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6.3 Passive Core Cooling System

The primary function of the passive core cooling system is to provide emergency core cooling
following postulated design basis events. To accomplish this primary function, the passive core
cooling system 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 reactor coolant system
conditions including shutdowns. During refueling operations, when the IRWST is drained
into the refueling cavity, other passive means of core decay heat removal are utilized.
Subsection 6.3.3.4.4 provides a description of how this is accomplished.

* Reactor coolant system emergency makeup and boration

Provide reactor coolant system makeup and boration during transients or accidents when the
normal reactor coolant system makeup supply from the chemical and volume control system
is unavailable or is insufficient.

* Safety injection

Provide safety injection to the reactor coolant system to provide adequate core cooling for
the complete range of loss of coolant accidents, up to and including the double-ended
rupture of the largest primary loop reactor coolant system 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 passive core cooling system is designed to operate without the use of active equipment such
as pumps and ac power sources. The passive core cooling system depends on reliable passive
components and processes such as gravity injection and expansion of compressed gases. The
passive core cooling system does require a one-time alignmnent of valves upon actuation of the
specific components.

6.3.1 Design Basis

The passive core cooling system is designed to perform its safety-related functions based on the

following considerations:

* It has component redundancy to provide confidence that its safety-related functions are
performed, even in the unlikely event of the most limiting single failure occurring coincident
with postulated design basis events.
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6.3.1.1.1 Emergency Core Decay Heat Removal

For postulated non-LOCA events, where a loss of capability to remove core decay heat via the
steam generators occurs, the passive core cooling system is designed to perform the following
functions for at least 72 hours:

* The passive residual heat removal heat exchanger automatically actuates to provide reactor
coolant system cooling an'd topeven ..... t...r. •;rel throu..gh the pre~zurizer .. f...a 'e....

* The passive residual heat removal heat exchanger, in conjunction with the in-containment
refueling water storage tank, condensate collection features, and the passive containment
cooling system, are designed to remove decay heat following a design basis event.
Automatic depressurization actuation is not expected, but may occur depending on the
amount of reactor coolant system leakage and when normal systems are recovered (refer to
subsection 6.3.1.1.•4).

• The passive residual heat removal heat exchanger is designed to maintain acceptable reactor
coolant system conditions following a non-LOCA event. The applicable post-accident safety
evaluation criteria are discussed in Chapter 15.

* The passive residual heat removal heat exchanger is capable of performing its post-accident
safety functionsautomatica!!y remo;ing core .ec.. hea f.. llo..in.. suc an..e...nt..assuming
the steam generated in the in-containment refuieling water storage tank is condensed on the
containment vessel and returned by gravity via the in-containment refueling water storage
tank condensate return gutter and downspouts.

* The paz i. r ideal"° heat ....... hea e'chang er... in cocnjun•ctien --ith• the p....iv

containcepment cooen zyf , ic=le. dTiged to.~i: remoiedc-= ay• h..e-a ht fo chgr anidfnt tie ignea

Durind loo steam gfnerationr tuerpr vntthe passive residual heat removal heat vhgeicdsnd
toxcoo haner eoe oedcyha n e reactor coolant system temp0 n 6huowt r ihu eractur clant
prsurpe, peruatiing.Ti owi th sea rerator polrtzessourderezrie and thriainera f tow, winhu

ovDuriling ah steam generator.tb utr vntepsiersda etrmvlha

System operation beyond 72 hours is described in subsection 6.3.1.2.1.

6.3.1.1.2 Reactor Coolant System Emergency Makeup and Boration

For postulated non-LOCA events, sufficient core makeup water inventory is automatically
provided to keep the core covered and to allow for decay heat removal. In addition, this makeup
prevents actuation of the automatic depressurization system for a significant time.
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For postulated events resulting in an inadvertent cooldown of the reactor coolant system, such as
a steam line break, sufficient borated water is automatically provided to makeup for reactor
coolant system shrinkage. The borated water also counteracts the reactivity increase caused by
the resulting system cooldown.

For a Condition II steam line break described in Chapter 15, return to power is acceptable if there
is no core damage. For this event, the automatic depressurization system is not actuated.

For a large steam line break, the peak return to power is limited so that the offsite dose limits are
satisfied. Following either of these events, the reactor is automatically brought to a subcritical

condition.

For safe shutdown, the passive core cooling system is designed to supply sufficient boron to the
reactor coolant system to maintain the technical specification shutdown margin for cold,
post-depressurization conditions, with the most reactive rod fully withdrawn from the core. The
automatic depressurization system is not expected to actuate for these events.

6.3.1.1.3 Safety Injection

The passive core cooling system provides sufficient water to the reactor coolant system to
mitigate the effects of a loss of coolant accident. In the event of a large loss of coolant accident,
up to and including the rupture of a hot or cold leg pipe, where essentially all of the reactor
coolant volume is initially displaced, the passive core cooling system rapidly refills the reactor
vessel, refloods the core, and continuously removes the core decay heat. A large break is a
rupture with a total cross-sectional area equal to or greater than one square foot. Although the
criteria for mechanistic pipe break are used to limit the size of pipe rupture considered in the
design and evaluation of piping systems, as described in subsection 3.6.3, such criteria are not
used in the design of the passive core cooling system.

Sufficient water is provided to the reactor vessel following a postulated loss of coolant accident
so that the performance criteria for emergency core cooling systems, described in Chapter 15, are
satisfied.

The automatic depressurization system valves, provided as part of the reactor coolant system, are
designed so that together with the passive core cooling system they:

* Satisfy the small loss of coolant accident performance requirements

* Provide effective core cooling for loss of coolant accidents from when the passive core
cooling system is actuated through the long-term cooling mode.

6.3.1.1.4 Safe Shutdown

The functional requirements for the passive core cooling system specify that the plant be brought
to a safe, stable condition using the passive residual heat removal heat exchanger for events not
involving a loss of coolant. As stated in subsection 6.3.1.1.1, the passive residual heat removal
heat exchanger in conjunction with the passive containment cooling system provides sufficient
heat removal to satisfy the post-accident safety evaluation criteria for at least 72 hours.
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Additionally, For thsecvn,, the passive core cooling system, in conjunction with the passive
containment cooling system and the automatic depressurization system, has the capability to
establish long-term safe shutdown conditions in the reactor coolant system, as identified in
subsection 7.4.1.1., ce^ding .th ..... e oc..a.. syst .. m to abot... 1.20o in 2-6 hors ..... ith e

The core makeup tanks automatically provide injection to the reactor coolant system after they
are actuated on low reactor coolant temperature or low pressurizer pressure or level. e-h

passive core cooling system 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 specification 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.-Ieee-f

deprssuiz.,tJ ~ation sytem w•ll v i autom~atically actuad •tc.&t¢

In scenarios when ac power sources are unavailable for approximately 22 hours, the automatic
depressurization system automatically actuates. However, after the initial plant cooldown
following a non-LOCA event, operators assess plant conditions and have the option to perform
recovery' actions to further cool and depressurize the reactor coolant system in a closed-loop
mode of operation, i.e., without actuation of the automatic depressurization system. After
verifying the reactor coolant system is in an acceptable, stable condition such that automatic
depressurization is not needed, the operators may take action to extend the passive residual heat
removal heat exchanger operation by de-energizing the loads on the Class I E do batteries
powering the protection and monitoring system actuation cabinets. After operators have taken
action to extend its operation, the passive residual heat removal heat exchanger, in conjunction
with the passive containment cooling system, has the capability to maintain safe, stable
conditions for at least 72 hours. The automatic depressurization system remains available to
maintain safe shutdown conditions at a later time.

In most sequences the operators would retumn the plant to normal system operations and
terminate passive system operation within several hours in accordance with the plant emergency
operating procedures. For loss of coolant accidents, when the core makeup tank level reaches the
automatic depressurization system actuation setpoint and other postulated events where ae,-pewe*
.:.urcos are!,ostihe passive residual heat removal heat exchanger operation is not extended or
exhausted, or .h.n the. ec. m.... up ta..... leel r .. ach... th" automatic.. depressuri.zatiecn system
acuto stonthe automatic depressurization system may be initiated.initiates= This results in
injection from the accumulators and subsequently from the in-containment refueling water
storage tank, once the reactor coolant system is nearly depressurized. For these conditions, the
reactor coolant system depressurizes to saturated conditions at about 2500 F within 24 hours. The
passive core cooling system can maintain this safe shutdown condition indefinitely for the plant
as identified in subsection 7.4.1.1.

The basi us:ed te define the passive core cooling system functional requirements e-e4e
frem Scetien 7.1 of the Stan=dard R~evi:e'w Plan. The fu~nctioenal requirements are met over the
range of anticipated events and single failure assumptions. The primary function of the passive
core cooling system during a safe shutdown using only safety-related equipment is to provide a
means for boration, injection, and core cooling. Details of the safe shutdown design bases are
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presented in subsection 5.4.7 and Section 7.4. The performance of the passive residual heat
removal heat exchanger to bring the plant to 4200 F in 36 hours is summarized in subsection
1 9E.4. 10.2.

6.3.1.1.5 Containment pH Control

The passive core cooling system is capable of maintaining the desired post-accident pH
conditions in the recirculation water after containment floodup. The pH adjustment is capable of
maintaining containment pH within a range of 7.0 to 9.5, to enhance radionuclide retention in the
containment and to prevent stress corrosion cracking of containment components during long-
term containment floodup.

6.3.1.1.6 Reliability Requirements

The passive core cooling system satisfies a variety of reliability requirements, including
redundancy (such as for components, power supplies, actuation signals, and instrumentation),
equipment testing to confirm operability, procurement of qualified components, and provisions
for periodic maintenance. In addition, the system provides protection in a number of areas
including:

* Single active and passive component failures
* Spurious failures
* Physical damage from fires, flooding, missiles, pipe whip, and accident loads
* Environmental conditions such as high-temperature steam and containment floodup

Subsection 6.3.1.2-3 includes specific nonsafety-related design requirements that help to confirm
satisfactory system reliability.

6.3.1.2 Powcr Ccn.cration Dc•"-7gn Ba~isNonsafety Design Basis

6.3.1.2.1 Post Accident Core Decay Heat Removal

The passive residual heat removal heat exchanger is designed to cool the reactor coolant system
to 4200 F in 36 hours, with or without reactor coolant pumps operating. This allows the reactor
coolant system to be depressurized and the stress in the reactor coolant system and connecting
pipe to be reduced to low levels. This non-bounding, conservative evaluation is discussed in
subsection 1 9E.4. 10.2.

The passive residual heat removal heat exchanger, in conjunction with the in-containment
refueling water storage tank, the condensate return features and the passive containment cooling
system, has the capability to maintain the reactor coolant system in the specified, long term, safe
shutdown condition of 4200°F for greater than 14 days in a closed-loop mode of operation. The
automatic depressurization system can be manually actuated by the operators during the extended
passive residual heat removal heat exchanger operation to initiate open-loop cooling. The
operator actions necessary to achieve safe shutdown using the passive residual heat removal heat
exchanger in a closed-loop mode of operation involve preventing unnecessary actuation of the
automatic depressurization system as detailed in subsection 7.4.1.
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Eventually, if pressurizer heaters are not available, the pressurizer sub-cools due to ambient heat
loss. When this happens, the steam void within the pressurizer is transferred to the RCS. It has
been determined that this condition is safe, so long as PRHR performance is not affected.

If PRI-R performance is affected by sub-cooling (or other plant conditions) and non-safety
systems to control core cooling are not reestablished, then the final, long term safe shutdown
conditions may be achieved and maintained using ADS as discussed in subsection 7.4.1.1.

6.3.1.3 Power Generation Design Basis

The passive core cooling system is designed to be sufficiently reliable to support the probabilistic
risk analysis goals for core damage frequency and severe release frequency. In assessing the
reliability for probabilistic risk analysis purposes, more realistic analysis is used for both the
passive core cooling system performance and for plant response.

In the event of a small loss of coolant accident, the passive core cooling system limits the
increase in peak clad temperature and core uncovery with design basis assumptions. For pipe
ruptures of less than eight-inch nominal diameter size, the passive core cooling system is
designed to prevent core uncovery with best estimate assumptions.

The passive residual heat removal heat exchanger and the in-containment refueling water storage
tank are designed to delay significant steam release to the containment for at least one hour.

The frequency of automatic depressurization system actuation is limited to a low probability to
reduce safety risks and to minimize plant outages. Equipment is located so that it is not flooded
or it is designed so that it is not damaged by the flooding. Major plant equipment is designed for
multiple occurrences without damage.

The pH control equipment is designed to minimize the potential for and the impact of inadvertent
actuation.

The passive core cooling system is capable of supporting the required testing and maintenance,
including capabilities to isolate and drain equipment.

6.3.2 System Design

The passive core cooling system is a seismic Category I, safety-related system. It consists of two
core makeup tanks, two accumulators, the in-containment refueling water storage tank, the
passive residual heat removal heat exchanger, pH adjustment baskets, and associated piping,
valves, instrumentation, and other related equipment. The automatic depressurization system
valves and spargers, which are part of the reactor coolant system, also provide important passive
core cooling functions.

The passive core cooling system is designed to provide adequate core cooling in the event of
design basis events. The redundant onsite safety-related class 1 E dc and UPS system provides
power such that protection is provided for a loss of ac power sources, coincident with an event,
assuming a single failure has occurred.
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6.3.2.1 Schematic Piping and Instrumentation Diagrams

Figures 6.3-1 cad 5.~2-2shows the piping and instrumentation drawings of the passive core
cooling system. Simplified flow diagrams are shown in Figures 6.3-3 and 6.3-4. The accident
analysis results of events analyzed in Chapter 15 provide a summary of the expected fluid
conditions in the passive core cooling system for the various locations shown on the simplified
flow diagrams, for the specific plant conditions identified - safety injection and decay heat
removal.

The passive core cooling system is designed to supply the core cooling flow rates to the reactor
coolant system specified in Chapter 15 for the accident analyses. The accident analyses flow
rates and heat removal rates are calculated by assuming a range of component parameters,
including best estimate and conservatively high and low values.

The passive core cooling system design is based on the six major components, listed in
subsection 6.3.2.2, that function together in various combinations to support the four passive core
cooling system functions:

* Emergency decay heat removal
* Emergency reactor makeupiboration
* Safety injection
* Containment pH control

6.3.2.1.1 Emergency Core Decay Heat Removal at High Pressure and Temperature Conditions

For events not involving a loss of coolant, the emergency core decay heat removal is provided by
the passive core cooling system via the passive residual heat removal heat exchanger. The heat
exchanger consists of a bank of C-tubes, connected to a tubesheet and channel head arrangement
at the top (inlet) and bottom (outlet). The passive residual heat removal heat exchanger connects
to the reactor coolant system through an inlet line from one reactor coolant system hot leg
(through a tee from one of the fourth stage automatic depressurization lines) and an outlet line to
the associated steam generator cold leg plenum (reactor coolant pump suction).

The inlet line is normally open and connects to the upper passive residual heat removal heat
exchanger channel head. The inlet line is connected to the top of the hot leg and is routed
continuously upward to the high point near the heat exchanger inlet. The normal water
temperature in the inlet line will be hotter than the discharge line.

The outlet line contains normally closed air-operated valves that open on loss of air pressure or
on control signal actuation. The alignment of the passive residual heat removal heat exchanger
(with a normally open inlet motor-operated valve and normally closed outlet air-operated valves)
maintains the heat exchanger full of reactor coolant at reactor coolant system pressure. The water
temperature in the heat exchanger is about the same as the water in the in-containment refueling
water storage tank, so that a thermal driving head is established and maintained during plant
operation.

The heat exchanger is elevated above the reactor coolant system loops to induce natural
circulation flow through the heat exchanger when the reactor coolant pumps are not available.
The passive residual heat removal heat exchanger piping arrangement also allows actuation of
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the heat exchanger with reactor coolant pumps operating. When the reactor coolant pumps are
operating, they provide forced flow in the same direction as natural circulation flow through the
heat exchanger. If the pumps are operating and subsequently trip, then natural circulation
continues to provide the driving head for heat exchanger flow.

The heat exchanger is located in the in-containment refueling water storage tank, which provides
the heat sink for the heat exchanger.

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

The passive residual heat removal heat exchanger, in conjunction with the in-containment
refueling water storage tank, condensate return features, and passive containment cooling system,
can provide core cooling for at least 72 hours.an indefinite period• cf ti'me. After the in-
containment refueling water storage tank water reaches its saturation temperature (in abeoi
-2--several hours), the process of steaming to the containment initiates. Containment pressure will
increase as steam is released from the in-containment refueling water storage tank. As
containment temperature increases, condensation begins to form on the subcooled metal and
concrete surfaces inside containment. Condensation on these heat sink surfaces transfers energy
to the bulk metal and concrete until they come into equilibrium with the containment atmosphere.
Condensation that is not retumed to the in-containment refueling water storage tank drains to the
containment sump.

Condensation occurs on the steel containment vessel, which is cooled by the passive containment
cooling system. Te-hMost of the condensate formed on the containment vessel wall is collected
in a safety-related gutter arrangement. A gutter is located at--near the operating deck
4e~elevation, and a downspout piping system is connected at the polar crane girder and internal
stiffener, to collect steam "hc reun h condensate-to--th inside the containment during
passive containment cooling system operation and return it to the in-containment refueling water
storage tank. The gutter normally drains to the containment sump, but when the passive residual
heat removal heat exchanger actuates, safety-related isolation valves in the gutter drain line shut
and the gutter overflow returns directly to the in-containment refueling water storage tank.
Recovery of the condensate maintains the passive residual heat removal heat exchanger heat sink
for greater than 14 daysan• in'cfint" ..... d of. tim.:

The passive residual heat removal heat exchanger is used to maintain an acceptable, stable
reactor coolant system zafc zu-awncondition. It feni~e• e-tansfers decay heat and sensible
heat from the reactor coolant system to the in-containment refueling water storage tank, the
containment atmosphere, the containment vessel, and finally to the ultimate heat sink-the
atmosphere outside of containment. This occurs after in-containment refueling water storage tank
saturation is reached and steaming to containment initiates.

The duration the passive residual heat removal heat exchanger can continue to remove decay heat
is affected by the efficiency of the return of condensate to the in-containment refueling water
storage tank. The in-containment refueling water storage tank water level is affected by the
amount of steam that leaves the tank and does not return. Resources are typically recovered
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within 72 hours, which would allow the operators to place active, defense-in-depth systems into
service and to terminate passive system operation. If resources are not recovered within this
timeframe, closed-loop cooling using the passive residual heat removal heat exchanger can be
extended as described in subsection 7.4.1.1 to maintain a safe, stable condition after a design
basis event.

6.3.2.1.2 Reactor Coolant System Emergency Makeup and Boration

The core makeup tanks provide reactor coolant system makeup and boration during events not
involving loss of coolant when the normal makeup system is unavailable or insufficient. There
are two core makeup tanks located inside the containment at an elevation slightly above the
reactor coolant loops. During nonnal operation, the core makeup tanks are completely full of
cold, borated water. The boration capability of these tanks provides adequate core shutdown
margin following a steam line break.

The core makeup tanks are connected to the reactor coolant system through a discharge injection
line and an inlet pressure balance line connected to a cold leg. 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, or on control signal actuation. The core makeup tank discharge isolation valves
are diverse from the passive residual heat removal heat exchanger outlet isolation valves
discussed above. They use different globe valve body styles and different air operator types.

The pressure balance line from the cold leg is normally open to maintain the core makeup tanks
at reactor coolant system pressure, which prevents water hammer upon initiation of core makeup
tank injection.

The cold leg pressure balance line is connected to the top of the cold leg and is routed
continuously upward to the high point near the core makeup tank inlet. The normal water
temperature in this line will be hotter than the discharge line.

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

There are two operating processes for the core makeup tanks, steam-compensated injection and
water recirculation. During steam-compensated injection, steam is supplied to the core makeup
tanks to displace the water that is injected into the reactor coolant system. This steam is provided
to the core makeup tanks through the cold leg pressure balance line. The cold leg line only has
steam flow if the cold legs are voided.

During water recirculation, hot water from the cold leg enters the core makeup tanks, and the
cold water in the tank is discharged to the reactor coolant system. This results in reactor coolant
system boration and a net increase in reactor coolant system mass.

The operating process for the core makeup tanks depends on conditions in the reactor coolant
system, primarily voiding in the cold leg. When the cold leg is full of water, the cold leg pressure
balance line remains full of water and the injection occurs via water recirculation. If reactor

Tier 2 Material 6.3-9 Revision 19+



Westinghouse Non-proprietary Class 36. Engineered Safety Features AP1000 Design Control Document

Connections to the in-containment refueling water storage tank provide for transfer to and from
the reactor coolant system/refueling cavity via the normal residual heat removal system,
purification and sampling via the spent fuel pit cooling system, and remotely adjusting boron
concentration to the chemical and volume control system. Also, the normal residual heat removal
system can provide cooling of the in-containment refueling water storage.

In-containment refueling water storage tank level and temperature are monitored by indicators
and alarms. The operator can take action, as required, to meet the technical specification
requirements for in-containment refueling water storage tank operability.

6.3.2.2.4 pH Adjustment Baskets

The passive core cooling system utilizes pH adjustment baskets for control of the pH level in the
containment sump. The baskets are made of stainless steel with a mesh front that readily permits
contact with water. The baskets are designated AP1000 Equipment Class C, and are designed to
meet seismic Category I requirements.

The total weight of TSP contained in the baskets is at least 26,460 pounds. The TSP, in granular
form, is provided to raise the pH of the borated water in the containment following an accident to
at least 7.0. After extended plant operation, the granular TSP may cake into a solid form as it
absorbs moisture. Assuming that the TSP has caked, the dissolution time of the TSP is
approximately 3 hours. Good mixing with the sump water is expected due to both basket
construction and because the baskets are placed in locations conducive to recirculation flows
post-accident. The baskets are designed for ease of replacement of the TSP.

6.3.2.2.5 Passive Residual Heat Removal Heat Exchanger

The passive residual heat removal exchanger consists of inlet and outlet channel heads connected
together by vertical C-shaped tubes. The tubes are supported inside the in-containment refueling
water storage tank. The top of the tubes is several feet below the in-containment refueling water
storage tank water surface. The component data for the passive residual heat removal heat
exchanger is shown in Table 6.3-2. The passive residual heat removal heat exchanger is AP 1000
Equipment Class A and is designed to meet seismic Category I requirements.

The heat exchanger inlet piping connects to an inlet channel head located near the outside top of
the tank. The inlet channel head and tubesheet are attached to the tank wall via an extension
flange. The heat exchanger is supported by a frame which is attached to the IRWST floor and
ceiling. The heat exchanger supports are designed to ASME Code, Section III, subsection NF.
The extended flange is designed to accommodate thermal expansion. Figure 6.3-5 illustrates the
relationship between these parts and the boundaries of design code jurisdiction. The heat
exchanger outlet piping is connected to the outlet channel head, which is vertically below the
inlet channel head, near the tank bottom. The outlet channel head has an identical structural
configuration to the inlet channel head. Both channel head tubesheets are similar to the steam
generator tubesheets and they have manways for inspection and maintenance access.

The passive residual heat removal heat exchanger is designed to remove sufficient heat so that its
operation, in conjunction with available inventory in the steam generators, provide reactor
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coolant system cooling and lprevent3 water relicfth
of main feedwater or main feedline break events.

rough the prezsurizer zafet,' valves during loss

Passive residual heat removal heat exchanger flow and inlet and outlet line temperatures are
monitored by indicators and alarms. The operator can take action, as required, to meet the
technical specification requirements or follow emergency operating procedures for control of the
passive residual heat removal heat exchanger operation.

6.3.2.2.6 Depressurization Spargers

Two reactor coolant depressurization spargers are provided. Each one is connected to an
automatic depressurization system discharge header (shared by three automatic depressurization
system stages) and submerged in the in-containment refueling water storage tank. Each sparger
has four branch arms inclined downward. The connection of the sparger branch arms to the
sparger hub are submerged below the in-containment refueling water storage tank overflow level
by •11.5 feet. The component data for the spargers is shown in Table 6.3-2. The spargers are
AP 1000 Equipment Class C and are designed to meet seismic Category I requirements.

The spargers perform a nonsafety-related function -- minimizing plant cleanup and recovery
actions following automatic depressurization. They are designed to distribute steam into the
in-containment refueling water storage tank, thereby promoting more effective steam
condensation.

The first three stages of automatic depressurization system valves discharge through the spargers
and are designed to pass sufficient depressurization venting flow, with an acceptable pressure
drop, to support the depressurization system performance requirements. The installation of the
spargers prevents undesirable and/or excessive dynamic loads on the in-containment refueling
water storage tank and other structures.

Each sparger is sized to discharge at a flow rate that supports automatic depressurization system
performance, which in turn, allows adequate passive core cooling system injection.
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6.3.2.2.7 IRWST and Containment Recirculation Screens

The passive core cooling systems has two different sets of screens that are used to fe~iewing-a.
LOCA; IRWST zzrezn• and czontinmcnt recirzulation scrzenz. These screens prevent debris
from entering the reactor and blocking core cooling passages during a LOCA: IRWST screens
and containment recirculation screens. The screens are AP1000 Equipment Class C and are
designed to meet seismic Category I requirements. The structural frames, attachment to the
building structure, and attachment of the screen modules use the criteria of ASME Code, Section
III Subsection NF. The screen modules are fabricated of sheet metal and are designed and
fabricated to a manufacturer's standard. These IRWST screens and containment recirculation
screens are designed to comply with applicable licensing regulations including:

* GDC 35 of 10 CFR 50 Appendix A
• Regulatory Guide 1.82
* NUREG-0897
The operation of the passive core cooling system following a LOCA is described in
subsection 6.3.2.1.3. Proper screen design, plant layout, and other factors prevent clogging of
these screens by debris during accident operations.

6.3.2.2.7.1 General Screen Design Criteria

The IRWST screens and containment recirculation screens are designed to comply with the
following criteria.

1. Screens are designed to Regulatory Guide 1.82, including:

* Separate, large screens are provided for each function.

* Screens are located well below containment floodup level. Each screen provides the function
of a trash rack and a fine screen. A debris curb is provided to prevent high density debris
from being swept along the floor to the screen face.

* Floors slope away from screens (not required for AP 1000).

* Drains do not impinge on screens.

* Screens can withstand accident loads and credible missiles.

* Screens have conservative flow areas to account for plugging. Operation of the non-safety-
related normal residual heat removal pumps with suction from the IRWST and the
containment recirculation lines is considered in sizing screens.

* System and screen performance are evaluated.

* Screens have solid top cover. Containment recirculation screens have protective plates that
are located no more than 1 foot above the top of the screens and extend at least 10 feet in
front and 7 feet to the side of the screens. The plate dimensions are relative to the portion of
the screens where water flow enters the screen openings. Coating debris, from coatings
located outside of the ZOI, is not transported to the containment recirculation screens, to the
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shown that a head loss of 4.1 psi at these flows is acceptable based on long-term core

cooling sensitivity analysis.

6.3.2.2.7.2 IRWST Screens

The IRWST screens are located inside the IRWST at the bottom of the tank. Figure 6.3-6 shows
a plan view and Figure 6.3-7 shows a section view of these screens. Three separate screens are
provided in the ]RWST, one at either end of the tank and one in the center. A cross-connect pipe
connects all three IRWST screens to distribute flow. The IRWST is closed off from the
containment; its vents and overflows are normally closed by louvers. The potential for
introducing debris inadvertently during plant operations is limited. A cleanliness program (refer
to subsection 6.3.8.1) controls foreign debris from being introduced into the tank during
maintenance and inspection operations. The Technical Specifications require visual inspections
of the screens during every refueling outage.

The IRWST design eliminates sources of debris from inside the tank. Insulation is not used in the
tank. Air filters are not used in the IRWST vents or overflows. Wetted surfaces in the IRWST are
corrosion resistant such as stainless steel or nickel alloys; the use of these materials prevents the
formation of significant amounts of corrosion products. In addition, the water is required to be
clean because it is used to fill the refueling cavity for refueling; filtering and demineralizing by
the spent fuel pit cooling system is provided during and after refueling.

During a LOCA, steam vented from the reactor coolant system condenses on the containment
shell and; drains down the shell to the polar crane girder or internal stiffener where it is drained
via downspouts to the IRWST. Steam that condenses below the internal stiffener drains down the
shell tov the ovperating deck elcyation and is collected in a gutter near the operating deck elevation.
It is very unlikely that debris generated by a LOCA can reach the downspouts or the gutter
because of theirits locations. Each downspout inlet is covered with a coarse screen that prevents
larger debris from entering the downspout. The gutter is covered with a trash rack which prevents
larger debris from clogging the gutter or entering the IRWST through the two 4-inch drain pipes.
The inorganic zinc coating applied to the inside surface of the containment shell is safety -

Service Level I, and will stay in place and will not detach.

The design of the IRWST screens reduces the chance of debris reaching the screens. The screens
are oriented vertically such that debris that settles out of the water does not fall on the screens.
The lowest screening surface of the IRWST screens is located 6 inches above the IRWST floor to
prevent high density debris from being swept along the floor by water flow to the IRWST
screens. The screen design provides the trash rack function. This is accomplished by the screens
having a large surface area to prevent a single object from blocking a large portion of the screen
and by the screens having a robust design to preclude an object from damaging the screen and
causing by-pass. The screen prevents debris larger than 0.0625 inch from being injected into the
reactor coolant system and blocking fuel cooling passages. The screen is a type that has sufficient
surface area to accommodate debris that could be trapped on the screen. The design of the
IRWST screens is described further in APP-GW-GLN- 147 (Reference 4).

The screen flow area is conservatively designed considering the operation of the nonsafety-
related normal residual heat removal system pumps which produce a higher flow than the safety-
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that reposition to initiate safety-related system functions, the valve repositioning times are less
than the times assumed in the accident analyses. These lag times refer to the time after initiation
of the safeguards actuation signal.

It is acceptable for the core makeup tank injection to be delayed several minutes following
actuation due to high initial steam condensation rates in the tank.

6.3.2.5.4 Potential Boron Precipitation

Boron precipitation in the reactor vessel is prevented by sufficient flow of passive core cooling
system water through the core to limit the increase in boron concentration of the water remaining
in the reactor vessel. Water along with steam leaves the core and exits the RCS through the
fourth stage ADS lines. These valves connect to the hot leg and open in about 20 minutes after a
loss of coolant accident or an automatic depressurization system actuation.

6.3.2.5.5 Safe Shutdown

During a safe shutdown, the passive core cooling system provides redundancy for boration,
makeup, and heat removal functions. Section 7.4 provides additional information about safe
shutdown.

6.3.2.6 Protection Provisions

The measures taken to protect the system from damage that might result from various events are

described in other sections, as listed below.

* Protection from dynamic effects is presented in Section 3.6.
* Protection from missiles is presented in Section 3.5.
* Protection from seismic damage is presented in Sections 3.7, 3.8, 3.9, and 3.10.
* Protection from fire is presented subsection 9.5.1.
* Environmental qualification of equipment is presented in Section 3.11.
* Thermal stresses on the reactor coolant system are presented in Section 5.2.

6.3.2.7 Provisions for Performance Testing

The passive core cooling system includes the capability for determination of the integrity of the
pressure boundary formed by series passive core cooling system check valves. Additional
information on testing can be found in subsection 6.3.6.

6.3.2.8 Manual Actions

The passive core cooling system is automatically actuated for those events as presented in
subsection 6.3.3. Following actuation, the passive core cooling system continues to operate in the
injection mode until the transition to recirculation initiates automatically following containment
floodup.
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Although the passive core cooling system operates automatically, operator actions would be
beneficial, in some cases, in reducing the consequences of an event. For example, in a steam
generator tube rupture with no operator action, the protection and safety monitoring system
automatically terminates the leak, prevents steam generator overfill, and limits the offsite doses.
However, the operator can initiate actions, similar to those taken in current plants, to identify and
isolate the faulted steam generator, cool down and depressurize the reactor coolant system to
terminate the break flow to the steam generator, and stabilize plant conditions.

The operator can take action to avoid actuation of the automatic depressurization system when it
is not needed. For non-LOCA events during which ac power has been lost for more than 22
hours, the protection and monitoring system will automatically open the automatic
depressurization system valves to begin a controlled depressurization of the reactor coolant
system and, eventually, containment floodup and recirculation prior to depletion of the actuation
batteries. However, the operators can take action to block actuation of the automatic
depressurization system should actuation be deemed unnecessary based on reactor coolant
system conditions. This action allows closed loop passive residual heat removal heat exchanger
operation to continue as long as acceptable reactor coolant system conditions are maintained.

Section 7.4 describes the anticipated operator actions to block the unnecessary automatic
depressurization system actuation and to achieve recovery using available systems to remove
decay heat. Section 7.5 describes the post-accident monitoring instrumentation available to the
operator in the main control room following an event.
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6.3.3 Performance Evaluation

The events described in subsection 6.3.1 result in passive core cooling system actuation and are
mitigated within the performance criteria. For the purpose of evaluation in Chapters 15 and 19,
the events that result in passive core cooling system actuation are categorized as follows:

A. Increase in heat removal by the secondary system

1. Inadvertent opening of a steam generator power-operated atmospheric steam relief or
safety valve

2. Steam system piping failure

B. Decrease in heat removal by the secondary system

1. Loss of Main Feedwater Flow
2. Feedwater system piping failure

C. Decrease in reactor coolant system inventory

1. Steam generator tube rupture

2. Loss of coolant accident from a spectrum of postulated reactor coolant system piping
failures

3. Loss of coolant due to a rod cluster control assembly ejection accident

(This event is enveloped by the reactor coolant system piping failures.)

D. Shutdown Events (Chapter 19)

1. Loss of Startup Feedwater

2. Loss of normal residual heat removal system with reactor coolant system pressure
boundary intact

3. Loss of normal residual heat removal system during mid-loop operation

4. Loss of normal residual heat removal system with refueling cavity flooded

The events listed in groups A and B are non-LOCA events where the primary protection is
provided by the passive core cooling system passive residual heat removal heat exchanger. For
these events, the passive residual heat removal heat exchanger is actuated by the protection and
monitoring system for the following conditions:

* Steam generator low narrow range level, coincident with startup feedwater low flow
* Steam generator low wide range level
* Core makeup tank actuation
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* Automatic depressurization actuation
* Pressurizer water level - High 3
* Manual actuation

The events listed in group C above are events involving the loss of reactor coolant where the
primary protection is by the core makeup tanks and accumulators. For these events the core
makeup tanks are actuated by the protection and monitoring system for the following conditions:

* Pressurizer low pressure

* Pressurizer low level

* Steam line low pressure

* Containment high pressure

* Cold leg low temperature

* Steam generator low wide range level, coincident with reactor coolant system high hot leg
temperature

* Manual actuation

In addition to initiating passive core cooling system operation, these signals initiate other
safeguards automatic actions including reactor trip, reactor coolant pump trip, feedwater
isolation, and containment isolation. The passive core cooling system actuation signals are
described in Section 7.3.

The core makeup tanks and passive residual heat removal heat exchangers are also actuated by
the Diverse Actuation System as described in subsection 7.7.1.11.

Upon receipt of an actuation signal, the actions described in subsection 6.3.2.1 are automatically
initiated to align the appropriate features of the passive core cooling system.

For non-LOCA events, the passive residual heat removal heat exchanger is actuated so that it can
remove core decay heat. The passive residual heat removal heat exchanger can operate for at
least 72 hours after initiation of a design basis event to satisfy' Condition I, II, III, and IV safety
evaluation criteria described in the relevant safety analysis. Subsection 6.3.3.2.1.1 provides an
evaluation of the duration of the passive residual heat removal heat exchanger operation using
the LOFTRAN code described in subsection 15.0.11.2. In this evaluation it is assumed that the
operators power down the protection and monitoring actuation cabinets in the 22 hour time frame
prior to the automatic timer actuating ADS.

In addition to mitigating the initiating events, the passive residual heat removal heat exchanger is
capable of cooling the reactor coolant system to the specified safe shutdown condition of 420°F
within 36 hours as described in subsection 19E.4.10.2. A non-bounding, conservative analysis of
the plant response during operator-initiated, extended operation of the passive residual heat
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removal heat exchanger is demonstrated in the shutdown temperature evaluation of subsection
1 9E.4. 10.2. The closed-loop cooling mode allows the reactor coolant system pressure to decrease
and reduces the stress in the reactor coolant system and the connecting pipe.

For loss of coolant accidents, the core makeup tanks deliver borated water to the reactor coolant
system via the direct vessel injection nozzles. The accumulators deliver flow to the direct vessel
injection line whenever reactor coolant system pressure drops below the tank static pressure. The
in-containment refueling water storage tank provides gravity injection once the reactor coolant
system pressure is reduced to below the injection head from the in-containment refueling water
storage tank. The passive core cooling system flow rates vary depending upon the type of event
and its characteristic pressure transient.

As the core makeup tanks drain down, the automatic depressurization system valves are
sequentially actuated. The depressurization sequence establishes reactor coolant pressure
conditions that allow injection from the accumulators, and then from the in-containment
refueling water storage tank and the containment recirculation path. Therefore, an injection
source is continually available. If onsite or offsite ac power has not been restored after 72 hours,
the post-72 hour support actions described in subsection 1.9.5.4 maintain this mode of core
cooling and provide adequate decay heat removal for an unlimited time.

The transient analyses summarized in Chapter 15 are extended long enough to demonstrate the
applicable safety evaluation criteria are met. It is expected that normal systems would be
available such that operators could terminate the passive safety systems and proceed with an
orderly shutdown. However, as discussed in subsection 6.3.1.1.4, the passive systems are capable
of bringing the plant to a safe, stable condition for at least 72 hours in closed loop cooling mode
and for longer in an open loop mode.

The events listed in group D occur during shutdown conditions that are characterized by slow
plant responses and mild thermal-hydraulic transients. In addition, some of the passive core
cooling system features need to be isolated to allow the plant to be in these conditions or to
perform maintenance on the system. The protection and monitoring system automatically
actuates gravity injection from the IRWST to provide core cooling during shutdown conditions
prior to refueling cavity floodup. In addition, the operator can also manually actuate other
passive core cooling system equipment, such as the passive residual heat removal heat exchanger,
to provide core cooling during shutdown conditions when the equipment does not automatically
actuate.

6.3.3.1 Increase in Heat Removal by the Secondary System

A number of events that could result in an increase in heat removal from the reactor coolant
system by the secondary system have been postulated. For each event, consideration has been
given to operation of nonsafety-related systems that could affect the event results. The operation
of the startup feedwater system and the chemical and volume control system makeup pumps can
affect these events. Analyses of these events, both with and without these nonsafety-related
systems operating, are presented in Section 15.1. For those events resulting in passive core
cooling system actuation, the following summarizes passive core cooling system performance.
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6.3 .3.2.1 Loss of Main Feedwater

The most severe core conditions resulting from a loss of main feedwater system flow are
associated with a loss of flow at full power. The heat-up transient effects of loss of flow at
reduced power levels are bounded by the loss of flow at full power. Subsection 15.2.7 provides a
description of this event, including criteria and analytical results.

For this event, the passive residual heat removal heat exchanger is actuated. If the core makeup
tanks are not initially actuated, they actuate later when passive residual heat exchanger cooling
sufficiently reduces pressurizer level. The passive residual heat removal heat exchanger serves to
remove core decay heat and the core makeup tanks inject a borated water solution directly into
the reactor vessel downcomer annulus. Since the reactor coolant pumps are tripped on actuation
of the core makeup tanks, the passive residual heat removal heat exchanger operates under
natural circulation conditions. The core makeup tanks operate via water recirculation, without
draining, to maintain reactor coolant system inventory. Therefore, the automatic depressurization
system is not actuated on the lowering of the core makeup tank level. Since the event is
characterized by a heat-up transient, the injection of negative reactivity is not required and is not
taken credit for in the analysis to control core reactivity.

The reactor coolant system does not depressurize to permit the accumulators to deliver makeup
water to the reactor coolant system. Subsequent to stabilizing plant conditions and satisfy'ing
passive core cooling system termination criteria, the operator terminates passive core cooling
system operation and initiates a normal plant shutdown.

6.3.3.2.1.1 Loss of AC Power to the Plant Auxiliaries

The most severe conditions resulting from a loss of ac power to the plant auxiliaries are
associated with loss of offsite power with a loss of main feedwater system flow at full power. A
loss of main feedwater with a loss of ac power lasting longer than a few hours presents the
highest demand on passive residual heat removal heat exchanger operation. Subsection 15.2.6
provides a description of this short term event, including criteria and analytical results.

During most events, the passive systems would be terminated in hours. When an ac power source
is restored and passive core cooling system termination criteria are satisfied, the operator
terminates passive core cooling system operation and initiates normal plant shutdown operations
(as discussed in subsection 6.3.1.2.1).

However, if normal systems are not recovered as expected, the passive residual heat removal heat
exchanger removes core decay heat and maintains acceptable reactor coolant system conditions
for at least 72 hours. For a non-loss of coolant accident event where ac power is lost, the
automatic depressurization system will actuate in approximately 22 hours if operators do not act
to avoid actuation when it is not needed. For this long term transient, it is assumed operators
extend passive residual heat exchanger operation as described in subsection 7.4.1.1.

The loss of main feedwater with loss of ac power event is analyzed for a 72 hour period,
assuming operators extend closed-loop cooling beyond the time the automatic depressurization
system would be actuated by the protection and safety monitoring system. This event mirrors the
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loss of ac power to the plant auxiliaries as described in subsection 15.2.6, but the loss of ac
power extends to 72 hours. In this event, operation of the passive residual heat removal heat
exchanger continues for 72 hours and maintains acceptable reactor coolant system conditions
such that the applicable Condition II safety evaluation criteria are met. If non-safety systems
capable of removing decay heat are not recovered, operator action to actuate ADS is eventually
required. This condition would then be bounded by the Condition III event of inadvertent ADS
actuation.

Reactor coolant system leakage could limit closed-loop capacity. A reactor coolant system leak
could produce conditions that would preclude the operators from de-energizing the loads on the
Class 1 E batteries, or could require the operators to re-energize the buses powered by the Class
I E batteries before 72 hours so that the automatic depressurization system valves could be
actuated.

6.3.3.2.2 Feedwater System Pipe Failure

The most severe core conditions resulting from a feedwater system piping failure are associated
with a double-ended rupture of a feed line at full power. Depending on break size and power
level, a feedwater system pipe failure could cause either a reactor coolant system cooldown
transient or a reactor coolant system heat-up transient. Only the reactor coolant system heat-up
transient is evaluated as a feedwater system pipe failure, since the spectrum of cooldown
transients is bounded by the steam system pipe failure analyses. The heat-up transient effects of
smaller piping failures at reduced power levels are bounded by the double-ended feed line
rupture at full power. Subsection 15.2.8 provides a description of this event, including criteria
and analytical results.

For this event, the passive residual heat removal heat exchanger and the core makeup tanks are
actuated. The passive residual heat removal heat exchanger serves to remove core decay heat,
and the core makeup tanks inject a borated water solution directly into the reactor vessel
downcomer. Since the reactor coolant pumps are tripped on actuation of the core makeup tanks,
the passive residual heat removal heat exchanger operates under natural circulation conditions.
The core makeup tanks operate via water recirculation to maintain reactor coolant system
inventory. Since the event is characterized by a heat-up transient, the injection of negative
reactivity is not required and is not taken credit for in the analysis to control core reactivity.

The reactor coolant system does not depressurize to permit the accumulators to deliver makeup
water to the reactor coolant system. Subsequent to stabilizing plant conditions and satisfyuing
passive core cooling system termination criteria, the operator terminates passive core cooling
system operation and initiates normal plant shutdown operations.

6.3.3.3 Decrease in Reactor Coolant System Inventory

A number of events have been postulated that could result in a decrease in reactor coolant system
inventory. For each event, consideration has been given to operation ofnonsafety-related systems
that could affect the consequences of the event. The operation of the startup feedwater system
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6.3.3.4.1 Loss of Startup Feedwater During Hot Standby, Cooldowns, and Heat-ups

During normal cooldowns, the steam generators are supplied by the startup feedwater pumps and
steam from the steam generator is directed to either the main condenser or to the atmosphere.
There are two nonsafety-related startup feedwater pumps, each of which is capable of providing
sufficient feedwater flow to both steam generators to remove decay heat. These pumps are also
automatically loaded on the nonsafety-related diesel-generators in the event offsite power is lost.
Since these pumps are nonsafety-related, their failure is considered.

In the event of a loss of startup feedwater, the passive residual heat removal heat exchanger is
automatically actuated on low steam generator water level and provides safety-related heat
removal. The passive residual heat removal heat exchanger can maintain the reactor coolant
system temperature, as well as provide for reactor coolant system cooldown to conditions where
the normal residual heat removal system can be operated.

Since the chemical and volume control system makeup pumps are nonsafety-related, they may
not be available. In this case, the core makeup tanks automatically actuate as the cooldown
continues and the pressurizer level decreases. The core makeup tanks operate in a water
recirculation mode to maintain reactor coolant system inventory while the passive residual heat
removal beat exchanger is operating.

The in-containment refueling water storage tank provides the heat sink for the passive residual
heat removal heat exchanger. Initially, the heat addition increases the water temperature. Within
one to two hours, the water reaches saturation temperature and begins to boil. The steam
generated in the in-containment refueling water storage tank discharges to containment. Because
the containment integrity is maintained during cooldown Modes 3 and 4, the passive containment
cooling system provides the safety-related ultimate heat sink. Therefore, most of the steam
generated in the in-containment refueling water storage tank is condensed on the inside of the
containment vessel and drains back into the in-containment refueling water storage tank via the
condensate return gutter arrangement. This allows it to i •df~ieyfunction as a heat sink for
greater than 14 days. as discussed in subsection 6.3.1.2.1.

6.3.3.4.2 Loss of Normal Residual Heat Removal Cooling With The Reactor Coolant System
Pressure Boundary Intact

During normal shutdown conditions, the normal residual heat removal system is placed into
service at about 3500 F to accomplish reactor coolant system cooldown to refueling temperatures.
The normal residual heat removal system 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 operation. The pump motors and the electrical power supplies are nonsafety-
related.

The system is designed so that with single failure of an active system component, it can maintain
the plant in a hot shutdown condition (<350°F). It is also possible to perform a reactor coolant
system cooldown, but at a slower rate than with full system capability. Heat removed by the
normal residual heat removal system is transferred to the component cooling water system and
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Figure 6.3-1

Passive Core Cooling System
Piping and Instrumentation Diagram (Sheet 1 of 3)
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Figure 6.3-J.

Passive Core Cooling System
Piping and Instrumentation Diagram (Sheet 2~f.~)
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Figure 6.3-2 not used.

(Renumbered as Figure 6.3-1, Sheet 2)
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7.4 Systems Required for Safe Shutdown

Systems to establish safe shutdown conditions perform two basic functions. First, they provide
the necessary reactivity control to maintain the core in a subcritical condition. Boration capability
is provided to compensate for xenon decay and to maintain the required core shutdown margin.
Second, these systems must provide residual heat removal capability to maintain adequate core
cooling.

The designation of systems required for safe shutdown depends on identifyring those systems that
provide the following capabilities for maintaining a safe shutdown:

* Decay heat removal
* Reactor coolant system inventory control
* Reactor coolant system pressure control
* Reactivity control

There are two different safe shutdown conditions that are expected following a transient or
accident condition. Short-term safe shutdown refers to the plant conditions from the start of an
event until about 36 hours later. Long-term safe shutdown refers to the plant conditions after this
36-hour period.

The short-term safe shutdown conditions include maintaining the reactor subcritical, the reactor
coolant average temperature less than or equal to no load temperature, and adequate coolant
inventory and core cooling. These shutdown conditions shall be achieved following any of the
design basis events using safety-related equipment. The specific safe shutdown condition
achieved is a function of the particular accident sequence.

The long-term safe shutdown conditions are the same as the short-term conditions except that the
coolant temperature shall be less than 420°F. This long-term condition must be achieved within
36 hours .an maintained in~definitely, .... g " af... r .. la.tedA............• .. ... equipment. following a non-LOCA
event using the passive residual heat removal heat exchanger as shown in Chapter 1 9E. These
safe shutdown conditions can be maintained by the passive residual heat removal heat exchanger
for greater than 14 days based on a non-bounding, conservative analysis that only credits using
safety-related equipment. In addition, these safe shutdown conditions can be maintained
indefinitely using ADS and passive injection / recirculation as discussed in subsection 7.4.1 . I.

There are no systems specifically and solely dedicated as safe shutdown systems. However, there
are a number of plant systems that are available to establish and maintain safe shutdown
conditions. Normally, in the event of a turbine or reactor trip, nonsafety-related plant systems
automatically function to place the plant in short-term safe shutdown, as described in
subsection 7.4.1.2. During the short-term safe shutdown condition, an adequate heat sink is
provided to remove reactor core residual heat and boration control is available. Redundancy of
systems and components is provided to enable continued maintenance of the short-term safe
shutdown condition. Additional redundant nonsafety-related systems are normally available to
manually perform a plant depressurization and cooldown.

The engineered safety systems are designed to establish and maintain safe shutdown conditions
for the plant. Nonsafety-related systems are not required for safe shutdown of the plant.
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This section focuses on safety-related systems used to establish and maintain safe shutdown
conditions. The discussion of safe shutdown does not include accident response and/or mitigation
since the standard review plan for this section addresses safe shutdown not related to accident
mitigation. However, safe shutdown conditions are also established and maintained by these
safety-related systems following accident conditions. For example, the control rods are released
to initially place the plant in a shutdown condition to mitigate the consequences of various
accidents. The passive core cooling system, on the other hand, is used to provide core cooling in
an accident, but it is also one of the principal systems used for safe shutdown. Only those specific
engineered safety systems listed in Table 7.4-1 are used to establish and maintain safe shutdown
of the plant. These engineered safety systems automatically function to place the plant in a safe
shutdown condition without operator action.

The instrumentation functions necessary for safe shutdown are available through instrumentation
channels associated with the safety-related systems in the primary plant. These channels
automatically actuate the protective functions provided by the safety-related systems. Manual
actuation of the associated safety-related systems is also provided.

The instrumentation systems discussed in this section are those which are required during
nonaccident conditions to align the safety-related systems and perform the specified safe
shutdown functions.

The specific systems available for safe shutdown are discussed in subsection 7.4.2 and are listed
in Table 7.4-1.

Maintenance of safe shutdown conditions with these systems, and the associated instrumentation
and controls, includes consideration of the accident consequences that might challenge safe
shutdown conditions. The accident consequences that are germane are those that tend to degrade
the capabilities for coolant circulation, boration, heat removal, and depressurization. Safe
shutdown is achieved following any of the accidents analyzed in Chapter 15. The specific safe
shutdown condition reached is a function of the particular accident sequence.

The instrumentation and controls discussed in subsection 7.4.1 are used to control and/or monitor
shutdown. These safety-related systems allow the maintenance of safe shutdown, even under
accident conditions that tend toward a return to criticality or a loss of heat sink.

In addition to the operation of safety-related systems used for safe shutdown, as described in
subsection 7.4.1, the following are part of the safe shutdown provisions:

* The turbine is tripped. (This can be accomplished at the turbine as well as from the main
control room.)

* The reactor is tripped. (This can be accomplished at the reactor trip switchgear as well as
from the main control room.)

* Support of engineered safety systems actuation is provided by safety-related onsite dc
power.
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7.4.1 Safe Shutdown

7.4.1.1 Safe Shutdown Using Safety-Related Systems

The following describes the process that establishes safe shutdown conditions for the plant, based
on a conservative, non-bounding analysis using the safety-related systems, and no operator
action. The reactor coolant system is assumed to be intact for this discussion of safe shutdown.

Since this discussion only considers the use of safety-related systems, offsite electrical power
sources are assumed to be lost at the start of the event. This results in a loss of the reactor coolant
pumps. Even though the reactor coolant pumps are tripped during the initiation of certain
engineered safety system actuation, it is assumed that no engineered safety system actuation
signal is generated for this initiating event. With loss of the reactor coolant pumps, reactor
coolant system natural circulation flow initiates and transfers core heat to the steam generators.
Since feedwater flow is lost, the existing steam generator water inventory provides initial decay
heat removal capability.

The initial loss of main ac power results in the Class 1IE dc batteries automatically supplying
power to the Class 1 E dc power distribution network and the four Class I E 120 Vac
instrumentation divisions via the inverters.

The initial response of the passive safety systems is to actuate the passive residual heat removal
heat exchanger due to low steam generator water level. The passive residual heat removal heat
exchanger removes decay heat from the core by transferring this heat to the in-containment
refueling water storage tank.

The passive residual heat removal heat exchanger removes core decay heat, cooling the reactor
coolant system. As reactor coolant system cooldown continues, the reactor coolant system
pressure decreases due to contraction of the reactor coolant system inventory since the
pressurizer heaters are de-energized. An engineered safety system actuation signal occurs when
reactor coolant system pressure decreases below a setpoint. This actuates the core makeup tanks,
if they had not been previously actuated due to low pressurizer level. The core makeup tanks
provide borated water injection to the reactor coolant system.

The engineered safety system actuation signal generated on low pressurizer pressure also actuates
containment isolation. This prevents loss of water inventory from containment and permits
iidfnt-operation of the passive residual heat removal heat exchanger and the in-containment
refueling water storage tank for greater than 14 days.

The in-containment refueling water storage tank starts to boil about one to two hours after
passive residual heat removal operation is initiated. Once boiling occurs, the in-containment
refueling water storage tank begins steaming to containment, transferring heat to the air flowing
on the outside of the containment shell. As steaming to containment continues, containment
pressure slowly increases. As containment pressure slowly increases, an engineered safety system
actuation signal is generated on containment high pressure, resulting in the initiation of passive
containment cooling. This provides water flow on the outside of the containment shell to improve
the heat removal performance from containment through evaporative cooling to the outside air.
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A gutter located at the operating deck elevation collects condensate from the inside of the
containment shell. Valves located in drain lines from the gutter to the containment waste sump
close on a passive residual heat removal heat exchanger actuation signal. This action diverts the
condensate to the in-containment refueling water storage tank. The system 4 eiieyprovides
core decay heat removal in this configuration for greater than 14 days without a limited
sigfii~ieaM-tincrease in the containment water level.

Once the reactor coolant system and the safety systems are in this configuration, the plant is in a
safe, stable shutdown condition. The reactor coolant system temperatures and pressures continue
to slowly decrease. The passive residual heat removal heat exchanger has the capacity to
maintain a safe, stable reactor coolant system condition during a design basis event for at least 72
hours in a closed-loop mode of operation. A non-bounding, conservative analysis of extended
operation in this mode shows Wlthe passive residual heat removal heat exchanger cools the reactor
coolant system to 420°F in 36 hours.

Operation in this configuration may be limited in time duration by reactor coolant system
leakage. The core makeup tanks can only supply a limited amount of makeup in the event there is
reactor coolant system leakage. Eventually the volume of the water in the core makeup tanks will
decrease to the first stage automatic depressurization setpoint. The time to reach this setpoint
depends upon the reactor coolant system leak rate and the reactor coolant cooldown.

The Class 1 E dc batteries that power the automatic depressurization system valves provide power
for at least 24 hours. There is a timer that measures the time that ac power sources are
unavailable. This timer provides for automatic actuation of the automatic depressurization system
before the Class 1 E dc batteries are discharged. The emergency response guidelines direct the
operator to assess the need for automatic depressurization before the timer completes its count
(approximately 22 hours). The operator assessment considers includ.zs conzideraticn fern a-i.'ible
refueling ... ter..........g tn ..e.el, fullt core makeup tanks level, RCS hot leg level, temperature,
and pressure. and a high and zaborlz in .... ,nmon .... u+ . i. g ... t.r ztcmg m,.. nkpc....... l. •..
If automatic depressurization is not needed, the operator is directed to de-energize all loads on
the Class 1 E dc batteries. This action preserves the capability for the operator to initiate
automatic depressurization at a later time based on assessment of these same parameters.

The automatic depressurization system can be manually initiated by the operator at any time, but
no operator action is needed to provide safe shutdown conditions. Once the automatic
depressurization system sequence initiates, the plant automatically transitions to lower pressure
and temperature conditions that establish and maintain long-term safe shutdown of the plant.

When the automatic depressurization system is actuated, the first stage depressurization valves
open and the reactor coolant system depressurization starts. The second and third stage
depressurization valves open in sequence, based on automatic timers that are started upon the
actuation of the first stage depressurization valves. As reactor coolant inventory continues to be
lost, the core makeup tanks continue to inject. If the volume of the water in the core makeup
tanks decrease to the fourth stage automatic depressurization setpoint, the fourth stage
depressurization valves open. The water and steam vented from the reactor coolant system
initially flows into the in-containment refueling water storage tank and overflows into the
refueling canal. Eventually this overflows into the reactor vessel cavity, where any moisture from
the fourth stage automatic depressurization system valves also collects from discharge in the loop
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Table 9.5.1-1 (Sheet 11 of 34)

API000 FIRE PROTECTION PROGRAM COMPLIANCE WITH BTP CMEB 9.5-1

BTP CMEB 9.5-1 Guideline Paragraph Comp0) ~ Remarks

70. Drains in areas containing combustible liquids C.5.a (14) C
should have provisions for preventing the back
flow of combustible liquids to safety-related
areas through the interconnected drain systems.

71. Water drainage from areas that may contain C.5.a(14) WA See Note 2. Capability is
radioactivity should be collected, sampled, and provided.
analyzed before discharge to the environment.

Safe Shutdown Capability ___________

72. Fire damage should be limited so that one train C.5.b(1) C
of systems necessary to achieve and maintain hot
shutdown conditions from either the main
control room or emergency control station is free
of fire damage.

73. Fire damage should be limited so that systems C.5.b (1) AC Safe shutdown following a
necessary to achieve and maintain cold fire is defined for the API000
shutdown from either the control room or plant as the ability to achieve
emergency control station can be repaired within and maintain the reactor
72 hours. ccolant system (RCS)

temperature below 2 15.60C
(4200 F) without uncontrolled
venting of the primary
coolant from the RCS. This is
a departure from the criteria
applied to the evolutionary
plant designs, and the
existing plants where safe
shutdown for fires applies to
both hot and cold shutdown
capability. With expected
RCS leakage, the API1000
plant can maintain safe
shutdown conditions
iidffii, Pelyfor greater than
14 days. Therefore, repairs to
systems necessary to reach
cold shutdown need not be
completed within 72 hours.
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Table 14.3-2 (Sheet 7 of 17)

DESIGN BASIS ACCIDENT ANALYSIS

Reference Design Feature Value

Section 6.3 .6.1.3 The pH baskets are located below plant elevation 107' 2".

Figure 6.3-1 The passive core cooling system has two direct vessel
injection lines.

Table 6.3-2 The passive core cooling system has two core makeup tanks, 2500
each with a minimum required volume (ft3).

Table 6.3-2 The passive core cooling system has two accumulators, each 2,000
with a minimum required volume (fi9)

Table 6.3-2 The passive core cooling system has an in-containment 73,900
refueling water storage tank with a minimum required water
volume (ft3)

Section 6.3.2.2.3 The containment floodup volume for a LOCA in PXS 73,500
room B has a maximum volume (193) (excluding the IRWST)

below a containment elevation of 108 feet.

Table 6.3-2 Each sparger has a minimum discharge flow area (in2). _> 274

Table 6.3-2 The passive core cooling system has two pH adjustment 280
baskets each with a total minimum required volume (1t3).

Section 14.2.9.1 .3f The passive residual heat removal heat exchanger minimum
natural circulation heat transfer rate (Btulhr)

- With 520°F hot leg and 80°F IRWST >_ 1.78 E+08
- With 420°F hot leg and 80°F IRWST >_ 1.11 E+08

Section 6.3.6.1.3 The centerline of the HX's upper channel head is located _> 26.3
above the HL centerline (ft). ________

Figure 6.3-1 The CMT level sensors (PXS-I1IA/B/C/D, -12A/B/C/D, 1" ± 1"
-!I3A/B/C/D, and -14A/B/C/D) upper level tap centerlines
are located below the centerline of the upper level tap
connection to the CMTs (in).

Figure 6.3-1 The CMT inlet lines (cold leg to high point) have no
downward sloping sections.

Figure 6.3-1 The maximum elevation of the CMT injection lines between
the connection to the CMT and the reactor vessel is the
connection to the CMTs.

Figure 6.3-21 The PRHR inlet line (hot leg to high point) has no
downward sloping sections.
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Table 14.3-2 (Sheet 8 of 17)

DESIGN BASIS ACCIDENT ANALYSIS

Reference Design Feature Value

Figure 6.3-41 The maximum elevation of the IRWST injection lines (from
the connection to the IRWST to the reactor vessel) and the
containment recirculation lines (from the containment to the
IRWST injection lines) is less than the bottom inside surface
of the IRWST.

Figure 6.34-2- The maximum elevation of the PRHR outlet line (from the
PRHR to the SG) is less than the PRHR lower channel head
top inside surface.

Section 7.1.2.10 Isolation devices are used to maintain the electrical
independence of divisions and to see that no interaction
occurs between nonsafety-related systems and the
safety-related system. Isolation devices serve to prevent
credible faults in circuit from propagating to another circuit.

Section 7.1.4.2 The ability of the protection and safety monitoring system to
initiate and accomplish protective functions is maintained
despite degraded conditions caused by internal events such
as fire, flooding, explosions, missiles, electrical faults and

____________________pipe whip.

Section 7.1.2 The flexibility of the protection and safety monitoring
system enables physical separation of redundant divisions.

Section 7.2.2.2.1 The protection and safety monitoring system initiates a
reactor trip whenever a condition monitored by the system
reaches a preset level.

Section 7.2.2.2.8 The reactor is tripped by actuating one of two manual reactor
trip controls from the main control room.

Section 7.3.1.2.2 The in-containment refueling water storage tank is aligned
for injection upon actuation of the fourth stage automatic
depressurization system via the protection and safety
monitoring system.

Section 7.3.1.2.3 The core makeup tanks are aligned for operation on a
safeguards actuation signal or on a lowv-2 pressurizer level
signal via the protection and safety monitoring system.

Section 7.3.1.2.4 The fourth stage valves of the automatic depressurization
system receive a signal to open upon the coincidence of a
low-2 core makeup tank wvater level in either core makeup
tank and low reactor coolant system pressure following a
preset time delay after the third stage depressurization valves
receive a signal to open via the protection and safety
monitoring system.
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15.0.13 Operator Actions

For events where the PRHR heat exchanger is actuated, the plant automatically cools down to the
a safe, stable shutdown condition. Where a stabilized condition is reached automatically
following a reactor trip, it is expected that the operator may, following event recognition, take
manual control and proceed with orderly shutdown of the reactor in accordance with the normal,
abnormal, or emergency operating procedures. The exact actions taken and the time at which
these actions occur depend on what systems are available and the plans for further plant
operation.

However, for these events, operator actions are not required to maintain the plant in a safe and
stable condition for at least 72 hours. Operator actions typical of normal operation are credited
for the inadvertent actuations of equipment in response to a Condition II event.

15.0.14 Loss of Offsite ac Power

As required in GDC 17 of 10 CFR Part 50, Appendix A, anticipated operational occurrences and
postulated accidents are analyzed assuming a loss of offsite ac power. The loss of offsite power is
not considered as a single failure, and the analysis is performed without changing the event
category. In the analyses, the loss of offsite ac power is considered to be a potential consequence
of the event.

A loss of offsite ac power will be considered a consequence of an event due to disruption of the
grid following a turbine trip during the event. Event analyses that do not result in a possible
consequential disruption of offsite ac power do not assume offsite power is lost.

For those events where offsite ac power is lost, an appropriate time delay between turbine trip
and the postulated loss of offsite ac power is assumed in the analyses. A time delay of 3 seconds
is used. This time delay is based on the inherent stability of the offsite power grid as discussed in
Section 8.2. Following the time delay, the effect of the loss of offsite ac power on plant auxiliary
equipment - such as reactor coolant pumps, main feedwater pumps, condenser, startup feedwater
pumps, and RCCAs - is considered in the analyses. Turbine trip occurs 5 seconds following a
reactor trip condition being reached. This delay is part of the APl000 reactor trip system.

Design basis LOCA analyses are govemned by the GDC- 17 requirement to consider the loss of
offsite power. For the AP 1000 design, in which all the safety-related systems are passive, the
availability of offsite power is significant only regarding reactor coolant pump operation for
LOCA events. A sensitivity study for AP 1000 has shown that for large-break LOCAs, assuming
the loss of offsite power coincident with the inception of the LOCA event is nonlimiting relative
to assuming continued reactor coolant pump operation until the automatic reactor coolant pump
trip occurs following an "S" signal less than 10 seconds into the transient. For small-break LOCA
events, the AP 1000 automatic reactor coolant pump trip feature prevents continued operation of
the reactor coolant pumps from mixing the liquid and vapor present within a two-phase reactor
coolant system inventory to increase the liquid break flow and deplete the reactor coolant system
mass inventory rapidly. The automatic reactor coolant pump trip occurs early enough during
AP 1000 small-break LOCA transients that emergency core cooling system performance is not
affected by the loss of offsite power assumption because the total break flow is approximately
equivalent for reactor coolant pump trip occurring either at time zero or as a result of the "S"
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15.2 Decrease in Heat Removal by the Secondary System

A number of transients and accidents that could result in a reduction of the capacity of the
secondary system to remove heat generated in the reactor coolant system are postulated.
Analyses are presented in this section for the following events that are identified as more limiting
than the others:

* Steam pressure regulator malfunction or failure that results in decreasing steam flow
* Loss of external electrical load
* Turbine trip
* Inadvertent closure of main steam isolation valves
* Loss of condenser vacuum and other events resulting in turbine trip
* Loss of ac power to the station auxiliaries
* Loss of normal feedwater flow
* Feedwater system pipe break

The above items are considered to be Condition II events, with the exception of a feedwater
system pipe break, which is considered to be a Condition IV event.

For events in this section where PRI-R HX actuation occurs, transients are presented until the
PRHR HX heat removal matches decay heat generation. After that point in time, PRI-R HX
performance is driven by the performance of the passive containment cooling systems to control
containment pressure and the ability of the condensate collection features to return condensate to
the in-containment refueling water storage tank. The performance of these systems, for extended
decay heat removal, is described in subsection 6.3.1.1.1.

The radiological consequences of the accidents in this section are bounded by the radiological
consequences of a main steam line break (see subsection 15.1.5).

15.2.1 Steam Pressure Regulator Malfunction or Failure that Results in Decreasing Steam Flow

There are no steam pressure regulators in the API1000 whose failure or malfunction causes a
steam flow transient.

15.2.2 Loss of External Electrical Load

15.2.2.1 Identification of Causes and Accident Description

A major load loss on the plant can result from loss of electrical load due to an electrical system
disturbance. The ac power remains available to operate plant components such as the reactor
coolant pumps; as a result, the standby onsite diesel generators do not function for this event.
Following the loss of generator load, an immediate fast closure of the turbine control valves
occurs. The automatic turbine bypass system accommodates the excess steam generation. Reactor
coolant temperatures and pressure do not significantly increase if the turbine bypass system and
pressurizer pressure control system function properly. If the condenser is not available, the
excess steam generation is relieved to the atmosphere. Additionally, main feedwater flow is lost
if the condenser is not available. For this transient, feedwater flow is maintained by the startup
feedwater system.
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of steam dump to the condenser. Because steam dump is assumed to be unavailable in the turbine
trip analysis, no additional adverse effects result if the turbine trip is caused by loss of condenser
vacuum. Therefore, the analysis results and conclusions contained in subsection 15.2.3 apply to
the loss of the condenser vacuum. In addition, analyses for the other possible causes of a turbine
trip, listed in subsection 15.2.3.1, are covered by subsection 15.2.3. Possible overfrequency
effects, due to a turbine overspeed condition, are discussed in subsection 15.2.2.1 and are not a
concern for this type of event.

15.2.6 Loss of ac Power to the Plant Auxiliaries

15.2.6.1 Identification of Causes and Accident Description

The loss of power to the plant auxiliaries is caused by a complete loss of the offsite grid
accompanied by a turbine-generator trip. The onsite standby ac power system remains available
but is not credited to mitigate the accident.

From the decay heat removal point of view, in the long term this transient is more severe than the
turbine trip event analyzed in subsection 15.2.3 because, for this case, the decrease in heat
removal by the secondary system is accompanied by a reactor coolant flow coastdown, which
further reduces the capacity of the primary coolant to remove heat from the core. The reactor will
trip:

* Upon reaching one of the trip setpoints in the primary or secondary systems as a result of
the flow coastdown and decrease in secondary heat removal.

* Due to the loss of power to the control rod drive mechanisms as a result of the loss of power

to the plant.

Following a loss of ac power with turbine and reactor trips, the sequence described below occurs:

* Plant vital instruments are supplied from the Class 1 E and uninterruptable power supply.

* As the steam system pressure rises following the trip, the steam generator power-operated
relief valves may be automatically opened to the atmosphere. The condenser is assumed not
to be available for turbine bypass. If the steam flow rate through the power-operated relief
valves is not available, the steam generator safety valves may lift to dissipate the sensible
heat of the fuel and coolant plus the residual decay heat produced in the reactor.

* The onsite standby power system, if available, supplies ac power to the selected plant
non-safety loads.

* As the no-load temperature is approached, the steam generator power-operated relief valves
(or safety valves, if the power-operated relief valves are not available) are used to dissipate
the residual decay heat and to maintain the plant at the hot shutdown condition if the startup
feedwater is available to supply water to the steam generators.

* If startup feedwater is not available, the PRHR heat exchanger is actuated.
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During a plant transient, core decay heat removal is normally accomplished by the startup
feedwater system if available, which is started automatically when low levels occur in either
steam generator. If that system is not available, emergency core decay heat removal is provided
by the PRI-R heat exchanger. The PRHR heat exchanger is a C-tube heat exchanger connected,
through inlet and outlet headers, to the reactor coolant system. The inlet to the heat exchanger is
from the reactor coolant system hot leg, and the return is to the steam generator outlet plenum.
The heat exchanger is located above the core to provide natural circulation flow when the reactor
coolant pumps are not operating. The IRWST provides the heat sink for the heat exchanger. The
PRHR heat exchanger, in conjunction with the passive containment cooling system, provides
core cooling and maintains reactor coolant system conditions to satisfy the evaluation criteria.
..e.p. he r......or 'ooln zubccoled indefini:•tely. After the IRWST water reaches saturation, (in
about two and half hours), steam starts to vent to the containment atmosphere. The condensation
that collects on the containment steel shell (cooled by the passive containment cooling system)
returns to the IRWST, maintaining fluid level for the PRHR heat exchanger heat sink. The
analysis shows that the natural circulation flow in the reactor coolant system following a loss of
ac power event is sufficient to remove residual heat from the core.

Upon the loss of power to the reactor coolant pumps, coolant flow necessary for core cooling and
the removal of residual heat is maintained by natural circulation in the reactor coolant and PRHR
loops.

A loss of ac power to the plant auxiliaries is a Condition II event, a fault of moderate frequency.
This event is more limiting with respect to long-term heat removal than the turbine trip initiated
decrease in secondary heat removal without loss of ac power, which is discussed in
subsection 15.2.3. A loss of offsite power to the plant auxiliaries will also result in a loss of
normal feedwater.

The plant systems and equipment available to mitigate the consequences of a loss of ac power
event are discussed in subsection 15.0.8 and listed in Table 15.0-6.

15.2.6.2 Analysis of Effects and Consequences

15.2.6.2.1 Method of Analysis

The analysis is performed to demonstrate the adequacy of the protection and safety monitoring
system, the PRHR heat exchanger, and the reactor coolant system natural circulation capability in
removing long-term (approximately 36,000 seconds) decay heat. This analysis also demonstrates
the adequacy of these systems in preventing excessive heatup of the reactor coolant system with
possible reactor coolant system overpressurization or loss of reactor coolant system water.

A modified version of the LOFTRAN code (Reference 2), described in WCAP- 15644
(Reference 6), is used to simulate the system transient following a plant loss of offsite power.
The simulation describes the plant neutron kinetics and reactor coolant system, including the
natural circulation, pressurizer, and steam generator system responses. The digital program
computes pertinent variables, including the steam generator level, pressurizer water level, and
reactor coolant average temperature.
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Table 19.59-18 (Sheet 6 of 25)

AP1000 PRA-BASED INSIGHTS

Insight Disposition

le. (cont.)

Capability exists and guidance is provided for the control room operator to 6.3.3 & 16.1
identify a leak in the PRJIR HX of 500 gpd. This limit is based on the

assumption that a single crack leaking this amount would not lead to a PRJTR HX

tube rupture under the stress conditions involving the pressure and temperature

gradients expected during design basis accidents, which the PRHR HX is

designed to mitigate.

The positions of the inlet and outlet PRHR valves are indicated and alarmed in 6.3.7

the control room.

PRHR air-operated valves are stroke-tested quarterly. The PRHR HX is tested to 3.9.6

detect system performance degradation every 10 years.

PRHR is required by Technical Specifications to be available from Modes 1 16.1

through 5 with RCS pressure boundary intact.

The PRHR HX, in conjunction with the IRWST, the condensate return features 6.3.2.1.1 & 6.3.7.6
and the PCS, can provide core cooling for .an indzfi.it period cftfim. greater
than 14 days. After the IRWST water reaches its saturation temperature, the
process of steaming to the containment initiates. Condensation occurs on the

steel containment vessel, and the condensate is collected in a safety-related gutter
arrangement, which returns the condensate to the LRWST. The gutter normally

drains to the containment sump, but when the PRHR HX actuates, safety-related
isolation valves in the gutter drain line shut and the gutter overflow returns

directly to the IRWST. The following design features provide proper re-
alignment for the gutter system valves to direct water to the IRWST:

- IRWST gutter and its drain isolation valves are safety-related

- These isolation valves are designed to fail closed on loss of compressed air,
loss of Class lE dc power, or loss of the PMS signal

* These isolation valves are actuated automatically by PMS and DAS. 7.3.1.2.7

The PRHR subsystem provides a safety-related means of removing decay heat 16.1

following loss of RNS cooling during shutdown conditions with the RCS intact.

2. The protection and safety monitoring system (PMS) provides a safety-related means Tier 1 Information

of performing the following functions:

-Initiates automatic and manual reactor trip

-Automatic and manual actuation of engineered safety features (ESF).

PMS monitors the safety-related functions during and following an accident as 7.1.1

required by Regulatory Guide 1.97.
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19E.2.3.2.2 Accumulators

The PXS accumulators provide safety injection following a LOCA. In Mode 3, the accumulators
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.

19E.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 Iow-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, and the
CMTs can be taken out of service. For these modes, automatic actuation of the IRWST can be
initiated (on a two-out-of-two basis) on low hot leg level.

19E.2.3.2.4 Passive Residual Heat Removal Heat 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
provides 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 heat removal, as shown
in the analysis provided in Section 19E.4 of this appendix. 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.

19E.2.3.2.5 Reduced Challenges to Low-Temperature Overpressure Events

Another design feature of the PXS that reduces challenges to shutdown safety is the 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 AP1 000 PXS, the CMTs are not
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 subsection 1 9E.4. 10.1.

19E.2.3.2.6 Discussion of Safe Shutdown for AP1000

The functional requirements for the PXS specify' that the plant be brought to a safe, stable

condition using the PRHR HX for events not involving a loss of coolant. As stated in subsection
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6.3.1 .1.1, the PRHR HX in conjunction with the passive containment cooling system provides
suffcient heat removal to satisfy the post-accident safety evaluation criteria for at least 72
hours.For these c'entz Additionally, the PXS, in conjunction with the passive containment
cooling system (PCS), and the automatic depressurization system, has the capability to establish
long-term safe shutdown conditions in the reactor coolant system as identified in subsection
7.4.1. 1., cooling th Dc RCS t.o ,lozz hA'no ..,0F wt.in 36 hz. ... ith ..r. with.,ut. tho D ..... eptn.:

The CMTs automatically provide injection to the RCS after they are actuated on low reactor
coolant temperature or low pressurizer pressure or level. ac tho tcmperature decreuczane -d the
prczcuriz--er lovo .... re. a ze,a ... atuating the, ,-C -M.•.z. 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 specification 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. Hcwc,'e'r, in ...... z he -:... poorzrc ................ :naal.bl f,- ... long...

In scenarios when ac power sources are unavailable for approximately 22 hours, the automatic
depressurization system automatically actuates. However, after the initial plant cooldown
following a non-LOCA event, operators assess plant conditions and have the option to perform
recovery actions to further cool and depressurize the reactor coolant system in a closed-loop
mode of operation, i.e., without actuation of the automatic depressurization system. After
verifying the reactor coolant system is in an acceptable, stable condition, such that automatic
depressurization is not needed, the operators may take action to extend passive residual heat
removal heat exchanger operation by dc-energizing the loads on the class 1 E dc batteries
powering the protection and monitoring system actuation cabinets. After operators have taken
action to extend its operation, the PRHR HX, in conjunction with the passive containment
cooling system, has the capability to maintain safe, stable shutdown conditions. The automatic
depressurization system remains available to maintain safe shutdown conditions at a later time.

In most sequences the operators would return the plant to normal system operations and
terminate passive system operation within several hours in accordance with the plant emergency
operating procedures. For LOCAs and other postulated events, when the core makeup tank level
reaches the automatic depressurization actuation setpoint, and other postulated events where
..,h.cr.c ............. po w--*or. zcuc ar loct, o...r the PRHR HX operation is not extended or exhausted, we
.tho ,C-T ll r.. a .. h tho ADS arctuati.n s ...... n, the ADS may be initiated. "-:i" .... 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 Lz40 250°F within 24 hours. The PXS can maintain
this safe shutdown condition as identified in subsection 7.4.1I. lI tnefinitely.

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 1 9E.4. 10.2 of this appendix that verifies the ability of the AP 1000 passive safety
systems to meet the safe shutdown requirements.
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19E.4.9 Radiological Consequences

This section presents evaluations that confirm that the radioactive material releases from the
AP600 events postulated to be initiated in a shutdown mode have acceptable consequences.

* The Standard Review Plan (Reference 12) no longer includes the atmospheric releases from
radioactive gas waste system failure and radioactive liquid waste system leak or failure
events as part of the review. As discussed in subsections 15.7.1 and 15.7.2, no analysis for
these events is provided.

* Release of radioactivity to the environment due to a liquid tank failure is addressed in
subsection 15.7.3 and is not mode dependent.

* The fuel handling accident described in subsection 15.7.4, while not mode dependent, is
analyzed in the applicable and bounding mode and accounts for spent fuel pool boiling. This
accident analysis bounds radioactivity releases from other Chapter 15 events during low
power and shutdown operations. The LOCA analysis results show PCT remains below
22000F, and there are no fuel cladding failures.

* The spent fuel cask drop accident described in subsection 15.7.5 is not mode dependent.

* Appendix 1 5A contains the evaluation models and parameters that form the basis of the
radiological consequences analyses for the various postulated accidents. This methodology
applies in all modes of operation.

In summary, there are no shutdown risks associated with the radiological consequences
methodology or parameters, or the postulated or applicable events, which need to be considered
outside the scope of what is already analyzed for Section 15.7.

19E.4.10 Other Evaluations and Analyses

19E.4.10.1 Low Temperature Overpressure Protection

For the AP 1000, the normal residual heat removal system (RNS) suction relief valve is located
immediately downstream of the RCS suction isolation valves. This relief valve protects the RNS
from overpressurization and provides low temperature overpressure protection (LTOP) for the
RCS components when the RNS is aligned to the RCS to provide decay heat removal during
plant shutdown and startup operations. The RNS relief valve is sized to provide LTOP by
limiting the RCS and RNS pressure to less than the 10 CFR 50 Appendix G (Reference 13)
steady-state pressure limit. Subsection 5.2.2 provides a discussion of the AP 1000 low
temperature overpressure protection design bases.

19E.4.1O.2 Shutdown Temperature Evaluation
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•=ee•As discussed in subsection 6.3.1. 1.4, the passive residual heat removal heat
exchanger is required to be able to cool the reactor coolant system to a safe, stable condition after
shutdown following a non-LOCA event. The following summarizes a non-bounding,
conservative analysis, which demonstrates the passive residual heat removal heat exchanger can
meet this criterion and cool the RCS to the specified, safe shutdown condition of 420°F within
36 hours. This analysis te-demonstrates that the passive systems can bring the plant to a stable
safe, stable condition and maintain this condition so that no transients will result in the specified
acceptable fuel design limit and pressure boundary design limit being violated and that no high-
energy piping failure being initiated from this condition results in 10 CFR 50.46 (Reference 15)
criteria.

As discussed in subsections 6.3.3 and 7.4.1.1, the PRHR HX operates to reduce the RCS
temperature to the safe shutdown condition following a non-LOCA event. An analysis of the loss
of main feedwater with a loss of ac power event demonstrates that the passive systems can bring
the plant to a stable safe condition following postulated transients. The resul:t• of this.A
non-bounding, conservative analysis isare represented in Figures 19E.4. 10-1 through 19E.4.10-4.
The progression of this event is outlined in Table 19E.4.10-1. Though some of the assumptions
of this evaluation are based on nominal conditions, many of the analysis assumptions are
bounding.

The performance of the PRHR HX is affected by the containment pressure. Containment pressure
determines the PRHR HX heat sink (the IRWST water) temperature. The WGOTHIC
containment response model described in subsection 6.2.1.1.3 was used to determine the
containment pressure response to this transient, which was used as an input to the plant coolIdown
analysis performed with LOFTRAN. Some changes were made to the WGOTHIC model to
ensure the results were conservative for the long-term safe shutdown analysis.

The PRH-R HX performance is also affected by the IRWST water level when the level drops
below the top of the PRHR HX tubes. The IRWST water level is affected by the heat input from
the PRHR HX and by the amount of steam that leaves the IRWST and does not return to the
IRWST through the IRWST gutter arrangement. The principal steam condensate losses include
steam that stays in the containment atmosphere, steam that condenses on heat sinks inside
containment other than the containment vessel, and dripping or splashing losses due to
obstructions on the inner containment vessel wall. The WGOTHIC containment response model
also provided the mass balance with respect to the steam lost to the containment atmosphere and
to condensation on passive heat sinks other than the containment vessel. The WGOTHIC analysis
inputs (including the mass of the heat sinks and heat transfer rates) were biased to increase steam
condensate losses. The WGOTHIC model provides the time-dependent condensate return rate,
which was incorporated into the LOFTRAN computer code described in subsection 15.0.11.2 to
demonstrate that the RCS could be cooled to 420°F within 36 hours.
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Summarizing this transient, the loss of normal ac power occurs (offsite and onsite), followed by
the reactor trip. The PRI-R H-Xhe •ho~e is actuated on the low steam generator narrow
range level coincident with low startup feed water flow rate signal. Eventually a safeguards
actuation signal is actuated on Low cold leg temperature and the CMTs are actuated.

Once actuated, at about 2,7006O0 seconds, the CMTs operate in recirculation mode, injecting
cold borated water into the RCS. In the first part of their operation, due to the injection of cold
waterilow-rete, the CMTs operate in conjunction with the PRHR HIX to reduce RCS temperature.
Due to the primary system cooldown, the PRHR heat transfer capability drops below the decay
heat and the RCS cooldown is essentially driven by the CMT cold injection flow. However, at
about 6,0003•0 seconds, the CMT cooling effect decreases and the RCS starts heating up again
(Figure 19.E.4.10-1). The RCS temperature increases until the PRHR FIX can match decay heat.
At about 46,700;;4-O000 seconds, the PRHR heat transfer matches decay heat and it continues to
operate to reduce the RCS temperature to below 4200 F within 36 hours. As seen from Figure
1 9E.4. 10-1, the cold leg temperature in the loop with the PRHR is reduced to 4200 F at about
8•2,50ien52,900 seconds, while the core average temperature reaches 4200 F withiftat about
44.O1 20,900 seconds (approximately 34 hours).

As discussed in subsection 7.4.1.1, this mede of operation ca- lat f-er up to -72 hours.. u ....... ,
in ..b.ut .22 .hou ...a ..er .the o't, if..o... p er. .... available, or. if..o................is ...

a..ilable,= thzn the .zpctcr :b in..tru.t.. t .. ctu..t. the ADS.a timer is used to automatically
actuate the automatic depressurization system if offsite and onsite power are lost for about 24
hours. This timer automates putting the open loop cooling features into service prior to draining
the Class 1 E dc 24-hour batteries that operate the ADS valves. At approximately 22 hours, if the
plant conditions indicate that the ADS would not be needed until well after 24 hours, the
operators are directed to de-energize all loads on the 24-hour batteries. This action will block
actuation of the ADS and preserves the ability to align open loop cooling at a later time.
Operation of the ADS in conjunction with the CMTs, accumulators, and IRWST reduces the
RCS pressure and temperature to below 4200 F. The ability to actuate ADS and IRWST injection
provides a safety-related, backup mode of decay heat removal that is diverse to extended PRH-R
HIX operation.

As discussed in subsection 6.3.3.2.1 .1, the PRHR HIX can operate in this mode for at least
72 hours to maintain RCS conditions within the applicable Chapter 15 safety evaluation criteria.
In addition, the analysis supporting this section shows the PRHR HX is expected to maintain safe
shutdown conditions for greater than 14 days. One important consideration with regard to the
duration closed-loop cooling can be maintained is the RCS leak rate. This duration of closed-loop
cooling can be achieved with expected RCS leak rates. For abnormal leak rates, it may become
necessary to initiate open-loop cooling earlier than 14 days.

19E.5 Technical Specifications

While the Technical Specification guidance provided in NUREG-1449 (Reference 2) relates to
existing plant shutdown operation concerns, the underlying concerns relating to causes of events
and recovery from those events during shutdown operations are applicable to the API1000.
Section 19E.5. 1 summarizes the shutdown Technical Specifications. Section 1 9E.5.2 summarizes
the AP1000's compliance with SECY-93-190 (Reference 16).
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Table 19E.4.10-1

SEQUENCE OF EVENTS FOLLOWING A LOSS OF AC POWER
FLOW WITH CONDENSATE FROM THE CONTAINMENT SHELL

BEING RETURNED TO THE IRWST

Time

Event (seconds)

Feedwater is Lost 10.0

Low Steam Generator Water Level (Narrow-Range) Reactor Trip Setpoint Reached 72 60.6

Rods Begin to Drop 74•4 62.6

Low Steam Generator Water Level (Wide-Range) Reached 209.5

PRH-R HX Actuation on Low Steam Generator Water Level (WigdeNarrowv-Range 4-294 221.5
Coincident with Low Startup Feedwater Flow)

Low T~o1d Setpoint Reached $00-•0 2,752

Steam Line Isolation on Low Tcold Signal 64k 2,764

CMTs Actuated on Low TeoId Signal 64-7%0 2,764

IRWST Reaches Saturation Temperature 4-7-6s0 15,900

Heat Extracted by PRHR HX Matches Core Decay Heat 3-;000 46,700

Cold Leg Temperature Reaches 4200 F (loop with PRHR) •2O 52,900

I•4~gore Average Temperature Reaches 4200 F41eeowit-PR4R-• I2•4 120,900
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Shutdown Temperature Evaluation, RCS Temperature
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Shutdown Temperature Evaluation, PRHR Heat Transfer
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Shutdown Temperature Evaluation, PRHR Flow Rate
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Shutdown Temperature Evaluation, IRWST Heatup
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BASES

LCO (continued)

10. Pressurizer Level and Associated Reference Lea Temperature

Pressurizer level is provided to monitor the ROS coolant inventory.
During an accident, operation of the safeguards systems can be
verified based on coolant inventory indicators.

The reference leg temperature is included in the Technical
Specification since it is used to compensate the level signal.

11. In-Containment Refuelingq Water Storaaqe Tank (IRWST) Water Level

The IRWST provides a long term heat sink for non-LOCA events
and is a source of injection flow for LOCA events. When the IRWST
is a heat sink, the level will change due to increased volume
associated with the temperature increase. When saturation
temperature is reached, the IRWST will begin steaming and initially
lose mass to the containment atmosphere until condensation occurs
on the steel containment shell which is cooled by the passive
containment cooling system. The condensate is returned to the
IRWST via a gutter and downspouts.

During a LOCA, the IRWST is available for injection. Depending on
the severity of the event, when a fully depressurized RCS has been
achieved, the IRWST will inject by gravity flow.

12. Passive Residual Heat Removal (PRHR) Flow and PRHR Outlet
Temperature

PRHR Flow is provided to monitor primary system heat removal
during accident conditions when the steam generators are not
available. PRHR provides primary protection for non-LOCA events
when the normal heat sink is lost.

PRHR outlet temperature is provided to monitor primary system
heat removal during accident conditions when the steam generators
are not available. PRHR provides primary protection for non-LOCA
events when the normal heat sink is lost.

13, 14, 15, 16. Core Exit Temperature

Core Exit Temperature is provided for verification and long term

surveillance of core cooling.

API1000 B 3.3.3 -4 Amendment 0
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B 3.5 PASSIVE CORE COOLING SYSTEM (PXS)

B 3.5.4 Passive Residual Heat Removal Heat Exchanger (PRHR HX) - Operating

BASES

BACKGROUND The normal heat removal mechanism is the steam generators, which are
supplied by the startup feedwater system. However, this path utilizes
non-safety related components and systems, so its failure must be
considered. In the event the steam generators are not available to
remove decay heat for any reason, including loss of startup feedwater,
the heat removal path is the PRHR HX (Ref. 1).

The principle component of the PRHR HX is a 100% capacity heat
exchanger mounted in the In-containment Refueling Water Storage Tank
(IRWST). The heat exchanger is connected to the Reactor Coolant
System (RCS) by a inlet line from one RCS hot leg, and an outlet line to
the associated steam generator cold leg channel head. The inlet line to
the passive heat exchanger contains a normally open, motor operated
isolation valve. The outlet line is isolated by two parallel, normally closed
air operated valves, which fail open on loss of air pressure or control
signal. There is a vertical collection point at the top of the common inlet
piping high point which serves as a gas collector. It is provided with level
detectors that indicate when noncondensible gases have collected in this
area. There are provisions to manually vent these gases to the IRWST.

In order to preserve the IRWST water for long-term PRHR HX operation,
downspouts and a gutter arele provided to collect and return water to the
IRWST that has condensed on the inside surface of the containment
shell. During normal plant operation, any water collected by the
downspouts or gutter is directed to the normal containment sump. During
PRHR HX operation, redundant series air operated valves are actuated to
block the draining of condensate to the normal sump and to force the
condensate into the IRWST. These valves fail closed on loss of air
pressure or control signal.

The PRHR HX size and heat removal capability is selected to provide
adequate core cooling for the limiting non-LOCA heatup Design Basis
Accidents (DBAs) (Ref. 2). The Probability Risk Assessment (PRA)
(Ref. 3) shows that PRHR HX is not required assuming that passive feed
and bleed is available. Passive feed and bleed uses the Automatic
Depressurization System (ADS) for bleed and the CMTs/accumulators/
I RWST for feed.
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BASES

SURVEILLANCE REQUIREMENTS (continued)

SR 3.5.4.7

This surveillance requires visual inspection of the IRWST guttere and
downspout screens to verify that the return flow to the IRWST will not be
restricted by debris. A Frequency of 24 months is adequate, since there
are no known sources of debris with which the gutter6 or downspout
screens could become restricted.

REFERENCES 1. Section 6.3, "Passive Core Cooling System."

2. Chapter 15, "Safety Analysis."

3. AP1000OPRA.
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SURVEILLANCE REQUIREMENTS _______

SURVEILLANCE FREQUENCY

SR 3.5.4.1 Verify the outlet manual isolation valve is fully open. 12 hours

SR 3.5.4.2 Verify the inlet motor operated isolation valve is open. 12 hours

SR 3.5.4.3 Verify the volume of noncondensible gases in the 24 hours
PRHR HX inlet line has not caused the high-point
water level to drop below the sensor.

SR 3.5.4.4 Verify that power is removed from the inlet motor 31 days
operated isolation valve.

SR 3.5.4.5 Verify both PRHR air operated outlet isolation valves In accordance with
and both IRWST gutter isolation valves are the Inservice
OPERABLE by stroking open the valves. Testing Program

SR 3.5.4.6 Verify PRHR HX heat transfer performance in 10 years
accordance with the System Level OPERABILITY
Testing Program.

SR 3.5.4.7 Verify by visual inspection that the IRWST guttere and 24 months
downspout screens are not restricted by debris.
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