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Background   

  

In 1991, the General Conference (GC) in its resolution RES/552 requested the Director General to prepare 'a 

comprehensive proposal for education and training in both radiation protection and in nuclear safety' for 

consideration by the following GC in 1992. In 1992, the proposal was made by the Secretariat and after 

considering this proposal the General Conference requested the Director General to prepare a report on a 

possible programme of activities on education and training in radiological protection and nuclear safety in its 

resolution RES1584.  

  

In response to this request and as a first step, the Secretariat prepared a Standard Syllabus for the Post-
graduate Educational Course in Radiation Protection. Subsequently, planning of specialised training courses 

and workshops in different areas of Standard Syllabus were also made. A similar approach was taken to develop 

basic professional training in nuclear safety. In January 1997, Programme Performance Assessment System 

(PPAS) recommended the preparation of a standard syllabus for nuclear safety based on Agency Safely 

Standard Series Documents and any other internationally accepted practices. A draft Standard Syllabus for 

Basic Professional Training Course in Nuclear Safety (BPTC) was prepared by a group of consultants in 

November 1997 and the syllabus was finalised in July 1998 in the second consultants meeting.  

  

The Basic Professional Training Course on Nuclear Safety was offered for the first time at the end of 1999, in 

English, in Saclay, France, in cooperation with Institut National des Sciences et Techniques 

Nucleaires/Commissariat a l'Energie Atomique (INSTN/CEA). In 2000, the course was offered in Spanish, in 

Brazil to Latin American countries and, in English, as a national training course in Romania, with six and four 
weeks duration, respectively. In 2001, the course was offered at Argonne National Laboratory in the USA for 

participants from Asian countries. In 2001 and 2002, the course was offered in Saclay, France for participants 

from Europe. Since then the BPTC has been used all over the world and part of it has been translated into 

various languages. In particular, it is held on a regular basis in Korea for the Asian region and in Argentina for 

the Latin American region. 

  

In 2015 the Basic Professional Training Course was updated to the current IAEA nuclear safety standards.  The 

update includes a BPTC text book, BPTC e-book and 2 “train the trainers” packages, one package for a three 

month course and one package is for a one month course.  The” train the trainers” packages include 

transparencies, questions and case studies to complement the BPTC.  

  
This material was prepared by the IAEA and co-funded by the European Union. 

 

Editorial Note 

  

The update and the review of the BPTC was completed with the collaboration of the ICJT Nuclear Training 

Centre, Jožef Stefan Institute, Slovenia and IAEA technical experts. 
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1 INTRODUCTION 

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. Describe why accident management is needed. 

2. List basic levels of defence-in-depth. 

3. Define a design basis accident. 

4. Define a severe accident. 

5. Describe what accident management is. 

6. Describe the top-down approach in accident management. 

7. List some of the characteristics of accident management. 

 

1.1 Defence-in-depth approach 

 

The concept of defence-in-depth, which concerns the protection of 

both the public and workers, is fundamental to the safety of nuclear 

installations. As was stated in the Basic Safety Principles for Nuclear 

Power Plants (INSAG-3) [2] in relation to the safety of nuclear power 

plants, "All safety activities, whether organizational, behavioural or 

equipment-related, are subject to layers of overlapping provisions, so 

that if a failure should occur it would be compensated for or corrected 

without causing harm to individuals or the public at large. This idea of 

multiple levels of protection is the central feature of defence in 

depth..." 

 

Defence in depth consists in a hierarchical deployment of different 

levels of equipment and procedures in order to maintain the 

effectiveness of physical barriers placed between radioactive materials 

and workers, the public or the environment, in normal operation, 

anticipated operational occurrences and, for some barriers, in 

accidents at the plant. Defence in depth is implemented through design 

and operation to provide a graded protection against a wide variety of 

transients, incidents and accidents, including equipment failures and 

human errors within the plant and events initiated outside the plant. 

 

Management of accidents is an essential part of defence-in-depth
1
, the 

fundamental approach to achieving nuclear safety. Protection of the 

public, plant workers and the environment against harmful 

exposure to radiation from a nuclear power plant is achieved by 

providing four successive physical barriers against release of 

radioactive material which are: 

� the fuel matrix,  

� the cladding,  

� the primary cooling system boundary, and 

� the containment building.  

                                                
1 Defence-in-depth is presented in detail in Module III. 
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Safety in design and operation can be divided into three basic levels 

of defence-in-depth: 

1
st
 level: prevention of abnormal operation and failures, 

2
nd

 level: control of abnormal operation and detection of failures, 

3
rd

 level: control of accidents within the design basis. 

 

Abnormal operation can be prevented by taking into account the 

operational limits that are defined in the technical specifications of the 

plant. The technical specifications or the Limiting Conditions for 

Operation (LCO)
2
 provide the operational limit for all plant systems 

and ensure the normal operation of the plant, in the absence of 

abnormal conditions and taking into account individual transients. 

Defects can be prevented or at least limited by the selection of 

appropriate quality materials and an appropriate maintenance 

programme
3
. Assistance in the control and management of abnormal 

conditions are provided by the Abnormal Operating Procedures 

(AOP), instructions for dealing with abnormal operating states and 

assistance in the detection of errors which led to this state. When the 

situation is beyond an abnormal operating state, a design basis 

accident has occurred. In the case of a design basis accident 

Emergency Operating Procedures (EOP) are used to safely bring the 

plant to a safe operating condition, or to stop the power plant. 

 

 
 

If these first three levels of defence-in-depth fail due to multiple 

failures that are beyond the design basis, or due to extremely unlikely 

initiating events not considered in the design basis, additional 

measures must be taken. The purpose of level 4 of defence-in-depth is 

to control severe plant conditions including prevention of accident 

progression and mitigation of severe accident consequences. In other 

words the objective is to ensure that both the likelihood of an accident 

involving significant core damage (a severe accident) is very small 

and that the magnitude of radioactive release following such an 

accident is maintained as low as reasonably achievable. Although the 

likelihood of a serious accident is very low, it is necessary to pay great 

attention to it, because of the severe consequences that may result 

from the degradation of nuclear fuel.  

 

                                                
2 Limiting conditions for operation are described in Module XI. 
3 Details of the maintenance programme are presented in Module XIII. 

Design basis accident: accident conditions against which a 
nuclear power plant is designed according to established 
design criteria, and for which damage to the fuel and the 

releases of radioactive material are kept within authorized 
limits [1]. 
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Figure 1.1: Operational regimes. 

 

The next level of defence-in-depth is level 5, which includes the off-

site emergency response aimed at mitigating the consequences of 

significant radioactive release. An important part of the accident 

management programme in the plant is maintaining communication 

and coordination with the off-site emergency response organization
4
. 

 

1.2 Accident management 

 

Accident management is taking a set of actions during the evolution of 

a beyond design basis accident: 

� To prevent escalation of the event into a severe accident; 

� To mitigate the consequences of a severe accident; 

� To achieve a long term safe stable state. 

 

An accident management programme must be developed for all power 

plants, regardless of the calculated total probability of core damage 

and release of fission products for the plant. The so called top-down 

approach is used to develop the accident management guidance [6]. 

This approach begins with the objectives and strategies, and results in 

procedures and guidelines. It covers both the preventive and 

                                                
4 More about emergency preparedness and response is written in Module XVI. 

Severe accident: accident conditions more severe than a 

design basis accident and involving significant core 
degradation [1]. 
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mitigating domains.  

 

To achieve the objectives it is necessary to develop strategies which 

help with the development of appropriate and effective measures for 

accident management. It is also necessary to develop an appropriate 

guidance in the form of procedures and guidelines which the 

responsible personnel carry out in the event of an accident. 

 

 
 

Figure 1.2: The top-down approach to accident management. 

 

In guidance on accident management it is necessary to consider the 

full design capabilities of the plant, using both safety and non-safety 

systems even outside their originally intended function and anticipated 

operating conditions, and possibly outside their design basis. When 

any changes to the configuration of the plant are made, it is required to 

check the accident management guidance and, if necessary, the 

accident management guidance must be revised. 

 

A severe accident may occur even during plant shutdown, which is 

why severe accident management must cover all modes of plant 

operation. Beside the possibilities of a severe accident during any 

mode of plant operation, severe accident management must also 

consider appropriately selected external events, such as fires, floods, 

seismic events and extreme weather conditions (e.g. high winds, 

extremely high or low temperatures, droughts) that could damage 

large parts of the plant or could lead to, for example, loss of the power 

supply, loss of the control room and reduced access to systems and 

components. External events can also influence the availability of 

resources for severe accident management (e.g. severe droughts can 

limit the availability of natural cooling water sources, such as rivers 

and lakes, which are a back up for normal resources; seismic events 

may damage dams) and all this must be taken into account in accident 
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management guidance. 

 

Development of an accident management programme should follow 

the applicable IAEA safety requirements and guidance on this subject. 

For accident management two are applicable: Specific Safety 

Requirements SSR-2/1 and SSR-2/2, and Safety Guide NS-G-2.15 

summaries of which are written at the end of this chapter. Where these 

cannot be followed due to uncertainties in the severe accident domain, 

the intent of the safety requirements should be followed to the extent 

practicable. 

 

1.3 Questions 

 

1. How can be abnormal operation be prevented? 

2. What are the conditions that define a severe accident? 

3. Why is accident management needed? 

4. Which modes of plant operation must accident management cover 

and explain why. 
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2 SEVERE ACCIDENT PHENOMENOLOGY 

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. List the two groups into which severe accident phases are divided. 

2. List the main stages in the development of accident. 

3. Define what corium is. 

4. Describe what happens during the in-vessel phase. 

5. List the stages of core dewatering and degradation. 

6. Describe the ex-vessel phase of a severe accident. 

7. Describe the safety features that can help in maintaining 

containment integrity. 

8. List threats to containment integrity. 

 

At this point each of the physical phenomena likely to occur in severe 

accidents will be reviewed. Most of the descriptions are relevant to 

both PWRs and BWRs. Nevertheless, the descriptions in this Section 

do not include all the peculiarities of BWRs. 

 

A severe accident was already defined as Accident conditions more 

severe than a design basis accident and involving significant core 

degradation. This definition is from the IAEA Safety Glossary. 

 

Severe accidents involve very complex physicochemical and 

radiological phenomena that take place during various stages of the 

accident. These phenomena and the associated severe accident phases 

are typically divided into two groups: 

� In-vessel phase, covering the core heating, fuel degradation and 

material relocation expected to occur inside the reactor pressure 

vessel up to the failure of the reactor pressure vessel, and 

subsequent release of molten corium into the containment 

building. 

� Ex-vessel phase, covering thermal and chemical interaction 

between core debris and containment structures, and 

containment behaviour (including transport of radioactive 

substances). 

 

For both phases the phenomena involved need to be identified and 

understood. An example of the possible fuel damage sequence and 

associated in-vessel phenomena for a water cooled reactor type is as 

follows: 

� Overheating of fuel and cladding; 

� Onset of exothermic oxidation of the cladding, accompanied by 

production of hydrogen; 

� Damage to and melting of the fuel cladding; 
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� Rapid increase in hydrogen production, with a possible 

challenge to containment integrity due to deflagration or 

detonation; 

� Melting of the cladding, fuel and core materials and downward 

relocation of the corium; 

� Interaction of the molten corium with the residual water in the 

containment basemat; 

� Potential consequences caused by a molten corium–water 

reaction; 

� Heating of the reactor pressure vessel by the molten corium. 

 

At the last stage, the possibility of reactor pressure vessel failure 

should be considered. If attempts to arrest the accident progression at 

this point are not successful, vessel melt-through will occur and the 

ex-vessel phase of the accident will commence. 

 

During the ex-vessel phase, a variety of phenomena may challenge the 

containment integrity. These phenomena include: 

� Damage to the containment due to high pressure ejection of the 

corium (direct containment heating); 

� Hydrogen combustion (deflagration/detonation), with hydrogen 

produced during the in-vessel phase and later during the ex-

vessel phase by core–concrete interaction (which may also 

produce carbon monoxide, which is combustible) or a molten 

corium–water reaction. Apart from the threat of global 

combustion there is a danger of local deflagrations or 

detonations, which can generate missiles that may challenge the 

containment integrity; 

� Energetic molten corium and water interaction (steam 

explosion); 

� Core–concrete interactions, which directly jeopardize the 

integrity of the containment due to base mat melt-through; 

� Long term pressure or temperature increase, ultimately leading 

to failure of the containment; 

� Bypass of the containment, e.g. through a damaged steam 

generator (SG) due to tube creep rupture, or through some other 

pathway, e.g. an interfacing system loss of coolant accident 

(LOCA). 
 

The severity of a severe accident depends not only on the final internal 

status of the installation, but also on the extent of the radiological 

consequences to the environment.  

 

2.1 General sequence 

 

A severe accident (except for a reactivity insertion accident) is mainly 

characterised by long-term water depletion of the core, causing it to 

overheat and degrade with release of a large quantity of fission 
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products towards the containment. If the containment is not leak tight, 

some of these fission products may be released into the environment 

and have radiological consequences. Containment failure is 

unavoidable in the long term if the accident cannot be controlled. 

 

When the core is degraded, it is essential that containment leak 

tightness is maintained for as long as possible. The different sequence 

stages for a severe accident are summarised in Figure 2.1. Following 

initiators (breaks, equipment failures, etc.) accumulated as a result of 

safety system failures, four main stages can be distinguished in the 

development of the accident, if it is not controlled: 

� 1
st
 stage: reactor coolant system draining (in-vessel phase); 

� 2
nd

 stage: core water depletion and degradation (in-vessel 

phase); 

� 3
rd

 stage: vessel melt through (ex-vessel phase); 

� 4
th

 stage: basemat erosion by the corium (ex-vessel phase). 

 

 
 

Corium: is a mixture of the molten core and structural 

materials, formed at very high temperature (~3000 K) [1]. 
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Figure 2.1: Severe accident sequence (initiating events include 

reactivity events). 

 

During these different stages, a large amount of gas (including some 

combustible gases) is released inside the containment, which can 

cause loss of integrity of the containment. In addition, a large quantity 

of fission products are released, which partly pass through the reactor 

coolant system. These releases are associated with extent of 

radioactive products released to the environment. 

 

2.2 In-vessel phase 

Reactor coolant system draining 

There are two situations in which Reactor Coolant System (RCS) 
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draining occurs, namely: 

� Primary breaks
5
, characterised by water depletion in the core at 

low pressure (a few bars to about ten bars). 

� Cooling failures by the secondary system, causing RCS draining 

through the pressurizer safety valves (PORVs) and leading to 

dewatering of the core at relatively high pressure. 

Depending on the initial conditions and the accident sequence, the 

length of this stage can be from a few minutes to a few hours. 

Core dewatering and degradation 

As the water level in the core drops, the uncovered part heats up under 

the effect of decay heat, which can cause a number of physical 

phenomena to appear successively, leading to core degradation. 

 

Under the double effect of the difference in pressure between the 

fuel – cladding gap and the vessel, and in their temperature, the 

cladding deforms at a temperature of about 700 - 900°C. This 

ballooning phenomenon (irreversible plastic deformation) causes 

cladding rupture. Clad rupture allows fission products (rare gases 

and in particular iodine) accumulated in the fuel – cladding gap during 

reactor operation to be released into the reactor coolant system. 

 

When the cladding reaches a high temperature (especially above 

1200°C), zirconium rapidly oxidises when exposed to steam to form 

an increasingly thick layer of zirconium oxide (ZrO2). The rate of this 

reaction greatly increases with temperature. This physical 

phenomenon has three very important consequences: 

� The reaction is very exothermic and, when it accelerates, it locally 

releases energy that is much greater than that of the decay heat. It 

therefore rapidly brings about the successive stages of core 

degradation. 

� The reaction releases a large amount of hydrogen into the reactor 

coolant system, then into the containment. This causes a 

combustion risk in the containment. 

� The cladding is weakened (loss of mechanical strength) so that the 

thermal shock coupled with a possible re-flood can destroy it. 

 

When the fuel pellet temperature reaches about 1300 - 1800°C, 

volatile fission products are increasingly released
6
. First the rare 

gases, together with iodine, caesium and tellurium are given off. Other 

elements, such as barium or strontium are released later on. If core 

degradation cannot be controlled (re-flood), it can be assumed that 

                                                
5 In its broadest sense, including a safety valve blocked open, for example. 
6 First, the products accumulated in the grain boundaries are released, then those in 

the fuel matrix itself. 
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almost all the volatile fission products (rare gases, iodine, caesium and 

tellurium) will be released from the core during this stage. 

 

Under the effect of temperature, the control rod components (Ag, In, 

Cd) vaporize, causing the cladding to burst (at about 1300 - 1500°C), 

releasing these elements into the reactor coolant system. 

 

At about 1800°C, the non-oxidized part of the cladding melts and 

starts to run like candle wax. If this liquid zirconium comes into 

contact with uranium oxide, it causes eutectic reactions, which 

degrade the pellets at a temperature lower than the UO2 fusion 

temperature. 

 

At a higher temperature (about 2700 – 2800°C) the oxides melt. The 

fusion of the different elements (zirconium oxides and uranium) 

causes the breakdown of core geometry in the form of local or total 

collapse. 

 

If core degradation occurs at high pressure, the cladding, by 

deforming, is crushed onto the fuel pellets. On contact, the previously 

mentioned reaction between zirconium and uranium oxide occurs. 

This leads (from 1200 – 1500°C) to the formation of liquid eutectics 

(U-Zr-O). 

 

The degradation mechanisms (oxidation, melting) are similar to the 

ones described for the low pressure situation. 

 

2.3 Ex-vessel phase 

Vessel rupture 

If core re-flood cannot be achieved, collapse of the core, together with 

that of the molten structures, causes the residual water at the bottom of 

the vessel to vaporize and, more or less rapidly (mainly depending on 

the reactor coolant pressure), causes the vessel to rupture. Several 

rupture mechanisms are possible, including creep rupture and 

penetration tube ejection. If the reactor coolant system is at high 

pressure, corium may be violently ejected, which could lead to some 

scattering of the corium in the containment, with a risk of Direct 

Containment Heating (DCH), which can endanger the containment. If 

there is water at the bottom of the reactor pit, interaction between 

corium and water occurs
7
 (MFCI: Molten Fuel Coolant Interaction), 

which can be more or less violent, with the risk of a steam explosion. 

Following this interaction, the corium cools and the water vaporizes. 

Under the effect of decay heat, and if steady state cooling by water is 

not sufficient, the corium melts again and starts to erode the concrete 

                                                
7 This interaction can also occur during relocation (collapse) of melted materials into 

the bottom of the vessel. 
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basemat (which occurs without delay in the absence of water). 

Erosion of the basemat by the corium 

As a result of the heat released by the corium, the reactor pit concrete 

basemat will undergo thermal degradation (MCCI: Molten Core 

Concrete Interaction). Carbon dioxide is released and CaO and SiO2 

are gradually incorporated into the corium. 

 

According to experiments carried out (notably in the United States and 

Germany), more or less segregation may occur between the different 

phases of the corium, for example between the metallic (Zr, Cr, Fe, 

Ni) and oxide (UO2, ZrO2, Fe2O3...) phases. The gases released by the 

concrete pass through the corium and oxidize the metals. This results 

in a release of hydrogen and carbon monoxide within the containment. 

These two species could participate in combustion in the containment 

atmosphere. 

 

The corium then gradually cools down. The rate of erosion then slows 

down and the release of combustible gases decreases, and ceases when 

all the metals are oxidized. 

Loss of containment integrity 

The consequences of severs reactor accidents depend greatly on 

containment safety features and containment performance in retaining 

radioactive material. Early failure of the containment structures at the 

Chernobyl power plant contributed to the size of the environmental 

release of radioactive material in that accident. In contrast the 

radiological consequences of the Three Mile Island Unit 2 accident 

were minor because overall containment integrity was maintained and 

bypass was small. The containment boundary represents the final 

barrier to release of radioactivity to the environment. Maintaining the 

integrity of the containment can affect the source term by orders of 

magnitude. Containment integrity is ensured in an accident situation 

by: 

� The isolation function; 

� The containment spray system, which also ensures heat 

exchange from the containment in the recirculation mode.  

 

 

The main threats to containment integrity are: 

� direct containment heating, 

� steam explosions, 

� hydrogen combustion, 

� containment over-pressurization. 

 

In certain core damage accidents (LOCA, station blackout) in which 

the reactor system remains pressurized during core meltdown, certain 

modes of vessel failure could lead to high pressure ejection of corium. 

Corium would initially be ejected into the cavity beneath the pressure 

vessel but may subsequently be swept out into the rest of the building 
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where the liberation of thermal and chemical energy (oxidation of 

debris) can directly heat the containment atmosphere. Such direct 

containment heating may be a significant source of containment 

pressurization. 

 

The only measure that has been identified as a possible means of 

preventing direct containment heating is depressurization of the 

primary system, which can be achieved by operator action or natural 

processes. 

 

The term “steam explosion” refers to a phenomenon in which molten 

fuel rapidly fragments and transfers its energy to the coolant resulting 

in steam generation, shock waves, and possible mechanical damage. If 

such events were to take place within the reactor pressure vessel, 

missiles could be generated which might penetrate the containment 

and allow early release of radioactive material.  

 

After vessel melt-through and following melt release from the vessel 

into the cavity and/or spreading compartment, the presence of water in 

these areas can result in highly energetic reactions up to steam 

explosions. Such an event is more likely at low pressures but is not 

considered to be physically credible. 

 

Hydrogen combustion in the containment building could produce 

pressure and temperature levels that might threaten the integrity of the 

containment boundary. The threat to containment depends on the 

details of the accident sequence and the containment design. 

 

The most important hydrogen source during a degraded core accident 

is the oxidation of zirconium by steam. This reaction becomes 

important when zirconium in the reactor core is heated to high 

temperatures as the core is partially or completely uncovered. During 

the heatup transient, the oxidation reaction heat is an important heat 

source and directly enhances hydrogen production.  

 

The transport and mixing of hydrogen inside the containment are 

critical in determining the time and nature of hydrogen combustion. 

Rapid mixing could result in uniform distribution of hydrogen and 

combustion that is global in nature. Slow mixing may lead to localized 

burning and locally detonatable mixtures. The physical processes 

which govern mixing in gaseous mixtures are forced convection, 

natural convection and diffusion. The mixing processes are affected by 

the rate of hydrogen released into the containment and the operability 

of the containment heat removal systems, such as water sprays and fan 

coolers. 

 

Hydrogen combustion can cause containment and secondary building 

failure by static (deflagration and diffusion flame) or dynamic 

(detonation) over-pressurization, missile generation, and equipment 

failure due to thermal or pressure effects; 
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� Deflagrations (flame front moving at a few metres/sec) for 

which the corresponding pressure peak can be calculated. 

� Detonations (supersonic shockwave) which are currently 

considered to be unlikely, owing to the energy levels required to 

set them off. However, it is known that flame acceleration 

mechanisms exist that can transform a deflagration into a 

detonation (DDT: Detonation Deflagration Transformation). It is 

nevertheless difficult to extrapolate these results to reactor 

conditions. 

 

Without containment heat removal and/or venting, the containment 

would fail by slow pressurization due to the addition of steam and 

non-condensable gases to the containment atmosphere. The non-

condensable gases may be evolved from molten core/concrete 

interactions (MCCI) after the molten core has left the vessel (if in-

vessel cooling is not successful). 

 

Pressurization caused by MCCI is governed by many factors, among 

which are the presence of water in the cavity and the potential for 

debris cooling. If the cavity is flooded with water prior to vessel 

failure, then, as the molten core materials fall into the water rapid 

cooling and fragmentation is possible. This process could result in the 

formation of a coolable debris bed in which all the core decay heat is 

removed by boiling water, and concrete attack is prevented. Under 

these circumstances, providing a water flow to the cavity would 

replenish water lost due to boiling and ensure that the corium remains 

in a coolable and stable configuration. If the cavity is initially dry and 

the core debris forms a deep bed, it could remain hot for a relatively 

long time and extensive concrete attack would occur. Under these 

circumstances, pumping water on top of the core debris may have the 

effect of rapidly cooling and stopping concrete attack. However, 

experiments have shown that a crust can form on top of the molten 

core debris and effectively prevent the water from mixing with and 

cooling the debris. These experiments were performed on a small scale 

and the stability of the crust under the conditions of a severe accident 

in a power plant has not been established. 

 

Among the threats present it is necessary to mention containment 

leaktightness. Containment leaktightness may also be lost due to 

isolation failures. A containment isolation failure can be due either to 

an inadvertent pre-existing opening or to a failure of the containment 

isolation system. When an accident occurs, a number of valves must 

close to isolate the containment from the environment. If there is a 

non-isolatable hole in the containment (such a spare penetration left 

unsealed), or if some containment isolation valves fail to close, the 

containment leakage rate will be much larger than expected during the 

whole course of the accident. 

 

Finally, in some accidents, the containment building may be 

completely bypassed. Containment bypass arises with a fault 
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sequence which allows primary coolant and any fission products 

accompanying it to escape to the outside atmosphere without having 

been discharged into and mixed with the air in the containment 

volume. 

 

2.4 Questions 

 

1. Describe the events occurring during different phases in the 

development of a severe accident. 

2. Describe a possible fuel damage sequence and associated in-

vessel phenomena for a water cooled reactor. 

3. List the phenomena that may challenge containment integrity 

during the ex-vessel phase. 

4. Describe a severe accident sequence. 

5. When can the reactor coolant system draining occur? 

6. Why does cladding rupture occur? 

7. What are the consequences of oxidation of zirconium? 

8. List possible vessel rupture mechanisms. 

9. How is containment integrity maintained? 

10. What are the main threat to containment integrity? 

11. What are the consequences of direct containment heating and 

steam explosions? 

12. What is the main source of hydrogen during a severe accident? 

13. Why is hydrogen control needed in the containment? 

14. What can cause containment over-pressurization and what can be 

the consequences?  

15. How can containment leaktightness be lost? 
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3 THE SOURCE TERM ASSOCIATED WITH 
SEVERE ACCIDENTS 

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. Define the source term. 

2. Describe the accident stages related to the source term. 

3. Describe the sources of radioactivity in severe accidents. 

4. Describe the release of fission products from fuel. 

5. Describe the transport and retention of fission products in the 

primary system. 

6. Describe transport and retention of fission products in the 

containment. 

7. Compare re-vaporization and re-suspension of deposits. 

8. Describe the behaviour of iodine during a severe accident. 

 

 
 

The source term is defined by the quantity, timing, chemical species 

and physical forms of the radioactive material released from a 

degrading reactor core into the environment. While the containment 

building acts as an attenuator of the gas borne debris, mainly by 

aerosol agglomeration and sedimentation, the primary circuit modifies 

the physicochemical form and timing of the radioactive release. These 

modifications can occur via condensation of vapours onto structural 

surfaces and aerosols, chemical reactions with other species in the 

system, and aerosol formation and attenuation processes such as 

agglomeration, deposition, etc. 

 

3.1 Accident stages 

 

In contrast to the instantaneous radionuclide release, analyses of 

severe accident sequences have shown that, despite differences in 

plant design and accident sequence, radionuclide releases can be 

generally categorized in terms of the phenomenology associated with 

the accident progression [9,10]. That is: the degree of fuel melting and 

relocation, reactor pressure vessel integrity and mode of failure, and 

any attack upon the concrete below the reactor cavity by molten core 

materials. The magnitude of the releases also depends on the physical 

and chemical properties of individual radionuclides.  

 

The general phases of a severe light water reactor (LWR) accident are 

as defined as follows: 

� Coolant Activity Release: The coolant activity phase begins 

with a postulated pipe rupture or release via a safety relief 

Source term: the amount and nuclide concentrations of 
material released (or postulated to be released) from a facility 

[1]. 
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valve and ends when the first fuel rod has been estimated to 

fail. During this phase, the activity released to the containment 

atmosphere is that associated with the very small amounts of 

radioactivity dissolved in the coolant itself.  

� Gap Activity Release: The gap activity release phase begins 

when fuel cladding failure commences. This phase involves 

the release of the radioactivity that has collected in the gap 

between the fuel pellet and the cladding. This process releases 

a few per cent of the total core inventory of the more volatile 

radionuclides from the fuel, particularly the noble gas fission 

products, iodine and caesium. During this phase, the bulk of 

the fission products continue to be retained in the fuel itself. 

The gap activity phase ends when the fuel pellet bulk 

temperature has increased sufficiently for diffusion of noble 

gases from the fuel to begin. 

� Early In-Vessel Release: As the accident progresses, fuel 

degradation begins, resulting in loss of fuel geometry 

accompanied by gradual melting and slumping of core 

materials. This release phase ends when the bottom plate of the 

reactor pressure vessel fails, allowing molten core debris to fall 

onto the concrete below the reactor pressure vessel. During this 

period virtually all the noble gases and significant fractions of 

the volatile nuclides such as iodine and caesium are predicted 

to be released from the fuel. The amounts of volatile nuclides 

released into the containment during the early in-vessel phase 

are strongly influenced by the residence time of the radioactive 

material within the RCS during core degradation. High 

pressure sequences are predicted to result in long residence 

times and significant retention and plate-out of volatile 

nuclides within the RCS, while low pressure sequences are 

predicted to result in relatively short residence times and little 

retention within the RCS. Consequently low pressure 

sequences may result in higher releases into the containment in 

the early in-vessel phase.  

 

Release durations for this phase vary depending on both the reactor 

type and the accident sequence. Small fractions of the less volatile 

nuclides are also predicted to be released from the fuel during the 

early in-vessel phase. In some accident sequences, for some NPPs, 

where the corium is retained in the vessel for an extended period, the 

release of less volatile species in the in-vessel phase would be 

expected to be significantly higher.  

 

If failure of the reactor pressure vessel occurs, two additional release 

phases may occur: 

� Ex-Vessel Release: Molten core debris is released from the 

reactor pressure vessel into the containment. During this phase, 

the volatile radionuclides not already released during the early 

in-vessel phase are released into the containment. In many 

existing NPP designs, the molten core is predicted to interact 
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with the concrete structural materials of the cavity below the 

reactor. As a result of these interactions, quantities of the less 

volatile nuclides are likely to be released into the containment. 

Ex-vessel releases are also influenced somewhat by the type of 

concrete in the reactor cavity. Limestone concrete decomposes 

to produce greater quantities of CO and CO2 gases than basaltic 

concrete. These gases may in turn sparge some of the less 

volatile nuclides, such as barium and strontium, and small 

fractions of the lanthanides into the containment atmosphere. 

Large quantities of non-radioactive aerosols may also be 

released as a result of core-concrete interactions. The presence 

of water in the reactor cavity overlying any core debris can 

significantly reduce the ex-vessel releases (both radioactive and 

non-radioactive) into the containment, either by cooling the core 

debris, or at least by scrubbing the releases and retaining a large 

fraction in the water. The degree of scrubbing will depend upon 

the depth and temperature of any water overlying the core 

debris. 

� Late In-Vessel Release: Simultaneously, late in-vessel releases 

of some of the volatile nuclides which were deposited in the 

reactor coolant system during the in-vessel phase will also occur 

and be released into the containment. 

 

Two other phenomena that affect the release of fission products into 

the containment at the time of reactor pressure vessel failure could 

also occur. The first of these is referred to as "high pressure melt 

ejection" (HPME). If the RCS is at high pressure at the time of failure 

of the RPV, quantities of molten core materials could be injected into 

the containment at high velocities. In addition to a potentially rapid 

rise in containment temperature, a significant amount of radioactive 

material could also be added to the containment atmosphere, primarily 

in the form of aerosols. The occurrence of HPME is precluded at low 

RCS pressures. A second phenomenon that could affect the release of 

fission products into the containment is a possible steam explosion as 

a result of interactions between molten core debris and water, either 

within the reactor pressure vessel (in-vessel steam explosion), or 

within a flooded cavity (ex-vessel steam explosion). This could lead to 

fine fragmentation of some portion of the molten core debris with an 

increase in the amount of airborne radionuclides. Since small scale 

steam explosions are considered quite likely to occur, they are not 

expected to result in significant increases in the airborne activity 

already within the containment. Large scale steam explosions, on the 

other hand, could result in significant increases in airborne activity, 

but are much less likely to occur. In any event, releases of particulates 

or vapours during steam explosions will also be accompanied by large 

amounts of water droplets, which would tend to quickly wash-out 

released material from the atmosphere.  

 

A summary of the release phases and typical duration times for PWRs 

and BWRs is shown for reference purposes in Table 3.1. 
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Table 3.1: Release phase durations for PWRs and BWRs. 

 

Release Phase 
Duration, PWR 

(hours) 

Duration, BWR 

(hours) 

Coolant Activity 10 to 30 seconds 30 seconds 

Gap Activity 0.5 0.5 

Early In-Vessel 1.3 1.5 

Ex-Vessel 2 3 

Late In-Vessel 10 10 

 

3.2 Radioactive releases during severe accidents 

Source of radioactivity 

The release of fission products from the core mainly occurs at the 

beginning of the degradation stage (cladding rupture and core 

meltdown), which is followed by dewatering and uncovering, while 

the fuel temperature is in the range from 1300 to 1800°C. For each 

fission product group starting with the most volatile, Table 3.2 gives 

the fraction of the core inventory that is released in this way. Over a 

longer time scale, i.e., up to vessel failure, a part of the fuel and the 

structures are vaporized. 

 

At the beginning of the corium-concrete interaction, owing to the very 

large amount of turbulence of the corium-concrete mixture, fission 

products can still be released by boiling or vaporization. 

 

Table 3.2: Example of fission product release in a core melt situation: 

a summary of the NUREG/0772 and the Albrecht results 

(RFA/KFK/PNS). 

 

Element 
Fraction of core inventory available 

for release if melting occurs 

Kr, Xe 1 

I, Br 1 

Cs, Rb 1 

Te, Sb, Ag, Sn    0.9 

Sr, Ba    0.1 

Zr, Nb      0.03 

Ru, Rh, Mo, Tc      0.02 

As, In, Cd, Pd      0.02 

Y, La, Ce, Pr, Nd, Pm, Sm, 

Eu, Gd 
         0.0002 

Np, Pu, Am, Cm          0.0002 
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Fission product behaviour in the primary system and 
containment 

Once released from the core or corium, the fission products are 

conveyed, as gas or liquid, between their source and the environment, 

passing through the reactor coolant system, the reactor containment or 

escape paths such as the nuclear auxiliary building, where they can 

either remain for some time, or can become temporarily or 

permanently deposited. The behaviour of fission products along their 

path to the environment is governed by important physical phenomena 

that are specifically related to the thermal-hydraulic conditions in the 

primary system and the thermodynamics of the containment. 

 

The first important macroscopic phenomenon is release of core or 

corium fission products. The important factors are the kinetic release 

rates and the physical and chemical species formed. The latter depend 

on the atmosphere prevailing in the vicinity of the core (temperature, 

hydrogen formed by the zirconium-water reaction and reactions with 

products resulting from structure vaporization, especially silver). 

 

Generally, at high temperatures (above 2000°C), the release of volatile 

elements from the fuel depends almost entirely on the temperature and 

the time spent at those temperatures. The surrounding atmosphere, 

oxidising or reducing, is of some importance for the chemical form but 

not so important for the fraction released. The volatile elements, 

consisting mostly of rare gases, iodine, caesium, tellurium and 

strontium, are completely released from the fuel, whereas the poorly 

volatile elements exhibit more complex behaviour depending on the 

temperature and surrounding atmosphere in the reactor vessel. 

 

The low volatile groups are, generally, not radiologically significant. 

The most significant element is ruthenium, which is allocated to the 

molybdenum group. 

 

With regard to the second macroscopic phenomenon, fission product 

transport by gas or liquid, the influencing parameters are the thermal-

hydraulics, the route taken and the traps and obstacles met in the 

primary system (and containment). Determining factors are the 

retention fraction inside the installation, the transit time to the 

environment and the time scale of the radioactive release. These 

phenomena are generally considered to have an important impact on 

the source term. Concerning the fission products in the solid particle 

state or aerosol form, high retention factors are expected in the 

primary circuit zones having a high surface to volume ratio, such as 

the steam generators. Plant calculations and available experiments 

indicate that significant retention fractions (50% to 70% of the initial 

release from the core) are expected owing to the retention 

mechanisms, principally diffusiophoresis, thermophoresis and 

gravitational settling. The rare gases and gaseous forms of other 

elements are not retained at all. 
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The route taken depends on the accident sequence being considered
8
. 

Likewise, the radiological consequences differ considerably according 

to the final dispersion channel into the environment, i.e. an 

atmospheric or water route. Deposition is the main phenomenon that 

reduces the radioactivity contained in gas. It depends on the form in 

which the fission products are found in the gas (gas, steam, aerosols) 

and on the thermodynamic conditions. The main physical phenomena 

that affect the fission product concentrations (under aerosol 

physical state) in the containment are: 

� Agglomeration and sedimentation; 

� Thermophoresis (temperature gradient induced mechanism); 

� Diffusiophoresis (concentration gradient induced mechanism); 

� Impaction; 

� Hygroscopicity (particle growth due to steam condensation). 

 

Code validation and modelling results indicate that aerosol behaviour 

itself is fairly well understood. The main uncertainties arise from the 

accuracy of predicting and modelling the prevailing thermal-hydraulic 

and flow conditions, as well as coupling aerosol behaviour with 

thermal-hydraulics. 

 

These phenomena are the opposite of the previous ones and are also 

crucial, since re-vaporization and re-suspension of previously 

deposited materials is a deferred potential source, likely to challenge 

the conservatism of these assessments. These processes depend on the 

thermal-hydraulic conditions and on the strength of adherence 

between the deposit and the deposition surface (and are therefore 

dependent on the physical and chemical forms). In deposition and re-

vaporization or re-suspension phenomena, the physical and chemical 

forms of the products therefore play an essential role, both for the 

transfer to the structure or trap, and for the nature and stability of their 

adherence to it. 

 

Deposited aerosols can be re-suspended if there is a drastic change in 

flow conditions. Such a change is not unlikely in the primary system 

due to operator actions during the accident sequence, inducing particle 

re-entrainment to the containment via the primary system break. Little 

experimental information exists concerning this topic. 

 

Re-vaporisation is generally interpreted to mean radionuclide release 

in vapour form from condensed materials as any chemical species 

from any surface. Due to their internal decay heat, the temperature of 

the deposited particles could increase, reaching their vaporisation 

point. Re-vaporisation is recognised as being a long term 

                                                
8 For example, the reactor containment can be totally by-passed in the case of a 

steam generator tube rupture. This has an important influence on the release to the 

environment. 
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phenomenon. Thus, for sequences involving early containment failure, 

the additional activity associated with re-vaporisation is not expected 

to be significant. However, for sequences involving late containment 

failure, re-vaporisation becomes more important as the timing of 

containment failure is delayed.  

 

 

Figure 3.1:.Aerosol behaviour considered in containment analyses 

(IAEA SRS No. 56). 

 

Iodine leaves the reactor coolant system mainly combined with 

caesium (probably also with silver) in the form of soluble aerosols of 

CsI, but also as a gas, in the form of molecular iodine or as organic 

iodine. In the containment, iodine is absorbed by metallic or painted 
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surfaces and accumulates in large proportions (after some time) in the 

containment sump water (due to aerosol gravitational settling), where 

iodine is present as ionic and dissolved forms. 

 

Among these numerous forms and phases, more or less rapid mass 

transfers or equilibrium reactions occur, which are strongly influenced 

by the radioactive atmosphere (radiolysis) and the water pH. The 

resulting effect is the formation of a volatile form of iodine in the 

sump, I2, which can migrate to the gas phase. The highly volatile form 

ICH3 is a result of chemical interactions between I2 and painted 

surfaces and organic materials (mainly electrical insulation) in the 

containment atmosphere. If the pH in the sump is maintained over 

pH8), the formation of volatile species from the sump is effectively 

prevented. If the pH is uncontrolled, the formation of volatile species 

is not suppressed and the magnitude of the source term may be 

significantly greater. 

 

The other radiologically important fission products (tellurium, 

caesium and strontium) condense in the form of aerosols in the reactor 

coolant system. The aerosols aggregate and are deposited on the walls 

by various mechanisms, accumulating on the floor at a speed that 

increases with their increase in mass. 

 

Typically, the releases to the environment calculated for severe 

accident sequences are derived from the in-containment source term; 

that is the airborne radioactivity and its physical and chemical forms in 

the atmosphere of the primary containment as a function of time 

(IAEA TECDOC-1127). This consists of releases of radionuclides 

(predominantly fission products and some activation products) from 

the molten fuel, taking into account retention in the transport route to 

the containment for both in-vessel and ex-vessel sources. Also taken 

into account are the time dependent removal processes that serve to 

reduce the airborne activity in the containment available for direct 

atmospheric release. 

 

3.3 Questions 

 

1. Compare the coolant activity release, gap activity release and 

early in-vessel release 

2. What are two release phases that occur in the case of reactor 

pressure vessel failure? Describe them. 

3. Compare release phase durations for PWRs and BWRs. 

4. When are the majority of fission product released in the case of a 

severe accident? 

5. What determines the release of volatile elements from the fuel? 

6. What parameters influence the transport of fission products in the 

primary system? 

7. Which fission products are expected to have high retention 

factors? 
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8. What physical phenomena affect the concentration of fission 

products in the containment? 

9. In what circumstances can re-suspension occur? 

10. What are the characteristics of re-vaporization? 

11. What problem does iodine represent in the containment? 

12. Why is the water in the containment sump maintained over pH8? 



 Module XV: In-plant accident management 

 Page 29 of 49 

4 IN-PLANT ACCIDENT MANAGEMENT 
PROGRAMME 

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. List the objectives of the accident management programme. 

2. Compare the preventive and mitigatory domain in accident 

management. 

3. Describe the formulation and the implementation of the accident 

management programme.  

4. Describe the interface between the on-site and off-site emergency 

responses. 

 

4.1 Objectives 

 

The objectives of accident management reflect its role in defence-in-

depth. Depending on the stage of the accident sequence and the level 

of defence-in-depth that has been breached (or that is the next to be 

protected), the objectives are: 

� Prevention of the accident from leading to core damage; 

� Termination of the progression of core damage once it has 

started; 

� Maintaining the capability of the containment for as long as 

possible; 

� Minimizing on-site and off-site radioactivity releases and their 

consequences; and 

� Returning the plant to a long-term controlled and safe state, 

ensuring subcriticality, core cooling and containment integrity. 

 

In simple terms, these aims are achieved by managing water 

inventories, energy exchanges and substitute equipment while 

repairing, if possible, the faults leading to initiation or allowing 

progression of the accident. This is mainly the role of the operating 

personnel, using the emergency operating procedures and the severe 

accident management guidelines, if necessary. 

 

4.2 Prevention and mitigation in accident management 

 

Accident management may be considered to have two parts – the 

preventive domain and the mitigatory domain.  

Preventive domain 

The preventive domain of accident management includes those actions 

and measures needed to prevent or delay severe core damage. 

Preventive accident management is usually governed by the plant’s 

emergency operation procedures (EOPs) used by the operators in the 



 Module XV: In-plant accident management 

 Page: 30 of 49 

control room during an event. The EOPs are prescriptive in nature. 

The operators use the EOPs to verify automatic operation of safety 

systems, diagnose the situation following a predefined logical process 

for selecting the proper procedure, and take action according to the 

selected procedure. These procedures must provide systematic and 

adequate guidance from the beginning of the event. 

Mitigatory domain 

Mitigatory accident management includes those actions and measures 

which become necessary if the preventive measures fail and severe 

core damage occurs or appears likely to occur. The aim is to mitigate 

the consequences of a severe accident involving significant core 

degradation. In the mitigatory domain, uncertainties may exist both 

in the plant status and in the outcome of various possible actions. 

Therefore, the guidance should not be prescriptive in nature; rather, it 

should propose various potential mitigating actions, describe the 

potential positive and negative consequences of the proposed actions 

and possess the flexibility to allow for additional evaluation and 

alternative actions. Mitigatory guidance of this nature is usually 

termed severe accident management guidelines (SAMGs). These 

guidelines are a fairly detailed set of instructions that describe the 

actions to be taken on the plant, but which are less strict and 

prescriptive than the EOPs. It is not necessary that the guidelines be 

followed strictly without deviation. The SAMGs are primarily used by 

the on-site technical support centre or crisis centre. 

 

More about accident management guidance is described in Chapter 6 

later on. 

 

4.3 Formulation and implementation of the accident 
management programme 

 

IAEA Safety Standard NS-G-2.15 provides guidance on the process of 

development of an accident management programme, and IAEA 

Safety Report Series No.32 provides more detailed information on its 

preparation, development and implementation. The following 

information is taken from IAEA Safety Standard NS-G-2.1. The 

reader should consult the references for additional information. 

 

Four principal steps should be executed in the process of setting up 

an accident management programme: 

� Identification of plant vulnerabilities, aimed at finding 

mechanisms through which safety functions may be challenged, 

and in the absence of mitigation of the challenge, the core may 

be damaged and barriers to fission product release challenged; 

� Identification of plant capabilities under situations that 

challenge critical safety functions or fission product release 

barriers, including capabilities of equipment and personnel to 

mitigate the challenges; 
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� Development of suitable accident management strategies and 

measures, including hardware changes, to cope with the 

vulnerabilities identified; 

� Development of procedures and guidelines to execute the 

strategies. 

 

Other important elements that should be considered in development of 

the accident management programme include: 

� The means of obtaining information on plant status and the 

associated instrumentation requirements; 

� Delineating lines of authority, responsibility and decision 

making in the teams responsible for executing the accident 

management measures; 

� Integration of the accident management programme and the 

plant’s emergency planning; 

� Verification and validation of procedures and guidelines; 

� Education and training of personnel; 

� Drills and exercises; 

� Supporting analysis for development of the accident 

management programme; 

� Quality assurance of all task in the programme; 

� A systematic approach to incorporating new information. 

 

4.4 Interface between on-site and off-site emergency 
responses 

 

In most countries, there is a clear separation between the 

responsibilities of the operating organization, which has to manage the 

on-site consequences of the accident, and the local authorities who are 

responsible for protection of the surrounding population and property. 

One essential lesson of crisis exercises and real experience with 

accidents is the importance of not limiting management of the accident 

consequences to the technical aspects, but also to take into account 

human factors, staff and population reactions and public opinion, in 

order to understand and address their perception of risks whatever the 

gravity of the accident. 

 

Therefore, in addition to addressing the objectives of in-plant accident 

management given above, the accident management programme 

should make provisions for: 

� Alerting the plant emergency organization, local fire and rescue 

authorities, the regulatory body, other relevant national 

authorities and the operating organization’s headquarters and as 

soon as possible giving the initial information on the situation at 

the plant; 

� Bringing aid to any injured persons and providing treatment for 

contaminated persons, accounting for all the staff on site, 

making provisions for their protection and providing them with 
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information on the situation; 

� Informing the local authorities who are responsible for 

protection of the surrounding population, the regulatory body 

and other local and national safety authorities on the status of the 

installation and  the consequences of the accident so that they 

are also able to assess the status of the affected installation and 

the nature and the quantity of radioactive releases;  

� Providing expertise concerning the status of the installation and 

foreseeing its evolution, and evaluating the releases and their 

consequences; and 

� Informing the population through the media and other channels 

of information. 

 

4.5 Questions 

 

1. What are the objectives of the accident management programme? 

2. What must the accident management programme provide? 

3. What is included in the preventive domain of the accident 

management programme? 

4. What does the mitigatory domain of the accident management 

programme cover? 

5. What should be considered in the development of the accident 

management programme? 
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5 ACCIDENT MONITORING SYSTEM 
 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. List the information available on the power plant. 

2. Describe what is meant by critical information. 

3. Describe the minimum information necessary for diagnosis and 

surveillance of the plant. 

4. List the instrumentation needed in case of an accident. 

5. Describe designated accident monitoring. 

 

After an incident or an accident, the operator needs sufficient and 

correct information to control the main plant parameters and bring the 

plant to a safe shutdown state. This information is essential and must 

therefore meet high quality requirements.  

 

5.1 Information on plant status 

 

The accident monitoring system
9

 is composed of measurement 

channels comprising sensors, isolation modules and indicators or 

recorders providing visual information to the operator. This system 

must permit the operator to establish a diagnosis and bring the plant to 

a safe shutdown state and maintain it there. In order to establish a 

minimal list of necessary information, it is useful to consider the 

different types of information available about the plant status: 

� Information which permits diagnosis of the accident and 

performance of planned manual action when there is no 

automatic protection actuation. This is called type A 

information. 

� Information which permits surveillance of safety functions (i.e., 

criticality, core cooling, cooling system integrity). This is called 

type B information. 

� Information which permits surveillance of the containment (to 

prevent ruptures or detect ruptures). This is called type C 

information. 

� Information which permits surveillance of the safety systems. 

This is called type D information. 

� Information about radioactive release to the environment. This is 

called type E information. 

 

The necessary information must be consistent with that used in the 

                                                
9  Historically both the term ‘Post-Accident Monitoring’ and the term ‘Accident 
Monitoring’ have been used by different authors to refer to the same concept. The 

term ‘Accident Monitoring’ is used in this report because its use acknowledges that 

accident conditions can span over a long period of time from the initiation of the 

event to the return to a controlled state. The major international standards 

organizations have also adopted this terminology. 
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post-accident procedures and one should refer to the specific 

procedures in place on the plants. However, a generic analysis of the 

post-accident strategies may be made and the minimal necessary 

information established. This analysis is done for a PWR but could be 

easily applied to BWR. 

 

Type A, B and C information is considered to establish only a 

minimum list. Type D information on the status of safety systems may 

be obtained in different ways (e.g. flow measurement or motor 

intensity) and finally, the efficiency of safety systems may be 

measured by the evolution of the main safety functions (type B). This 

type of information though useful is therefore not critical. Type E 

information is confirmed by local measurements performed with 

mobile equipment. This information is therefore not considered 

critical. 

 

The critical information is therefore that which permits the initial 

diagnosis and continuous surveillance of the main safety parameters. 

The reactor status may be analysed from the exchange of mass and 

energy between the fuel, the reactor vessel, the primary loops and the 

steam generators. This status could be described on the basis of 

dependent functions related to the production and release of primary 

energy from the core and of the input-output of mass and energy in the 

primary and secondary circuits. This knowledge gives the status of the 

plant and permits determination of the operating strategy necessary to 

maintain or improve that status. 

 

The safety functions and their related instrumentation are the 

following: 

� Criticality, which is provided by the intermediate-range nuclear 

channels; 

� The primary water inventory, which is provided by the 

primary water level; 

� The decay heat removal capability, which is provided by Tsat 

calculated from the primary temperature and pressure; 

� The secondary water inventory, which is provided by the 

steam generator (SG) water level; 

� The steam generator integrity, which is provided by the 

activity level measurements and the steam generator pressure; 

� The containment status which is provided by the containment 

pressure and dose rate. 

 

This is a minimum list of the information necessary for the operator to 

establish an initial diagnosis and perform continuous surveillance of 

the plant. 

 

5.2 Accident monitoring system 

 

In a severe accident core melt has taken place. Therefore the 
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emergency operating procedures to avoid core melt are no longer 

applicable. The severe accident guidelines are now designed to 

protect the containment in order to slow down and limit the 

release of radioactive material into the environment and whenever 

possible to terminate further core degradation.  

 

Instrumentation is also needed to monitor the radioactive release and 

to evaluate the quantity of radioactive material released to the 

environment. The result of this evaluation is given to the authority in 

charge of deciding and implementing the emergency contingency plan. 

The definition of the instrumentation obeys to two specifications: 

� Sensors located outside the containment are preferred as they are 

not subjected to the out of design conditions which prevail in the 

containment. 

� Manual monitoring systems must be avoided as they imply a 

breach of the containment and necessitate emergency 

radioprotection. 

Designated severe accident monitoring 

Designated severe accident instruments monitor the variables that 

were identified as necessary to support implementation of SAMGs. 

These should be able to: 

� Monitor and display the measured variables for the full range of 

predicted conditions with tolerance margin; 

� Monitor and display the measured variables with sufficient 

precision to understand trends in the variable over the full course 

of time for which information is needed; and 

� Monitor and display the measured variables within the existing 

conditions that result for the duration of the accident. 

 

Where it is not possible to accomplish all needs with a single range of 

measurement, instrument channels with different ranges needed. 

Consideration should be given to the range of the channel, not just the 

range of the sensor. As an example, thermocouples often have a 

display range that is less than the range of the sensor. Such an 

approach may be acceptable if provision is made for an alternative 

readout or for rescaling the display. 

 

Under severe accident conditions, it is often less important to know 

when a variable reaches a specific value, and more important to be 

able to identify when it increases or decreases and at what rate of 

change. Hence, the accuracy required of the instrument depends on the 

intended use of the associated variable. 

Temporary and portable instrumentation 

Portable instrumentation may sometimes be the only means of 

obtaining information on plant variables. These may be included 

among the instrumentation designated to support implementation of 

EOPs and SAMGs. 
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For implementation of SAMGs, the use and evaluation of signals from 

temporary or portable instrumentation may provide a means for 

attaining signal diversity and for confirming the accuracy of the 

designated SAMG instrumentation. 

 

Portable instruments may also be useful in gathering data when the 

duration of the accident or the environment leads to failure of 

designated instruments. The possibility that portable instruments may 

be needed to detect the achievement of a controlled state should be 

considered. 

Other available instruments 

Other available instruments that are not designated for the purpose of 

severe accident monitoring may provide data that can be useful in 

deriving qualitative or quantitative information needed for severe 

accident management. 

 

Instruments not designated as severe accident instruments may be 

useful when these instruments have sufficient capabilities to provide 

appropriate information in the case of severe accidents. The 

instrumentation not designated for severe accidents may be: 

� Limited in their time of use; and 

� Selected on the basis of their precise location (e.g. the dose rate 

at a given location). 

 

Existing plant instruments should be evaluated to identify those that 

can provide the information needed for severe accident management if 

the designated instruments fail. The instruments identified should be 

evaluated to determine if they are suitable for use (e.g. have the 

necessary performance and that they would not provide information 

that might mislead operators) and can be expected to survive in the 

environmental conditions that may be created by severe accidents. In 

some cases it may be relatively easy to address issues that render an 

existing instrument (un)suitable for severe accident monitoring. For 

example, procedures might be developed to extend the range of an 

instrument readout or for providing power to the instrument if its 

normal power supply fails. 

 

Where information is not available through direct measurement it 

might be obtained from indirect sources or derived using operator 

aids. An example of such an indirect measurement is the use of 

pressure measurement in a connected residual heat removal loop or 

safety injection system to determine the RCS pressure when the direct 

RCS pressure measurement is not available. The functioning of 

instruments during a station blackout should also be considered, as 

well as the potential for instrument failure during a severe accident. 

 

Operator aids are needed to help operators understand the capabilities 

of these instruments. Such guidance should include instructions for 

identifying failed instruments and for conducting checks to obtain 
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reasonable assurance that the information given by an instrument can 

be used in the process implemented for deriving the final information 

needed for managing the accident. 

Operation under severe accident conditions 

The containment pressure is a parameter necessary to diagnose the 

state of the containment and perform the operating actions crucial to 

the control of the containment integrity (operation of the spray system, 

confirmation of containment isolation, re-injection of effluents in the 

containment, use of the sand filter). Diagnosis of the containment state 

is necessary to evaluate the possibility of using some of the systems 

installed within the containment (particularly the residual heat removal 

system). In the absence of hydrogen recombiners, hydrogen meters are 

necessary to make good use of the spray system and avoid hydrogen 

deflagration from overconcentration. 

 

5.3 Conclusion 

 

Definition of the minimum instrumentation and its qualification is a 

long and demanding process. It has to be consistent with the various 

operating documents especially the emergency operating procedures 

for incident and accident operation, and with the severe accident 

management guide when core melt has occurred. Furthermore, it is 

necessary to verify that other possibly erroneous information delivered 

by other measurement channels of a lower standard would not lead to 

a higher category of incident or accident. At this cost, it can be 

guaranteed that the operator has all the information necessary to 

enhance nuclear safety and control any degraded situation. 

 

5.4 Questions 

 

1. What kinds of information are included in the minimum list of 

information or so-called critical information? 

2. How can reactor status be analysed? 

3. What can be determined if we know the water level in the primary 

system and the generator? What measurements are still needed to 

diagnose the state of the reactor? 

4. What requirements apply to the measurement channels? 

5. How is a severe accident detected? 

6. From which information can the state of the containment be 

determined? 

7. What is needed to support the implementation of SAMGs? 

8. When is temporary and portable instrumentation needed? 

9. What other instruments should be available? 
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6 ACCIDENT MANAGEMENT GUIDANCE 

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. Describe what an emergency operating procedure (EOP) is. 

2. List the different EOP approaches. 

3. Compare different EOP approaches. 

4. List critical safety functions. 

5. Describe what is meant by the human factor. 

6. List what are the characteristics of a good EOP. 

7. Describe when the transition from the EOP domain to the SAMG 

domain is made. 

8. Describe the work process in case of a severe accident when 

SAMGs are in use. 

 

Accident management guidance, EOPs and SAMGs should be 

symptom-based; that is, the strategies and associated actions should be 

based on directly measureable plant parameters. The guidance should 

be structured in such a way that it is not necessary for plant staff to 

identify an accident sequence or to follow some pre-analysed accident 

to be able to execute the accident management guidance correctly. 

Accident management guidance should be based on best estimate 

analysis that captures the actual behaviour of the plant, with 

consideration of the uncertainties in timing and magnitude of the 

phenomena occurring in the accident sequence. Accident management 

guidance should cover sequences initiated by internal events 

(equipment failures, operator errors, etc.), external events (fires, 

floods, earthquakes, etc.) and the consequences of external events on 

plant structures, systems and components. The guidance should 

consider the possible effects of external events on accident 

management resources (such as the availability of heat sinks) and the 

possibility of sequences initiated by malevolent actions. 

 

6.1 Emergency operating procedures (EOPs) 

 

When speaking about Emergency Operating Procedures (EOPs), plant 

conditions such as anticipated operational occurrences, design basis 

accidents and beyond design basis accidents are included. Severe 

accidents are dealt with in Severe Accident Management Guidelines 

(SAMGs).  

 

An Emergency Operating Procedure is a means to transmit and 

document the instructions given to shift personnel to manage an 

accident situation, i.e.: 

� Diagnosis of the current plant situation using plant 

instrumentation or accident monitoring systems; 

� Actions required and steps to further prevent plant degradation 

and to return it to a safe and stable situation; 
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� Mitigation of the consequences of the event. 

Different EOP approaches 

At the design stage of a plant, some particular events (incidents or 

accidents) or event families are taken into account in order to establish 

the design basis of equipment needed to mitigate the consequences of 

such incidents or accidents. To manage these events, procedures are 

established based on the expected sequence of the incident or accident. 

Conservative hypotheses are made concerning the initial state of the 

plant and operation of all the equipment (protection, engineered safety 

features) affected by the event. Procedures obtained with such an 

approach are called event-based procedures. 

 

These event-based procedures are applicable for a single initiating 

event that is not combined with another incident or accident, and 

which must have been correctly diagnosed.  

 

The choice of events to be considered is mostly deterministic (LOCA, 

SGTR, etc.), sometimes augmented by probabilistic (loss of heat sink, 

flooding, etc.) and experience feedback (loss of busbars, etc.) 

considerations. When establishing the list of such events, situations 

which are knowingly rejected (i.e., reactor vessel rupture) should not 

be overlooked, as they introduce some operational limits or in-service 

inspections. 

 

These procedures were very efficient for the events for which they are 

tailor-made, but accidents such as Three Mile Island (TMI) showed 

that they were inadequate to cope with actual incidents or accidents, 

which are more complex. EOPs had to be improved. 

 

Another category comprises symptom-based procedures in which 

strategies are given to respond to any developing accident. These 

strategies are based on symptoms, deriving from the concept of 

Optimal Recovery and Critical Safety Function Restoration. There are 

two possible concepts in these kinds of procedures. 

 

The concept of optimal recovery is based on the assumption that 

radiation release and equipment damage can both be minimized 

through associating the symptoms of the accident with a predefined 

plant condition and implementing an associated predefined event-

based recovery strategy to achieve an optimal plant end state. 

Recovery implies changing the plant state to the optimal end state. 

 

The symptoms of such events are affected by many factors, including 

initial plant conditions, initiating events, automatic and operator 

actions. However, the more probable events exhibit characteristic 

symptoms that can be classified in one of four basic categories: 

� A non-accident category, in which reactor protection limits are 

exceeded but safety limits are not, e.g. reactor trip (with no 

accident); 
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� Three accident categories in which safety limits are exceeded: 

loss of reactor coolant, loss of secondary coolant, and steam 

generator tube rupture. 

 

The guidelines in the concept of optimal recovery are related by 

symptom-based directions to different events, to identify the use of a 

suitable guideline or guideline step. 

 

The Critical Safety Function Restoration Concept is based on the 

assumption that radiation release to the environment can be minimized 

if the barriers to radiation release are protected. For each of the 

barriers there is a set of functions that must be maintained on a 

continuing basis if the barrier is to remain intact. The full set of 

functions that are sufficient for the fuel matrix/cladding barrier, the 

reactor coolant system pressure boundary and the containment barrier 

are called the Critical Safety Functions. They are: 

� Maintenance of subcriticality; 

� Maintenance of core cooling; 

� Maintenance of the heat sink; 

� Maintenance of the reactor coolant system integrity; 

� Maintenance of containment integrity; 

� Control of the reactor coolant inventory. 

 

Their association with the barriers are shown in Table 6.1. 

 

Table 6.1: Critical Safety Functions in relation to the barriers. 

 

Fuel Matrix/cladding � Maintenance of subcriticality 

� Maintenance of core cooling 

� Maintenance of the heat sink 

� Control of the reactor coolant 

inventory 

Reactor coolant system pressure 

boundary 

� Maintenance of the heat sink 

� Maintenance of the reactor 

coolant system integrity 

� Control of the reactor coolant 

inventory 

Containment � Maintenance of containment 

integrity 

 

The event-based approach, based on scenarios determined a priori or 

according to their probability of occurrence, quickly reaches its 

practical limits when a combination of several events, human or 

equipment failures, need to be considered. In fact, taking such 

complex scenarios into account would lead to a multiplication of 

procedures, making it more difficult to select the most appropriate 

one, with no guarantee of including all the possible situations. 
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This is why a new approach has been developed: the physical state 

approach of the Nuclear Steam Supply System (NSSS). Its point lies 

in the finding that while there are unlimited combinations of events, 

the physical states of the nuclear installation are limited (the physical 

state is a set of values of physical parameters that characterizes the 

condition of the installation at any given time). 

 

In this approach, in the course of an incident or accident, the operator 

can diagnose the NSSS state from the values found for the physical 

parameters; the actions to be taken can be deduced directly from the 

diagnosis, without necessarily working back to the sequence of prior 

events that may have led to this NSSS state. 

 

This process is permanent (or at least periodic): at any time, 

knowledge of the state is used to correct or adjust the actions, and the 

purpose of the actions is to improve the state. Unlike the event-

oriented approach which reduces to open-loop logic, the physical state 

approach proceeds from closed-loop logic that allows a ‘self-adapting’ 

process. 

 

From the set of physical knowledge (results of studies, tests on 

model), each phenomenon (at the level of a module of the diagram) 

can be broken down into a definite number of possible configurations 

(e.g. in general heat exchange between the fuel and primary coolant 

may be very good if the core is flooded, or practically zero if the core 

is dry). This diagram was simplified and broken down into 6 ‘state 

functions’. They are: 

� Sub-criticality;  

� Primary coolant inventory; 

� Primary system residual heat removal;  

� Steam generator integrity;  

� Steam generator water inventory;  

� Containment integrity. 

 

The operating mode of the plant, at any given time, is one of the 

physically possible combinations of the configurations of each module 

(and of each state function).  

 

State-oriented operation is designed around the self-adjusting 

process of closing the loop. In practice, an operator when confronted 

with a given incident or accident can diagnose the state of the NSSS 

from a combination of the six ‘state functions’. Therefore, at any given 

time, he can determine the actions to be taken. 

 

State-oriented operation is based on a limited number of strategies (8) 

in order to place the NSSS in a safe condition while constantly and 

simultaneously controlling each of the six state functions and by using 

the various means available in a graded way. These strategies are the 

following: 

� Stabilisation of the plant; 
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� Transition to cold shutdown by gradual operation; 

� Transition to cold shutdown by rapid operation; 

� Control of the risk of pressurized thermal shock on the reactor 

vessel; 

� Control of the risk of reactor core criticality; 

� Re-establishment of reactor coolant system heat removal; 

� Final measures to avoid core meltdown in the event of extensive 

core uncoverage. 

 

The operators implement the strategies by using a limited number of 

EOP's that provide a continuous optimum coverage of the deteriorated 

states of the plant. These procedures cover a range of problems from 

minor incidents to major accidents, excluding core meltdown that is 

taken into account in a specific procedure (Severe Accident 

Management Guideline). 

The human factor  

Besides these technical aspects, it should not be forgotten that 

procedures implemented by operators, are actually the last line of 

defence facing incident or accident situations. Procedures must be 

usable and accepted by operators. Therefore, the human factor is to be 

considered with great care. 

 

To be properly used, procedures must be, among other requirements: 

� Easy to find; 

� Easy to handle; 

� Easy to read;  

� Easy to understand; 

� Fitted to the operator’s knowledge and capacity in stress 

situations. 

 

They should not: 

� Be ambiguous; 

� Change the usual shift organization too much; 

� Change operating habits too much. 

 

There is a consensus concerning separation between background 

documentation, explaining the reasons for the strategies and specific 

actions to be implemented, and the action- focused instructions used in 

real time. 

 

Most writing and editing rules about instructions are shared world-

wide in order to avoid the initiation of inappropriate actions. For 

example, the instruction: 

 

“Stop pump ‘A’, if water level is below ‘X’ m”, 

 

could lead the operator to stop the pump, whatever the level. This 

instruction should be replaced by: 
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“If water level is below ‘X’ m, stop pump ‘A’.” 

 

There is no universal best solution, even though there are some 

common rules. Each operating organization has to build his own 

procedural format, considering the existing organization and operating 

habits, training, procedure updating. 

Conclusion 

After the TMI accident, significant efforts were undertaken to provide 

operators with the proper way to face an incident or accident. 

Technical approaches differ, but they aim at the same target, to limit 

radioactive releases by protecting the core and the safety barriers; 

different means of validation are used to give confidence in the 

technical adequacy of the EOP. 

 

Format and lay-outs differ, but here also the aim is the same: to give 

operators the most helpful document to face the situation.  

 

When making a choice the operator has a compromise, taking into 

account the technical aspects, but also the cost/benefit ratio regarding 

safety, human performance, training, EOP maintenance, design costs, 

and Safety Authority requirements. 

 

6.2 Severe accident management guidelines (SAMGs) 

 

The transition from the EOP domain to the SAMG domain is made, 

When the main control room staff: 

� decide the point of entry to the SAMG domain has been reached, 

or  

� the emergency director has determined that the SAMGs should 

be applied, or  

� SAMG entry is reached on some other specified basis.  

 

The main control room staff initiate actions under the SAMGs that 

apply until the responsibility for recommending actions shifts to the 

technical support centre. This occurs when the technical support centre 

is operable (the technical support centre is set up and starts working 

according to its work procedures), is informed about the facts, has 

evaluated the plant status and is ready to give its first recommendation 

or decision on the execution of an SAMG. The main control room 

staff continue to work with actions already initiated in the EOP 

domain. 

 

As the accident continues, the technical support centre must consult 

the logic diagram, because the priority for mitigatory actions may 

change. Then they decide on the course of actions to be taken and 

present them to the control room staff in written form, or an equivalent 

method that prevents misunderstandings. The main control room staff 

confirm the actions it is asked to take and reports back the progress of 
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the actions taken and the impact that these have on the plant. Oral 

(telephone) communication with the control room staff is carried out 

by a technical support centre staff member who is a licensed operator. 

 

Plant parameters are presented on a wall board or equivalent that is 

displayed in the technical support centre. Trends are noted and 

recorded on this display. Actions taken are also recorded on the 

display, as well as other relevant information, such as the EOP or 

SAMG applicable at the time, emergency alerts for the plant and any 

planned releases of radioactive material.  

 

The technical support centre estimates the timing and magnitude of 

possible future releases, and communicates these to the emergency 

response organization. The emergency director, with advice from the 

technical support centre, should be fully aware of the large 

uncertainties that are associated with the process of estimating 

possible releases, and includes them in statements to the public about 

possible releases.  

 

The work at the technical support centre must be well structured and 

its staff members must be provided with a clear task description. The 

technical support centre must convene in session at regular times (e.g. 

every 30 minutes) and must leave sufficient time for individual staff 

members to carry out their analyses between these regular meetings. 

 

The technical support centre must consult external sources so that their 

plans do not conflict with planned actions by the staff of the 

emergency response organization. Through such consultations it is 

ensured that planned releases and release times correspond with the 

off-site levels of preparedness
10

. Alternatively, the releases must be 

delayed to a later time, if such a shift is compatible with the severe 

accident management actions foreseen. 

 

In the case of conflict between planned releases and the off-site 

protection afforded by the emergency arrangements, priorities must be 

set. However in general the protective measures that help maintain the 

integrity of the last barrier have priority, because it is very important 

to maintain the integrity of the containment. 

 

Generally, the decision making process includes deliberation of 

possible actions and alternatives, and takes account of possibilities to 

restore systems back to service (i.e. repairs), consequences of possible 

releases, etc. However, in fast developing scenarios, there may be no 

time to consider all these aspects. Consequently, in specifying the 

process for decision making, account should be taken of the fact that 

decisions may have to be taken in a very short time frame. A basic 

                                                
10

 For example, if a particular release is planned for a certain point in time, emergency plan 

staff should be informed so that they can take appropriate action to protect the lives and 
property of plant staff and the general public. 
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principle is that the decision making process should always be 

commensurate with the time frame of the evolution of the accident. In 

some approaches, this is taken into account by the fact that possible 

negative aspects of planned actions are disregarded if there are 

immediate challenges to the fission product barrier. 

 

6.3 Questions 

 

1. What is the content of in EOPs? 

2. How are event-based EOP procedures developed and when they 

are applicable? 

3. What is the difference between the concept of optimal recovery 

and the critical safety function restoration concept? 

4. Which critical safety functions must be controlled to protect the 

fuel matrix and/or fuel cladding? 

5. Which critical safety functions must be controlled to protect the 

reactor coolant system pressure boundary? 

6. Which critical safety functions must be controlled to protect the 

containment? 

7. What are the characteristics of physical state oriented EOP 

procedures? 

8. How is the human factor taken into account in EOPs? 

9. What is the difference between EOPs and SAMGs? 
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7 IAEA SAFETY STANDARDS 

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. Describe the contents of safety requirements SSR-2/1 regarding 

accident management. 

2. Describe the contents of safety requirements SSR-2/2 regarding 

accident management. 

3. Describe the contents of Safety Guide NS-G-2.15. 

 

Essential requirements for achieving nuclear safety in relation to 

accident management are covered in the IAEA Safety Requirements, a 

summary of which is given in this section. The IAEA Safety 

Requirements which cover accident management are Safety 

Requirements SSR-2/1, Safety of Nuclear Power Plants: Design and 

Safety Requirements SSR-2/2, Safety of Nuclear Power Plants: 

Commissioning and Operation, and Safety Guide NS-G-2.15 Severe 

Accident Management Programmes for Nuclear Power Plants. 

 

7.1 Safety Requirements SSR-2/1 

 

This standard (requirement 20) deals with accidents that go beyond 

design extension conditions. This safety requirements states that to 

ensure safety in the case of a beyond design basis accident, it is 

necessary to derive a set of extension conditions on the basis of 

engineering judgement, and deterministic and probabilistic 

assessments, which provide additional safety in the maintenance of 

nuclear power plants, and their ability to withstand accidents, that go 

beyond the design basics or that involve additional failures, without 

major radiological releases. These additional terms and conditions 

help prevent such an accident, or if it does occur, provide assistance in 

mitigating the consequences. 

 

The design extension conditions must: 

� Provide assurance that the design of the plant is such as to 

prevent accident conditions not considered as design basis 

accident conditions, or to mitigate their consequences, as far as 

is reasonably practicable. This might require additional safety 

features for design extension conditions, or extension of the 

capability of safety systems to maintain the integrity of the 

containment. 

� Be used to define the design basis for safety features and all 

other items important to safety for preventing or mitigating the 

progression of an accident. 

 

All features used for preventing or mitigating events considered in the 

design extension conditions must be: 

� Independent, to the extent practicable, of those used in more 
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frequent accidents; 

� Capable of performing in the environmental conditions 

pertaining to these design extension conditions, including design 

extension conditions in severe accidents, where appropriate; 

� Of a reliability commensurate with the function that they are 

required to fulfil. 

 

In particular, when thinking about containment integrity, the 

containment itself and its safety features must be able to withstand 

extreme scenarios that include, among other things, melting of the 

reactor core. 

 

7.2 Safety Requirements SSR-2/2 

 

These safety requirements deal with plant operation. It emphasizes the 

necessity of an accident management programme for the management 

of beyond design basis accidents. 

 

They highlight that the accident management programme must cover 

the measures and guidelines that are necessary for dealing with a 

beyond design basis accident. The accident management programme 

must be documented so as to include written instructions for 

utilization of the available equipment - safety related equipment as far 

as possible - but also conventional equipment. It must include the 

technical and administrative measures to mitigate the consequences of 

an accident, beside the organizational arrangements for accident 

management, communication networks and the training necessary for 

the implementation of the programme. 

 

The above requirements highlight the need to develop and apply 

emergency operating procedures (EOPs) and/or severe accident 

management guidelines (SAMGs), to consider all of the plant’s 

capabilities and the assistance that might be available from other units, 

and to train the plant staff in the use of these procedures and 

guidelines. 

 

7.3 Safety Guide NS-G-2.15 

 

Additional IAEA guidance on development of an accident 

management programme is available in Safety Guide NS-G-2.15, 

Severe Accident Management Programmes for Nuclear Power Plants. 

 

This Safety Guide provides recommendations on meeting the 

requirements for accident management, including managing severe 

accidents in SSR-2/1 and SSR-2/2. In this guide, recommendations for 

the development and implementation of an accident management 

programme are presented for use by the operating organizations of 

nuclear power plants, utilities and their support organizations. The 
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guide may also be used by regulatory bodies to facilitate preparation 

of the relevant national regulatory requirements. 

 

This guide includes recommendations for the development of an 

accident management programme to prevent and to mitigate the 

consequences of design extension conditions during at-power states, 

but are also intended to be relevant for other modes of operation, 

including shutdown states. 

 

Additional information on accident management programmes and 

severe accidents is available in Safety Report No. 32, Implementation 

of Accident Management Programmes in Nuclear Power Plants, which 

also provides many useful additional references. Much of the 

information in this module is taken from these documents; the reader 

is encouraged to obtain and make use of the detailed information 

available in these documents. 
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