safety Analysis Report, Chapter 6, "Engineered Safety Features."
2.6-2 AP600 Standard Safety Analysis Report, Chapter 7, "Instrumentation and Controls.”

2.6-3 AP600 Standard Safety Analysis Report, Chapter 16, "Technical Specifications."
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2.7 CHEMICAL AND VOLUME CONTROL SYSTEM
2.7.1 System Description

The CVS is described in SSAR subsection 9.3.6 (Reference 2.7-1). The CVS is designed to
perform the following major functions:

. Purification — maintain RCS fluid purity and activity level within acceptable limits
during all modes of operation including shutdown

. RCS inventory control and makeup - maintain the required coolant inventory in the
RCS; maintain the programmed pressurizer water level during normal plant
operations

. Chemical shim and chemical control - maintain the reactor coolant chemistry
conditions by controlling the concentration of boron in the coolant for plant startups,
normal dilution to compensate for fuel depletion and shutdown boration, and provide

the means for controlling the RCS pH by maintaining the proper level of lithium
hydroxide

. Oxygen control - provide the means for maintaining the proper level of dissolved
hydrogen in the reactor coolant during power operation and for achieving the proper
oxygen level prior to startup after each shutdown

Borated makeup to auxiliary equipment - provide makeup water to the primary side
systems that require borated reactor grade water

. Pressurizer auxiliary spray - provide pressurizer auxiliary spray water for
depressurization during operation when the normal spray is not available

The CVS consists of regenerative and letdown heat exchangers, demineralizers and filters,
makeup pumps, tanks, and associated valves, piping, and instrumentation. The CVS
functions to fulfill the requirements of controlling RCS chemistry, purity, and inventory for
continued operation of the plant. The CVS is functionally composed of the following:

. The purification loop includes the regenerative and letdown heat exchangers,
demineralizers, reactor coolant filters, and associated valves, piping, and
instrumentation. The purification loop is located inside containment and provides the
direct interface with the RCS.
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The CVS makeup includes the makeup pumps with the associated suction and
discharge piping. The makeup pumps, located outside containment in the auxiliary
building, take suction from the boric acid tank and/or the demineralized water
system through a common suction header. The makeup pump discharge piping
penetrates containment downstream of the makeup filter and connects into the
purification loop upstream of the point where the purification return flow returns
through the shell side of the regenerative heat exchanger. The makeup pumps are
used to provide inventory to the RCS for the introduction of chemicals to the RCS,
ﬁlhngandpressmhesﬁng&wRCS,mdforpmvidmgbonhedmkeupforawd]hry
pressurizer spray and auxiliary equipment.

TheCVSletdownlineisconnectedtothepuriﬁcationloopdownstreamofthereactor
coolant filters. The letdown flow passes through the letdown orifice prior to exiting
containment to the liquid radwaste system. The letdown line functions to reduce RCS
inventory during normal plant operatior.s, power changes, startups, and shutdown.

The CVS hydrogen injection line is connected to the purification locp upstream of the
regenerative heat exchanger prior to the purification flow returning to the RCS. The
hydrogen injection line is directly connected to a high pressure hydrogen bottle
located outside containment. It provides hydrogen to the RCS during power

operation and prior to startup after each shutdown to achieve the proper oxygen
level.

The safety-related portions of the CVS support containment isolation, reactor coolant
pressure boundary, and inadvertent boron dilution protection.

Figure 2.7-1 is a simplified sketch of the CVS (SSAR Figure 9.3.6-1).

2.7.1.1 Purification

The primary function of the purification loop is to remove corrosion and fission products.
The purification loop also provides the path for CVS makeup and letdown functions.

The normal CVS purification loop is entirely inside containment and operates at RCS
pressure. The CVS uses the developed head of the RCPs as the motive force for the
purification flow. During power operations, fluid is continuously circulated through the CVS
from the discharge of the RCP. This connection to the RCS is shared with the pressurizer
spray line. TT\eCVSpuﬁﬁcaﬁonretumtotheRCSiscmmtedtostumgmmeronthe

suction side of the RCPs 1A and 1B. This connection to the RCS is shared with the
PRHR HX return line.
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Figure 2.7-1 Chemical and Volume Control System Simplified Sketch
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The coolant enters the CVS through the purification isolation valves and passes through the
tube side of the regenerative heat exchanger where it is cooled by the returning CVS flow.
The coolant is further cooled by component cooling water in the letdown heat exchanger to a
temperature compatible with tw demineralizer resins. The letdown heat exchanger outlet
temperature is manually selected by the operator, who must remotely position a CCS flow
control vaive. A temperature detector with a high alarm in the purification line alerts the
operator of a high temperature at the letdown heat exchanger. If a high temperature is
detected in the letdown line downstream of the heat exchanger, the CCS flow control valve
will receive a signal to automatically fully open and provide maximum CCS cooling flow to
the heat exchanger. If the temperature continues to increase, the purification flow is isclated

on high letdown heat exchanger outlet temperature to prevent damaging the demineralizer
resins.

The purification flow continues through a mixed bed demineralizer, optionally through a
cation bed demineralizer, and through a reactor coolant filter. The purification flow returns
tothesuctionofa.nRCPafterbeingheatedintl'\eshellsideoftheregmerativeheat
exchanger. Because the motive force for the purification loop is the RCP head, continuous
purification is provided without operating any CVS makeup pumps.

The mixed bed demineralizers are provided in the purification loop to rexnove ionic corrosion
products and certain ionic fission products. The demineralizers also act as filters. One mixed
bed is normally in service, with a second demineralizer acting as backup in case the normal
unit should become exhausted during operation. Each demineralizer is sized to provide a
minimum of one fuel cycle of service without changeout. Therefore, remotely operated
valves are not necessary.

The mixed bed demineralizer in service can be supplemented by intermittent use of the
cation bed demineralizer for additional purification in the event of fuel defects. In this case,
the cation resin removes mostly lithium and cesium isotopes. The cation bed demineralizer
has sufficient caparity to maintain the cesium-136 concentration in the reactor coolant below
1.0 microcurie per cc with design basis fuel defects. Each mixed bed and the cation bed
demineralizer is sized to accept the maximum purification flow.

The reactor coolant filters are provided downstream of the demineralizers to collect
particulates and resin fines. Omﬁlterismrmailyinservicewhiled\eoﬂ\erisinsm\dby.
Each filter is sized to provide one fuel cycle of service; therefore, remotely operated valves
are not necessary.

During plant shutdowns when the RCPs are stopped, the RNS provides the motive force for
the CVS purification. The purification flow is taken from just downstream of the RNS heat
exchanger and enters the CVS between the regenerative and letdown heat exchangers. The
purification flow then continues through the letdown heat exchanger for further cooling;
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follows the normal purification loop through the demineralizer, reactor coolant filter, and
shell side of the regenerative heat exchanger; and then returns to the RCS via the RNS pump
suction. Boron changes and dissolved gas control are still possible by operating the CVS in a
semi-closed loop arrangement as described in the following subsections.

2.7.1.2 Gaseous Purification

Removal of radiogases from the RCS normally will not be necessary because the gases will
not build up to unacceptable levels when fuel defects are within normally anticipated ranges.
If radiogas removal were to be required because of high fuel defects, the CVS would be
operated by diverting flow to the liquid radwaste system degasifier. Degassing of the RCS is
performed by diverting the purification flow through the letdown line to the liquid radwaste
system after passing through the normal purification path of the regenerative and letdown
heat exchangers, demineralizer, and the reactor coolant filter. As the flow exits the reactor
coolant filter and continues through the letdown line, it is depressurized by flowing through
the letdown orifice. The letdown flow then passes through the letdown isolation valves and
is routed outside of containment to the liquid radwaste system degasifier for degassing.
After degassing, the letdown is accumulated in one of the liquid radwaste system holdup
tanks. The CVS makeup pumps are aligned to take suction from the liquid radwaste system
holdup tank to return the coolant to the RCS following degassing. The makeup pumps
return the flow to the RCS via the normal makeup path. This provides efficient gas removal
and would be required only intermittently, even with high levels of fuel defects.

Removal of radioactive gas and hydrogen during shutdown operations is necessary to avoid
extending the maintenance and refueling outages. For degassing during shutdown
operations, the RCS pressure boundary cannot be opened to the containment atmosphere
until the gas concentrations have been reduced to low levels. The shutdown degassing
process will be accomplished by operating the CVS in the semi-closed loop configuration, as
described previously. However, for shutdown degassing (when the RCS is depressurized), a
line is provided to allow the letdown orifice to be manually bypassed, so gas removal can
continue. The letdown flow control valve will be throttled to maintain the RCS pressure
during shutdown operations when the RCS is water-solid and the letdown orifice is
bypassed.

2.7.1.3 RCS Inventory Control and Makeup

Changes in the reactor coolant volume will be accommodated by the pressurizer level
program for normal power changes, including transition from hot standby to full power
operation and return to hot standby. In addition, the pressurizer has sufficient volume,
within the deadband of the level control program, to accommodate minor RCS leakage for
some time. The CVS provides inventory control to accommodate minor leakage from the
RCS, expansion during heatup from cold shutdown, and contraction during cooldown. This
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inventory control is provided by letdown connections from, and makeup connections to, the
CVS purification loop.

When required to reduce the pressurizer level, letdown is taken out of the purification loop
at a point downstream of the reactor coolant filters. The letdown fluid is depressurized by
flowing through the letdown orifice, then passing through th " ‘down isolation valves, out
of containment to the liquid radwaste system. The letdown vi 1 automatically open on 2
signal generated by the pressurizer level control.

On a low pressurizer level signal (relative to the programmed level), one of the CVS makeup
pumps will start automatically to provide makeup. These centrifugal pumps normally take
suction from the boric acid tank and the demineralized water tank. The makeup
concentration is determined by the position of the three-way control valve in the pump
suction neader, which is controlled in conjunction with the makeup flow control valve to
blend makeup to the proper concentration to match the RCS concentration. The makeup
pump discharge flows hrough the makeup flow control valve and then through the makeup
filter. The flow continues into containment through the makeup isolation valves and then
joins the purification loop return Piping into the shell side of the regenerative heat ex er
and then to the RCS. The makeup pump automatically stops when the pressurizer level
increases to the correct value. Because the plant incorporates canned RCPs, there is no seal
leakage and the normal leakage from the RCS will be small. Therefore, the CVS makeup
pumps wi'l operate infrequently (approximately once per day with 1 gpm leakage).

2.7.14 Chemical Control and Chemical Shim

The CVS provides the following functions to support the water chemistry and chemical shim
requirements of the RCS:

. Means of addition and removal of pH control chemicals for startup and normal
operation

. Means o. addition and removal of soluble chemical neutron absorber (boron) and
makeup water at concentrations and rates compatible with normal plant operation

RCS chemistry changes are accomplished with an open-i00p feed-and-bleed operation. The
letdown and makeup paths are operated simultaneously, and appropriate chemicals are
provided at the suction of the reactor makeup pumps.

2.7.1.5 Chemical Shim

RCS boron changes are required to accommodate fuel depletion, startups, shutdowns, and
refueling.
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To borate the RCS, the operator sets the makeup control system to automatically add a preset
amount of boric acid by fully diverting the three-way valve to the boric acid tank. The
makeup pumps operate to deliver this flow through the normal makeup path to the RCS.
The delivered flow is measured at the discharge of the makeup pumps.

If dilution is required, the operator will set the makeup control system to add a preset
amount of demineralized water by positioning the three-way valve to the demineralized
water source. The makeup pumps will operate in a similar fashion by delivering this flow to
the RCS via the normal makeup path. In either case, if the pressurizer level exceeds its

control point, the letdown path to the liquid radwaste system holdup tanks will
automatically open.

Boric acid is provided to the boric acid tank by mixing 2.5 weight percent boric acid solution
in the boric acid batching tank. Boric acid crystals are introduced into the boric acid batching
tank through a fill connection on the top of the tank. A demineralized water connection is
also located near the top of the tank. After the boric acid crystals and demineralized water
are added to the tank, the solution is mixed with a mechanical mixer, while the mixture is
heated by the batching tank’s immersion heater. (Heating the tank provides more efficient
mixing.) After the boric acid crystals have dissolved and the solution is sampled to
determine if the mixture is acceptable, the solution is drained by gravity into the boric acid
tank. No provisions are incorporated for boric acid recycle from the liquid radwaste system.

2.7.1.6 pH Control

The chemical agent used for pH control 1s lithium hydroxide (Li;OH). This chemical is
chosen for its compatibility with the material and water chemistry of borated water, stainless
steel, nickel alloy, and zirconium systems. In addition, lithium. 7 is produced in the core
region because of irradiation of the dissolved boron in the coolant. A chemica! mixing tank
is provided to introduce the solution to the suction of the makeup pumps as required to
maintain the proper concentration of Li,OH in the RCS.

The solution is poured into the chemical mixing tank and is then flushed to the suction
manifold of the makeup pumps with demineralized water. The demineralized water enters
the mixing tank from the connection on the top of the tank. A flow orifice is provided on the

demineralizer water inlet pipe to allow chemicals to be flushed into the RCS at acceptable
concentrations.

The concentration of lithium 7 in the RCS is varied between 0.7 ppm and 2.2 ppm according
to a pH control curve as a function of the boric acid concentration of the RCS. If the
concentration. exceeds the proper value, as it may during the early stages of core life when
lithium 7 is produced in the core at a relatively high rate, the cation bed demineralizer is
used in the letdown path in series with the mixed bed demineralizer to lower the lithium 7
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concentration. Because the buildup of lithium is slow, the cation bed demineralizer is used
only intermittertly. Because this is a planned operation, the inlet valve to the cation bed
demineralized is remotely operated. When letdown is being diverted to the liquid radwaste
system, the letdown flow should be routed through the cation bed demineralizer to remove
as much lithium 7 and cesium as possible.

27.1.7 Oxygen Control

The CVS provides control of the RCS oxygen concentration, both during startup by
introducing hydrazine and during power operations by injecting hydrogen, which drives the
equilibrium concentration of oxygen produced by radiolysis in the core toward zero.

During plant startup from cold conditions, hydrazine is used as an oxygen scavenging agent.
The hydrazine solution is introduced into the RCS via the makeup flow and chemical mixing
tank, in the same manner as described for lithium 7 addition. The oxygen scavenger is used
for oxygen control only at startup from cold shutdown.

The hydrazine solution is poured into the chemical mixing tank and is then flushed to the
suction manifold of the makeup pumps with demineralized water. The demineralized water
enters the mixing tank from the connection on the top of the tank. An orifice is provided on

the demineralizer water inlet pipe to allow chemicals to be flushed into the RCS at acceptable
concentrations.

2.7.1.8 RCS Filling and Pressure Testing

RCS filling is accomplished by using the CVS makeup pumps to provide fluid at the proper
boron concentration (refueling). The CVS makeup pumps take suction from both the boric
acid tank and the demineralized water supply header through the three-way blending valve
to provide the proper boron concentration. The makeup flow continues from the makeup
pump discharge, through the "nakeup flow control valve, the makeup filter, and the normal
makeup path to the RCS. If an RCS loop is drained to a clean liquid radwaste system
holdupM\k.t}usdrmwdvolumcanberemmedbyopening&wlmetoﬁmmkeuppumps

from that holdup tank. The makeup pumps would then take suction from the liquid
radwaste system holdup tank.

The CVS makeup pumps produce sufficient head to pressure test the RCS after maintenance
and refueling. A temporary hydrotest pump will be required for initial hydrotesting, which
vdﬂreqmrehigherpmures&mncmbeadﬁevedwi&\&uemnkeuppumps. Flanged
connections are located on the makeup pump suction and discharge piping for a hydrotest

pump. When the hydrotest pump is connected, it would be in a parallel arrangement with
the makeup pumps.
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2.7.1.9 Pressurizer Auxiliary Spray

The CVS makeup pumps provide auxiliary spray to the pressurizer through a connection on
the pressurizer main spray header. The makeup pumps take suction from the boric acid tank
and the demineralized water supply header to provide borated water at a selected boron
concentration. The pumps use the normal makeup path to the RCS through the shell side of

the regenerative heat exchanger and continue through the auxiliary spray isolation valve to
the RCS and the connection on the main spray header.

2.7.2  Design Features to Address Shutdown Safety

The AP600 CVS is a nonsafety-related system. However, portions of the system are safety-
related and perform safety-related functions, such as containment isolation, termination of

inadvertent RCS boron dilution, RCS pressure boundary preservation, and isolation of
excessive makeup.

Boron dilution events during low power modes can occur for a number of reasons, including
malfunctions of the makeup control system. Regardless of the cause, the protection is the
same. The CVS is designed to avoid and/or terminate boron dilution events by
automatically closing either one of two series, safety-related valves in the demineralized
water supply line to the makeup pump suction to isolate the dilution source. Additionally,
the suction line for the CVS makeup pump is automatically realigned to draw borated water
from the boric acid tank. The automatic boron dilution protection signal is safety-related and
is generated upon any reactor trip signal, source-range flux multiplication signal, low input
voltage to the Class 1E dc and uninterruptible pow supply system battery chargers, or a
safety injection signal.

The safety analysis of boron diludon accidents is provided in SSAR chapter 15

(Reference 2.7-2) and is discussed in section 4.5 of this report. For dilution events that occur
during shutdown, the source-range flux-doubling signal is used to isolate the line from the
demineralized water system by closing the two safety-grade remotely operated valves. The
three-way pump suction control valve aligns the makeup pumps to take suction from the
boric acid tank and, therefore, stops the dilution.

For refueling operations, administrative controls are used to prevent boron dilutions by
verifying that the valves in the line from the demineralized water system are closed and
locked. These valves block the flow paths that can allow unborated makeup water to 1 ach

the RCS. Any makeup required during refueling uses borated water supplied from the boric
acid tank by the CVS makeup pumps.

During refueling operations (Mode 6), two source-range neutron flux monitors are operable
to moritor core reactivity. This is required by the plant Technical Specifications (SSAR
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chapter 16) (Reference 2.7-3). The two operable source-range neutron flux monitors provide a
signal to alert the operator to unexpected changes in core reactivity. The potential for an
uncontrolled boron dilution accident is precluded by isolating all unborated water sources.
This is also required by the plant Techaical Specifications.

2.7.3 Shutdown Operations

2.7.3.1 Plant Startup

Plant startup is the operation that brings the reactor plant from a cold shutdown condition to
no-load operating temperature and pressure, and subsequently to power operation.

The makeup pumps initially fill the RCS via the purification flow return line. During filling,
makeup water is drawn from the demineralized water connection and blended with boric
acid from the boric acid tank to provide makeup at the desired RCS boron concentration.
The RCS is vented via the reactor vessel head and the pressurizer. A vacuum fill subsystem
may be used to enhance the reactor coolant fill operation. The RCS fill and vent operations

are discussed in subsection 2.1.3.1 of this report. The role of the CVS for these operations is
discussed in the following paragraphs.

The auxiliary spray line may be used to fill the pressurizer and establish proper water
chemistry in the pressurizer. If water-solid operation is desired, RCS pressure is controlled
by operation of the letdown control valve and the makeup control valve. To accomplish this,
a letdown flow path is established to the liquid radwaste system with the letdown orifice
bypassed. The makeup flow rate is maintained by the makeup control valve at a constant

value selected by the operators. These water-solid operations are not required if vacuum fill
is used.

After the KCPs are started, chemical treatment, such as hydrazine addition, is performed.
Hydrazine is added to the reactor coolant during the initial stages of heatup to scavenge
oxygen in the system. Subsequently, hydrogen makeup to the RCS will be started and the
RCS hydrogen level brought up to the normal operating point of approximately 30 cc/ kg,

Thepressurizerheatersareusedtoheatupthewaterinthepressurizermddnwastcam
bubble. As the steam bubble grows, effluent will continue to be diverted to the liquid
radwaste system through the CVS letdown line. The makeup pumps will be operated to
supply demineralized water, so the RCS boron concentration can be reduced to the level
required for criticality. Following attainment of pressurizer normal water level, the letdown

flow control valve and makeup pumps will be set to operate only as necessary to maintain
pressurizer level or on demand from the operator.
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Criticality is achieved as follows:

. The RCS boron concentration is reduced to the calculated level by dilution, routing
effluent from the CVS purification loop to the liquid radwaste system, and by

provision of unborated makeup with the makeup pumps taking suction from the
demineralized water storage tank.

. Chemical analysis is used to measure water quality, boron concentration, and
hydrogen concentration.

. Appropriate control rods are withdrawn.

. Further adjustments in boron concentration will be necessary to establish preferred
control group rod positions and to compensate for xenon buildup.

2.7.3.2 Hot Shutdown

If required for periods of maintenance or following spurious reactor trips, the reactor can be
maintained subcritical, with the capability to return to full power within the period of time
required to withdraw the control rods. During hot standby operation, the average
temperature is maintained at no-load T,,, by initiaily dumping steam to the con” nser to
provide residual heat removal or at later stages by running the RCPs to maintain system
temperature.

Initially, the control rods are inserted and the core is maintained at or slightly above the
minimum required shutdown margin (1% Ak/k). Following shutdown, xenon buildup occurs
and increases the shutdown margin. The effect of xenon buildup increases the shutdown
margin to a minimum of about 3 percent Ak /k at about 9 hours following shutdown. If
rapid recovery is required, dilution of the system may be performed via the CVS to
counteract this xenon buildup. A shutdown group of rods must be withdrawn during

dilution to provide the capability for rapid shutdown if needed, and frequent checks are
made on critical rod position.

2.7.3.3 Coid Shutdown

Cold shutdown consists of the operations that bring the reactor plant from normal operating

temperature and pressure to a cold shutdown temperature and pressure for maintenance or
refueling.

The CVS purification loop will continue to operate normally in advance of a planned
shutdown. In addition, in the beginning of a shutdown, the CVS is designed so the letdown
flow is routed out of containment to the liquid radwaste system, where it is stripped of gases
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and returned to the makeup pumn suction. This gas stripping is effe-tive and is required for
approximately 48 hours to redi'ce the reactor coolant activity level and hydrogen level
sufficiently to permit personnel access for refueling or maintenance operations.

Before cooldown and depressurization of the RCS is initiated, the reactor coolant boron
concentration is increased to the cold shutdown value. The operator sets the reactor makeup
control to "borate” and selects the volume of boric acid solution necessary to perform the
boration. Correct concentration is verified by reactor coolant samples. The operator sets the
reactor makeup control for makeup at the shutdown reactor coolant boron concentration.

Contraction of the coolant during cooldown of the RCS results in actuation of the pressurizer
level control system to maintain normal pressurizer water level. Makeup continues to be

automatic with the makeup pumps starting and stopping as required.

During shutdowns, after the RCPs are stopped, the RNS provides the motive force for the
CVS purification loop. Whenever the RCS is pressurized, the CVS can be operated to
provide purification. After the RNS is placed in service and the RCPs are shut down, further
cooling and depressurization of the pressurizer fluids are accomplished by makeup through
the auxiliary spray connection.

2.74 References

2.7-1  AP600 Standard Safety Analysis Report, Chapter 9, "Auxiliary Systems."

2.7-2 AP600 Standard Safety Analysis Report, Chapter 15, "Accident Analysis."

2.7-3  AP600 Standard Safety Analysis Report, Chapter 16, "Technical Specifications.”
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28  SPENT FUEL POOL COOLING SYSTEM
2.8.1 System Description

The SFS is discussed in SSAR subsection 9.1.3 (Reference 2.8-1). The SFS includes two
mechanical trains of equipment (see Figure 2.8-1, based on the SSAR chapter 9 SFS
description). Each train includes one spent fuel pool pump, one heat exchanger, one
demineralizer, and one filter. In addition, the SFS consists of piping, valves, and
instrumentation necessary for correct system operation. The two trains of equipment share
common suction and discharge headers. Either train of equipment can be cperated to
perform any of its functions independently of the other train. One train can be continuously
cooling and purifying the spent fuel pool while the other train can be available for water
transfers and IRWST purification, or aligned as a backup to the operating train of equipment.

The two SFS trains use different power supplies, which are backed up by offsite and onsite
supplies. This allows a higher system availability for the cooling function.

The SFS pumps take suciion from the suction header and discharge directly to their
respective heat exchangers. The heat exchanger outlet piping branches into parallel lines.
The purification branch is designed for 250 gpm purification flow while the bypass branch
passes the remaining 500 gpm.

Each purification branch is routed directly to an SFS demineralizer. The demineralizer is
sized to provide a minimum of one fuel cycle of service before ion exchange media
replacement. The outlet of the demineralizer is routed to a filter that collects particulates and
resin fines passed by the demineralizer. The outlet of the filter is connected to the bypass
branch to form a common line that leads to the discharge header.

Cooling and purification of the following pools is possible:

. The spent fuel pool has two connections. The main suction line connects to the spent
fuelpoolatanelevaﬁon4feetbelawtl\enom\nlwaterleveloftlwpool(6feetbelow
the operating deck). This line is also connected to two skimmer /strainer assemblies
that take suction frum the water surface of the spent fuel pool. The second connection
is4feetbelowt}\eSFSpumpsucﬁoncmnecﬁon(IOfeetbelowﬁ\eoperaﬁngdeck).
'I'hislineisseismicallyquali.ﬁed,saferyChsstiping,whichleadsbotheRNSpump
suction header. This lower connection is normally isolated. This suction arrangement
prevents the spent fuel pool from being inadvertently drained below the minimum
level needed to meet the safety design criteria.
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Figure 2.8-1 Spent Fuel Poal Cooling System
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The suction of the SFS pumps may be aligned to the IRWST and the refueling cavity.
The SFS suction header from the refueling cavity is connected at two locations. The

main line is located on the bottom of the cavity to ensure complete draining. The
second line is connected to two skimmer /strainer assemblies, which take suction from
the refueling cavity water surface. These connections enable purification of the
refueling cavity ani allow transfer of water between the IRWST and the refueling
cavity. The SFS suction header from the IRWST is located at the bottom of the tank.

The fuel transfer canal (FTC), the cask loading pit (CLP), and the cask washdown pit
(CWP) all have bottom connections. These connections are provided primarily for the
transfer of water from the FTC to the CLP and CWP for either maintenance of the

FTC or for CLP operations. Water that is normally stored in the FTC can be sent to
the CLP and vice versa.

The cooled water is returned to the following pools:

The spent fuel pool has two connections. The SFS return is made at the opposite end
of the pool from which suction is taken to recirculate the water for cooling and
purification. The RNS return is seismically qualified, safety Class C piping, which
leads from the RNS pump discharge header. The return line to this connection is
normally isolated.

The SFS pump discharge may be directed to the FTC to transfer back water from the
CLP and CWP. The SFS pump discharge may be directed to the CLP and CWP.
These pits may filled with borated water from the FTC for spent fuel assemblies
underwater loading in the pit and cask washdown before shipment.

The SFS pump discharge may be directed to the refueling cavity for water transfer
from the IRWST and for refueling cavity purification during refueling operations. The
SFS pump discharge may also be directed t» the IRWST for water transfer from the
refueling cavity to the IRWST after refueling and for IRWST purification prior to

The SFS pump discharge may be directed to the integrated head storage stand (IHST).
The IHST is filled with water from the IRWST during refueling outages before

removing the vessel head. The water is used for radiation shielding when the
integrated head package is on the stand and the incore instrumentation thimbles are
submerged. A drain line at the bottom drains the water back into the IRWST via
gravity.

Where necessary, these return lines are equipped with flow-limiting orifices to prevent pump
runout.
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T}wSPSsucﬁonmdretumhmsto&mmWSTandmfuelh\gavitypmeuateﬁwpﬁnury
containment and are arranged for the containment isolation function. Low-low water level
ahrminthespmth:elpoolwil]causethesecmtainmentsupplyandretumlimstobe
isolated.

The containment penetration line on the pump suction has one automatic motor-operated
butterfly valve located inside containment and one automatic motor-operated butterfly valve
located outside the containment. The butterfly valve design permits a controlled leakage,
w}ﬁd\providesﬁwﬂwmdrehdﬁuwﬁonm&wpipmgporﬁonbewnm&wconnhmmt
isolation valves.

The containment penetration line on the pump discharge has one autornatic motor-operated
isolation valve outside of containment and one check valve inside containment. The check

valve performs the thermal relief function in the piping portion between the containment
isolation valves.

Each penetration line is provided with the test boundary valves, test connections, and test
vent lines to allow leak-testing.

The normal makeup source of borated water for the spent fuel pool is provided by the CVS.
The primary demineralized water source for compensating the water losses from evaporation
is also provided by the CVS. An alternate source of demineralized water may be provided
from the demineralized water transfer and storage system.

For postulated events, a safety-related, seismically qualified connection for emergency
makeup from the PCS water storage tank is provided to guarantee a supply of water for

7 days after loss of normal cooling. (See Table 2.8-1.) This line is normally isolated by a
locked, closed valve and closed spectacle flange set and is connected to the RNS pump
suction line. Ahgnmmtoftheemugemymkzupﬂowpaﬂ\ispafom\edinapmchedma
to permit the operator to align this connection in the suitable environmental and radiological
conditions not affected by the pool boiling and by the lowered pool level.

Thenomu]levelinthespentﬁzelpoolisteetbelowﬂ\eopenﬁngdecklevelhopmvmt
flooding of the operating deck due to errors during makeup operation or water transfer.
Prior to spent fuel pool overflow onto the operating deck, spent fuel pool overflow will be
collechedinﬁ\eCLPbecausethetopsofﬂ\egawsbetwemﬂ\espmt fuel pool-FTC and spent
fuel pool-CLP are purposely located 6 inches below the auxiliary building operating deck.
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Table 2.8-1
Required Passive Cooling Water Sources
M—m
Water Supplies @
Fuel in Spent | Spent | FTC and PCS
Case | Condition | Fuel Pool” |Fuel Pool| Gate |CWP® | Tank Notes
1 |Emergency |1 Core at X X X X | PCS tank water not
Full-core | 150 hrs, needed for containment
off-load 1/3 Core at cooling
17 Days
2 |Refueling |1 Core at X X X X | PCS tank water not
150 hrs needed for containment
cooling
3 |Refueling |1/3 Core at X X X Decay heat in spent fuel
150 hrs pool < 3.00 MWt®
4 |Power 1/3 Core at X X Decay heat in spent fuel
17 Days pool < 2.13 MW@
5 |Power 1/3 Core at X Decay heat in spent fuel
32 Days pool < 1.50 MWt

1. Allmriosmdudemyemofspentfuzlinpool. Normal spent fuel pool cooling is lost because of the
mb?mbhckoutandseismicevmtwhichbnakstheSPSptmpsucﬁmhm. The pool is initially drained to
6 feet below operating deck. Time references are to moment of shutdown.

2. Wa'er sources required to support passive cooling of spent fuel pool for 7 days following event
3. CWPismumedﬁlledwleveIZhetbdownomnlspmtfuelpoollevd.
4. Decay heat rate at start of event

Other piping lines that are a part of the SFS system are as follows:

. Alineﬂutaﬂowsdraining&\exefuehngcaviq'toﬁ\eSGScompam\mt.Thislineis
provided with an isolation valve that is closed only immediately before refueling
operations. During the other plant conditions, it is locked open to prevent filling the
refueling cavity during an accident. Hence, the valve operation is administratively
controlied. The drain elevation allows accommodation of the possible estimated

IRWST overflow (38,200 gallons) without draining to the SGS during the non-refueling
plant conditions.

. A connection line from the spent fuel pool to the CVS makeup pump that allows use
of the spent fuel pool borated water as a backup source of RCS makeup for the CVS.

The SFS is equipped with instrumentation to provide control and supervision of the system
functions during all of its operating modes. Monitoring capability is provided for the heat
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transfer and purification processes, as well the status of the spent fuel pool water inventory

and enthalpy. The possibility of loss of water from the system is also monitored and alarms
are provided to alert the operators of the need to isolate and terminate a spent fuel pool
water inventory depletion.

282 Design Features to Address Shutdown Safety

The AP600 has incorporated various design features to improve shutdown safety. The SFS

features that have been incorporated to address shutdown safety are described in this
subsection.

2.8.2.1 Seismic Design

The spent fuel pool, FTC, CLP, CWP, and gates from the spent fuel pool-CLP and FTC-spent
fuel pool are all integral with the auxiliary building structure. The auxiliary building is
seismic Class 1 design and will retain its integrity when exposed to a safe shutdown
earthquake (SSE). The suction and discharge connections between the spent fuel pool and
RNS are safety Class C, which is also seismic Class I. The emergency makeup water line
from the PCS water storage tank to the spent fuel pool actually connects with the RNS pump
suction line. This emergency makeup line is also safety Class C and seismic Class I. The
spent fuel pool level instruments connections to the spent fuel pool are safety Class C,
seismic Class I, and have 3/8-inch flow restricting orifices at the pool wall to limit the
amount of a leak from the pooi if the instrument or its piping develops a leak.

The refueling cavity, as discussed in SSAR subsection 3.8.3.1.3 (Reference 2.8-2), is integral
with the containment internal structure, and as such, is seismic Class I, and will retain its
integrity when exposed to an SSE. In addition, the AP600 has incorporated a permanently
welded seal ring to provide the seal between the vessel flange and the refueling cavity floor.
This refueling cavity seal is part of the refueling cavity and is seismic Class 1.

2.8.2.2 Instrumentation

The spent fuel pool level is measured by three redundant, safety-related 1E, differential
pressure level sensors. These instruments receive power from power divisions A, B, and C.
Low-low level alarm from two out of three instruments is required to automatically close the
SFS containment isolation valves. The three spent fuel pool level instruments are included in
the post-accident monitoring system (PAMS).

2.8.2.3 Emergency Makeup

The normal supply of borated or demineralized makeup water to the spent fuel pool comes
from the CVS, and an alternate source of demineralized water can be received from the
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demineralized water transfer and storage system. When these sources of makeup are not
available, the PCS water storage tank is used for emergency makeup to the spent fuel pool.
The emergency makeup line is safety Class C, seismic Class I. The PCS water is isolated
from the spent fuel pool by a locked, closed globe valve and a closed spectacle flange set in
the emergency makeup line. These provisions are necessary to prevent inadvertent draining
of the PCS tark. Alignment of the emergency makeup flow path requires opening the
spectacle flange set prior to opening the globe valve. The rate of makeup can be controlled
by throttling the globe valve to prevent over filling the pool.

2.8.24 Diverse Cooling

The SFS has sufficient cooling capacity to maintain the spent fuel pool temperature at 120°F
when the full core has been off-loaded into the spent fuel pool, which is occupied with 10
years of spent fuel when both trains are operating. In the event of a failure that causes the
loss of one train, the RNS can be aligned to the spent fuel pool and share or take over the
spent fuel pool cooling duty. Although the RNS is not a safety-related system, the RNS
piping and components are safety Class C, seismic Class I, for RCS pressure boundary. If
offsite power is available, the CCS and service water system are operational, and if the
normal SFS cooling is not available, the RNS can perform the spent fuel pool coolisg.

2.8.2.5 Containment Isolation

The safety-related functions of the SFS include containment isolation of the SFS lines that

penetrate containment. The valves that perform this safety-related containment isolation
function are described in the system description.

2.83 Shutdown Operation

2.8.3.1 Normal Plant Shutdown

Plant shutdown is defined as the operation that brings the reactor plant from normal
operating temperature and pressure to cold (ambient) conditions. During this phase, one SFS
train is aligned to provide spent fuel pool cooling and purification, while the other train is in
standby or aligned to purify the refueling water in the IRWST to prepare this water for
refueling.

2.8.3.2 Refueling

Both SFS mechanical trains are normally in operation during refueling. One train is aligned
for spent fuel pool cooling and purification throughout the refueling. The other train
performs various functions during the refueling.
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When one train is in operation to purify the water in the IRWST, its pump is stopped when
the refueling ~zvity is ready to be flooded. Valves are aligned to initially gravity-drain the
IRWST to the refueling cavity. Eveniually the dr::t rate will slow, and the IRWST and the
refueling .avity will have the same water level. A: this time, the pump and valves are
aligned to transfer the remaining IRWST water into the refueling cavity.

Thre AP600 water transfer sequence has been developed to unprove water clarity in the
refueling cavity during refueling operations. Conventional PWRs have performed this
function with their residual heat removal system by flooding up through the reactor vessel
into the refueling cavity, which has caused water clarity problems. Using the SFS for this
transter reduces the chance of misaligning the RNS and losing core cooling.

Once the refueling cavity has been flooded, the train is re-aligned to purify the refueling
cavity. Both trains of pumps and heat exchangers can be aligned at any time, if needed, to
cool the spent fuel pool

At the completion of the refueling, one pump is used to transfer the water in the refueling
cavity back to the IRWST. Once this is complete, the train can be aligned to cool the spent
fuel pool or may be placed in standby

The standby train can be used to transfer water from the FTC to the CLP. This lined,
reinforced conciete structure is provided for underwater loading of fuel into a shipping cask
and cask draining/decontamination prior to cask shipment from the AP600 site

2.8.3.3 Operation During Normal Plant Transients and Accidents

The AP600 SFS is not required to continue normial spent fuel pool cooling following design
basis events. In the event of an accident involving loss of the normal spent fuel pool cooling
by heat exchange to the CCS, the spent fuel cooling is provided by the heat capacity of the
water in the pool. Connections to the spent fuel pool are made at elevations that preclude
the possibility of inadvertently draining the water in the pool to an unacceptable level. The
safety analysis has been performed assuming the spent fuel pool drains to the level of the
SFS pump suction connection due to broken piping. In addition, a safety Class C connection
from the PCS water storage tank permits emergency makeup to the spent fuel pool when
needed following a design basis event (includi \g seismic)

Recovery of normal SFS cooling, or use of RNS cooling of the spent fuel pool after the pool
has been boiling, must be accomplished in the following steps

1 Fill the pool to the normal high ievel (1 foot below the operating deck). If the pool
level cannot be filled above the normal SFS pump suction line connection because a
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neinmicevu\lhnsbrokenthepiv-ng,ﬁllthepooltoﬂ\elevelof&\eSPSpumpsncﬁon
connection.

2 Isolate the purification line to the demineralizer in the SFS train to be used for
cooling. This step is not applicable for situations where the RNS will be used for pool
cooling. This action prevents degradation of the demineralizer ion exchange resin due
to exposure to high-temperature water.

3 Start the SFS pump to force the spent fuel poo’ vater through the heat exchanger. If
theRNSishobeusedforspentfuelpoolcooling,themrmnllylockedclosedisohﬁon
valves between the spent fuel pool and the RNS suction and discharge headers must
be opened prior to starting an RNS pump.

TheSFSpumpmcﬁoncom\ecﬁonhasbeeanfeetbdowthemmulspu\tﬁmlpoollevel
lndtheRNSpumpsuctioncomcﬁom4feetbelowtheSPSpumpsuctionconnecﬁonto
prevent saturated pool water from flashing when the flow starts.

Loss of Offsite Fower

TheSPSpumpsmconnecbedtoﬁ\esundbydjeselintheevmtofalossofoffsihepower.
ﬂtsupporﬁngCCSmdsendoewatersystemmdsoludedonmthshndbydiesd. The
SFS is capable of providing spent fuel pool cooling following this event.

Station Elackout
. Required boiling water inventory

TheFI'Cisnormnﬂycom\echedto&\espmtfuelpoolmmﬁmgatebetwemﬂ\em
open. 'I'hemﬁrewaterinvmtoryof&\espentfuelpoolplusthewaterabovethegate
and the water in the FTC above the level of the gate are available for heatup. This
volnmeofwater.lessﬁ\eamountinthespentfuelpoolbelowthewpofthefuel
racks, is available for heat removal by boiling. The spent fuel pool water is the only
waterneededbomnhtainforspmtfuelcooling&wspmthwlpoolfor?dnyswm
the decay heat rate is <2.15 MWt. The FTC may be isolated and drained for

maintenance of the fuel handling equipment if necessary.

During refueling operations when the rate of decay heat into the pool is relatively
high, > 3.00 MWt, the CWP must be filled with water and be available for emergency
makeup. The CWP will drain by gravity into the spent fuel pool when the valves
between the spent fuel pool and CWP are opened. If the spent fuel pool has drained
to the level of the SFS pump suction connection due to broken piping, the valves are
not aligned for gravity drain until the spent fuel pool level has boiled down about
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2 feet below the SFS pump suction connection. Premature alignment of emergency
wamﬁ'omtheCWPwiHa.llawﬁ\eCWPwahertoﬁllthespentfue]pooltod\eSPS
pump suction connection level and spill the excess, making it unavailable for fuel

When one t1u:d of the reactor vessel fuel has been moved into the spent fuel pool, the
PCS water storage tank is no longer needed for containment cooling. If an accident
occurs that requires closure of containment, air cooling of containment is sufficient to
keep the containment pressure under the design pressure of the containment vessel.
ThePCSwahetnmstbeavaﬂablefortpmtfuelpoolemergencymkeupwhmone—
thirdormoreof&\efuelhasbeenmferndtoﬂuspentﬁulpool,

Taka.&ZprovidesﬁmﬁmbefonboﬂhgoocunintMpoolmdﬁwdepd\of
water above the fuel, 7 days after a station blackout or a seismic event for various
scenarios. TableZ.B-stoprovidesﬂ\znﬁnimumlevelmquiumttokeept}wspmt
fuel covered, assuming the maximum heat load conditions is met in all scenarios.

Puelooolh\gﬁnu:ﬁmafter?dayscanbeperfomdhei&moﬂwoways;

- Reﬁmngthepoolusingtheemergmcymkeupﬁomﬂ\ePCSwaterswnge
tank. Extended cooling will require pumping a supply of water into the PCS

tank using a flow path located in a protected area where the environment and
the dose are suitable for operator action.

Restoration of normal SFS cooling. The remote start of one pump is sufficient
because all the valves are already aligned.

. Fuel handling area ventilation

n\enmnulvmﬁhﬁmofﬁwawdhuybuﬂdingfudhmdlhgmconhhuprwisions
to cope with the steam produced by a boiling spent fuel pool. These provisions
prevent pressurization of the building. Direct venting of the boiling spent fuel pool
ueammﬂmutﬁlhermgmoﬁmpmoasinghnbems}umnwbewapublemdin
oomphameuﬁtthCFRZO(ReferemeZB%)dosehnﬁtsatthemebounduy. This
veating is deucribed in SSAR section 15.7 (Reference 2.84) and in section 4.8 of this
report.
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Table 2.8-2

Spent Fuel Protection
Time to Saturation | Fuel Cov.r at Additional Time to Expose

Case Condition (hours) 7 days (feet) Top of Fuel

1 Emergency Full-core 46 825 W 3.4 days

Off-load

2 | Refueling 54 825 @ 5.7 days

3 | Refueling 14.6 048 4.3 hours

o Power 20.1 6.69 2.3 days

5 Power 23.2 1.78 12.9 hours

1 P(:Snnhupwamcmbethromadtopmv:deanydepthofcomnbovethehnl

Abnormal System Conditions

Failure of an SFS pump

A high spent fuel pool temperature and /or a low-flow alarm during normal spent
fuel pool cooling operations (that is, single-train operation) alerts the plant operators
of an SFS pump failure. Due to the heat capacity of the water in the spent fuel pool,
sufficient time exists for the operators to manually align the standby SFS train of
equipment (pump/heat exchanger) to continue spent fuel pool cooling. In case both
trains are operating, the low-flow alarm allows operators to identify the failed pump.

Leakage from the spent fuel pool

Leakage from the spent fuel pool is identified by a low-level alarm in the spent fuel
peol. The operator can align the CVS to compensate for a 100-gpm leakage rate.
Adding borated water from the CVS permits matching the boron concentration in the
pool. The spent fuel pool is borated to preclude a positive reactivity excursion due to
boron dilution when the spent fuel pool is joined to the refueling cavity during
refueling operations. The spent fuel pool fuel storage racks will maintain the fuel at
less than 0.95 reactivity when fuel positions are occupied with maximum enriched
ruel and no boron is in the water. Adding demineralized water to the spent fuel pool
from the demineralized water transfer and storage system results in boron
concentration reduction.

The connections to the spent fuel pool are located at an elevation such that piping
leakage will not result in the pool water level falling to unacceptable levels. The heat
capacity of the water in the pool is sufficient to allow the operators enough time to
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locate a leak and repair it. Normally, cooling will be maintained by operation of one
train of equipment.

Thespentﬁxelpoollevelinsu-umcntscou'mecﬁonstoﬁ\espentﬁwlpoolaxemadeata
level just above the top of the fuel racks. These connections have a 3/8-inch fiow
restrictingoriﬁoesatthepoolwalltolimittheamountofaleakfromthepoolifthe
instrument or its piping develops a leak.

2.84 References

28-1 AP600 Standard Safety Analysis Report, Chapter 9, "Auxiliary Systems."

282 AP600 Standard Safety Analysis Report, Chapter 3, "Design of Structures, Components,
Equipment and Systems."

2.8-3 Tide 10, Code of Federal Regulations, Part 20, "Standards for Protection Against
Radiation," January 1, 1996.

284 AP600 Standard Safety Analysis Report, Chapter 15, "Accident Analysis."
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29

CONTROL AND PROTECTION SYSTEMS

The AP600 control and protection systems support the operations necessary for the AP600 to
achieve shutdown. These systems consist of a nonsafety-related PLS, a safety-related PMS,

and a nonsafety-related DAS. These systems and their significance for shutdown are
discussed in the following subsections.

29.1 Plant Control System

The PLS provides the following functions:

Reactor power control system

The reactor power control system coordinates the responses of the various reactivity
control mechanisms. The system enables daily load follow operation with a minimum
of manual contro! by the operator. Load regulation and frequency control are
compatible with the reactor power control system operation. Axial nuclear power
distribution control is also performed by the reactor power control system.

Rod control system

The rod control system, in conjunction with the reactor power control system,

m: 1 uins nuclear power and reactor coolant temperature, without challenges to the
‘tection systems, during normal operating transients.

Pressurizer pressure control

The pressurizer pressure control system maintains or restores the pressurizer pressure
to the nominal operating value following normal operating transients. The control

system reacts to avoid challenges to the protection systems during these operating
transients.

Pressurizer water level control

The pressurizer water level control system establishes, and maintains or restores
pressurizer water level to its programmed value. The required water level is
programmed as a function of RCS temperature and power generation to minimize

charging and letdown requirements. No challenges to the protection system result
from normal operational transients.
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Feedwater control system

The feedwater control system maintains the steam generator water level at a
predetermined setpoint during steady-state operation. It alsc maintains the water
level within operating limits during normal transient operation. The feedwater
control system restores normal water level foliowing a unit trip. The various modes
of feedwater addition are automated to require a minimum of operator involvement.

Steam dump control

Thzsteamdumpcontrolsysmmctstopmmtanacwruipfollowingamddm
loss of electrical load. The steam dump control system also removes stored
andresidudhutfoﬂowingaructoruipsothtttwphntcmbebmughttoequﬂib»
rium no-load conditions without actuation of the steam generator safety valves. The

steam dump control system also provides for maintaining the plant at no-load or low-
load conditions to facilitate a controlled cooldown of the plant.

Rapid power reduction

For large, rapid load rejections (turbine trip or grid disconnect from 50-percent power
or greater) a rapid nuclear power cutback is implemented. This results in a reduction
ofthernulpowertoalevelﬁntcmbehandledbythesmmdumpsystem

Defense-in-depth control

The PLS provides control of systems performing defense-in-depth functions. SSAR
Table 7.7-3 (Reference 2.9-1) provides a list of the defense-in-depth functions that are
supported by the PLS.

Subsection 7.7.1 of the AP600 SSAR (Reference 2.9-1) is a detailed description of the functions
performed by the PLS. n\edetaileddesaipﬁonofd\ehardwareﬂ\atcompﬁaesﬂ\ePLSis
provided in SSAR subsection 7.1.3.

2.9.1.1 Design Features that Address Shutdown

The PLS provides control of nonsafety-related components required for shutdown operations.
In general, PLS equipment that supports shutdown operations operates continually. For high
system availability, the PLS is designed with internal redundancy and segmentation of major
functions to separate hardware elements, and is powered by nonsafety-related,

uninterruptible power. Portions of the PLS may be shut down when the functions performed

bytlutportimofd\ePlSmnotreqnired,withoutaffecﬁnglheporﬁonsofthePLSthAt
remain operational.
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Control functions are distributed across multiple distributed controllers so that single failures

within a controller do not degrade the performance of control functions performed by other
controllers.

The distributed controllers receive process inputs and implement the system-level logic and
controi algorithms appropriate for the plant operating mode. The distributed controllers
receive process inputs from, and transmit process control outputs to, the actuated
components. The distributed controller also transmits and receives process signals via a
redundant process bus. This process bus facilitates the receipt of process signals from the
PMS via redundant signal selectors, provides for two-way communication between the
individual distributed controllers, and provides for two-way comumunication between
distributed controllers and the main control room and remote shutdown workstation.

Redundant signal selectors provide the PLS with the ability to obtain inputs from the
integrated protection cabinets in the PMS. The signal selector function maintains the
independence of the PLS and PMS. The signal selector subsystem redundancy serves two
purposes: it protects against a failure disrupting the control system, and it provides the
capability to remove one of the selectors from service for testing while maintaining normal
control using data from the other selector.

2.9.1.2 Shutdown Operations

There are no special shutdown operations associated with the PLS. The PLS supports the
shutdown operations of the other systems required to operate during shutdown including the
following systems: reactor coolant, steam generator, feedwater, main steam, normal residual

heat removal, passive core cooling, containment, passive containment cooling, chemical and
volume control, and spent fuel cooling.

292 Protection and Safety Monitoring System

2.9.2.1 System Description

The PMS provides the safety-related functions necessary to control the plant during normal
operation, to shut down the plant, and to maintain the plant in a safe shutdown condition.
The PMS controls plant safety-related components that are operated from the main control
room or remote shutdown workstation. In addition, the PMS provides the equipment
necessary to monitor the plant safety-related functions during and following an accident as
required by Regulatory Guide 1.97 (Reference 2.9-2).
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Reactor Trip

Four redundant measurements, using four separate sensors, are made for each variable used
for reactor trip. Analog signals are converted to digital form by analog-to-digital converters
within the integrated protection cabinets. Signal conditioning is applied to selected inputs
followirg the conversion to digital form. Following necessary calculations and processing,
the measurements are compared against the applicable setpoint for that variable. A partial
trip signal for a parameter is generated if one channel’s measurement exceeds its
predetermined or calculated limit. Processing of variables for reactor trip is identical in each
of the four redundant divisions of the protection system. Each division sends its partial trip
status to each of the other three divisions over isolated muitiplexed data links. Each division

is capable of generating a reactor trip signal if two or more of the redundant channels of a
single variable are in the partial trip state.

The reactor trip signal froin each of the four integrated protection cabinets is sent to the
corresponding reactor trip switchgear breakers.

Each of the four reactor trip actuation divisions consists of two reactor trip circuit breakers.
The reactor is tripped when two or more actuation divisions output a reactor trip signal.
This automatic trip demand initiates the following two actions. It deenergizes the under-
voltage trip attachments on the reactor trip breakers, and it energizes the shunt trip devices
on the reactor trip breakers. Either action causes the breakers to trip. Opening the
appropricte trip breakers removes power to the rod drive mechanism coils, allowing the rods
to fall into the core. Thus rapid negative reactivity insertion causes the reactor to shut down.

Engineered Safety Features Actuation

Four sensors normally monitor each variable used for an engineered safety feature (ESF)
actuation. (These sensors may monitor the same variable for a reactor trip function.) Analog
measurements are converted to digital form by analog-to-digital converters within each of the
four integrated protection cabinets. Following required signal conditioning or processing, the
measurements are compared against the setpoints for the ESF to be generated. When the
measurement exceeds the setpoint, the output of the comparison results in a channel partial
trip condition. The partial trip information is transmitted over isolated data links to the ESF
actuation cabinets to form the signals that result in an ESF actuation. The voting logic is
performed twice within each ESF actuation cabinet. Each voting logic element generates an
actuation signal if the required coincidence of partial trips exists at its inputs.

The signals are combined within each ESF actuation cabinet to generate a system-level signal.
System-level manual actions are also processed by the logic in each ESF actuation cabinet.
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The system-level signals are then broken down to the 1 ividual actuation signals through
the protection logic cabinets to actuate each component associated with a system-level ESF.
For example, a single safeguards actuation signal must trip the reactor and the RCPs, align
CMT and IRWST valves, and initiate containment isolation. The interposing logic within
each protection logic cabinet accomplishes this function and also performs necessary
interlocking so that components are properly aligned for safety. Component-level manual
actions are also processed by this interposing logic. The component level logic, performed
within the protection logic cabinets, is triple redundant. The component actuation outputs
from the logic processors are combined with the power interface cards in a two-out-of-three
voting logic. The power interface also transforms the low level signals to voltages and
currents commensurate with the actuation devices they operate. The actuation devices, in
turn, control motive power to the final ESF component.

A detailed description of the functions performed by the PMS is described in sections 7.2, 7.3,
and 7.5 of the AP600 SSAR (Reference 2.9-1). The detailed description of the hardware that
comprises the PMS is provided in SSAR subsection 7.1.2.

2.9.2.2 Design Features that Address Shutdown

The PMS provides the safety-relatea functions necessary to shut down the plant and to
maintain the plant in a safe shutdown condition. The PMS controls safety-related
components. In addition, the PMS provides the equipment necessary to monitor the plant
safety-related functions during and following an accident as required by Regulatory
Guide 1.97 (Reference 2.9-2). The PMS consists of redundant and independent hardware
elements powered by safety-related, uninterruptible power. The availability of the PMS is
controlled by the plant Technical Specifications, SSAR chapter 16 (Reference 2.9-3). These
Technical Specifications provide for the following:

. Portions of the PMS that support reactor trip must be operable during all modes in
which the reactor trip breakers are closed and the PLS is capable of rod withdrawal.

. Portions of the PMS that support ESFs must be operable during all modes in which
the engineered safety feature must be available. In general, this requires that these

portions of the PMS are operable under all plant operating conditions in which the
reactor vessel head is in place.

. Portions of the PMS that support plant monitoring must be operable during all modes
in which the occurrence of an accident, which may require most accident monitoring,
is credible. In general, this requires that these portions of the PMS are operable
during reactor operation and during hot standby conditions.
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The PMS provides a high degree of reliability and fault tolerance. This capability is provided
by the following design features:

. Two-out-of-four coincidence logic on reactor trip and most ESFs actuations provide
that any failure in a single protection channel or safety division cannot cause a
spurious reactor trip or spurious system-level ESF actuation. This same two-out-of-
four logic also provides that any failure in a single protection channel or safety
division cannot prevent a required reactor trip or system level ESF actuation from
occurring. This provides tolerance against failures ranging from the failure of a single

instrument or component to the complete failure of an entire integrated protection or
ESF actuation cabinet.

. Reactor trip and ESF actuation logic reverts to two-out-of-three coincidence logic if
one channel is bypassed or in test. Therefore, a single failure while in test cannot
cause a spurious reactor trip or spurious system-level ESF actuation. This same two-
out-of-three logic also provides that any failure in a single protection channel or safety
division cannot prevent a required reactor trip or system-level ESF actuation from
occurring.

. The voting logic for reactor trip functions is contained within each integrated
protection cabinet. The reactor trip breakers operate on a de-energize-to-trip principle.

. ESF actuation logic is performed redundantly in each ESF actuation cabinet.
Redundant microprocessor-based subsystems perform this logic so that a component
failure related to one subsystem cannot affect the other redundant subsystem. The
system-level actuatior: outputs are transmitted to the protection logic cabinets over
two redundant data highways. A single data highway failure carnot prevent ESF
actuation. Extensive error checking is performed on these data highways to minimize
failures from causing spurious actuation.

. Component-level logic, performed within the protection logic cabinets, is triple
redundant. Four redundant logic processor boards are provided along with two data
highway controller boards. Two logic processor boards are associated with each data
highway controller board. The logic processors are programmed to respond to
actuation signals received from the data highways. Failure of one data highway or
one data highway controller board does not prevent component-level actuations.
Extensive error checking on the data highways is provided to minimize data highway
failures from generating spurious ESF component-level actuations. The component
actuation outputs from the logic processors are combined with the power interface
cards in a two-out-of-three voting logic. This prevents the failure of a single logic
processor from causing spurious actuation or preventing a required actuation.
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During maintenance, these features allow the system to continue to operate with one channel
or certain boards out of service. Any single integrated protection cabinet, ESF actuation
cabinet, or transmitter associated with one trip or actuation channel may be taken out of
service for maintenance without plant shutdown. The data highways connecting the ESF
actuation cabinets, protection logic cabinets, and multiplexers are redundant. One of the
redundant highways may be out of service, for maintenance, without directly causing plant
shutdown. Because the logic processors and data highway controllers in the protection logic
cabinets are redundant, one logic processor or data highway controller can be out of service,
for maintenance, while the overall system remains operational.

2.9.2.3 Shutdown Operations

There are no special shutdown operations associated with the PMS. The PMS supports the
shutdown operations of the other systems by remaining available during all periods in which
the supported systems perform their shutdown operations.

2.9.3 Diverse Actuation System

2.9.3.1 System Description

The DAS is a nonsafety-related system that provides a diverse backup to some functions
provided by the PMS. The specific functions performed by the DAS are selected based on
the FRA evaluation. The DAS is designed to minimize its potential for spurious operation by
using a two-out-of-two voting logic for actuation. The automatic actuation signals provided
by the DAS are generated in a functionally diverse manner from the PMS actuation signals.

The diverse automatic actuations are as follows:

. Trip rods via the motor generator set, trip turbine and initiate the passive residual
heat removal on low wide-range steam generator water level

. Initiate passive residual heat removal on high hot leg temperature

. Trip rods via the motor generator set, actuate the CMTs, and trip the RCPs on low
pressurizer water level

. Isolate critical containment penetrations and start passive containment cooling water
flow on high containment temperature

Critical containment penetrations are those lines that connect directly to the RCS, the
containment atmosphere, or the containment sump.
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ThemamnlacﬂuﬁonhmcﬁonoftheDASisimplemenhedbywiringthecon&olsloawdin
themincontrolroomdirectlytotl:\eﬁmlloadsinawayﬂ\atcompletelybypassesﬂw

normal path through the control room multiplexers, the ESF actuation cabinets, the protection
logic cabinets, and the DAS automatic logic.

The diverse manual functions areas follows:

. Reactor and turbine trip

Passive residual heat removal actuation

CMT actuation

Automatic depressurization system valve actuation
Passive containment cooling actuation

. Critical containment penetration isolation

. Containment hydrogen igniter actuation

. Initiation of IRWST injection

. Initiation of containment recirculation

. Initiation of IRWST drain to containment

For support of the diverse manual actuations, sensor outputs are displayed in the main
control room in a manner that is diverse from the protection system display functions. The
indications that are provided from at least two sensors per function are as follows:

. Steam generator water level-—for reactor trip and passive residual heat removal
actuations, and for overfill prevention by manr.al actuation of the ADS valves

. Hot leg temperature-—for passive resic .al heat removal actuation

. Core exit temperature—for ADS actuation and subsequent initiation of IRWST
irdection

. Pressurizer level—for CMT actuation and RCP trip
. Containment temperature—for containment isolation and PCS actuation
. Containment hydrogen—for containment hydrogen igniter actuation

Additional information on the DAS is provided in subsection 7.7.11 of the AP600 SSAR
(Reference 2.9-1).
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2.9.3.2 Design Features that Address Shutdown

The DAS is intended to be operable under all plant operating conditions in which the reactor
vessel head is in place.

The DAS automatic actuation processors are provided with the capability for channel
calibration and testing while the plant is operating.

'I'heDASusessensorsthatmseparatefmmﬂwsebeingusedbythePMSandthePLS. This

prohibits failures from propagating to the other plant systems through the use of shared
Sensors.

There is signal isolation between the two subsvstems within the DAS, one for each input and
output path. These isolators are characterized by a high common mode voltage withstand
capability to provide the necessary isolation against faults. The configuration is set up such
that the isolation devices are capable of protecting against fault propagation between the
DAS subsystems.

The DAS actuation devices are isolated from the PMS actuation devices to avoid adverse
interactions between the two systems. The actuation devices of each system are capable of
independent operation that is not affected by the operation of the other. The DAS is
designed to actuate components only in a manner that initiates the safety function. This type
of interface also prevents the failure of an actuation device in one system from propagating a
failure into the other system.

The DAS and the PMS use independent and separate uninterruptible power supplies.

2.9.3.3 Shutdown Operations

There are no special shutdown operations associated with the DAS. The DAS remains
operational and is capable of performing its functions during all plant operating conditions in
which the reactor vessel head is in place.
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3.0 SHUTDOWN MAINTENANCE GUIDELINES AND PROCEDURES

This section presents an overview discussion of AP600 shutdown maintenance guidelines and
procedures captured as part of the AP600 design and design certification program.

Shutdown maintenance requirements and guidelines have been identified in various licensing
submittals, such as the AP600 Technical Specifications, AP600 Standard Safety Analysis Report
(SSAR), section 16.1 (Reference 3.0-1), the design reliability assurance program, SSAR

section 16.2, the AP600 implementation of the regulatory treatment of nonsafety systems

(RTNSS) process (WCAP-13856) (Reference 3.0-2), and the AP600 Probabilistic Risk Assessment
(PRA) (Reference 3.0-3).

In addition, other insights have been made based on the past experience of operating
pressurized water reactors (PWRs) as discussed in the various licensing and industry
documents, such as Generic Letter 88-17 (Reference 3.0-4), NUREG-1449 (Reference 3.0-5),
NUMARC 91-06 (Reference 3.0-6), and EPRI Advanced Light Water Reactor Utility Requirements
Document (Reterence 3.0-7). Shutdown procedures have been addressed in the AP600 design
certification program by the submittal of the AP600 Emergency Response Guidelines (ERGs)
(Reference 3.0-8), which include shutdown emergency procedures.

While ultimately the responsibility of shutdown maintenance and shutdown risk
management is the responsibility of the combined operating license (COL) applicant, this
section summarizes the major shutdown maintenance guidelines and procedures that have
been identified in the various submittals discussed above as part of the AP600 design and
design certification program.

3.0.1 References

3.0-1 AP600 Standard Safety Analysis Report, Chapter 16, "Technical Specifications.”

3.0-2 WCAP-13856, AP600 Implementation of the Regulatory Treatment of Nonsafety Related
Systems (RTNSS) Process Summary Report, September 1993.

3.0-3 AP600 Probabilistic Risk Assessment, September 30, 1996.
3.044 NRC Generic Letter 88-17, "Loss of Decay Heat Removal," 10 CFR 50.54(f).

3.0-5 NUREG-1449, Shutdown and Low Power Operations at Commercial Nuclear Power Plants in
the United States, September 1993.

306 NUMARC 91-06, "Guidelines for Industry Actions to Assess Shutdown Management,”
December 1991.
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3.0-7 EPRI Advanced Light Water Reactor Utility Requirements Document, NP-6780-L,
Revisions 5 and 6, December 1993.

3.0-8 NSD-NRC-97-4936 (DCP/NRC0702), Submittal of AP600 Emergency Response Guidelines,
Revision 2, January 10, 1997.
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31 MAINTENANCE GUIDELINES AND INSIGHTS IMPORTANT TO
REDUCING SHUTDOWN RISK

This section presents an overview of AP600 shut.own maintenance guidelines and insights,
captured as part of the AP600 design and design certification program, which are either
required for plant safety or are effective at reducing shutdown risk.

3.11 Availability Requirements for Safety-Related Systems

Availability controls of the AP600 safety-related systems are provided by the SSAR Technical
Spevifications (Reference 3.1-1). Table 2.3-1 of this report summarizes the availability of the
safety-related systems required by the Technical Specifications. These availability
requirements cover all modes of operation including shutdown.

3.1.2 Availability Guidelines for RTNSS-Important Systems

As discussed in the AF600 Design Reliability Assurance Program, SSAR section 1€.2
(Reference 3.1-1), the AP600 implementation of the RTNSS process (WCAP-13856)

(Reference 3.1-2) identified short-term availability controls for those nonsafety-related
systems, structures, and components that perform functions identified as important in the
RTNSS process. These recommendations include the operational modes when the systems
are risk-significant, recommended modes for extended maintenance operations on the
systems, and remedial actions if the system is not available. While WCAP-13856 provides the
designer with recommendations for the RTNSS-important systems as they relate to shutdown

risk, Table 3.1-1 provides a summary of the top level requirements for short-term availability
recommendations.

3.1.3 Reactor Coolant System Precautions and Limitations at Shutdown

Precautions and limitations for RCS operation at shutdown are considered to minimize the
risk to plant safety at shutdown. The most important of these are captured in the AP600
Technical Specifications. However, other precautions and limitations associated with
maintenance and operation at shutdown have been identified during the design of the
AP600. These are based on both the past operating experience of PWRs, as well as the
designer’s experience of the unique AP600 design features. A summary of these precautions
and limitations that apply to shutdown maintenance and operation is provided in this
section.
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Normal Operating | Mode to Perform Planned | Short-term Availability
System Modes Maintenance Recommendations Remedial Actions
Normal Residual Heat Removal 4-6 1 Both RNS subsystems If both RNS subsystems are not
System should be available available, the plant should not
during RCS reduced initiate reduced RCS inventory
inventory operations® operations. If both subsystems
when they are required cannot be maintained operable
for decay heat removal. throughout reduced inventory
operations, actions should be
taken te restore system
conditions.
Component Cooling Water 1-6 1 Both CCS subs If both CCS subsystems are not
System "8 should be available to available, the p!az<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>