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(29 March 2011) 
 

Following a major earthquake, a tsunami disabled the power supply of three reactors, 

interrupting cooling and hence causing a nuclear accident.  

The accident was made worse by used fuel storage on site losing water and in one 

case forming hydrogen and apparently emitting radioactivity.  

The main three reactor accidents were rated 5 on the INES scale. 

After two weeks the three reactors were stable with active intervention but still not in 

cold shutdown 

The following briefing material is provided to aid discussions with clients and partners 

on AMEC wide capability and experience to assist in the response to the accident. 

The paper will be updated when the final assessment and lessons learned are 

available. 

The major topics of immediate concern for existing and future nuclear plants are the 

ability to withstand  seismic events, their exposure to flooding, vulnerability to loss of 

electrical power and management of severe accidents as well as man-made 

disasters (such as aircraft crash and terrorism), with special attention being paid to 

cooling and back-up systems. 

1. Seismic 

 AMEC Geomatrix is part of AMEC’s Earth & Environmental Division and its staff 

have worked together for decades in analyzing seismic and geologic hazards to 

nuclear facilities and in providing geotechnical evaluations and recommendations 

for construction of such facilities. AMEC Geomatrix has created a team that is 

unique in its recognized expertise to perform studies which have included regional 

geologic investigations, undertaking detailed investigations of the earthquake 
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potential of individual faults, characterizing earthquake sources for probabilistic 

seismic hazard analyses, developing earthquake ground motion relationships, 

developing design ground motions on a deterministic or probabilistic basis, 

evaluating the dynamic response of site soil deposits, and assessing geotechnical 

hazards from earthquake ground motions.  

 Probabilistic seismic hazard analysis (PSHA) involves combining geologic, 

geophysical, seismologic, and geotechnical data to assess the likelihood of strong 

ground motions seismic shaking occurring at a site. AMEC Geomatrix has been at 

the forefront of developing and applying techniques for characterizing seismic 

sources for PSHAs.  

 In the active tectonic regions a clear correlation typically is found between the 

locations of past large earthquakes and identifiable geologic structures, principally 

faults. AMEC Geomatrix has conducted geologic investigations of faulting and has 

integrated geologic and geophysical data to characterize the earthquake potential 

of faults, making major contributions to studies for most of the commercial nuclear 

facilities in the western United States.  

In the stable continental regions, quantifying earthquake potential is difficult 

because generally no clear correlation is found between locations of past 

earthquakes and identified geologic structures. We have developed alternative 

seismic source zonations for PSHAs for major facilities in the North America and 

Europe. 

AMEC Geomatrix are key participants in several major seismic hazard 

assessment studies that are currently in progress throughout the world. AMEC 

Geomatrix also has experience with the approaches used to translate the results 

of a PSHA into design ground motions for nuclear facilities. They have helped 

evaluate the adequacy of seismic designs at numerous nuclear plants in the 

western U.S. 

AMEC Geomatrix has a unique group of Information Management (IM) and 

Geographic Information System (GIS) professionals who are specialized in 

assisting geo-hazard investigations, including PSHA studies for nuclear power 

plants, dams, oil platforms, large public or private facilities, and seismic source 

characterization projects. Our group leader previously led GIS and information 
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management efforts for a multi-year seismic hazard study for the Tokyo / Kanto 

Region along with scientists from the USA, Japan, Italy, and Switzerland. He 

contributed to several scientific publications with visualizations and animations. 

The animations describe the section of the Pacific slab south of the segment of 

the subduction zone that ruptured in the 2011 M 9 Off-Tohoku earthquake. This 

southern segment has not ruptured in Japan's history. 

This unique capability complements the capability and experience within AMEC 

Nuclear.  AMEC Nuclear was first to perform seismic substantiation of nuclear 

power stations in the UK. Since then, AMEC has helped to perform seismic 

assessment of the PWR at Sizewell 'B' and other nuclear power stations built prior 

to the mid-seventies. AMEC Nuclear has the largest single team of structural 

analysts in the UK including experts covering all aspects of seismic substantiation 

covering seismicity data, structural analysis, assessment, Codes of Practice and 

safety regulations. The capabilities include:- 

 Seismic Hazard Studies 

 Structural Analysis 

 Seismic Design and Analysis 

 Seismic Assessment 

 Safety Cases 

 

AMEC Nuclear also has particular experience of seismic and structural 

assessment within Canada and Romania. 

Project examples include; 

 Probabilistic seismic hazard assessment studies for EPRI, DOE, US NRC 

 Seismic studies for Diablo Canyon, Yucca Mountain, Swiss Nuclear 

PEGASOS, Eskom South Africa  

 Seismic response of AGR structures to Safe Shutdown Earthquake (SSE) 

 Complete seismic analysis and design consultancy in support of Sizewell B 

 Seismic substantiation and upgrade of UK gas cooled reactors in support of 

PSR. This included seismic walkdowns, detailed design of seismic 

modifications and site implementation 

 UK EPR probabilistic seismic hazard assessment for Hinkley Point 
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 Probabilistic seismic assessment for Cernavoda NPP units 1 and 2 (including 

seismic walkdowns, seismic fragility analysis and associated calculations for 

structures, systems and components) 

 Participation in IAEA related activities (Benchmark WA2 Project, part of the 

IAEA Extra Budgetary Project, Seismic Safety of Existing NPPs) 

2. Flooding 

Entec, part of AMEC Earth and Environmental division, is a technical consultant 

with an established reputation in the field of flood risk assessment and 

management. Our multi-disciplinary skills enable us to take a holistic approach to 

flooding. By working closely with clients and regulators, we deliver innovative 

solutions at all stages of the project cycle: from site assessment, flood modelling 

and planning advice, through to detailed design, project costing and 

implementation.  Individual project skills include: 

 Flood risk and consequence assessment 

 Hydrological analysis 

 Coastal modelling and mapping 

 Modelling & mapping of fluvial, pluvial and overland flow (1D and 2 D) 

 Groundwater modelling 

 Strategic and policy research for government & the insurance industry 

 Climate change adaptation and flood resilience 

 Computational fluid dynamics modelling 

 Engineering of flood management schemes 

 Communication and stakeholder engagement including visualisation of flood 

risk 

AMEC Nuclear has produced PSR external flooding hazard reviews on behalf of 

EDF-Energy for several of the UK power stations. The EDF-Energy AGR safety 

cases have been subject to periodic safety review (PSR), the most recent of which 

has recently been completed for the entire fleet. The PSRs include a review of all 

the internal and external hazards. These assess the threat from seismic events 

and external flooding events (including tsunamis) at a severity corresponding to a 

10,000 year return period. The EDF-Energy external flooding hazard safety cases 
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compare the maximum predictions sea level rises from all causes with the height 

of the sea walls and the height of essential safety plant located on the sites. 

Our experience in assessing flooding hazard at AGRs also includes an earlier 

fleet-wide review of the EDF-Energy power station internal flooding safety cases 

following a cooling water pipe failure.  The fleet-wide review involved extensive 

walkdowns to identify potential sources of flooding (all fluids but water being the 

main threat) and all essential plant. We then assessed the threat to lines of 

protection from flood and spray in order to demonstrate that there was adequate 

protection from flooding (albeit with reduced redundancy). More recently, we have 

authored periodic safety review (PSR2) reviews for both internal and external 

flooding for some of the AGRs and performed reviews of internal and external 

hazards for Cernavoda Unit 1 PSR in Romania. 

3. Loss of Electrical Power/ Station Blackout 

 

AMEC has substantial experience in assessing potential faults at nuclear power 

plants including those resulting in loss of electrical power or station blackout. We 

also have experience of providing and substantiating safety cases and upgrading 

NPPs to modern standards. Safety case development experience includes: 

 

 definition of safety case criteria 

 fault schedules, FMEA 

 hazards assessments (internal, external) 

 PSAs, including event tree and fault tree analysis 

 deterministic safety assessments 

 radiological consequences (operational doses, public exposure, discharge 

limits) 

 risk assessment 

 ALARP reviews 

 Independent Peer Review; Independent Nuclear Safety Assessment 

 documentation 

 operational support, e.g. review of Operating Rules, Operating Rule 

commentaries 

 role of the operator in relation to nuclear safety 
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 effect of plant ageing on nuclear safety 

 

A recent modification for station blackout for the Koeberg NPP implemented by 

Nuclear Consultants International (NCI) of South Africa is a particular example of 

a plant upgrade project. AMEC is a major shareholder of NCI and was also 

directly involved in the modifications with support from the UK and at the plant. 

The Station Blackout modification is intended to mitigate the consequences of a 

prolonged loss of essential electrical power, which would occur if grid power and 

the essential diesels fail, or if the essential 6.6 kV switchboards both fail.  

In the Koeberg PWR plant, a loss of essential electrical power results in the 

immediate loss of primary pump seal injection and thermal barrier cooling. If this 

persists, a small Loss of Coolant Accident (LOCA) through seal failure is likely. 

The power station has several large battery banks to provide power for control 

and instrumentation – loss of essential power removes all battery charging, and 

the batteries will completely discharge after one hour in the worst cases. The 

Station Blackout modification was conceived to directly address the 

consequences identified above. 

Electrical power for the pump and associated motorised suction valve is provided 

from a 1 MW diesel generator, which also provides power to most battery 

chargers through manual change-over switches. In order to simplify operation and 

maintenance, each reactor unit has a dedicated injection pump and diesel 

generator. The two diesel generators are housed in a new building. Each diesel is 

in a separate room. In addition, there is a common switchboard room, and a 

common control room. Separate equipment rooms are provided to allow fire 

segregation, and a separate control room is provided so that the operator does 

not have to enter the diesel or switchboard rooms during operation. 

The target emergency seal supply system actuation time is 2 minutes, from 

Station Blackout occurrence. The target time is achieved even if the diesel fails to 

start, and the second diesel is started and cross-connected. The battery chargers 

are re-supplied manually using change-over switches mounted near each battery 

charger. 

The PSA results indicate that the core damage frequency for Station Blackout is 

reduced by over 25 times as a result of the modification. 

4. Severe Accident Management 
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AMEC has wide-ranging experience in accident analysis including integrated plant 

analysis of severe accidents. This consists of: 

 

 assessment of plant response and system vulnerability in severe accidents 

 a range of fault initiators and plant states e.g. faults initiated at power, 

shutdown and refuelling, and reactor building bypass sequences 

 deterministic assessment of the plant status and the associated radioactivity 

released to the environment  

 thermal hydraulic modelling to investigate severe accident phenomena e.g. 

hydrogen issues  

 

AMEC also has experience of accident consequence assessments predicting the 

off-site impact of radioactive releases. This includes: 

 

 environmental dispersions modelling 

 public dose assessments 

 impact of off site countermeasures to support the emergency management 

process 

 

This experience has been gained through support to the UK nuclear power 

programme, international consultancy and participation in a significant number 

of international R&D projects. In particular, AMEC experts have participated/co-

ordinated a number of EC R&D projects (reactor safety and radiation protection 

programmes) in the areas of probabilistic safety assessment (PSA), severe 

accident phenomenology, source term issues, accident consequence 

assessment and emergency management. These include:  

 Evaluation of key uncertainties in predicting the source terms for severe 

accidents, 

 Evaluation of the impact of containment leakage on the overall risk due to 

nuclear power plants, 

 Optimisation of severe accident management strategies for the control of 

radiological releases 

 Sustainable integration of European research on severe accident 

phenomenology (SARNet), 
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 Advanced safety assessment methodologies for Level 2 PSA, 

 Developing and customizing a decision support system for off-site emergency 

management to harmonize the emergency response across Europe; integration 

for operational support, 

 Information requirements and countermeasure evaluation techniques in nuclear 

emergency management. 

 

A number of codes/models are available to use, depending on the application. 

Specific project examples include: 

 

 AMEC produced a comprehensive design review of EDF Energy AGRs post 

Chernobyl 

 AMEC is currently responsible for maintaining and performing the severe 

accident analysis for Sizewell B using the MAAP integrated plant code. AMEC 

provides support to the Living PSA and its application in risk-informed 

maintenance activities. As part of the Periodic safety Review (PSR), AMEC 

provided the review and assessment of the phenomenological advances in the 

severe accident research area during the last 10 years. 

 UK EPR, AMEC undertook a study for siting and emergency planning 

requirements taking into account the UK requirements for probabilistic safety 

assessments. Specifically methods for the initial assessment of individual and 

societal risk from fault sequences and severe accidents were developed. 

 The EDF GDA human reliability assessments we have undertaken considering 

high and medium risk post-fault operator claims within the PSA which includes: 

seismic events, flooding, loss of power and severe accident scenarios. 

 For Koeberg NPP (PWR), AMEC undertook a study to evaluate the steam 

concentration and distribution resulting from a cooling failure in a spent fuel 

pool. A large number of detailed calculations were performed to investigate the 

building environmental conditions for the hours following the steam release, to 

assess accessibility and equipment survivability issues. 

 For Cernavoda (CANDU), AMEC undertook a study to determine the impact of 

a severe accident at one unit on the control room habitability of the sister plant, 

also development of a guidance document to support the decision to shutdown 

the non-accident affected unit in an orderly fashion. 
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 For Metsamor NPP (VVER), AMEC provided assistance to a regulatory body in 

preparation of national full scope NPP emergency exercises. Specifically 

determination of source terms for emergency response planning and 

preparation of draft procedures for the initial plant condition assessment. 

-------------------- 

AMEC also has extensive experience to provide support to the remediation efforts 

following the events in Japan. Particular examples in the clean-up sector are the 

major asset and programme management services to Sellafield and Chernobyl NPP, 

the engineering and safety case support to decommissioning activities, the health 

physics and radiological services including the UK’s largest commercial 

radiochemical analysis laboratory and specific technologies from custom-built 

manipulators and remotely operated vehicles to waste treatment and conditioning. 


