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FOREWORD 

The Senior Group of Experts on Severe Accident Management (SESAM) was set up in 1989 by the NEA 
Committee on the Safety of Nuclear Installations (CSNI). It succeeded a Senior Group of Experts on Severe 
Accidents, which had been in operation from 1980 to 1989. Contrary to its predecessor, the new group includes 
representatives of utilities (a list of members is given in the annex). Its main initial task was to prepare for CSNI a 
status report on severe accident management activities in OECD countries. 

In addition to providing an overview of the situation in OECD countries, this report presents the conclu
sions of SESAM with regard to the main factors underlying the successful management of severe accidents. 
These include the development of management strategies, the availability of information, the training of person
nel, and the assignment of responsibilities. 

All these issues were discussed at a Specialist Meeting on Severe Accident Management Programme 
Development organised in Rome, in September 1991, at the invitation of the Italian Nuclear Safety Authorities 
(ENEA/DISP). 

This report is published under the responsibility of the Secretary-General of the OECD. The views 
expressed do not necessarily correspond to those of the national authorities concerned. 
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EXECUTIVE SUMMARY 

Accident Management can be defined as those actions that can be taken by the plant operating staff to 
prevent accidents or mitigate their consequences. Its objective is to further reduce the risk of plant damage and 
minimize radioactive releases to the environment. 

The focus of this report is on severe accident management. However, because there is significant variation 
among Member countries as to what should be classified as severe accident management, the report uses a rather 
broad definition. For example, in some countries procedures which go beyond the design basis of the plant would 
be classified as severe accident management whereas in other countries such procedures might be included in the 
emergency operating procedures and would therefore be considered as accident management rather than severe 
accident management. 

The purpose of this report is to describe the status of accident management activities in OECD Member 
countries. It presents the best information available from Member countries on the current state of knowledge 
related to accident management issues. Specifically, the report presents information on: 

- the status of accident management activities in Member countries; 
- description of various methods for integrating accident management into plant operations; 
- elements of accident management; 
- benefits of accident management and their quantification; 
- basis for the development of accident management methods; 
- conclusions and recommendations for further effort. 

Severe accident management activities are being carried out in all Member countries, however there is 
considerable variation in the goals, the approach, and the scope of the research among the members. Current and 
future accident management work in each country is outlined in Chapter 2 of this report. 

Several alternatives exist for integrating accident management activities into existing emergency response 
actions. Some available options include incorporating accident management into existing procedures, creating 
new accident management procedures, or providing general guidance rather than specific procedures. Each of 
these have their advantages and drawbacks. 

Devising procedures for accident management actions would mean that the directions the operating staff 
receives are very specific and in a familiar format. On the negative side, such an approach could lead to 
inappropriate actions if a situation occurred which was not foreseen during procedure development. Procedures 
which are symptom oriented can address this concern to some degree but such procedures may be difficult to 
devise given the variety and, in some cases the paucity, of detectable symptoms produced by severe accidents. 
Development of a guidance document is another alternative. This type of guidance might identify equipment, 
water supplies, and power sources needed to restore safety functions, but without providing the details of 
implementation. Such a guidance document allows consideration of the pros and cons of an action given the plant 
conditions as they are known. This approach would lead to a slower response than one which follows an explicit 
procedure and would require the availability of more independent technical expertise. 

Some accident management strategies may lend themselves better to one type of integration than another, 
and no single method of integration is likely to be best for every nuclear plant operating organisation. In practice 
a combination of approaches may prove to be most effective since the needs of the control room operator, support 
staff, and emergency management teams may not necessarily be best met by the same approach. An overall 
structure which clearly delineates responsibilities and any transfer of responsibilities during the development of 
an accident is the essential starting point. 

Whatever the format chosen to implement its accident management programme, a utility must recognize 
the need to prepare to respond to accident management events. Given the complexity of such events and the 
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uncertainties introduced by the associated phenomena, this preparation should include cognizant engineering 
support to help the operator if adherence to procedures should prove ineffective. 

Several elements are needed for successful accident management. The ones currently implemented by most 
utilities consist of procedures or guidance, information needs, organisation and training, and coordination with 
emergency planning. While the form these elements take may differ considerably from one plant to the next, 
together they must form a coherent, coordinated whole at each plant. 

During a severe accident the plant staff observes symptoms or parameters which can indicate the status of 
certain safety functions. When these safety functions are degraded or lost operators attempt to restore them. The 
ultimate aim is to restore the reactor to a safe, stable state that can be maintained in the long term. The plant 
staffs tasks therefore always involve the steps of diagnosis, decision, and action. 

To implement these steps the plant staff has certain information needs. Basic information is obtained from 
plant instrumentation which displays a number of critical reactor and containment parameters, allowing the 
operations personnel to monitor the plant and observe the effect of their actions. For severe accident management 
two questions regarding instrumentation become crucial: what additional instrumentation is needed to satisfy 
operating needs during a severe accident, and can the needed instrumentation survive the environmental 
conditions? 

The organisational structure used by nuclear plant owners varies widely from country to country and can 
differ among utilities in the same country. In general, during a severe accident plant personnel will be reinforced 
by additional groups of technical experts and responsibilities may be shared with outside authorities once the 
accident has reached a certain state. What is important is that organisational lines of authority during a severe 
accident should have been previously established and clearly defined. 

Training, via instruction, simulators, drills and practice emergency exercises, provides another essential 
ingredient for adequate accident management preparation. A proper balance in training operators for severe 
accident situations needs to be maintained. It has been postulated that training operator in procedures specific to 
severe accidents to the same level of detail they are trained for design basis accidents could unnecessarily burden 
them to learn procedures for very low probability events at the expense of learning and understanding procedures 
for more likely events. 

Finally, on-site accident management must be coordinated with government agencies for implementation of 
emergency plans involving evacuation of the population surrounding the site. 

The benefits of accident management can be used to justify its implementation. Benefits can be assessed in 
various ways. Two areas are considered in this report: How can accident management improve reactor safety and 
further reduce public risk, and how can accident management increase the public acceptance of nuclear power 
plants? The quantification of benefits depends to some extent on how accident management goals are stated. A 
deterministic approach, listing requirements for safety functions and specifying release limits is one way. Another 
is a probabilistic alternative where numerical safety goals are stated for core damage frequencies and large 
releases. One way to quantify some benefit of accident management is to look at Probabilistic Safety Analysis 
(PSA) results for a particular plant. Reduction factors can be obtained by evaluating core damage frequencies 
(CDF's) and expected fission product releases to the environment with and without accident management actions. 
In these cases, the size of the uncertainties involved will determine how meaningful these factors are. To 
accurately assess the effects of accident management actions, their possible adverse impact must also be 
accounted for. 

The benefit of accident management for public acceptance of nuclear power is even more difficult to 
assess. To some extent accident management can be used to explain to decision makers how risk can be further 
reduced. However public opinion is not easily swayed by technical arguments over small versus even smaller 
probabilities. Nevertheless, it is important that the public is aware that there are a number of measures which will 
be taken even if a nuclear plant enters beyond design basis conditions. 

A fundamental question for accident management research is "What new information could give new 
insights and provide the basis for alternative actions?" The basis from which to develop accident management 
methods can be separated into general objectives and priorities, information on plant design and characteristics, 
knowledge of accident phenomena and progression, and the complexity of the man-machine interface. 

Information on plant characteristics and response during an accident can be obtained from plant specific 
Probabilistic Safety Assessment (PSA) studies. The relative importance of different accident sequences for a 
particular plant can thus be established. However, PSA studies have their limitations, and deterministic analysis 
must also be used to understand design vulnerabilities. 

Despite significant progress in understanding severe accident phenomena and progression, important 
uncertainties still exist. Additional research for accident management in this area must ask the question whether 
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more detailed information will really change a strategy or help the plant staff in their decisions. For situations in 
which sizeable uncertainties exist regarding the favorable and adverse effects of specific actions, additional 
information may indeed be very helpful. 

The complexity of the man-machine interface must also be considered in formulating accident management 
methods. The operators should have adequate instrumentation and computational aids to provide them with 
information during an accident. Questions arise as to how a particular individual or a whole organisation will 
react to the stresses of responding to an abnormal situation. 

Further efforts in accident management activities should concentrate on the identification and implementa
tion of useful strategies, ensuring adequate information needs for proper accident management, providing 
technical guidance to plant staff, developing appropriate training programmes, and delineating decision-making 
responsibilities. 
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Chapter 1 

INTRODUCTION 

Two severe accidents in nuclear power plants, i.e„ Three Mile Island (TMI-2) and Chernobyl, have been 
instrumental in a worldwide reexamination of all aspects dealing with accidents in nuclear plants. The possibility 
of severe accidents was already recognized in the WASH 1400 Reactor Safety Study of 1975. Since then, nuclear 
safety specialists have spent considerable effort to understand severe accidents and to reduce the risk to water 
reactors from these accidents. Recently, increased attention has been given to the actions that can be taken by the 
plant operating staff to prevent severe accidents or to mitigate their consequences, i.e., accident management. The 
purpose of this report is to present the status of accident management activities in Organisation for Economic 
Cooperation and Development (OECD) countries. Because there is significant variation among Member countries 
as to what should be classified as severe accident management the report uses a rather broad definition. For 
example in some countries procedures which go beyond the design basis of the plant would be classified as 
severe accident management whereas in other countries such procedures might be included in the emergency 
operating procedures and would therefore be considered as accident management rather than severe accident 
management. 

Plants have progressive barriers to the release of fission products to the environment in the event of a 
severe accident. Generally, these are the fuel cladding, the reactor coolant system boundary, and the containment 
boundary. In most accidents these barriers provide sufficient margins to prevent severe consequences. Accident 
management can further enhance these margins. Strategies to prevent accidents from proceeding to core melt, or 
to mitigate the consequences of severe accidents already initiated, can be implemented at each of these bounda
ries. Strategies can be implemented to: 

- prevent failure of the fuel cladding; 
- prevent reactor vessel/primary circuit failure; 
- prevent containment system bypass or failure; 
- minimize release of fission products from the failed containment. 

The purpose of an accident management programme at a nuclear plant is to provide to the responsible plant 
staff the capability to cope with a range of credible severe accidents. This requires that appropriate systems are 
available within the plant to enable plant staff to diagnose the faults and to implement appropriate strategies. The 
programme must also provide the necessary guidance and training to assure that appropriate corrective actions 
will be implemented. The large uncertainties in severe accident phenomena and the wide spectrum of credible 
severe accident variations are expected to result in the accident management staff being provided with guidance 
on accident management, as appropriate for the level of uncertainty involved, and training in severe accident 
characteristics. One of the key issues for accident management plan implementation will be the transition of 
authority for plant actions from the control room to the accident management staff, most likely located near but 
not in the control room. In certain circumstances, it may be beneficial to implement on-line decision-making on 
accident diagnosis and strategy implementation. 

Guidelines should also be developed to define decision-making responsibilities related to the accident 
management organisation structure and the complex range of staff assignments and interfaces. It is expected that 
the implementation of these guidelines will vary from plant to plant because of differing accident management 
organisational characteristics. 

Another subject requiring careful study is an evaluation of the strategies to be made available to the plant 
staff for the management of severe accidents. Those used by individual plants will vary according to plant design 
and system availability. However, studies can define necessary characteristics of the systems, the benefits, and 
possible adverse effects of strategy implementation, feasibility, information needs, etc. which will aid individual 
plants in their evaluation of alternate available strategies. In this regard the Probabilistic Safety Analysis (PSA) is 
a useful tool which can be employed to obtain information on all these aspects. 
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This report will present the best information available from Member countries on the current state of 
knowledge and planned future research related to the issues presented above. Specifically, the subsequent 
chapters will present information on: 

- the status of accident management activities in Member countries; 
- description of various methods for integrating accident management into plant operations; 
- elements of accident management; 
- benefits of accident management and their quantification; 
- basis for the development of accident management methods; 
- conclusions and recommendations for further effort. 
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Chapter 2 

STATUS OF ACCIDENT MANAGEMENT ACTIVITIES 
IN MEMBER COUNTRIES 

This chapter describes the current status of, and future plans for, accident management (AM) development 
and implementation in each member country. 

The development process of AM strategies differs significantly between various Member countries. The 
selected approaches and bases have different evolutionary histories and depend also on the specific socio-political 
environment regarding nuclear energy in the given country. 

Approaches to severe accident management, can be differentiated as being deterministic or probabilistic. 
The deterministic approach is to give requirements for safety functions such as "containment integrity shall be 
maintained also during severe accidents" and to specify release limits. The probabilistic approach is to give 
numerical safety goals for core damage frequencies and large releases. The probabilistic approach can be utilized 
also in cost-efficiency studies of the proposed measures. All Member countries use some combination of both 
approaches. 

There are also distinct differences between the bases on which the decisions have been made and will be 
made: The license basis approach incorporates accident management requirements into decrees and guides. The 
policy statement approach directs licensee's attention to deriving plant-specific AM strategies. 

Whatever approach and basis is chosen, it is important to achieve consistency. This is necessary in order to 
have a sound basis for decisions. The deterministic approach, which intends to ensure a systematic assessment of 
all challenges to pertinent safety functions, is currently being pursued in various countries. On the other hand, it 
has been more customary to consider AM actions starting from severe accident sequences. In the latter cases it is 
more difficult to ensure consistency. It would be beneficial to integrate standard PSA approaches into the 
assessment of all challenges to safety functions. 

The description given below of the status of, and plans for AM development and implementation in 
Member countries is divided into several sections for each country. Besides general comments, the topics 
addressed are: procedures and strategies, decision-making responsibilities, hardware, and research and develop
ment (R & D). Not all topics are covered for every country. 

2.1. Belgium 

Procedures and Strategies 

The Westinghouse Owner Group-based Emergency Operating Procedures (EOP's) are currently in place at 
all seven PWRs in Belgium, but the EOP's do not specifically address severe accident conditions. 

R&D 

Studies are being carried out to evaluate different types of hydrogen igniters, the qualification of hydrogen 
instrumentation, the diffusion of hydrogen in large dry containments, the feasibility of containment depressuriza-
tion through external filters or via the spent fuel pool water, and to check if reactivity accidents might occur in 
non-power configurations. 

The results of the PSA studies for Doel 3 and Tihange 2, available in 1991/1992, will allow decisions in 
1992/1993 on how best to limit the probability of severe accidents and their consequences in the framework of 
the 10 year safety reassessment of these units. 
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2.2. Canada 

General 

Assessment of severe accidents incorporates both deterministic and probabilistic studies. It is a licensee's 
responsibility to define the AM strategy. Major hardware modifications have not been contemplated. 

There are two types of CANDU power reactor containment systems in Canada. Ontario Hydro operates 
multi-unit stations with vacuum buildings connected to the reactor containment systems. Hydro Quebec and New 
Brunswick Power operate single-unit stations with pre-stressed and post-tensioned containments. 

Procedures and Strategies 

Event specific and generic emergency operating procedures are being implemented and operators are 
receiving the required training. A number of critical safety parameters, needed for accident management, have 
been identified. Generic guidelines were developed to manage a severe accident in the event that insufficient 
information were available to define clearly the status of accident progression. 

Decision-making Responsibilities 

The shift supervisor assumes immediate responsibility on-site for coordination of mitigative actions. The 
on-site response team is supported by an off-site team of managers and technical experts whose objective is to 
protect public health, minimize property damage and coordinate effectively with civil authorities. 

Hardware 

In the multi-unit stations steam from an accident would be vented automatically to the dedicated vacuum 
building where it would be condensed by a dousing system that activates passively in response to the pressure 
change. The containments of the multi-unit stations are also equipped with filtered venting systems. Each single 
unit station is also equipped with a self-activating water-filled dousing tank and spray system. 

R&D 

The CANDU Owners Group sponsors extensive studies in accident research to understand and model a 
wide range of accident phenomena. The experiments range from bench-scale to large-scale validation experi
ments. Examples of large facilities are the RD-14M full-elevation thermalhydraulics loop, a hydrogen combus
tion laboratory, a gamma-active Radioiodine Test Facility, and the Blowdown Test Facility in the NRU (National 
Research Universal) reactor which is used to study the behavior of fuel rods and fission products at very high 
temperatures (up to 2500°C). 

2.3. Finland 

General 

The Finnish utilities follow the YVL Guides set by STUK (Finnish Centre for Radiation and Nuclear 
Safety) in developing their Accident Management plans. Mitigative measures are required based on deterministic 
criteria. 

YVL guides 1.0 (1982) and 2.2 (1987) require that the containment must remain intact and the environ
mental release of cesium must be less than 0.1 per cent of the reactor core inventory in case of a severe accident. 
A governmental decree (1991) further specifies that releases of Cs-137 must be less than 100 TBq. 

Procedures and Strategies 

BWR: The AM concept includes containment venting, flooding of the lower drywell, depressurization of 
the reactor pressure vessel (RPV) and long-term flooding of the containment. Some new instrumentation has been 
installed. The AM actions are based on manual operator actions guided by symptom-based procedures, which 
consist of a general procedure, nine procedures for accident prevention and one ultimate procedure for mitigation 
of the consequences of a severe accident. 

PWR: The AM concept includes long-term pressure control of the containment by an external spray system 
and hydrogen control by glow plug igniters. AM procedures are under development. 
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Hardware 

Hardware modifications have been implemented to support the above mentioned AM concepts in BWRs by 
the end of 1989. The external spray system of the ice condenser PWR containment will be operable by the end of 
1991. 

R&D 

Current research efforts of the PWRs concentrate on ensuring containment integrity for all relevant 
challenges. The possibility of cooling the degraded core on the lower head of the submerged vessel indefinitely is 
being investigated in the utility research programme. Hydrogen distribution and controlled combustion are also 
being studied. 

PSA level 1 studies have been completed for both BWR and PWR plants. 

2.4. France 

General 

Assessment of severe accidents and development of AM strategies incorporates both probabilistic and 
deterministic approaches. Probabilistic methods have been used to evaluate and justify the preventive AM 
measures developed to cope with the total loss of redundant systems such as electrical power sources, steam 
generator feed water, etc. The equipment and associated procedures allowing filtered containment venting in case 
of a core melt have been developed on a deterministic basis in order to limit the release of fission products to a 
level compatible with the efficient implementation of the offsite emergency plan. 

At the request of the French regulating authority EDF (Electricity de France), the national utility, has 
submitted an internal emergency plan which defines the organisation at the site and the actions to be implemented 
in case of a severe accident. 

Procedures and Strategies 

New procedures have been developed by EDF since the Three Mile Island accident to cope with multiple 
failures (H procedures) and with conditions leading to severe accidents (U procedures). 

U procedures consist of the following subsets. 
VI... Supplements H procedures, provides for independent supervision by the Safety Engineer, attempts to 

prevent, limit or retard core melt. 

U2... Concerns detection of containment defects and countermeasures to fix problems if they exist. 
U3... Allows for mutual back up of safety injection and spray pumps via mobile connections. 
U5... Calls for filtered venting of the containment using a sand filter specified to limit the offsite release at 

the level of the S3 source term which constitutes the basis for the offsite emergency plan, namely 75 per cent of 
noble gases, 0.31 per cent of elemental iodine, 0.55 per cent of organic iodine, 0.35 per cent of cesium, 0.04 per 
cent of strontium, respectively of the core inventory. 

H and U procedures are already in place at each nuclear power plant and a training programme is 
implemented as part of scheduled training. 

A guide for severe accident management has been produced as a result of a joint effort between EDF and 
IPSN (Nuclear Safety and Protection Institute). It would be used by the crisis team to develop a strategy, taking 
into account the actual plant situation. Implementation of the U procedures would be a part of such a strategy. 

Hardware 

Sand filters are installed in all PWR plans to allow the use of the U5 procedure. 

Other plant modifications and the addition of (in some cases mobile) equipment are near completion. 

Decision-making Respon sibilities 

Decision-making responsibility for onsite management in case of an emergency is fixed so that the site 
manager has primary authority and receives assistance from the National Crisis Centers of EDF and IPSN. 
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R&D 

The probabilistic safety assessment of 900 and 1300 Mwe units, completed in 1990, will further help to 
improve guidelines. Supporting research efforts are underway to better understand the phenomena occurring 
during a severe accident, such as the resulting source term and hydrogen risk. Studies are being carried out to 
enlarge the functional capacities of the containment filter system. 

2.5. Germany 

General 

In 1985, GRS (Gesellschaft fiir Reaktorsicherheit) established on behalf of BMU (Federal Ministry, 
responsible for reactor safety) a six-year programme to investigate the potential of different accident management 
measures for German reactors and to work out strategies for their implementation. AM is considered as an 
extension of the known defense-in-depth concept by incorporating a fourth level for the plant status "beyond 
design basis". 

AM is applied in beyond design basis situations caused by the failure of safety systems needed to 
successfully respond to accident initiators. Without AM, such sequences would lead to core melt. AM is used 
both for prevention and mitigation in the context of reducing plant risk. There are no formal requirements up to 
now for AM. 

Procedures/Strategies and Hardware 

Accident management procedures, in combination with the existing event-oriented procedures, emphasize 
accident prevention through use of existing plant capabilities and are structured to meet deterministic safety 
objectives related to core and containment conditions. 

Examples of strategies already implemented are: 

- secondary side feed and bleed operation if secondary side heat removal capabilities (PWR) are lost; 
- primary-side feed-and-bleed, if secondary-side feed-and-bleed fails to reestablish sufficient core cooling 

and if core melt is unavoidable, to prevent reactor vessel failure at high pressure; 
- modification of the Reactor Core Isolation Cooling System (turbine driven high pressure system) so it is 

operable without any AC power in the case of station blackout (BWR); 
- installation of connections between on-site water supply systems and both primary and secondary 

systems to secure core coolability (PWR & BWR); 
- installation of a filtered venting system consisting of venturi scrubbers or stainless steel fiber aerosol 

filters with a molecular screen for iodine removal (PWR & BWR); 
- pre-inerting of BWR containments to prevent hydrogen burning. 

The filtered vent systems aim for fission product decontamination factors of 1000 for aerosols and 10 to 
100 for elemental iodine. This, when coupled with the containment capability to delay large releases, should 
result in offsite source terms at an acceptably low level. 

The installation of a system in large dry containments to cope with the hydrogen in case of a severe 
accident will be decided in 1992. 

Operator training for accident management is also being implemented. Further investigation is planned in 
such areas as: 

- information needs and instrumentation; 
- feasibility and effectiveness of accident management strategies; 
- verification of procedures using simulators and test facilities. 

The target date for implementation of accident management by German utilities is 1992. 

Decision-making Responsibilities 

The shift supervisor is responsible for initiating the necessary AM actions following predefined procedures, 
until the crisis team is formed. This team is primarily responsible for longterm actions and for measures with 
possible drawbacks. 
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R&D 

A severe accident research programme is ongoing to obtain a better understanding of the phenomena and to 
verify/validate the procedures. 

2.6. Italy 

General 

Since interpretation of public referenda have su upended reactor operation, accident management planning 
remains conceptional with no implementation so far. 

Italy had in place a quantitative goal to reduce large releases (more than 0.1 per cent of the cesium and 
iodine inventory in the reactor core) to the environment to less than 5 per cent of die core melt probability for 
existing reactors by implementing appropriate accident management. 

Criteria for future reactors, now under study, will probably be different from those above. In these criteria 
Accident Management plans will continue to be of primary importance for both accident prevention and 
mitigation. 

Procedures and Strategies 

Current efforts are directed toward demonstrating that with certain accident management procedures and 
hardware modifications the above conditional probability target can be satisfied. The procedures center around 
the so-called "wet strategy" to supply the damaged core, either inside or outside the reactor pressure vessel with 
water as early as possible, while taking necessary precautions against any subsequent steam and/or hydrogen 
production. 

Hardware 

Hardware modifications may include such options as filtered venting, cavity flooding, etc. 

2.7. Japan 

Procedures and Strategies 

Currently both the Westinghouse and General Electric Owner Group-based EOP (Emergency Operating 
Procedures) are in place at all the BWRs and PWRs in Japan. These do not specifically address severe accident 
conditions. 

Nuclear industry groups are studying and prioritizing accident management strategies based on PSA. The 
aim is to achieve further risk reduction by using all available plant resources to prevent and mitigate severe 
accidents. 

The Japanese focus is primarily on accident prevention measures; the accident management plan will stress 
the prevention of severe accidents. 

Decision-making Responsibilities 

Onsite accident management responsibility rests with utilities who can receive assistance from the regula
tory authorities and relevant research institutes. The utilities will review current decision-making in their plants to 
assure well-organized lines of authority. 

Hardware 

Accident management will enhance the effectiveness of currently available resources to prevent and 
mitigate severe accidents through procedures and training programmes. Plant modifications specifically to 
mitigate the consequences of severe accidents are not the main emphasis. 
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R&D 

JAER1 (Japan Atomic Energy Research Institute) and other research institutes are supporting regulatory 
activities and industry activities to analyze the phenomena and to validate accident management procedures. 

Benefits and shortcomings of AM strategies are being evaluated within the governmental regulatory body 
and experimental investigation of AM is pursued by research organisations. 

2.8. Netherlands 

General 

Accident management which includes probabilistic and deterministic elements is required for Dutch 
nuclear power stations. Furthermore, this management includes both preventive and mitigative features. 

Utilities are encouraged to use the available margins in their plants to increase the flexibility of the plants 
in the case of transients and accidents. 

The Dutch Safety Code for nuclear power plant (NPP) design (an adapted IAEA-NUSS Code) states: 
Although the probability of occurrence of severe accidents is very low, these accidents shall be considered in the 
design to further reduce risks wherever these risks can be reduced with reasonable means. 

Procedures and Strategies 

Severe accident management scoping studies have been completed for both NPPs in the Netherlands. In 
these studies a number of specific vulnerabilities are mentioned as needing study in more detail. Also, a PSA is to 
be done to find possible overlooked scenarios and dominant containment loadings. Input for AM procedures is to 
be generated from the PSA. One main strategy aim is using existing systems in an optimized way. 

Hardware 

Several hardware changes are in preparation, with implementation being planned for 1993 and 1994. Main 
aspects are: 

- improved depressurization of the reactor coolant system; 
- debris bed coolability; 
- filtered containment venting; 
- measures to control H2. 

R&D 

R & D is mostly devoted to the solution of the hydrogen problem although some effort is also underway 
regarding molten core/concrete interaction (MCCI) (in the framework of MACE - Melt Attack and Coolability 
Experiments). Research is being performed on the bum characteristics of hydrogen, nitrogen, air mixtures in 
several geometries. Code work is being done in the area of actual hydrogen distribution in the containment. 

2.9. Spain 

General 

The Nuclear Safety Commission (CSN) established in 1986 an integrated programme for PSA which 
required all operating plants to perform, on a sequential basis, a PSA with increasing scope depending on the 
starting time. The latest request, in early 1991, has been for a PSA Level 1, including shutdown mode and 
external events like fires and flooding, together with a level 2 analysis similar to the Individual Plant Examination 
(IPE) in the USA. This plant specific analysis will identify any needed improvements of design or procedures and 
will contribute significantly to the description of an accident management programme at each plant. 

Procedures and Strategies 

All plants in Spain have incorporated symptom oriented procedures for emergency conditions. Basic 
accident management strategies are sometimes considered, for instance using non-safety systems for emergency 
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core cooling or flooding the containment (in BWR EOP's). However, severe accidents are not specifically 
addressed, and in this sense requested PSA level 2 studies will complement present EOP's and help in the 
development of a more complete accident management strategy. 

The utilities are jointly working on the first level 2 PSA, using the MAAP (Modular Accident Analysis 
Program) code. CSN is performing a continuous and interactive evaluation of this task. 

Decision-making Responsibilities 

On site accident management responsibility rests with the licensee and the CSN is responsible for 
monitoring on site activities. For off site management the responsibility is placed with the local authority, 
assessed by CSN and coordinated with activities performed by the utility. When new accident management 
strategies are established, the delegation of responsibilities may be reviewed in light of the new activities 
considered and their impact on emergency plans. 

Hardware 

CSN decided to approve the installation of a containment venting system with dedicated hardened pipes in 
the two Spanish BWRs. This containment venting will be operable in the spring of 1992 for the "Santa Maria de 
Garona" NPP (BWR with Mark I containment) in coincidence with the next refueling outage. Containment 
venting for the "Cofrentes" NPP (BWR with Mark III containment) will be operable in March 1993. 

Other hardware changes (i.e., PWR venting) will be considered based on the results of the PSA level 2 
studies. Information needs for adequate accident management will also be taken into account in those studies. 

R&D 

In Spain both the regulatory authority and the utility group are participating in several international severe 
accident research programmes which will serve to better understand phenomenology and validate accident 
management procedures. 

2.10. Sweden 

General 

From the reviews and discussions in Sweden prompted by the TMI accident, it was clear that severe 
accidents had to be taken into account in the saff y requirements for the Swedish reactors. To meet this new 
situation, the FILTRA and the RAMA (Reactor ..-cident Mitigation Analysis) research projects were initiated. 
Both projects were cosponsored by the Swedish nuclear industries and authorities. The aim was to gain 
knowledge in severe accident phenomena and to develop strategies for severe accident mitigation. 

Safety requirements concerning severe accidents were prescribed by the Government in 1981 and 1986, 
including firm time-schedules for their implementation. As in other licensing issues in Sweden, the authorities 
gave generally stated requirements and directives, from which the licensees worked out specific solutions. 
Proposals for features to be implemented were put to, and reviewed by the authorities, who gave the necessary 
permits. 

The requirements were based on a deterministic approach, stating that it should be possible to take the plant 
to a final stable state after a core melt accident without unacceptable releases to the environment. Residual risks 
are addressed by the "probabilistic requirement" that "events with extremely low probability need not be 
considered". 

With regards to offsite releases, the requirements were: 
- land contamination should be prevented; 
- death from acute radiation disease should not occur. 

These requirements are considered to be fulfilled if a release to environment is mitigated to 0.1 per cent of 
core inventory of Cesium 134 and 137, provided that the releases of other nuclides of significance from the point 
of land use are separated to corresponding proportions. 
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Procedures and Strategies/Hardware 

Using knowledge and analytical tools developed by FILTRA and RAMA, mainly based on the US industry 
code MAAP, mitigation strategies were outlined and technical features were designed for all Swedish reactors. In 
Barseback, given priority because of its location close to major population areas, the installations of the features 
were completed in 1986. For Ringhals, Oskarshamn and Forsmark, installations were completed in 1988. 
Together with the technical features, emergency operating procedures have been made available and training 
programmes have been set. 

The technical features are: 

For BWRs and PWRs: 

- Containment spray back-up capability by diesel-driven fire water pumps or special mobile pump units. 
This gives high reliability for containment cooling and atmosphere scrubbing. It also enables the 
operator to flood the containments to core level to achieve a stable final state of the accident. 

- Filtered venting of containment through gravel filter (FILTRA) in Barseback or multi venturi scrubber 
system (MVSS) in Ringhals, Oskarshamn and Forsmark. Venting is initiated manually or automatically. 
Venting prevents late containment failure caused by pressurization and enables pressure control, e.g.. at 
flooding. 

- Augmented instrumentation for containment pressure, temperature, water level and radiation to support 
mitigation measures. 

Only for BWRs: 

- Large capacity containment pressure relief to prevent early containment failure during LOCA (Loss-of-
Coolant Accident) with insufficient pressure suppression capacity. In Barseback the relief is through a 
gravel filter, in the other BWRs the relief is unfiltered. After relief, the containments are reseated by 
isolation valves in the relief line. 

- Protection of penetration in the lower dry-well area in those BWRs with an annular condensation pool 
(BWRs with internal recirculation pumps) by automatic flooding of the area and via shielding structures. 

R&D 

The severe accident mitigation programme, as required by the Government, has been completed for all the 
reactors. A cooperative project has been established for the continuation of research and development efforts in 
this field. The emphasis for the future is, besides prevention of core damage, to gain deeper understanding of 
phenomena and risks in the following areas, where mitigative measures might be considered: 

- prevention and control of hydrogen burning in PWR containments; 
- prevention and confinement of direct containment heating upon meltthrough of the reactor pressure 

vessel at elevated pressure. 

2.11. Switzerland 

General 

Accident management is considered to be an effective tool in the defense in depth strategy against 
accidents. Level 1 and 2 probabilistic risk studies can provide guidance on strategies. 

Procedures and Strategies 

For the measures considered to prevent or mitigate severe accidents the utilities are required to install 
hardware and prepare procedures. Briefly, the strategic aspects are: 

- Hydrogen countermeasure so uncontrolled burning shall be prevented. 
- Depressurization of RPV to avoid high pressure sequences. 
- The flooding of the molten core to maintain containment integrity by flooding prior to and after vessel 

melt through is currently being analyzed. Particular emphasis is put on maintaining sufficient water in 
the lower part of a BWR Mark I dry well. 

- Limiting containment pressurization by steam condensation using either spray or flooding systems. 
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- If the containment pressure limit can not be maintained below'A failure pressure by injection or spray of 
cold water, filtered venting has to be used to maintain the containment integrity. This strategy will be 
guided by the regulatory authority, resulting in a utility specific procedure. 

Besides the mentioned measures the protection of personnel in carrying out these measures, as well as in 
general under severe accident conditions, is being considered. 

Hardware 

As a hydrogen countermeasure the Mark I plant is inerted, while within the Mark HI plant igniters are 
installed. For PWRs igniters are under consideration. 

Where depressurization of the RPV is not already available, a backfitting or evaluation is on the way. 

For flooding of the molten core and limiting containment pressurization by steam condensation alternative 
spray or flooding systems relying on external water sources are being prepared. 

Containment depressurization is being requested for all containments. Projects are presently in place to 
meet the authority requirements concerning relief capacity and decontamination factors for aerosols and iodine. 

For protection of operating personnel from health hazards, installation of filtered ventilation for control 
rooms and emergency control centers is underway. 

R&D 

Level 1 and 2 risk studies are required for each plant. The regulatory authority performs an independent 
review of the level 1 studies. For level 2 studies, the regulatory authority and research center apply and test 
different severe accident computer codes. 

2.12. United Kingdom (UK) 

General 

The British PWR plant, Sizewell "B", was designed for the Central Electricity Generating Board (CEGB) 
Design Safety Criteria which include probabilistic targets. Early application of PSA during the design process 
allowed identification of major risk contributors and led to some modifications in design and procedures to reduce 
the likelihood of these contributors. In parallel with the production of the Pre-Operational Safety Report a 
comprehensive Level 3 PSA is being undertaken. This will provide insights into the overall safety performance of 
the plant as well as a potential means to evaluate the impact of accident management procedures. 

AM, in terms of both prevention and mitigation, is considered in the context of reducing the risk of the 
plant to a level as low as is reasonably practicable (ALARP). 

Procedures and Strategies 

In producing Station Operating Instructions (SOIs) for the plant, the intention is to cover all conditions 
including severe accidents. In addition to event based procedures, functional monitoring (of critical safety 
functions) and functional procedures are being developed to prevent as well as mitigate the consequences of 
severe accidents. 

The general approach being adopted is to identify potential accident management measures from a wide 
range of sources including: deterministic analyses, PSA and international experience e.g. those identified by other 
utilities, regulatory bodies or research establishments. The feasibility as well as benefits/risks of the accident 
management measures will be evaluated to determine whether these measures will be adopted for inclusion in the 
SOIs. 

Decision-making Responsibilities 

In the UK the responsibility for all actions carried out on the site rests with the operator and at the Nuclear 
Electric sites is assigned to a designated individual - the Emergency Controller (normally the station manager or 
other identified senior manager). The Emergency Controller would, where necessary, consult with the Off-Site 
Operational Support Centre staff who are responsible for off-site actions. 
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Hardware 

In developing the Sizewell "B" design, lessons learned from the TMI-2 accident were incorporated into 
the design. Other features were adopted to enhance diversity, including diversity of containment cooling. 
Accident management is aimed at enhancing the effectiveness of the currently available equipment. Although 
plant modifications are not anticipated, provisions have been made to enable a filtered venting system to be 
backfitted if required, though the current view is that, given the enhanced reliability of containment cooling, this 
may not be beneficial. 

R&D 

In order to support the PSA activities, R & D is being carried out, together with other countries, in areas 
like in-vessel melt progression, ex-vessel phenomena, containment behavior, fission product release and transport 
behavior. 

2.13. United States of America (USA) 

General 

Severe accident assessment is based mainly on the probabilistic approach. Licensing requirements will not 
be made, but the Nuclear Regulatory Commission (NRC) issues a policy statement and works with industry to 
define the scope and attributes of utility AM plans and the means for their implementation. No major hardware 
changes are required. Minor modifications will be made to take advantage of existing equipment. 

Each utility operating nuclear power plants, as a NRC licensee, is expected to implement an Accident 
Management Plan for each of its plants, which consists of the following major elements: 

- Accident Management Strategies. 
- Training. 
- Guidance. 
- Instrumentation. 
- Delineation of Decision-making Responsibilities. 

The NRC considers Accident Management, using as appropriate the results of the utilities' Individual Plant 
Examinations and the NRC's Severe Accident Research Programme, essential for the closure of outstanding 
severe accident issues. The NRC has already issued several guidelines, letters and reports to assist and guide 
utility activities for the development of an accident management plan. 

The NRC has in place an overall safety goal which sets quantitative health objectives for operating and 
future nucleai power plants: 

- The risk to an average individual in the vicinity of a nuclear power plant of prompt fatalities that might 
result from reactor accidents should not exceed one-tenth of one percent (0.1 per cent) of the sum of 
prompt fatality risks resulting from other accidents to which members of the U.S. population are 
generally exposed. 

- The risk to the population in the area near a nuclear power plant of cancer fatalities that might result 
from nuclear power plant operation should not exceed one-tenth of one percent (0.1 per cent) of the sum 
of cancer fatality risks resulting from all other causes. 

The NRC has prepared additional goals related to the frequency of a large release and containment 
performance under severe accident conditions. The proposed goal for a large telease is that under severe accident 
conditions it should have a frequency less than 1 10'* per reactor year. The NRC is still developing the definition 
of a large release. The containment performance goal is a containment design which assures that the containment 
conditional failure probability is less than one in ten when weighted over credible core damage frequences. 

NUMARC (Nuclear Management and Resources Council), the nuclear industry's regulatory interface 
group in the US, is guiding the industry's response to the NRC's programme via two initiatives: a) through a 
joint effort with the Electric Power Research Institute (EPRI) it is working to provide a guideline to enable 
individual utilities to evaluate their plant-specific accident management capabilities and the technical basis for the 
development of accident management plans; and b) it acts as coordinator for each nuclear steam supply system 
(NSSS)-specific Owners Group's (OG) activities in this area. 
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1992 is the target date for the development of NSSS-specific accident management plans, with the 
subsequent closure of severe accident issues expected in the 1994 time frame. 

Procedures and Strategies 

Existing emergency procedure guidelines focus mostly on preventing inadequate core cooling with some 
emphasis on protecting the integrity of containment. Guidelines for beyond core damage events for the most part 
have yet to be developed. 

Decision-making Responsibilities 

Current practice requires the utilities to manage the onsite emergency, while local authorities manage 
offsite activities in coordination with the utility. Utilities will review their plants' current delineation of responsi
bility for accident management strategies to assure well-established, clear lines of authority. The NRC does not 
assist the utilities but rather monitors their actions and advises the utility, federal, state and local governments as 
appropriate. 

Hardware 

Accident management plans are expected to promote the effective use of available plant resources to 
prevent and mitigate severe accidents through incremental improvements of current procedures and training 
programmes. Hardware changes and other modifications are not a central aim of this plan. EPRI and NRC are 
independently assessing the need for and availability of instrumentation in severe accident conditions. 

R&D 

NRC's Accident Management Research and Severe Accident Research Programmes are continuing to 
assess the feasibility of various strategies. 
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Chapter 3 

INTEGRATING ACCIDENT MANAGEMENT 
INTO PLANT OPERATIONS 

3.1. Introduction 

Accident Management planning can play an important role in reducing the risk from severe accidents. 
Good planning can produce both a reduction in the frequency of severe accidents as well as the ability to 
effectively mitigate a severe accident. This planning includes finding the best mechanism for incorporating 
accident management concepts into the emergency response. Accident management's role is indicated in 
Figure 3.1. Some of the available options for this integration are: incorporate the accident management strategies 
into the existing plant procedure network, create a new set of procedures, or develop a separate document that 
provides more general guidance for dealing with severe accidents. Each of these options has its own set of 
strengths and weaknesses. The most effective means of implementation may be dependent on such factors as 
staffing, organisation, and the availability of the required technical expertise. 

Decisions on how best to incorporate accident management into the emergency response are influenced by 
the organisational structure, the available technical expertise, and the extent of the problem solving required to 
accomplish specific strategies. The emergency response organisation for a typical U. S. utility is composed of 
three distinct groups acting in a cooperative manner. These groups are the control room operators, an onsite 
Technical Support Center (TSC) staff, and an offsite Emergency Operations Facility (EOF) staff. The roles 
envisioned for onsite and offsite support groups as well as the availability of a central engineering staff will 
influence the accident management integration decisions. 

Some utilities place considerable responsibility for accident mitigation and recovery in their offsite 
emergency operations facilities. The large and diversified engineering staffs maintained by these utilities makes 
this possible. These utilities could implement their accident management strategies in a guidance document 
format to be used by the TSC and EOF organisations. The selected strategies would then be relayed to the c ontrol 
room for implementation. Smaller utilities that do not possess a large engineering staff may elect to proceduralize 
accident management guidance for use by the control room staff. 

Broadly similar approaches have been followed in other countries with the separation of respons ilities 
largely determined by the degree of onsite and offsite expertise available. In introducing symptom c iented 
procedures, Electricity de France (EDF) has introduced a measure of "human redundancy" in post-a ;ident 
operation by providing each site with its own safety engineer. This engineer performs a continuous moi> ~>ring 
and diagnostic function in any accident situation and is required to assume responsibility for the pi .nt in 
situations not covered by event based procedures. In other utilities who have adopted the critical safety fr iction 
approach to symptom oriented procedures, this role is assigned to the existing control room staff. For instance, in 
the U. K. this role will be performed by the control room supervisor 

Currently, in many countries, there has been little formal implementation of severe accident management 
strategies. The deciaion-making and problem solving required to deal with a severe accident are accomplished on 
an ad hoc basis. There are a number of ongoing industry programmes that will provide the necessary technical 
basis for the eventual plant specific implementation of severe accident management guidance. Severe accident 
management strategies have been implemented in France and in Sweden by their utilities in consultation with 
their licensing authorities. Further work is continuing to support these procedures. 

In this chapter the general terms "procedure" and "guidance" are used. For the purpose of this discussion 
a "procedure" is a detailed document which prescribes specific actions to take given a specified condition. 
"Guidance", on the other hand, is considered a general description of actions that could be effective in 
controlling or mitigating a particular condition, and it lacks the details of the implementation. 
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3.2. Methods of Integration 

3.2.1. Incorporate Accident Management into Existing Procedures 

Emergency operating procedures have traditionally focused on actions to prevent core damage and contain
ment overpressurization due to steam generation. Extension of these procedures to include provisions for accident 
management would require that these procedures be applicable under conditions beyond core damage and even 
reactor vessel failure. At these later stages of accident progression, issues such as hydrogen control, fission 
product control, and noncondensable gas generation become increasingly important. Where it is intended that the 
shift supervisor retain responsibility for selecting accident management strategies, expanding coverage of the 
EOPs may be the most effective interface since this would ensure continuity of approach without the need for any 
step changes in approach. This would also ensure that the information directing the operations staff during severe 
accidents is a part of their training and in a format with which they are familiar. 

This type of interface may provide for the smoothest response during severe accidents since those actions 
required for the anticipated set of plant states have been proceduralized. This eliminates the need to wait for 
outside assistance or to discuss the possible contingency actions. 

This approach to integration, though not a proven one, is being currently pursued by some utilities. A 
possible drawback to this approach could be the existence of a situation not foreseen in the procedure develop
ment for which inappropriate guidance is given. This guidance could be ineffective, or worse, could lead to more 
serious consequences. The phenomena associated with the accidents covered by the current generation of EOPs 
are well understood as are the consequences of the actions taken. The phenomena associated with severe 
accidents are only partially understood and this leads to some uncertainty in the selection of an optimum strategy. 
In addition, the choice of this approach may lead a utility not to develop a technical response support capability 
outside the control room able to provide necessary guidance to operators and outside authorities alike if the 
accident evolves in an unpredictable fashion and cannot be controlled by procedure. This could lead to a situation 
where control and understanding of the situation is lost. 

An additional consideration for this manner of integration is that the impact of the additional procedures on 
operator training and requalification examinations could be significant. As the number and complexity of the 
procedures is increased, so may the time that operators spend in training instead of in the control room. The 
failure rate during requalification examinations may also increase. Additional control room staff, such as the 
Safety Engineer in France, could also become a requirement. 

In addition, it has also been postulated that training operators in procedures specific to severe accidents to 
the same level of detail they are trained for design basis accidents could unnecessarily burden them to learn 
procedures for very low probability events, and would therefore be at the expense of learning and understanding 
procedures for more likely events. 

The possibility that severe accident procedures could change substantially with time is also a concern. As 
our level of understanding of severe accidents improves the procedural guidance may change requiring operators 
to "unlearn" previous training. 

3.2.2. Develop New Accident Management Procedures 

Another closely related method for implementing accident management strategies is to develop a new set of 
procedures to deal specifically with accident management issues. Implicit it: this approach is the philosophy that 
the EOPs are to be focused on preventing core damage. Severe accident management procedures take over when 
it becomes cler.r that tb EOPs have been ineffective. Severe accident management procedures would stay outside 
the scope of the emergency operating procedures and focus on alternative preventive and mitigative actions. 

An example of this method of implementation can be seen at EDF. A set of U procedures have been 
developed. These procedures provide direction for preventing or limiting core damage, detecting containment 
defects, or venting containment. These actions are mostly mitigative in nature and are implemented when actions 
directed by other procedures have failed to prevent core damage. 

A set of accident management procedures could possibly be developed for use by an emergency response 
team located outside of the control room. This response team could then direct the control room personnel to take 
the appropriate actions. This arrangement relieves the control room of the detailed computational and decision
making burden and puts this responsibility on the safety engineer who will be operating from the control room. 

By retaining the procedure format, the concern remains that a situation may exist that was not properly 
addressed in the procedure development. Any tendency to blindly follow the procedure without examining the 
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situation completely may lead to inappropriate action. However, most accident procedures either are, or are 
expected to be, based on a symptom oriented approach specifically designed to overcome any tendency to blindly 
follow procedure without frequent reassessment of the developing situation. 

Where additional procedures are developed, some method of transition from the emergency procedures to 
the accident management procedures must be included. Such a transition would be expected when the actions 
directed by the emergency procedures have been ineffective as evidenced by a continued deterioration of the 
plant condition. Since some actions desirable from an accident management viewpoint may actually be contrary 
to the actions prescribed by the emergency procedures, this transfer of control to the accident management 
procedures is significant and should be reconciled. Terminating containment spray or throttling emergency core 
cooling flow to conserve borated water supplies are examples of this situation. 

This method of integration may keep the accident management strategies outside of the design basis 
environment associated with the emergency procedures. This may prevent the accident management procedures 
from becoming an additional burden on required operator training and requalification examinations. However, if 
these procedures would be used primarily by the control room personnel then this exclusion may be difficult to 
accomplish. For instance, EDF is committed to provide such training to its operators. 

Accident management training for the control room personnel should continue to be similar in nature to the 
other training received. That is, a combination of course work and simulator training. Training of the technical 
staff involved in the accident management decision-making process will certainly be required. A proper under
standing of the relevant physical phenomena is important in achieving an appropriate response. 

3.2.3. Develop an Accident Management Guidance Document 

Another alternative is to generate a guidance document in lieu of a procedure. This is the most general type 
of document in that its objective is to identify the functions to be restored and provide ideas for their restoration. 
Example functions to be considered are: primary system inventory, core cooling, primary system heat removal, 
containment pressure control, hydrogen control, and fission product control. This type of guidance might 
generally identify equipment, pumps, water supplies, or power sources available for restoring a particular 
function without providing the details, such as specific valve manipulations, etc., that might also be required. 

By not focusing on a step by step process a guidance document should allow for the simultaneous 
consideration of all the potential threats as well as their possible interactions. This allows consideration of the 
pros and cons of a particular action given the specifics of the situation as they are known. Considerable flexibility 
is obtained with this method of integration. Its success requires the availability of staff that is knowledgeable in 
the area of severe accident behavior. 

The general nature of a guidance document forces the selection of strategies to be a more deliberative 
process. While this allows a broader range of considerations this is also an inherently slower process than simply 
following a procedure. Such a document would usually be designed for use by personnel outside of the control 
room. Some strategies may be easier to implement in a guidance document. Containment venting is a strategy that 
has important socio-political considerations that really can't be proceduralized. The restoration of emergency 
core cooling flow into a hot dry vessel is another situation where some analysis is warranted. A gradual increase 
in the flow may be required as opposed to rapidly establishing full flow. Analyzing the potential for thermal 
shock would be difficult to proceduralize. 

Accident assessment and mitigation will generally involve many people and organisations from inside and 
outside of the utility. By placing responsibility for these actions outside of the control room, the plant operators 
can remain focused on their primary tasks of operating plant equipment and monitoring plant response. Any 
confusion associated with the strategy selection process can be kept out of the control room. 

The activation time of emergency response personnel is also a consideration when deciding the types of 
strategies to include in this format. Some severe accident strategies that are designed to prevent core damage may 
require very early implementation in order to be effective. These actions should be integrated directly into the 
emergency procedures instead of being included in a guidance document. Examples might be alternative methods 
of emergency core cooling or feedwater injection. 

When the guidance document has been selected as the method of integration, the training requirements 
change significantly from the other methods. The principal users of the document will be technical support 
personnel and managers. These people will need to be trained on the structure and proper use of the guidance 
document. Training in the behavior of severe accidents will also be required in order to assure that a proper 
understanding of the consequences of the selected strategies is achieved. 
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33. Interface with Emergency Planning 

The structure of the emergency management organisation can influence the implementation of the accident 
management strategies. That is, the transfer of responsibility and authority within the organisation as the situation 
escalates must be considered in the integration of accident management concepts. 

Responsibility for emergency planning is assumed by emergency response organisations outside of the 
control room as these become staffed. The control room retains responsibility for plant operations. Accident 
management responsibility could be assigned to either the control room or some other emergency response 
organisation. If the control room retains responsibility for accident management throughout an event then a 
procedure may be the most effective means to communicate the required actions. However, if responsibility 
transfers out of the control room to a larger emergency response organisation, composed primarily of engineering 
and management personnel, more general guidance may be best. These external groups can draw upon a large 
resource pool and possess expertise not normally available in the control room. Experts in safety analysis or 
severe accident phenomenology may provide insights into the accident progression. These insights may be 
important in determining the most appropriate response. 

Determining the appropriate protective actions to be taken by the people living in the vicinity of a nuclear 
plant is an important part of emergency planning. In general this will include regulatory authorities, local and 
national governments, as well as the central utility organisations. Clearly defined roles and lines of authority need 
to be in place and an adequate information flow needs to be established. This can be implemented in a number of 
different ways to achieve the same overall objective. 

The emergency organisation in France is an example of an approach that can be used by a large integrated 
utility and the responsible government agencies. For each site there is an internal emergency plan (PUI) on the 
utility side, and an offsite emergency plan (PPI) on the government side (at the "Department" level). These are 
augmented by centralized organisations at the national level. The PUI is initiated by the plant manager whenever 
an emergency occurs. The plan is divided into three levels. Level 1 addresses conventional accidents whereas 
Levels 2 and 3 correspond to events with actual or potential radiological consequences onsite or offsite respec
tively. When the PUI is initiated the usual plant organisation is turned into an emergency organisation consisting 
of four emergency management teams and one emergency technical team each with well defined roles and 
responsibilities. For accidents involving levels 2 or 3 of the PUI the utility activates a national level organisation. 
When implementing the PPI the local governmer' representative is supported by a national level organisation 
which dispatches a technical team to the relevant local government office. Communication links and responsibili
ties are well defined. The national crisis centers of EDF and IPSN, which act as advisors to the plant management 
and safety authorities, are now connected to all units allowing online access to all plant parameters and 
information necessary for diagnosis and prediction. 

Since the emergency plan can be regarded as an extension of the defense in depth philosophy, some 
mitigative accident management strategies have as their objective to reduce the offsite releases to a level 
consistent with or less than that for which the plant was designed. 

One possible example of the interaction between accident management and emergency planning is contain
ment venting. Containment venting as a strategy to relieve containment pressure has a direct impact on the 
protective actions that should be considered. With an intact containment the releases of radioactive material 
offsite may be very small. An intentional release in order to protect containment integrity necessitates some 
consequences offsite but averts the potentially larger releases associated with containment failure. Releases due to 
containment venting may be significant enough to warrant protective actions beyond what might be taken 
considering only design basis leakage. Filtered vents have been implemented in several countries as a means to 
reduce the magnitude of the consequences of this action. 

3.4. Conclusions 

The integration of accident management considerations into plant operations is not strictly a technical 
consideration. There are important philosophical and organisational aspects that need to be considered in order to 
achieve the most effective implementation. These considerations include, but are not limited to, the following: 

Knowledge 

- thermal hydraulics of design basis accidents are well understood; 
- uncertainties exist in our understanding of severe accident phenomenology. 
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Accident assessment 
- instrumentation may not be reliable; 
- computational aids can be useful. 

Organisation 
- who needs to be in charge; 
- transition from the emergency procedures to the severe accident procedures or guidance; 
- available staffing and expertise; 
- who makes the decision on containment venting; 
- what kind of instruments and computational aids are needed. 

Training 
- who needs to be trained; 
- what kind of training; 
- testing and requalification. 

Interaction with emergency planning. 
It is essential that each of these issues be considered by the industry as the severe accident management 

process is formalized. An overall structure which clearly delineates responsibilities and any transfer of responsi
bilities during the development of an accident is the essential starting point. Three basic approaches to the 
integration of severe accident management have been outlined. While no single method of integration may be 
most effective for everyone, an understanding of the strengths and weaknesses of the different approaches is 
needed. In practice a combination of the approaches may prove to be the most effective, since the needs of the 
control room operator, technical support center staff and emergency management teams may not necessarily be 
best met by the same approach. 

Figure 3.1. Accident Management Interface into Plant Operations 

Transient response 

Core protection 

£ 
3 

•o 

8 
£L 

s 
Is 
» 

8 
I 

Core Damage 

Release Mitigation 

4 2 
3 

8 
a. 

O) 

Is 

& 
>» 
o 
c 
a> 
P> 

LU 

8 
c a 
•o 
' 5 
O 
'c 
o> 
E 
» 
(0 c 
(0 

S 
v 
•o 

29 





Chapter 4 

ELEMENTS OF ACCIDENT MANAGEMENT 

4.1. Introduction 

This chapter describes the various elements to be used in the event of a severe accident at a nuclear power 
plant. Following the TMI-2 accident, it became apparent that control room operators did not have optimum 
resources and preparation to deal with an accident of this severity. The numerous subsequent analyses showed 
that to enable management of an accident of this importance, the following elements would have been of benefit, 
if previously instituted at the plant: 

- Procedures adopted to highly perturbed short and long term situations; 
- Specific means of action (instruments and controls) if necessary in contaminated areas; 
- Organisation, training and staff drills; 
- Coordination with the Emergency Plan. 

All of these measures should be available before an accident occurs. That is why the nuclear plant owners 
have initiated an "Accident Management Programme", designed to define all the elements necessary for accident 
management and to make these elements operational. 

These elements may differ quite appreciably from one plant to the next. On the one hand, the organisation 
and habits of each utility and, on the other, the technical bases of the various reactor types (PWR, BWR, HWR, 
etc.) engender differences in "accident management" organisation for each utility. The main point is for all the 
elements involved in this organisation to constitute a coherent, validated whole. 

Comments are provided below on the elements, implemented at most utilities today, to be taken into 
account in an accident management programme. 

It is convenient to classify incidents and accidents into groups of increasing severity, associated with 
decreasing probabilities of occurrence, as shown in Figure 4.1. Although actions related to the first groups pertain 
to prevention (they involve avoiding a severe accident) and those related to the last to mitigation, no clear 
boundary is established between these two areas. Between these two ways of dealing with an accident situation, 
there is a transition zone where both prevention and mitigation are applicable. 

4.2. Procedures 

4.2.1. "Event-Oriented" Procedures 

In a nuclear plant, operators have access to a set of procedures for normal operations and for incident and 
accident situations. Incident and accident procedures make use of the conclusions obtained from numerous event 
analyses envisioned at the design phase. Hence, these procedures are "event-oriented" by nature, and generally 
take into account a "single-initiating event". 

After TMI-2, the range of application of these procedures was considerably increased by: 

- defining new reactor states; 
- increasing the number of accidents considered; 
- taking several initiating events into account; 
- integrating feedback from experience. 

While this extension brought about a considerable improvement in existing procedures, its limits also 
became obvious: 
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- the diagnosis required to initiate the proper procedures is more difficult, due to the increased number of 
procedures; 

- it is impossible to cover all accident situations, particularly the occurrence of additional adverse 
phenomena in the course of applying a procedure; 

- human error assumes greater importance in difficult situations. 

4.2.2. "Symptom-Oriented" Procedures 

Fuller analysis of accident situations has shown that during an accident it may be necessary to abandon 
procedures related to specific events, as these may be difficult to diagnose, and to adopt a new type of procedure 
directly designed to stop or delay core degradation, and to limit radiological consequences. 

This type of procedure does not require the operator to diagnose the event history of the accident. All the 
operator's actions are based on analysis of the symptoms observed in the plant, considered either separately or in 
combination. 

The symptoms or parameters important for safety are divided into characteristic groups, also referred to as 
safety functions (subcriticality, coolant inventory, heat sink, containment integrity, etc.). The entire set of these 
functions characterizes overall reactor behavior. 

4.2.3. Role of the Operator 

In a severe accident situation traditional control methods are no longer applicable. The operator must 
observe the symptoms to which he or she has access and translate them into action to acquire control of the plant. 

The operator's task always involves three steps: 
- Diagnosis 
- Decision 
- Action. 

In the case of "symptom oriented" procedures, diagnosis no longer consists of seeking out the causes of 
the observed anomalies, but of analyzing parameters significant for the state of safety functions and, subse
quently, for the overall state of the plant. The diagnosis guides the decisions which must then be translated into 
action. Results of the performed actions are checked, with continued observation of symptoms. This provides the 
possibility of error recovery or of reacting to further degradation without delay. 

4.2.4. Replacing and Restoring Safety Functions 

Protection of the public during a severe accident involves maintaining the integrity of the various protection 
barriers: the fuel matrix and fuel clad, the reactor coolant system boundary, and the containment. This mission is 
accomplished through various safety systems, which are used to maintain certain safety functions. 

During an accident situation, a part of these functions becomes degraded. The operator is then faced with 
two questions: 

- What means of substitution can be used to restore a function which has become degraded? 
- Can an unavailable system be put back into service under normal or possibly degraded conditions? 

It is imperative that the operator be provided with all the necessary information related to restoring safety 
functions. 

4.2.5. Returning to a Long Term Safe Situation 

In the event of a severe accident, the operator's aim is to bring the reactor back to a safe, stabilized 
situation that can be assured in the long term. Considering the current reactor state and the means available, the 
operator must set a target state and define the strategy whereby this can be attained. The strategy is implemented 
in the framework of an accident management programme which accounts for long term stability, achieved if 
necessary also through simple interventions from outside the plant. 
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Strategies are limited in number. For residual heat extraction in PWRs, for example, they are as follows: 
use of one or several steam generators, the Residual Heat Removal (RHR) system, the Safety Injection system in 
recirculation, and ultimate emergency means using alternate water supplies. 

Strategies must also be adapted to the situation observed in a given plant. For example, if a primary system 
depressurization proves necessary this may be performed quickly or slowly depending on the given situation. 

4.2.6. Establishing the Procedures 

Drawing up procedures begins with establishing of a technical base. Severe accident sequences with a non-
negligible core meltdown probability must first be identified (e.g., using PSA results). Detailed information on 
the unavailability of safety-related equipment must then be taken into account, together with the possible alternate 
systems which can be used to ensure preventive and mitigative actions. 

Rules and procedures can be established from this information. Accidents related to the loss of a system 
may be managed by "event-oriented" procedures, implemented after the system alarms are activated in the 
control room. Accidents related to breaks (primary or secondary), accompanied by one or several independent 
failures, are better dealt with via "symptom-oriented" procedures. 

In practice, the two types of procedures are complementary. The operator's main task is to choose which 
procedure to adopt. The logic defining the interfaces between the various procedures should provide the operator 
with guidelines to follow throughout the accident. 

Procedures must be carefully presented: objectives must be clearly defined, in simple language comprehen
sible to the operators. Monitoring actions and coordination points must be stated clearly. The use of graphic 
representation and color displays is strongly recommended. 

It is advisable to provide each operator with individual instructions, indicating the controls and actions for 
which he is responsible. The shift supervisor's instructions should give him an overview, and the elements 
ensuring coordination between operators. All this information must be grouped in unified documents for the 
technical support teams. 

Difficulties may arise in going from one type of procedure to another. Certain utilities use "event-
oriented" procedures which extend as far as the severe accident area, an ultimate symptom-oriented procedure 
being adopted when the others can no longer be applied or are not operable. Other utilities possess two different 
sets of procedures: the first "event-oriented" type takes into account all design-based accidents, and the second 
"symptom-oriented" type is applicable once certain critical safety function parameter values are exceeded. 

While the former system has the advantage of presenting a continuum in the application of actions, there is 
a risk of reaching a situation not foreseen by the procedure. The latter system imposes a change in the way a plant 
is controlled, based on criteria which must be clearly understood by the operator. 

Regardless of the system adopted, one must be aware of the fact that in any accident which degenerates 
there is a transition zone corresponding to the passage from prevention to mitigation. This passage entails a 
change in strategy and in the pursued objectives. 

4.3. Specific Means of Action 

4.3.1. Instrumentation and Control 

During a severe accident, irrespective of the type of procedure used, the operator must have access to 
information on the state of the reactor, whatever its situation. The instrumentation set up in a nuclear plant is 
generally designed to comply with the prevention and mitigation requirements of accidents foreseen at the design 
stage. 

Because of the very complex situations encountered in severe accidents, and variations in certain parame
ters which may exceed designed measuring ranges, instrumentation needs for severe accident conditions must be 
reviewed. 

This leads to two successive questions: 

- What additional features, if any, should be added to the existing instrumentation to satisfy operating 
needs during a severe accident? 

- Is the instrumentation necessary during such an event qualified to withstand the environmental condi
tions which may arise during that accident? 
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With respect to the NSSS and the containment, a group of so-called significant or critical parameters is 
generally defined. On the one hand, these allow rapid, continuous, overall monitoring of the plant, and on the 
other, they guide operator action if "symptom-oriented" procedures are used. 

For example, for a PWR this information may include: 
- superheat (T - Tsat) (temperature corresponding to superheating of steam), 
- coolant inventory, 
- power level, 
- steam generator level and pressure, 
- containment pressure, temperature, water level in sumps, hydrogen concentration and activity ("sam

pling" for long-term accident management). 

4.3.2. Computer Methods and Aids 

An adapted computer for calculational support may considerably assist accident management. For example, 
such a system may be used to: 

- monitor plant status (critical parameters); 
- reconstitute missing parameter values; 
- help identify consequences of various strategies, thus enabling these strategies to be compared. 

Screen displays used in this context may call on all the resources of computer systems: nomograms, cross-
sections, diagrams, etc. These aids may also be useful for the various teams providing the operator with technical 
support during the accident. 

4.3.3. Decentralized Equipment 

In the course of a severe accident, there is a risk of numerous systems becoming unavailable. Under such 
circumstances, it is necessary to call on alternate systems implemented locally, or on the usual systems imple
mented manually. 

When drawing up the list of equipment to be used under accident conditions, it is necessary to ensure that 
this equipment will allow the operations called for by the procedures to be implemented, at the required 
performance level. Like the instrumentation, this equipment must be capable of operating in the specific 
environmental conditions engendered by the accident. Where appropriate, equipment accessibility must also be 
considered. 

The passage from a centralized to a decentralized equipment control mode implies availability of the 
corresponding procedure, allowing this action to be carried out efficiently and safely. 

4.4. Organisation 

4.4.1. Plant Personnel 

Utilities have studied and set up various organisational plans for the management of severe accidents. 
These plans give exclusive control to the shift supervisor as long as consequences of the accident remain within 
plant limits, and allow for reinforcement of the shift team as soon as this is required by circumstances (parameters 
to be defined). 

The shift personnel may be reinforced gradually by support groups, whose mission it is to assist the shift 
supervisor in his responsibility as director of operations. This responsibility may be shared with outside 
authorities once actions with consequences for the environment become necessary {e.g. emission of radioactive 
substances). 

An alternative method is to provide to the shift personnel working under the shift supervisor's authority 
additional staff in parallel. The role of this extra personnel (on-site safety engineer, expert groups) is to assist the 
local team. Since the two teams operate in parallel, this second method creates redundancy at the accident 
interpretation level. A clear separation of responsibilities has to be pree.;tablished. i>.sponsibility may be shared 
with outside authorities under the same conditions as before. 
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4.4.2. links with the Authorities 

Once an accident reaches a certain level of severity, government agencies must be involved. 
This demands coordination between the plant staff and the authorities. Such exceptional situations must be 

identified, and the procedures to be implemented must be defined and accepted by the various parties involved. 

4.4.3. Relation with the Media 

In case of a severe accident in a nuclear plant, there will be a considerable demand for information coming 
from T.V. networks, radio stations, and the national and local press. Information will have to be delivered from 
different points: the plant, utility headquarters, governmental offices. 

Such a situation requires correct management, particularly if some instructions must be given to the 
neighboring population. Furthermore, good quality information must be available. 

Relations with the media should be prepared carefully. The decision as to whether these relations should be 
conducted as part of the accident management programme is a decision for the individual organisations. If it is 
not included in the accident management programme it should be included elsewhere in the organisation. 

4.4.4. Validation 

All the elements of accident management should be validated in order to check coherence between 
procedures, available means, organisation and staff training. 

Such validation may be done in the course of project reviews. Training exercises should be exploited to 
improve overall operation. 

It should be emphasized that the elements involved in accident management are likely to evolve as a 
function of R & D findings in this area. Associated documentation should be designed to allow for future 
evolution, and a quality assurance programme should be set up in parallel. 

4.5. Training 

Training aims first to provide, then to maintain an appropriate qualification level for plant operating staff, 
as well as for all experts and other participants involved in the management of a severe accident. 

As noted in the previous chapter, a proper balance in training operators in severe accident measures needs 
to be observed so as not to interfere with training received for design basis events. 

The usual training means are applicable, particularly training on simulators. It should be pointed out that 
most simulators are currently incapable of effectively representing reactor behavior during a severe accident, and 
scenarios must therefore be improvised. 

Exercises involving all persons, both inside and outside the plant, should be carried out regularly, to check 
that means of communication function correctly and to ensure the ability of the various teams to work together. 
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Figure 4.1. Typology of Events, Actions and Procedures 
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Chapter 5 

BENEFITS OF ACCIDENT MANAGEMENT 
AND THEIR QUANTIFICATION 

5.1. Need for Accident Management 

The objective of accident management (AM) is to reduce the risk of plant damage and minimize radioac
tive releases to the environment. This is achieved through management measures and procedures which are 
directed to prevent core damage, to prevent reactor vessel breach and to mitigate radionuclide release from the 
containment. 

The benefits of accident management will be considered in two distinct areas: first, how can AM improve 
reactor safety and minimize the public health risk, and secondly, how does public acceptance of nuclear power 
plants increase as a consequence of AM. 

Accident Management is an essential element of operating a nuclear power plant. The extent to which 
severe accident management strategies can be justified depends on the benefits that can be derived from their 
implementation. The purpose of this Chapter is to present a discussion of the benefits. 

5.2. Quantifiable Benefits 

The benefits of AM for core damage frequency (CDF) reduction can be quantified with probabilistic 
methods. The PSA level 1 results with and without AM actions have been compared in the German Risk Study 
Phase B1, in the French PWR-1300 PSA2 and in Italy for the Caorso BWR PSA3 and in NUREG-1150 related 
work4 in the V.S. A reduction factor is calculated by dividing the plant CDF without AM actions by the plant 
CDF with AM actions. The values are shown in the table below. 

Risk Reduction Factors 

French 

German 

Italian* 

US 

Examples 

a 
b 

a 
b 

of CDF Reduction Factot 

2 
12 
7.5 
2.3 
1.2 

4.7-23 

* A complex assessment of external events was not performed, 
failure of the external electricity grid 

• for Plant Specific PSAs 

Internal events, H procedures 

Internal events, H + U procedures 

Internal + external events 

Incl hardware modifications 

With EOP modifications only 

Seismic events were only considered for assessing the 

In the French case the reduction factor for case a) is achieved by the implementation of AM measures 
according to event oriented procedures for total loss of heat sink, for total loss of feed water and for station 
blackout sequences. Case b) includes an additional symptom-oriented procedure and intervention by the safety 
engineer. In the German Risk Study such AM actions as secondary side feed and bleed and primary circuit feed 
and bleed have been incorporated. In the Italian PSA application for the Caorso BWR plant the overall CDF was 
reduced with modification of procedures for automatic depressurization during ATWS's, automatic actuation of 
the stand-by liquid control system and using realistic assumptions for blackout sequences. In the NUREG-1150 
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Study implications of various AM actions on the CDF have been evaluated for the Surry, Peach Bottom, Grand 
Gulf and Sequoyah plants. 

Another way to quantify benefits is to evaluate reduction of fission product releases into the environment. 
Such studies have been made in Sweden and in Italy. As an example, for the Forsmark 3 plant the Swedes have 
calculated that with the implemented mitigating measures the frequency of large release (>0.1 per cent Cs and I) 
has been reduced by approximately an order of magnitude. In this example, the main contribution stems from 
avoidance of early containment melt-through by flooding of the pedestal region. Reduction factors for other 
plants can vary considerably from this value depending on the particular conditions at a specific plant and 
assumptions made during the conduct of the PSA for the plant. 

In Italy a partial exercise3 was done to estimate the reduction factor of the expected mean value of the 
fission product releases. Looking at the station blackout sequence of the Surry NPP, the probability distribution 
of Csl releases were calculated in the case of no offsite power recovery and in the case of power recovery actions 
by operators. The mean value of the Csl release was reduced from 3.9 per cent to 0.79 per cent of the core 
inventory. 

In conclusion, when system and human reliabilities are considered, CDF reduction by factors of 2 to 23 
from AM has been obtained in level 1 PSA's. The risk reduction in level 2 PSA's (source term studies) is not as 
straightforward as long as there are significant uncertainties involved in the physical challenges to the contain
ment integrity. Reduction values are meaningful only to the degree uncertainties can be quantified. 

5.3. Non-quantifiable Benefits 

Developing an efficient and consistent AM strategy presupposes that severe accident phenomenology and 
progression are well understood for a specific plant. When this development is properly performed, it is possible 
for operators to get a better understanding of the plant behavior. Consequently, the plant st. ff should be able to 
manage potential beyond design basis situations with less stress and less errors. 

5.4. Possible Adverse Effects 

To avoid any unfavorable influence on plant safety, each AM measure must be carefully studied to 
understand all consequences in the given plant. Examples of potential adverse effects which add to the complex
ity and significance of AM decisions are: 

- flooding of a partially molten core with unborated water might cause recriticality and increase hydrogen 
generation; 

- depressurization of the primary system can influence the probability of in-vessel steam explosions; 
- too early depressurization of the primary system can accelerate core damage; 
- cavity flooding might make ex-vessel steam explosions possible; 
- mitigating systems can operate spuriously; 
- filtered venting could later result in a containment underpressure due to condensation; 
- containment spray can influence hydrogen burns by removing steam inerting. 

Evaluation and quantification of these adverse effects can be difficult if the involved phenomena are not 
well understood or uncertainties are large. 

The OECD Principal Working Group 4 (PWG4) Task Group on Containment Aspects of Severe Accident 
Management is preparing a report6, which discusses in more detail the positive and negative aspects of measures 
designed to protect the containment. 

5.5. Influence on Public Acceptance 

The future of nuclear power depends on the ability to maintain and improve public acceptance. Here, 
public acceptance means that the great majority will tolerate the nuclear plants, and that political and financial 
decision makers are willing to opt for continued operation of existing plants and for construction of new plants. 

Quantifiable benefits of AM can be used to some extent to explain to decision makers that the risk level is 
further reduced. However, experts have to realize that public opinion is not easily willing to give any credit to 
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comparisons of very small and even smaller probabilities. This limits considerably the usefulness of risk 
reduction quantification. 

On the other hand, it is important to explain to the public at large that there really are a number of measures 
that can be taken even if the nuclear plant reaches beyond design-basis conditions. If accident conditions are 
prolonged, AM may provide aid to plant operators from outside through simple actions, e.g. intervention of fire 
brigades to supply additional cooling water. The primary role of severe accident management is to help ensure 
that core melt be prevented even in the case of impaired safety systems. Also, core melt accidents have only 
significance on the plant site when efficient AM prevents and mitigates eventual releases into the environment. 

From the societal risk viewpoint it is really very important that accident management provides a good 
possibility of restricting severe accidents to the plant itself or at least to effectively reduce the probability of 
contamination of surrounding land and water areas. In densely populated areas it is crucial that the need for 
evacuations be minimized. 
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Chapter 6 

BASIS FOR DEVELOPMENT OF ACCIDENT MANAGEMENT METHODS 

6.1. Introduction 

The development of Accident Managment (AM) methods must be based on some fundamentals. Overall 
objectives and priorities must be chosen and the necessary basic knowledge must be established. 

The development of AM follows to a great extent an iterative process arising from the following question: 
"In what area could new information bring important new insight in safety or new alternatives for acting?" The 
answers will have great importance for the content of an AM research programme and for the AM development 
process. 

Discussed below is the basis for developing AM methods in terms of general objectives and priorities, 
knowledge of plant design and characteristics, knowledge of accident phenomena and progression, and considera
tion of the man-machine complex. Such a basis can be used to establish strategies, organisation, procedures, 
training, instrumentation and other systems etc. to be implemented in the specific plant. 

6.2. General Objectives and Priorities 

The starting point for the development of AM measures is the establishment of objectives for the 
prevention of accidents and the mitigation of consequences, should an accident occur. Priorities must also be 
established so that proper resources can be allocated and a sound balance between prevention and mitigation can 
be obtained. Some objectives are easily derived from the objectives on which design basis accidents were based. 
In the early phase of accident development, the role of the operator is mainly to supervise the automatic functions 
in the plant. In case of a malfunction or unforeseen complications, the operator should detect and restore 
sufficient system capacities. 

The more severe the accident, the more drastic the actions that have to be taken. In some scenarios, the 
operator is instructed to take actions somewhat contradictory to what would be "normal". He might have to stop 
his attempts to restore core cooling and concentrate his efforts on securing the containment integrity. He might 
also face situations where a limited release is part of a preferable strategy to minimize the risk for catastrophic 
releases. 

At the start of an accident, the personnel in the control room work on the plant problems. As the accident 
continues, an on-site support function can start to build up and strengthen with time. Later, different on- and off-
site support would be available. The respective role of the personnel in the control room and in the support 
functions must be clear, including the build-up phase before the full organisation has been established. 

Correct and timely information to the public about the event and the development of the situation is of 
major importance. 

These examples illustrate the complexity of an AM situation and show that necessary general objectives 
and priorities must be developed and established as fundamentals. Such objectives should take into consideration 
the plant characteristics and equipment and the on-site as well as the off-site preparedness of the organisations 
involved. 

6.3. Knowledge of Plant Design and Characteristics 

A general goal is to establish, from plant design and operational experience, the most important sequences 
to assess. Today, PSA methodology is a very well established and widespread tool used to decide on the priority 
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of different accident sequences. A number of large PSA studies have been performed and results are -.ell 
documented and commonly available. For use in AM assessment and development, further progress in PSA 
modelling and human performance data is highly desirable. However, since severe accidents are events of very 
, r w probability, PSA has its limitations, and other types of analyses based on deterministic assumptions must also 

. used. 

AM must be developed for a specific plant, or at least a series of plants with very closely related 
characteristics. The input in terms of design information and characteristics of the different systems must be given 
in sufficient detail, that specific features of the plant of interest can be assessed and taken into account. This is 
important as well in the process of defining strategies for AM, when specific actions are specified and assessed 
for their effect. 

6.4. Knowledge of Accident Phenomena and Progression 

The understanding of thermal-hydraulic and source term phenomena should be sufficient to describe with a 
model how an accident is likely to progress. Models are needed both for specific phenomena and for the 
integrated behavior of the plant. Among specific phenomena, that are important to AM, are: 

- steam explosion, 
- high pressure failure of the RPV, 
- hydrogen production and behavior, 
- long term overpressurization, 
- physical and chemical interactions in the reactor cavity, 
- containment leakage due to inadequate isolation of openings and penetrations. 

Many codes have been developed during recent years, with more or less mechanistic modelling. This 
development is expected to continue. For verification of accident models, some large experimental programmes 
are in progress that deal with phenomena in the early phase of an accident, such as heat up and failure of fuel 
rods, as well in the later phase, such as core-concrete interaction. Thermal hydraulic problems, hydrogen burning, 
aerosol and chemical issues are included in experimental programmes. 

Many experimental results are available today for use in the development of AM. The results must be 
carefully compared with the specific needs for the plant in question. Despite strong research efforts in this field, 
uncertainties still persist. These must be taken into account and assessed. It is important to ask whether more 
detailed information really will alter AM strategies or allow the operators to better cope with an accident. The 
answer will be highly plant specific. 

A better knowledge of the phenomena and of plant/component behavior is very helpful, in particular where 
operator action can have both a favorable and an unfavorable effect and the net balance depends on the specific 
case at hand. 

6.5. Consideration of the Man-machine Complex 

One must recognize that the transition from a normal to a "severe state" can take place very early when it 
comes to the cognitive functions of the operators. Stress in the control room could partly cause the severe 
accident. 

The individual operator has his own personality, motivations, stress capacity, etc. He has a certain level of 
competence based on his training and his work experience. He is a member of a team in which there are certain 
leadership styles, roles, social support, etc. The team is part of an organisation with a certain climate, and culture, 
administrative system, quality assurance system, work schedules, personnel policy, etc. All these factors together 
are important for the success of the AM efforts and may provide the possibilities for improvements in the system. 

Most nuclear power plants operate with very high availability factors. That means that the plant is 
producing power almost all the time, and that very few disturbances take place. The average operator sees only 
the steady state operation. Only a few experience an unplanned scram. These positive operational experiences 
must be balanced with training and re-training for disturbances and accidents. The need for simulator training has 
increased. The development in simulation, codes and computational techniques has improved. The resemblance 
to reactor operation has increased and simulation has expanded into more severe states of operation. 
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Operators should be given the needed tools for AM to be successful. Procedures should be validated, not 
only technically but also with respect to human factors. They should consider the escalation in severity of the 
accident and the different responsibilities in the organisations that gradually get involved. 

Instrumentation should be adequate in terms of parameters, range, qualification, etc., for the operators to 
detect disturbances and to follow the development of the situation. One problem is that the operators will get 
readings that are far away from normal or that they will be using instrumentation that they have not used before. 
The question is whether they will interpret the information correctly, or disregard important readings. Such 
potential problems should be takrn into account in the design and in the implementation of new instrumentation 
and in training. 

Computational aids of different kinds are under development. Potentially, such systems could give the 
operators very valuable support. Before their implementation, the man-machine interface must be carefully 
considered so that the operators get what they need to function effectively. 
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Chapter 7 

CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER EFFORTS 

This report has presented the status of accident management activities in OECD Member countries. The 
report also described ways to integrate accident management into reactor operations, the elements of accident 
management, quantifying the benefits of accident management, and the basis for developing accident manage
ment methods. 

There is some variation among Member countries in the goals, the approach, and the scope of current and 
future accident management activities. In some cases accident management goals are stated in terms of determin
istic requirements for safety functions, while in others probabilistic numerical goals are set for core damage 
frequency or the likelihood of large releases. In some instances accident management requirements have been 
incorporated directly into safety regulations or licensing bases, while in others policy statements direct licensees' 
attention to providing accident management strategies. The extent to which hardware modifications are incorpo
rated as part of accident management also varies considerably among the Member countries. 

The framework needed for successful accident management, as currently envisioned by most experts in this 
area, includes: identification and implementation of accident management strategies and associated hardware 
modifications, determining information needs, developing training programmes, providing technical guidance, 
and defining decision-making responsibilities within the plant organisation and within the emergency planning 
authority. Future efforts should focus on these elements since all of them could benefit to varying degrees from 
additional research. 

The development of accident management strategies must be based on sufficient knowledge about plant 
characteristics and accident phenomena, as well as human performance, to allow decisions to be made. Future 
accident management research should focus on providing additional insights on which to base recommended 
actions. From the accident management viewpoint, only areas of research where additional detail can actually 
influence operational decisions should be pursued. Therefore, future efforts should concentrate on detailed 
evaluation of those strategies which are recognized as having the potential for significant benefits but where 
current uncertainties leave doubts regarding the ultimate balance of benefits versus adverse effects. 

Before guidance or procedures to restore degraded safety functions can be implemented, the plant staff has 
to be able to diagnose the problem. To do this certain information needs must be met. Instrumentation must be 
sufficient to allow operations personnel to interpret plant status. This means that adequate instrumentation exists 
and that it can continue to function under severe accident conditions. While research on instrumentation is 
ongoing, both of the aforementioned items need further investigation. Much instrumentation vital for severe 
accident management has been qualified for design basis accident (DBA) conditions. If these conditions are 
exceeded, will a particular instrument continue to function, and if so will its accuracy be impaired? Assuming the 
existing instrumentation does continue to function, is it adequate to diagnose various severe accident scenarios or 
would it be prudent to add additional systems? Can installed or portable backup systems be used to address 
additional instrumentation needs? Further effort to answer these questions appears warranted. A related informa
tion need is the availability of adequate calculational tools, perhaps coupled to plant parameter displays, which 
can be used to estimate some plant conditions not directly measurable, or to extrapolate future conditions based 
on current information. Such tools could also be used to estimate the effects of different strategies and make an 
optimum choice for implementation. 

Sufficient training to make plant personnel familiar with postulated severe accident conditions and recom
mended strategies is another area worthy of continuing attention. An important part of this training is making 
operators aware of the uncertainties regarding severe accident phenomena. The development and use of simula
tors capable of modelling, as far as possible, severe accidents could enhance training in this area considerably. 

Closely related to training is the problem of integrating accident management actions into reactor opera
tions, i.e. finding the optimum way to provide technical guidance. This can depend on a range of factors, from the 
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nature of the contemplated strategy to the organisational structure at the plant. While extending existing emer
gency procedures may work well for a number of situations, the uncertainty surrounding some severe accident 
scenarios can be better addressed by more general guidance rather than specific procedures. It may be feasible to 
formulate detailed procedures for operators to follow during the initial stages of a severe accident, while 
developing general guidance for the support personnel tint will take over accident management as the accident 
progresses. Further efforts in this area are needed. No single method of integration is likely to be best for every 
strategy or for every organisational structure. 

The effect that the organisational structure of the entities involved in accident management can have on 
accident response is also worthy of further attention. Clearly established lines of authority and precisely defined 
decision-making responsibilities in the plant organisation are obviously important for successful accident man
agement. Smooth coordination of utility efforts with those of regulating agencies and civil authorities can be 
crucial to successful accident management. Conducting and observing emergency drills, analyzing the strengths 
and weaknesses noted, and making any needed adjustments can help to assure success should a real accident 
occur. 
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Attachment 

WORK ON SEVERE ACCIDENT MANAGEMENT 
AT INTERNATIONAL ORGANISATIONS 

1. Commission of the European Communities (CEC) 

Some work on severe accidents has been initiated in the Working Group No. 1 on thermal reactor safety at 
the CEC. An interim status report has been published in 1989 giving a survey of accident management procedures 
developed in CEC countries (plus Finland and Sweden) to prevent high pressure core melt ejection, to control 
hydrogen in the containment, to cool molten corium, and to control a pressure build-up in the containment due a 
corium-concrete interaction. 

That report lists and describes briefly the procedures in use but does not discuss their rationale with respect 
to the design specific characteristics of each reactor. 

2. International Atomic Energy Agency (IAEA) 

A number of Technical Committee meetings have taken place on severe accidents topics, such as the use of 
PSA results for prevention, mitigation and management of severe accidents, the safety aspects of reactivity 
initiated accidents, the vulnerabilities of water cooled reactors to accidents, and the containment loads and 
performance under severe accident conditions. 

The results of these meetings are usually published as TECDOC documents. 

In June 1990 a meeting was held on symptom oriented emergency operating procedures and accident 
management. It recommended the preparation of guidelines rather than detailed procedures for severe accident 
management, taking into account the difficulty of relying on specific measurements during the course of a severe 
accident. 

These guidelines should be based on two sets of documents, a "technical framework" derived from an 
engineering analysis of the plant, and an "operating framework" delineating the role of the operators, the 
organisational structure and the interface between on-site and off-site organisations. 

An "Accident Management" Manual is being prepared: the first draft has been released in the fall of 1990 
and is open to comments. Technical meetings are regularly held. 

3. Organisation for Economic Cooperation and Development/Nuclear Energy Agency (OECD/NEA) 

Much work which can provide input to severe accident management has been underway for several years at 
OECD/NEA on the phenomenology of severe accidents and on operational and human factors. The following 
Principal Working Group (PWG) activities should be noted: 

PWG 1 ("Operating Experience and Human Factors") has undertaken, in the human factor area, several 
generic studies which produced the following relevant results: 

a) Design and Implementation of Emergency Operating Procedures (EOP's). This study reviewed differ
ent approaches to EOP's at a stage similar to that of AM strategies at present. In spite of different needs 
the convenience of identifying links between procedures and specific operator actions during emer
gency conditions was recognized. A detailed review of different approaches was performed. 
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b) Organisational and management aspects. In 1989 PWG 1 approved performance of a generic study on 
the influence of organisational and management aspects on plant safety. To better approach the subject, 
specific studies were selected to be performed in a sequential basis: 1) Operational experience which 
involved management or organisation break-downs; 2) Outage and maintenance management 
problems; 3) Impact of advanced systems on operators. This work will be completed in 1993. 

PWG2 ("Primary Coolant System Behavior") has three task groups which produced the following relevant 
results. 

a) Calculations of the TMI-2 accident have shown the difficulty in reproducing the evolution of the 
accident after meltdown of fuel subassemblies has taken place. 

b) Proposals were made to use the results of risk studies to determine accident sequences with high 
probability and high risk, to look at the evolution of thermohydraulic parameters, and to study accident 
management strategies to be used beyond DBA but before core melt. 

c) Work to assess accident management for a degraded core started in 1991. 

PWG3 ("Reactor Component Integrity") has a number of programme areas (no task groups per se) which 
address issues concerning the integrity of the primary and secondary circuits of water reactors. There is also 
interest in the integrity of steel containments. The Commission of the European Communities contributes to the 
secretariat of this Principal Working Group. 

a) In the area of non-destructive examination, there is a major "Programme for the Inspection of Steel 
Components" (PISC) which coordinates round-robin testing of flawed specimens from real structures 
and includes a programme on human factors. 

b) Structural integrity issues being addressed include: 
- Fracture Analysis of Large Scale International Reference Experiments (FALSIRE) is an exercise in 

which organisations in Member countries are using fracture mechanics to predict the results of a 
selection of large scale experiments simulating pressurized thermal shock behavior. 

- Other activities are underway where, by use of Specialists Meetings, questionnaires or the writing of 
guideline documents, procedures for assessment of cracked structures are reviewed. 

- A special investigation of the metallurgical condition of the lower head of the TMI vessel is funded 
by the majority of the members, to determine the margin to failure that existed during the accident. 

c) There has recently been some discussion of the failure margins existing in steel containments in 
situations involving the burning of hydrogen. 

PWG4 ("Confinement of Accidental Radioactive Releases") has three task groups reporting the following 
work: 

a) The task group on fission product phenomena in the containment is preparing reports on: 
- physical and chemical characteristics of aerosols in the containment; 
- uncertainties in fission product phenomena resulting in source term. 

A report on a benchmark on the chemical modelling of the release of radionuclides due to molten core/concrete 
interactions has been published in 1990. A workshop on iodine chemistry was held in 1991. 

b) The task group on severe accident phenomena in the containment has prepared a state-of-the-art report 
on flame acceleration and transition to detonation in hydrogen/air/ diluent mixtures and is performing 
two International Standard Problems (ISP): 
- ISP-29 (hydrogen distribution inside a PWR containment under severe accident conditions); 
- ISP-30 (molten core/concrete interaction) (a specialist meeting on MCCI will be held in 1992). 

c) The task group on containment aspects of severe accident management is preparing reports on: 
- hydrogen management techniques; 
- instrumentation for severe accident management in containment (the task group will organize a 

specialist meeting on instrumentation to manage severe accidents in 1992); 
- positive/negative aspects of measures designed to protect the containment. 

A report on inadequate isolation of containment openings and penetrations has been published in 1990. 
PWG5 ("Risk Assessment") has made surveys of probabilistic safety analysis applications, has discussed 

the role of human intervention in the prevention and mitigation of severe accidents, has investigated how to best 
factor the containment system performance into a PSA, and is working on a state of the art report for level I PSA 
methodology and for living PSAs. 
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SEVERE ACCIDENT 
MANAGEMENT 
Prevention and Mitigation 

Effective planning for the management of severe accidents 
at nuclear power plants can produce both a reduction in the 
frequency of such accidents as well as the ability to mitigate 
their consequences if and when they should occur This report 
provides an overview of accident management activities m 
OECD countries. It also presents the conclusions of a group of 
international experts regarding the development of accident 


