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1 INTRODUCTION

Prevention and mitigation of accidents has been an integral part of the design process for
AP600. A significant driving force in the passive plant design is the key accident
management philosophy of preventing accidents from progressing to core damage.

However, in the event of a low probability core damage accident, it is prudent to have severe
accident management guidance with the objective of terminating the progression of the
accident and returning the plant to a controlled, stable state. Therefore, this document
contains a summary of the overall philosophy and high level strategies that will form the
basis of the AP600 severe accident management guidance.

The Westinghouse plan for addressing severe accident management for AP600 will be based
on the Westinghouse Owners Group Severe Accident Management Guidance (WOG SAMG)
for the current generation of operating plants [Ref. 1]. Since some of the AP600 design
features reduce or eliminate the potential for some severe accident phenomena and fission
product boundary challenges, the WOG SAMG provides an envelope of possible severe
accident management considerations. Thus, the WOG SAMG has direct applications to the
development of AP600 severe accident management guidance, and will be the starting point
from which comparisons are made.

The scope of the AP600 severe accident management guidance is to address significant core
damage accidents. Prior to core damage, the Emergency Operating Procedures (EOPs),
which are based on the AP600 Emergency Response Guidelines (ERGs) will be used [Ref. 2].
Although the EOPs/ERGs for existing plants (e.g., the WOG ERG package [Ref. 3]) have
proven to be effective in the prevention of core damage, they do not address scenarios after
significant core damage has occurred.

The AP600 severe accident management guidance will be developed for use after the AP600
emergency response guidelines are no longer applicable. The AP600 severe accident
management guidance will include the application of insights that are derived from the
AP600 Probabilistic Risk Assessment (PRA) [Ref. 4], and elements that have been learned
through severe accident management research over the past 15 years. As such, severe
accident management guidance is the mechanism that brings the current level of knowledge
on severe accidents to the hands of the operating and technical staff at the plant. However,
the overall uncertainty of the core meit progression is still quite high, and thus the
management of a severe accident can only i~ pre-constructed by guidance that is less
prescriptive than the guidelines for design basis events and other accidents prior to core
damage.

The contents of this document include a discussion of severe accident management
requirements, the anticipated structure for the decision making process, the goals that must

Introduction Revision 1, November 1996
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be accomplished for severe accident management, and a summary of possible strategies for
AP600 severe accident management. Included in the severe accident management
discussions are key severe accident management insights obtained from the AP600 PRA.
This document provides the framework for future AP600 severe accident management
guidance development and therefore does not specifically address many issues in detail.

Introduction Revision 1, November 1996
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2 REQUIREMENTS FOR SEVERE ACCIDENT MANAGEMENT

There are no current NRC requirements for the development of severe accident management
guidance. However, NRC policy statements from the NRC Staff to the NRC Commissioners
(SECY letters) identify concerns and future actions of the NRC concerning this subject.
Speci‘ically. SECY-89-012 [Ref. 5] provides the following information.

"Accident Management encompasses those actions taken during the course of an
accident by the plant operating and technical staff to: (1) prevent core damage,

(2) terminate the progress of core damage if it begins and retain the core within the
reactor vessel, (3) maintain containment integrity as long as possible, and (4) minimize
offsite releases. Accident management, in effect, extends the defense-in-depth
principle to plant operating staff by extending the operating procedures well beyond
the plant design basis into scvere fuel damage regimes, with the operator skills and
creativity to find ways to terminate accidents beyond the design basis or to limit
offsite releases.

The NRC staff has concluded, based on PRAs and severe accident analyses, that the
risk associated with severe core damage accidents can be further reduced through
effective accident management. In this context, effective accident management would
ersure that optimal and maximum safety benefits are derived from available, existing
systems and plant operating staff through pre-planned strategies... Accordingly,
accident management is considered to be an essential element of the severe accident
closure process described in the Integration Plan for Closure of Severe Accident Issues
(SECY-88-147) [Ref. 6] and the Generic Letter on the Individual Plant Examination
(Generic Letter 88-20) [Ref. 7).

In the IPE Generic Letter, the staff deferred the requirement to develop an accident
management plan, stating that we are currently developing more specific guidance on
this matter and are working with NUMARC to (1) define the scope and content of
acceptable accident management programs, and (2) identify a plan of action that will
ultimately result in incorporating any plant-specific actions deemed necessary, as a
result of the IPE, into an overall severe accident management program.”

Also within SECY-89-012, the first objective for an accident management plan developed by
licensees for each plant 1s:

"Developing technically sound strategies for maximizing the effectiveness of personnel
and equipment in preventing and mitigating potential severe accidents. This includes
ensuring that guidance and procedures to implement these strategies are in place at
all plants.”

Requirements for Severe Accident Management Revision 1, November 199
m:\3323w.wpf 1b-111396



2-2

On November 4, 1994, the Nuclear Energy Institute’s (NEI) Nuclear Strategic Issues Advisory
Committee voted unanimously to establish a formal industry position on severe accident
management and to bind each of the utilities currently operating light water reactors in the
US.A. to implement the measures in that position by December 1998. The formal industry
position on severe accident management was issued as NEI 91-04, Revision 1, "Severe
Accident Closure Guidelines" [Ref. 8). The basic elements of the severe accident management
required by NEI 91-04, Rev. 1 include written guidance, training and a process for periodic
utility self-assessment. The NRC has accepted the industry position on severe accident
management as a substitute for formal regulatory requirements [Ref. 17] but is defining ar

approach for assuring the quality and effectiveness of the implementation of the industry’s
initiative.

The previous information is in regards to general positions of the NRC on severe accident
management, and it does not distinguish between current operating plants and new,
advanced plant designs. However, the NRC has indicated their interest in AP600 severe
accident management through several of the Requests for Additional Information (RAls)
which are presented in Appendix B. Specifically, RAI 720.55 asks how Westinghouse plans
to use the AP600 Probabilistic Risk Assessment to identify and assess accident management
measures. Furthermore, in RAI 720.56, the NRC asked how Westinghouse plans to address
the five elements of accident management as defined in SECY-89-012. These elements are:
1) accident management procedures, 2) training for severe accidents, 3) accident management
guidance, 4) instrumentation, and 5) decision-making responsibilities. Subsequently, in RAI
480.212, the NRC asked about severe accident management actions that might be required
after 24 hours to prevent or mitigate uncontrolled fission product releases. More recently, in
RAI 480.439, the NRC has inquired about how insights developed from the AP600 PRA
would be incorporated into the combined license (COL) applicant’s severe accident
management guidance.

In addition, the Advanced Light Water Reactor (ALWR) Utility Requirements Document
(URD) [Ref 9] states that the Plant Designer shall establish the technical basis for a severe
accident management program that includes core damage prevention and mitigation. The
Plant Designer is also to translate the plant design bases into operational limitations and
responses which can then be developed into procedural guidelines and training by the Plant
Owner. The Plant Designer is also responsible for confirming that the plant design is
compatible with the ERGs and the severe accident management program based on the plant
specific PRA and other relevant information. The NRC'’s Safety Evaluation Report for this
document states: "The use of PRA for developing and confirming the severe-accident
management program and ERGs is also consistent with the Commission’s severe-accident
policy” [Ref. 10].

Requirements for Severe Accident Management Revision 1, November 1996
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3 DECISION-MAKING PROCESS

Severe accident management involves the implementation of actions to bring the plant to a
controlled, stable state following core damage and to mitigate challenges to the containment
fission product boundary. In a severe accident state, the Frst two fission product boundaries
(the fuel rod cladding and the reactor coolant system) may be severely damaged and the

foc s shifts to maintaining the final fission product boundary. To effectively choose the
apprupriate severe accident management actions and to prioritized the implementation of the
appropriate actions, assessment of the plant conditions is needed.

The nature of severe accidents and the possible responses dictate that severe accident
management diagnostics be symptom-based. Several specific features of severe accidents can
be cited which support the symptom-based approach:

a) Severe accident management must provide a response for a wide range of severe
accident conditions. While a large number of possible scenarios have been identified
in severe accident studies, it is likely that most of these scenarios do not accurately
represent realistic severe accident scenarios due to modelling assumptions in these
studies (such as all equipment failures are assumed to occur at time zero).

b) During a severe accident, the plant conditions are undergoing continual change.
Severe accident management must relate actions to symptoms.

c) The overall goals of severe accident management involve the response to challenges to
fission product boundaries, which can be diagnosed through symptoms.

In other words, the symptom-based approach i« a key method to develop flexibility in the
AP600 severe accident management guidance. This flexibility refers primarily to the ability
of plant personnel to shift priorities and implement accident management strategies based on
the situation of the plant during the accident. Specific technical decisions may be knowledge-
based, and will be dependent on the interpretation of the plant status. Therefore, the
appropriateness of specific actions cannot be predetermined during the development of
AP600 severe accident management guidance. This approach allows the guidance developed
to be useful during any severe accident, even scenarios which are not currently recognized
situations. As such, an AP600 severe accident management plan is the final stage in the
defense-in-depth plant safety concept.

Although flexibility is a necessity, there is a need for the guidance itself to be a structured
process for choosing the appropriate actions based on actual plant conditions. Human factor
considerations during a high stress environment that would accompany a severe accident
require that the guidance be simple to use. Thus, the AP600 severe accident management

Decision-Making Process Revision 1, November 1996
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guidance must be an effective decision-making tool based on some fundamental concepts
about the organization of the guidance, ac detailed below.

3.1 ROLE OF THE PLANT PERSONNEL

NEI has developed recommendations for severe accident assessment and mitigation that
divide responsibilities of personnel into categories of evaluators, decision makers, and
implementors. The evaluators must assess the plant symptoms to determine the plant state,
and then evaluate the potential strategies that may be used to mitigate the event. The
decision makers are to assess and select the strategies to be implemented. The implementors
are responsible for performing the steps necessary to accomplish the objectives of the
strategies, such as hands-on control of valves, breakers, controliers and special equipment.

The plant personnel to perform each of these functions will be identified by the AP600 COL
applicant in the development of the severe accident management plan. Factors that wall be
considered include:

. The structure of the organization that is needed for accidents prior to core damage, so
that there would be an orderly transition to management of the accident after core
damage is diagnosed,

. The instrumentation, equipment and computers necessary to fulfill each function,

. The skills, training and expertise of personnel,

. The size and location of the necessary staff, and

. The desire to address severe accident management preparation, while still maintaining

a focus on the prevention of core damage.
3.2 STRUCTURE OF AP600 GUIDANCE

The AP600 guidance for severe accident management will include overall diagnostic tools
that control the flow of the decision-making process, as well as detailed guidelines. The
following sections provide a summary of the expected flow charts, as well as further
information on the content of the detailed guidelines.

3.2.1 Diagnostic Flow Chart

As identified in Section 3.0, there is a need for severe acciderit management guidance to have
an organized structure to facilitate effective decision-making. For AP600, the form of this

Decision-Making Process Revision 1, November 1996
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structure should be based on the WOG SAMG, although some of the details may differ. The
element discussed within this section is the Diagnostic Flow Chart, which is the primary
decision-making tool to determine when the plant has achieved the overall goals of severe
accident management,

The Diagnostic Flow Chart (DFC) is the primary tool to identify the appropriate guidelines
for the key possible plant conditions that may occur following a severe accident. The flow
chart is the point of entry into severe accident management (from the ERGs), and it also
serves as the exit point. The flowchart is based on setpoints for different parameters that are
either necessary to define a controlled, stable state or which may prevent further challenges
to fission product boundaries. The elements that determine a controlied, stable state are
discussed in Section 4.0. Prevention of fission product boundary challenges refers to the
prevention of severe accident phenomena, which may challenge fission product boundary
integrity, such as induced steam generator tube rupture, high pressure melt ejection and
reactor vessel lower head failure. Key plant conditions will be defined based on the
capability to take actions to control the conditions and on the potential challenge to the
containment fission product boundaries which these conditions may indicate. Based on the
particular plant conditions identified in the DFC, a specific guideline is consulted to evaluate
the availability and effectiveness of the various severe accident management strategies which
may be used to control the conditions. If a controlled, stable state is achieved, the DFC
instructs plant personnel to develop a set of limitations and cautions for the long term
recovery process, based on the consideration of large quantities of fission products released
from the core and other important aspects of the severe accident scenario. The parameters in
the DFC will be prioritized and the setpoint values will be determined during the
development of the detailed AP600 guidance.

The development of the priorities for checking the parameters that determine a contrclled
stable state (i.e., the order of appearance of parameters on the DFC) will be based on fission
product challenges to the containment fission product boundary, the speed at which such
challenges can occur, the time in the accident progression at which the challenges can occur,
and the time available for intervention. The priorities and the actual values for the DFC
parameters (i.e., the setpoints) will be based on the AP600 severe accident response
characteristics as detailed in the AP600 PRA and will consider the severe accident
management insights identified from the AP600 PRA, as documented in Appendix A of tis
report.

3.2.2 Severe Challenge Status Tree

The Severe Challenge Status Tree (SCST) is the primary tool used by the emergency response
team to identify immediate and severe challenges to containment fission product boundaries
and to select the appropriate guideline for strategies to respond to the challenge. The SCST
identifies the severe challenges for all possible plant conditions that may occur following a

Decision-Makiny Process Revision 1, November 1996
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severe accident. The plant conditions on the SCST will be defined based on the severity of
the challenge and capability to take actions to control the conditions in time to mitigate the
challenge to the containment fission product boundaries. Based on the particular plant
conditions identified in the SCST, a specific guideline is consulted to evaluate the availability
and effectiveness of the various severe accident management strategies which may be used to
control the conditions.

The parameters in the SCST are regularly monitored to determine whether a severe challenge
has developed. The SCST parameters are to be monitored simultaneously with the usage of
the DFC. The existence of the SCST as a monitoring tool allows for the effective use of the
pre-prioritized DFC, which addresses less-immediate concerns. However, if the setpoint for a
SCST parameter is reached, all activities being guided by the DFC would be put on hold
until the SCST challenge has becn addressed.

The development of the priorities for checking the parameters that determine challenges to
the containment fission product boundary (i.e., the order of appearance of parameters on the
SCST) will be based on the severity of the fission product challenges to the containment
tission product boundary, the speed at which such challenges can occur, the time in the
accident progression at which the challenges can occur, and the time available for
intervention. The priorities and the actual values for the Severe Challenge Status Tree
parameters (i.e., the setpoints) will be based on the AP600 severe accident resporn ¢
characteristics as detailed in the AP600 PRA and will consider the severe accident
management insights identified from the AP600 PRA, as documented in Appendix A of this
report.

3.2.3 Guidelines

While a Diagnostic Flow Chart and Severe Challenge Status Tree are used to establish the
organizational structure of severe accident management guidance, the details and the
majority of the technical content are contained within guidelines. Guidelines are referenced
directly from the DFC or SCST due to a plant parameter being outside the desired range.
The structure of the guidelines will include the following major considerations:

1) Equipment Availability - The guidelines will contain lists of the possible equipment
that may be used to implement an action. If no equipment is available, instructions
will include the consideration of restoring the non-functioning equipment.

2) Benefits vs. Potential Negative Impacts - The potential actions will be considered in
regards to their benefits weighed against the expected negative impacts. If the
negative impacts are judged to be large, then methods to minimize the negative
impacts will be considered when possible. If the impacts differ based on the choice of
methods or equipment, this distinction will be made.

Decision-Making Process Revision 1, November 199
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3.5

3) Implementation - If the decision is made to implement a strategy, implementation
instructions will be provided that include any limitations that were identified during
the evaluation. The implementation instructions will also identify the expected
response of the plant as a basis to compare the actual response. The option to abort
the action, or to implement additional actions, will also be considered.

4) Long Term Concerns - Once a severe accident management strategy is implemented,
there may be one or more additional plant parameters that require periodic
surveillance to assure that the strategy implemented will continue to be effective.

: These generally include support functions such as an adequate water supply, and
continued equipment cooling. The identification of the long term concerns associated
with the implementation of any severe accident management strategy should also
include a brief description of the actions that can be taken to address the long term
concerns when they become critical to the continuation of the selected strategy.

Decision-Making Process Revision 1, November 1996
m:\3323w.wpt 1b-111396




4-1

4 SEVERE ACCIDENT MANAGEMENT GOALS

Before any guidance for severe accident management can be developed, the first step is to
identify the overall goals that tl e guidance must achieve. As stated in the introduction, the
overall objective of severe acciden' management is to terminate the core damage progression.
However, the scope of severe accident management also entails maintaining the capability of
the containment as long as possible, and minimizing fission product releases and their effects.
These severe accident management objectives can be translated into specific goals that must
be met. These three goals are: 1) to return the core to a controlled, stable state, 2) to
maintain or return the containment to a controlled, stable state, and 3) to terminate any
fission product releases from the plant. Secondary goals, to be achieved while focusing on
the primary goals, are to i) minimize fission product releases, and ii) maximize equipment
and monitoring capabilities.

Before details are provided on each of these goals, it should be noted that severe accident
management does not guarantee the achievement of the goals. Severe accident management
is a structured approach that best utilizes available resources at the plant based on the
current understanding of severe accidents.

41 CONTROLLED, STABLE CORE STATE

A controlled, stable core state is defined as core conditions under which no significant short
term or long term physical or chemical changes (i.e., severe accident phenomena) would be
expected to occur. A significant short term or long term change is one which would require
an operator response to prevent a change in core location, a challenge to containment
integrity, or fission product releases. In order to achieve a controlled, stable core state, two
primary conditions must be met:

A process must be in place for transferring all energy being generated in the core to a
long term heat sink.

2. The core temperature must be well below the point where chemical or physical
changes might occur.

For a severe accident, the core is assumed to be uncovered and overheated when severe
accident management begins. Therefore, both decay heat and sensible heat must be removed
from the core, along with any chemical heat which is produced during the recovery phase.
However, providing a means to remove all of the core energy does not guarantee a
controlled, stable core state. This is best illustrated by the TMI-2 accident in vhich core
relocation continued for a significant period of time after a process was in place for cooling
the core [Ref. 11]. This was because the core geometry did not facilitate efficient transfer of
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energy from the molten core material to the coolant. Thus, the core can only be considered
in a controlled, stable state when its temperature is sufficiently low, and a heat removal
process is in place. Thus, both criteria are necessary and sufficient conditions for achieving a
controlled, stable core state.

The amount of energy that will have to be transferred from the core is dependent on whether
the core remains subcritical. Before significant downward relocation of core material occurs,
the amount of negative reactivity required for subcriticality is bounded by the ERG
considerations. As core downward relocation progresses, the required negative reactivity for
subcriticality decreases due to geometry compaction [Ref. 12]. The core compaction results in
a significant change in the local moderator to fuel volume ratio, thus requiring less negative
reactivity such as control rods or soluble boron.

However, for severe accident management, the extent of core relocation cannot be
determined during the accident itself. If the water injected during the severe accident comes
solely from the tanks inside the containment that are sufficiently borated, then there is no
chance that the shutdown margin will be lost. However, if the only available water sources
do not contain sufficient boron to ensure that the subcriticality conditions are achieved, there
is the potential for a return to power, depending on the core geometry. The use of
unborated (or under-borated) water could only result in a return to power in the core at very
low levels, which is a function of the injection rate to the core. For this scenario, the core
would be likely to continue to degrade since all of the heat generation is not removed by
boiling of the injected water, resulting in a change in core geometry which leads to a
subcritical state.

If the core returns to a critical state, the excess reactivity would be compensated by void
formation in the water. However, the rate at which criticality is approached must be
sufficiently slow that the feedback associated with the void development can be effective. If
the injection rate of the water were too high, prompt recriticality could be a concern, which
could damage reactor coolant piping or steam generator tubes. However, generic severe
accident studies [Kef. 7] have conservatively shown that even flow rates of 1000 gpm are an
order of magnitude too low for prompt criticality. Since this is higher than any expected
injection flowrates for the AP600 plant, there is no need to further consider criticality or
prompt criticality issues.

The cooling of the core can be accomplished via several methods. The preferred method is to
cover the core debris with water while it is still in the reactor vessel. If the core cannot
remain covered with water while in the vessel, submerging the bottom head of the reactor
vessel with water may be sufficient to remove the core heat. [Ref. 13 and Ref. 14] If this
method of flooding the containment cavity is successful and if the reactor coolant system is
sufficiently depressurized, it prevents reactor pressure vessel (RPV) failure and movement of
the core material into the containment. Although either water inside the RPV or water
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submerging the bottom head of the RPV may be sufficient, the ideal condition is to create
water inventories both inside and outside the RP’V. This maximizes the possibility of
reducing the core temperature and ensuring that further physical and chemical changes can
no longer occur.

If the core remains within the RPV, not only must the core initially be cooled, but a long
term heat removal process must be established. The first possibility to be considered is heat
transfer to the steam generators. For this option to be feasible, there must be a water
inventory in the secondarv side of the steam generators, the reactor coolant system (RCS)
should be relatively intact, and there must be some water inventory within the RCS.
However, it is not necessary to have a complete RCS water inventory, since condensation of
steam is also an effective heat transfer mechanism.

Another possibility for long term heat removal while the core is within the reactor vessel is
to use the passive residual heat removal (PRHR) system. This system is based on natural
circulation from the RCS to heat exchangers in the in-containment refueling water storage
tank (IRWST). Within the IRWST, the heat is then transferred to the containment through
steaming. Therefore, the PRHR is an indirect method to transfer the core heat to the
containment. For the PRHR to function, the RCS must be relatively intact, and there must be
some water inventory within the RCS. In addition, there must be a sufficient water
inventory within the IRWST. Since the IRWST is the largest water source for refilling the
RCS and to flood the containment cavity, the IRWST water inventory is not likely to be
maintained during a severe accident, and thus this method is not likely to be available for
long term heat removal from the RCS unless the IRWST can be refilled from an external
water source.

The third long term heat transfer process to be considered is a direct path to the containment,
which is then cooled through passive containment cooling. If there is a loss-of-coolant
accident (LOCA), steaming from the break can be an effective heat transfer medium,
provided that additional water can continually be provided to the RCS. For a non-LOCA
transient, an opening in the RCS can be created for direct steaming, such as opening the
fourth stage valves of the automatic depressurization system (ADS). Another heat transfer
pathway to the containment is via direct heat transfer through the walls of the RPV, coolant
loops and direct vessel injection lines if water is surrounding the outside surfaces.

If the severe accident is not mitigated before the RPV lower head fails and the core debris is
transported ex-vessel, the only long term heat sink is the containment. In this scenario, a
water inventory in the reactor cavity and the containment is needed for initial core cooling
and long term heat removal. If the limited surface area of the core debris is not sufficient to
permit removal of decay heat and sensible heat, the core debris will remain moiten and
lateral movement will increase the heat transfer area until cooling can occur. Although some
ablation of the concrete basemat may occur in this case, the investigations reported in the
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AP600 PRA indicate that the core will eventually be quenched and concrete ablation will be
arrested. One of the features of the AP600 plant is that the reactor cavity has been designed
with sufficient floor area to permit debris spreading until a coolable geometry can be created.
Thus, the cooling of the core debris external to the reactor vessel can be acromplished in the
presence of water. However, if the core debris is transported ex-vessel into a dry reactor
cavity, the core debris will begin to ablate the concrete basemat. Subsequent introduction of
water into the reactor cavity may only be partially successful in arresting the concrete
ablation. Thus, it is important that the reactor cavity be flooded prior to core relocation from
the reactor vessel and that a continued supply of water be available to maintain a water
cover over any core debris in the reactor cavity.

For core material dispersed at reactor vessel failure and refrozen on vertical containment
surfaces and equipment, or present as thin layers on horizontal containment surfaces or
equipment, no water may be required for long term cooling. Generic analyses [Refs. 13 and
14] show that convection oi the decay heat to the containment atmosphere could be sufficient
to ensure long term cooling. If decay heat cannot be removed by convection, the dispersed
core material will heat-up, become molten, and eventually drain to lower levels of the
containment. Downward relocation of core debris will stop when all of the heat can be
removed, either via convection from a new configuration or via transfer to water if the debris
becomes submerged at lower containment levels. Furthermore, AP600 is designed such that
only a small fraction of the core debris that is ejected from the reactor vessel could reach the
upper containment area. [Ref. 13] Therefore, core coolability after vessel failure remains
primarily a concern of establishing a water inventory in the lower cavity.

Thus, to maximize the possibility of achieving a controlled, stable core cox dition, the
elements that must be considered in severe accident management are:

. water inventory in the RCS,

. water inventory in the containment cavity,
. heat transfer to the steam generators, and
. heat transfer to the containment.

42 CONTROLLED, STABLE CONTAINMENT STATE

A controlled, stable containment state is defined as containment conditions under which no
significant short term or long term physical or chemical changes would be expected to occur.
A significant short term or long term change is one which would require an operator
response to prevent a challenge to containment integrity or fission product releases. In order
to achieve a controlled, stable containment state, several conditions must be met, as
summarized below.
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I A process must be in-place for transferring all of the energy that is being released to
the containment to a long term heat sink.
r The containment boundary must be protected and functional.

3. The containment and reactor coolant system conditions must be well below the point
where chemical or physical processes (severe accident phenomena) might result in a
dynamic change in containment conditions or a failure of the containment houndary.

The first two of these co.:ditions are relatively straight-forward for the AP600. The energy
removal condition requires that a heat sink be available and that a process for getting the
energy from the containment to the heat sink exists. Without a means to remove the energy
transferred from the core and from chemical processes occurring during a severe accident,
the containment pressure and/or temperature will increase to the point where the
containment structural integrity could be challenged. Thus, ensuring that an adequate
containment heat sink exists will prevent containment pressures and temperatures from
reaching the point where the integrity of the containment boundary is challenged. For the
AP600 plant, the primary containment cooling mechanism is the Passive Containment
Cooling System (PCCS). This system causes the gravity drain of water onto the outside of
the steel containment vessel, which then evaporates into the natural circulation air flow
around the containment vessel. The PCCS has sufficient water inventory to operate for

72 hours following an accident. The PRA results indicate that with the PCCS in operation,
the containment pressure remains below the design pressure for all severc accident scenarios.
If the water flow over the outer containment shell is not available, air cooling alone is
sufficient to remove decay heat from the containment. In the case without PCCS cooling, the
AP600 PRA shows that the containment pressure will exceed the design pressure and
approach the containment ultimate pressure capability. The AP600 PRA shows that although
there is a very small probability of exceeding the containment pressure capability without
PCCS operating, the containment pressure remains well below the median estimate of the
containment ultimate capability. In either case, (with or without PCCS cooling), natural
circulation of air around the outside of the containment requires that the drains at the bottom
of the annulus remain open to prevent an accumulation of water from blocking the natural
circulation flow path. In addition to the heat removal capability of the containment shell, the
AP600 fan cooler system may be available to supplement the passive cooling. While the
AP600 fan cooler heat removal capability cannot maich decay heat, it can be an effective
supplement to the passive heat removal capability of the containment shell.

The containment boundary condition requires that containment isolation be established and
maintained. In the case of severe accidents the containment boundary includes all piping
which penetrates the containment and which can have an unrestricted pathway to the
environment. These pipes can be considered to be isolated if at least one vaive in the pipe is
closed (plus any bypass valves in parallel pipes), the line is pressurized with water, or a
water seal is established in the line. In other words, all piping which is not actively carrying
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water to or from the containment, as part of severe accident management, must be isolated
by closing at least one valve or establishing a sufficient water seal to prevent release of
reactor coolant or containment fluids. Containment isolation considerations extend (o the
steam generators, main steam lines and feedwater lines since steam generator tube faults
(either tube failures or pre-existing leaks) are a major concern for severe accident
management. The limited number of containment penetrations in the AI'600 design greatly
simplifies this consideration, compared with the current generation of plants.

The third condition for a controlled, stable containment state is more difficult to accomplish
than the previous two conditions. The changes in containment conditions which can lead to
challenges to the containment include dynamic changes which cannot be predicted by
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