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ABSTRACT

The Westinghouse Owners Group Severe Accident Management Guidance (WOG
SAMG) was developed between 1991 and 1994. The primary goals for severe accident
management that form the basis of the WOG SAMG are to terminate any radioactive releases
to the environment; to prevent failure of any containment fission product boundary and to
return the plant to a controlled stable condition.

The WOG SAMG is primarily a TSC tool for mitigation of low probability core damage
events. The philosophy is that control room operators should remain focused on the
prevention of core damage, whereas the TSC personnel should concentrate on the mitigation
of the severe accident. The symptom based package is built up as a structured process for
choosing appropriate actions based on actual plant conditions. No detailed knowledge of
severe accident phenomena is required.

The scope of the WOG SAMG is limited to severe accidents resulting from initiating
events occurring during full power operation. However, a number of studies such as the EdF
EPS 1300 Probabilistic Safety Assessment (PSA), the shutdown Probabilistic Risk
Assessment (PRA) for Surry, the BERA shutdown PRA for Beznau, the EPRI/ Westinghouse
ORAM methodology etc. have shown that the frequency of core damage (a severe accident)
during shutdown and low power operation can be of the same order of magnitude as for full
power operation. The at-power SAMG is viewed as the resolution of the severe accident
issue. Similarly, it is expected that as shutdown PRAs mature, the final resolution of the
severe accident issue will lie in SAMG for low power and shutdown operation. Therefore in
resolution of this issue, Westinghouse has developed the Shutdown Severe Accident
Management Guidance (SSAMG) which gives guidance for both control room and TSC
personnel to mitigate a severe accident under shutdown or low power conditions.

In the last few years, many LWR plants have been implementing SAMG. In the US, all
plants have developed SAMG, and many have used the WOG SAMG as a basis. Shutdown
SAMG has not been developed yet for any specific site; however, the Koeberg plant in South-
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Africa is committed to implement it, and has begun a project which will be completed
probably by the end of this year.

The purpose of this  paper is to provide some insights on how SSAMG can aid
operators and especially TSC  personnel in the mitigation of a severe accident during low
power and shutdown operation.

1 INTRODUCTION

Accident Management refers to the overall range of capabilities of the plant to prevent
and mitigate accident situations which involve damage of the fuel.

Preventive accident management refers to the strategies that aim to prevent or delay the
onset of core damage during an accident. Preventive accident measures are the first actions to
be taken since they give priority to fuel integrity and restoration of core cooling. In the
Westinghouse approach to accident management, the preventive accident measures are
included in the Emergency Response Guidelines (ERGs), and based on those, the plant’s
Emergency Operating Procedures (EOPs). Note that the EOPs deal with design basis
accidents as well as beyond design basis events before the start of core damage.

In most cases, the ERGs as included in the EOPs and implemented by the operating
crew result in recovery of the plant without any core damage. Should however the preventive
accident measures be unsuccessful and core damage occurs, then subsequent recovery actions
are necessary which place priority on containing fission products and minimizing releases.

Events that progress past core damage are called severe accidents and the accident
management measures taken to mitigate the consequences of core damage are referred to as
severe accident management measures; in the Westinghouse approach they are included in the
Severe Accident Management Guidance (SAMG).

The SAMG thus contains all instructions for the implementation of mitigative severe
accident management measures.

2 OVERVIEW OF THE WESTINGHOUSE SAMG

The Westinghouse SAMG package consists of symptom based guidelines that are
designed to interface with the Westinghouse EOPs.

Should an accident occur that causes an actuation of the plant’s automatic safeguards
system then the plant operators are directed to the EOPs which provide them recovery
guidance measures. However the entire purpose of the EOPs is to recover the plant before
core damage occurs. Obviously, the EOPs place priority on preventing or delaying core
damage. If these measures are unsuccessful, core damage will occur. As soon as conditions
indicating a severe accident is in progress have been detected, usage of the EOPs is
terminated and a transition to the SAMG is established. Note that there can be no return to the
EOPs. In the Westinghouse approach of SAMG, although two control room guidelines are
provided, the main part of guidance is for use in the Technical Support Center (TSC). The
SAMG is totally symptom-based. There is no requirement to diagnose the cause of the
accident, the amount of core damage or the status of the reactor vessel. The SAMG allows the
TSC to identify plant recovery actions, which will be communicated to the plant’s operating
crew, which is responsible for carrying out the actions. The SAMG is a structured guidance in
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the form of flowcharts, status trees and guidelines. They are specifically designed for a high
stress environment, therefore they are easy to use.

In the SAMG part which is under the responsibility of the TSC, we can basically
distinguish three major sections; the diagnostics, the severe accident and severe challenge
guidelines as well as exit guidelines and the computational aids.

The diagnostics part of the SAMG, which is to be performed by the TSC, consists of
two parts :

� a flow chart for diagnosis of the plant status in relation to a controlled stable condition,
� a status tree for diagnosis of ongoing fission product releases and challenges to fission

product boundaries.

The diagnostic flow chart (DFC) specifies the key parameters to be monitored and
controlled during a severe accident. It provides for continual periodic monitoring of each key
parameter until all parameters are such that the plant can be declared to be in a controlled
stable state. The DFC considers all severe accident phenomena that may challenge the fission
product boundaries. In case the value of a certain parameter is above the limit specified for a
controlled stable state, the TSC must evaluate the need to implement strategies to bring the
parameter to a controlled stable condition.

The Severe Challenge Status Tree (SCST) diagnostic contains four key plant parameters
which must be monitored on a regular basis to determine if their value exceeds a setpoint
which indicates that a more serious condition exists. The SCST is monitored in conjunction
with the DFC and the evaluation of strategies identified by the flow chart diagnostics. If a
setpoint value in the SCST is exceeded, all other actions are terminated and a severe accident
management strategy must be implemented immediately to deal with the more serious
condition. As in the case of the DFC, a priority amongst the severe challenges in the status
tree has been established.

In summary, both the DFC and SCST identify specific Severe Accident Management
Guidelines which are appropriate for a given key parameter. Each of these contains one or
more strategies which might be used to respond to that parameter.

The guidelines present a method for the systematic, logical evaluation of the possible
strategies that can be used to respond to a given challenge. Each of these guidelines helps the
TSC staff in answering four important questions:

1. Is implementation of a strategy possible with the current plant configuration?
2. What is the balance between the potential positive and negative impacts associated with

implementing a strategy?
3. How can you determine if the strategy has been succesfully implemented?
4. What are the long term concerns associated with implementation of a strategy?

Computational Aids (CA) are also provided to aid the TSC staff in performing the
diagnostics and in answering certain aspects of the questions raised in each of the guidelines.
These CA’s are generally in the form of plots of two or three variables. They have been
designed to be efficient and simple to use, requiring no computer capabilities.
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3 SHUTDOWN SAMG

3.1 Introduction

The existing WOG SAMG package is only applicable for at-power conditions and thus
a development project has been performed to qualify the existing material for low power and
shutdown conditions.

A number of studies such as the EdF EPS 1300 Probabilistic Safety Assessment (PSA)
[3], the shutdown Probabilistic Risk Assessment (PRA) for Surry [4], the BERA shutdown
PRA for Beznau [5], the EPRI/ Westinghouse ORAM methodology [6] etc. have shown that
the frequency of core damage (a severe accident) during shutdown and low power operation
can be of the same order of magnitude as for full power operation. The at-power SAMG is
viewed as the resolution of the severe accident issue. Similarly, it is expected that as
shutdown PRAs mature, the final resolution of the severe accident issue will lie in SAMG for
low power and shutdown operation. Therefore in resolution of this issue, Westinghouse has
developed the Shutdown Severe Accident Management Guidance (SSAMG) which gives
guidance for both control room and TSC personnel to mitigate a severe accident under
shutdown or low power conditions.

The general approach that was chosen consists in extending the existing SAMG for use
during low power or shutdown conditions. Therefore the current SAMG package has been
reviewed and the necessary changes and additions will be identified.

Following ground rules were observed :

� The Shutdown SAMG (SSAMG) is an extension of the existing SAMG package. Thus,
the approach is to extend the range of applicability of the SAMG package;

� The WOG SAMG is symptom based, primarily because in a severe accident it is difficult
to identify which events caused the severe accident. For shutdown conditions, the number
of possible plant configurations is larger, therefore it is even more important that the
SSAMG is symptom based;

� The SSAMG should as far as possible be applicable to all Plant Operational States (POS).
Severe accidents could occur and may be more likely to occur during the transition from
one POS to another.

3.2 Plant Operational States (POS)

When implementing the SSAMG we need to have a clear picture of the different
characteristics of the various POS. (For each plant specific implementation of the SSAMG,
the working operational states should be carefully reviewed). Plant operational states are
clearly defined in the technical specifications for the purpose of safe operation. In addition,
shutdown PRA’s have defined different POS for the purpose of analysis.

Thus, after reviewing both sources we should have a clear picture of:

� The different plant thermal – hydraulic states
� The different instrumentation and control configurations
� The status of the containment isolation
� The location of the fuel
� The conditions during changes from one state to another
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For the purpose of mitigating any severe accidents under low power or shutdown
conditions, shutdown PRAs will need to be studied to gain insight into:

� the dominant accident sequences and initiators for low power and shutdown conditions
� the vulnerable plant states
� the symptoms of a severe accident in general

Thinking of characteristics of plant operational states, it is clear that the point at which
the residual heat removal (RHR) system is put in service represents a key transition from
using SAMG to SSAMG. Indeed, for the plant operational states referred to as “power
operation”, “startup” and “hot standby” in the Westinghouse technical specifications, the
steam generators are used for removing the decay heat and the primary system integrity is
maintained, thus the SAMG applies. When the steam generators can no longer be used to
remove decay heat, the RHR will  be used which is typically the case for low power and
shutdown conditions.

The fact that the RHR system is aligned for service is significant since primary
overpressurisation can now lead to rupture of the RHR and thus lead to an induced interfacing
system break. This implies that since the RHR system failure pressure is considerably below
the pressure for creep rupture of the steam generator tubes, the emphasis would shift from
protecting the steam generator tubes against creep rupture to protecting the RHR system.

Instead of ensuring that there is enough water in the steam generators, we should thus
first focus on primary depressurisation to prevent the primary pressure from exceeding the
RHR design pressure. Should this still happen then it should be considered as a severe
challenge.

RHR vulnerability thus becomes an important issue which requires a plant specific
evaluation. At some plants, there might be an interlock that isolates the RHR system from the
RCS when the RCS pressure exceeds a certain setpoint. This interlock has also been removed
from a number of plants due to the inability of the valves to close in time to protect the RHR
system. In addition, some plants might have RHR relief valves that are designed to protect the
RHR and RCS against cold overpressure due to the inadvertant start of an SI pump.

On the other hand, for certain PWR designs, the RHR is completely in the containment
and its rupture would therefore not lead to an interfacing system break. However, in this case
we still want to preserve the RHR system for future use during core damage recovery and thus
RCS depressurization remains a high priority.

Another insight that impacts the SAMG priorities considers the status of the primary
system, since primary pressurization can not occur if the primary system is open. In addition,
the steam generator reflux cooling mode will no longer be available as a means to remove
decay heat.

The containment condition is another important aspect since the containment might be
closed, airtight or open. If the containment is open when a severe accident occurs, then a
severe challenge must be assumed; is the containment airtight then containment pressure must
be kept low and we should attempt to restore full containment integrity.
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Since there are many definitions possible for the working operational states, any
reference to an operational state in the SSAMG should be consistent with the definition in the
technical specifications with clear additional characteristics (e.g. “containment open”).

3.3 SSAMG Priorities

A review of several shutdown PRAs reveals that when RHR is operating in cooling
mode, core damage may be possible within less than one hour. Since the TSC may not be
active yet, there is a need for control room guidance for this type of accidents. Thus a new,
additional control room guide is required (“Severe  accident control room guide 3”).

Sequences relevant for this guideline all have a loss (or reduced) water inventory to
flange/midloop, a large vent (or LOCA) in the primary system, and a loss of RHR cooling in
common (e.g. loss of RHR during midloop operation, station blackout followed by solid  RCS
conditions which result in rupture of the RHR, …). The actions required to mitigate this class
of accidents are equivalent to those included in the preventive accident management guideline
for a LOCA under shutdown conditions.

Thinking about the characteristics of the possible plant operational states and the current
priorities in the SAMG, it becomes apparent that under POS with large openings in the
primary system, there is no need to inject into the steam generators and depressurize the
primary system. In this case, the steam generators are unavailable for decay heat removal, the
primary pressure is too low for steam generator tube creep rupture concerns and would not
prevent the low head sources from injecting. Since in addition injecting into the steam
generators and depressurizing the primary system are time consuming activities, the focus
should probably be shifted to injecting to cover the fuel.

3.4 Severe Accident Fuel Building Guideline

When addressing severe accidents under shutdown conditions, it is clear that the core
damage can occur when the fuel is in the fuel building. Therefore some type of fuel building
guidance must be developed with as purpose the recovery of the fuel and the mitigation of
fission products to the environment. The latter is particularly important since the fuel building
may not have any significant pressure retaining capacity nor any means of spraying or
controlling hydrogen. Usually, the only real mitigative system available is a filtered
ventilation system, which could be used for preventing pressure increases, reducing fission
product releases and removing hydrogen from the atmosphere.

To solve such a situation, a new guideline; “Severe Accident Fuel Building Guideline”
was developed.

3.5 Instrumentation

Finally, when in refueling mode we should be aware that core exit thermocouples are
not available. Therefore the main indication of fuel uncovery might be containment radiation
or level in the refueling cavity or spent fuel pool. Fuel damage will not occur immediately on
the uncovery of the fuel. The time to fuel damage is a function of the decay heat. In addition,
there is a correlation between the degree of fuel damage and the radiation measurement in the
containment.
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Due to the decay of fission products after shutdown, it might be useful to develop a
computational aid giving the radiation monitor reading “setpoint” as a function of time after
shutdown.

What has been described above represents only a selection of the complete study that
resulted in the development of the SSAMG. For the purpose of an overview, the following
elements represent the most important additions to the existing SAMG :

� an Entry Diagnostic Table (EDT) for being able to cope with the different POS of the
plant when a severe accident occurs;

� an additional Severe Accident Control Room Guideline (SACRG-3) since core damage is
possible within one hour when the RHR system is operating in cooling mode;

� a Severe Accident Fuel Building Guide (SAFBG-1) since core damage can happen when
the fuel is in the fuel building;

� an additional Computational Aid (CA-8) to make the link between the degree of fuel
damage and the radiation measurement reading in the containment.

4 CONCLUSION

Over the last few years, many LWR in Europe plants have implemented SAMG. In the
US, all plants have SAMG. However, the current WOG SAMG package can not be used
under low power or shutdown conditions. However, a number of shutdown PRA studies have
shown that the frequency of core damage during shutdown and low power operation can be of
the same order of magnitude as for full power operation; hence the SSAMG was  developed.

During the development process following ground rules were observed :

� The Shutdown SAMG (SSAMG) will be an extension of the existing SAMG package.
Thus, the approach is to extend the range of applicability of the SAMG package;

� The WOG SAMG is symptom based, primarily because in a severe accident it is difficult
to identify which events caused the severe accident. For shutdown conditions, the number
of possible plant configurations is larger, therefore it is even more important that the
SSAMG is symptom based;

� The SSAMG should as far as possible be applicable to all Plant Operational States (POS).
Severe accidents could occur and may be more likely to occur during the transition from
one POS to another.

The purpose of this paper was to provide some insights on how SSAMG can aid
operators and especially TSC personnel in the mitigation of a severe accident during low
power and shutdown operation.

Shutdown SAMG has not been developed yet for any specific site; however, the
Koeberg plant in South-Africa is dedicated to implement it, and an implementation project
has been started.
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