






83Figure 7: Main Fluid Systems

2.6 Instrumentation & Control System

The plant instrumentation and control (I&C) system, which comprises several systems
and their electrical and electronic equipment, is made up of sensors to transform
physical data into electrical signals, programmable controllers to process these
signals, and the control actuators, monitors and other means of control by plant
operators. 

The EPR I&C system is computerised and supported by modern digital technologies to
provide operational flexibility. AREVA NP uses a proven technology for safety-related
applications, and a diverse technology for standard plant controls that is validated
through use on industrial plants throughout the world.

The I&C systems and equipment comply with the principles of redundancy, division
and diversity applied to all of the EPR safety-related systems. To operate and monitor
the plant the operators use workstations and a plant overview panel in the Main
Control Room.  In the event of a failure of the workstation, plant operation is
ensured via a back-up panel; in case of unavailability of the Main Control Room, the
plant is monitored and controlled from the Remote Shutdown Station.
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84 2.7 Electrical Power System

The basic power supply for the EPR operates at 50Hz, with voltage regulated by on-
load tap changers through a site/utility specific transmission grid. The Electrical
Distribution System (EDS) is designed as a 4-train, 4-division system. 

The Emergency Power Supply System (EPSS) of the EDS is designed to ensure that the
safety systems, required to safely shut down the reactor, remove residual and stored
heat, and prevent the release of radioactivity, are supplied with electrical power in the
event of loss of the preferred electrical sources. Each train is provided with an
Emergency Diesel Generator (EDG) set. In the event of total loss of the four EDGs,
two additional and diverse generators, the SBO Emergency Diesel Generators, provide
the power necessary to supply the respective emergency loads.

3 Nuclear Safety and Licensing

3.1. Safety Design 

The fission of atomic nuclei, which takes place in a nuclear reactor to generate heat,
produces large quantities of radioactive substances from which people and the
environment must be protected. 

Nuclear safety is the set of technical and organisational provisions that are applied in
the design, construction and operation of a nuclear plant to reduce the likelihood of
an accident and to limit its consequences in the unlikely event that it did occur.

Nuclear reactor safety requires that at all times three basic safety functions should be
fulfilled:

l control of the nuclear chain reaction, and therefore of the power generated

l cooling of the fuel, including removal of residual heat after the chain reaction 
has stopped

l containment of radioactive products

3.2. Defence-In-Depth

Nuclear safety relies upon two main principles:

l the availability of three protective barriers

l application of defence-in-depth

Three Protective Barriers

The concept of the “protective barriers”, see Figure 8, involves placing a series of
strong, leak-tight physical barriers between the radioactive materials and the
environment to contain radioactivity in all circumstances:

l first barrier: the fuel, inside which most of the radioactive products are already 
trapped, is enclosed within a metal cladding;

l the reactor coolant system is enclosed within a pressurised metal envelope that 
includes the reactor vessel which houses the core containing the fuel rods;



85l the reactor coolant system is itself enclosed in a containment building (for the 
EPR, the containment is a double shell resting on a thick basemat, the inner wall 
being covered with a leak-tight metallic liner).

Figure 8: The Three Protective Barriers

Defence-in-Depth 

The concept of “defence-in-depth” involves ensuring the effectiveness of the
protective barriers by identifying the threats to their integrity and by providing
successive lines of defence to protect them from failure:

l first level: the implementation of a safe design, high quality of construction and 
safe and reliable operation incorporating lessons from experience to prevent 
occurrence of failures

l second level: effective surveillance for detecting anomalies that could lead to a 
departure from normal operating conditions, in order to anticipate failures or to 
detect them as soon as they occur
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86 l third level: arrangements for mitigating the consequences of failures and 
preventing core melt down. This level includes use of diverse and redundant 
systems to bring the reactor automatically to a safe shutdown state. The most 
important of these is the system that automatically shuts down the reactor by 
insertion of the control rods into the core, stopping the nuclear chain reaction in a 
few seconds. In addition, a set of safeguard systems, which also have redundancy, 
are provided to ensure containment of radioactive products

To further extend the defence in depth approach a failure of all three levels is
postulated, resulting in a “severe accident” situation. As the fourth level of defence,
means are provided to minimise the consequences of such a situation.

3.3 Safety Analysis

A key decision, in line with the recommendations of the French and German safety
authorities, was to base the EPR design on an evolutionary approach using
experience feedback from the approximately 100 reactors previously built by AREVA
NP. This decision enabled the designers to use experience from the most recently
constructed plants (N4 reactors in France and KONVOI in Germany) and to avoid the
risk from the adoption of unproven technologies.

This approach did not mean that innovative solutions, backed by the results of large-
scale Research and Development programmes, were completely excluded. Key
innovations have been included in the EPR design to help accomplish EPR safety
objectives, in particular with regard to the prevention and mitigation of hypothetical
severe (core melt) accidents.

The EPR safety approach, motivated by a desire to achieve improved safety levels,
involves a reinforced application of the defence in depth concept:

l by improving preventive measures to reduce the probability of core melt

l by incorporating features for limiting the consequences of core melt accidents at 
the design stage

Design Choices for Reducing the Probability of 
Accidents that could cause Core Melt

In order to reduce the probability of core melt accidents, below the low levels already
achieved in reactors in the French and German nuclear power plant fleet,
improvements were made in three areas:

l an extended range of operating conditions was taken into account at the 
design stage

l equipment and systems were designed to reduce the likelihood of an abnormal 
situation deteriorating into a severe accident

l improvements were made in the reliability of operator actions

Although the EPR safety approach is based mainly on the deterministic application of
the defence-in-depth concept, the design is supported by probabilistic analyses.
These make it possible to identify accident sequences that could cause core melt or
result in significant radioactivity releases, to evaluate their probability, and to identify



87their potential causes and countermeasures. The use of probabilistic assessment at
the design phase of the EPR has been a decisive factor in the choice of technical
options to improve the safety level of the reactor.

For EPR, the probability of an accident leading to core melt meets the target set by
the EUR for accident frequency and preliminary assessment also shows that the UK
HSE Basic Safety Objectives are met.

The design of the safeguard systems and civil works structures minimises the risks
from hazards (earthquake, flooding, fire, aircraft crash). The safeguard systems are
designed on the basis of a quadruple redundancy, both in their mechanical and
electrical design and in the design of the supporting I&C. This means that each
system consists of four subsystems, or “trains”, each one capable by itself of fulfilling
the entire safeguard function. The four redundant trains are physically separated from
each other and located in four independent divisions (buildings).

Each division includes one train of:

l the safety injection system for injecting borated water into the reactor vessel in a 
loss of coolant accident

l the steam generator emergency feedwater system

l the electrical and I&C systems supporting these systems

The building housing the reactor, the building in which the spent fuel is stored on an
interim basis, and the four buildings corresponding to the four divisions of the
safeguard system are provided with special protection against externally-generated
hazards such as earthquakes and explosions.

Protection against an aircraft crash has been further strengthened.  The reactor
building is protected by a double concrete shell: an outer thick shell made of
reinforced concrete and an inner thick shell made of pre-stressed concrete which is
internally covered with a thick metallic liner. The thickness and the reinforcement of
the outer shell provide sufficient strength to absorb the impact of a large commercial
aircraft. The double concrete wall protective shell is extended to the fuel building,
and to two of the four safeguard buildings containing the main Control Room and
the remote shutdown station which would be used in emergency conditions. 

The other two safeguard buildings which are not protected by the double wall shell
are remote from each other and separated by the reactor building, which prevents
them from being simultaneously damaged. In this way, if an aircraft crash were to
occur, at least three of the four trains of the safeguard systems would be protected.

Design Choices for Limiting the Consequences of Severe Accidents

In response to the new safety requirements for future nuclear power plants,
introduced as early as 1993 by the French and German safety authorities, the plant
design is such that even in the event of a very low probability core melt accident only
very limited off-site countermeasures in time and affected area would be needed. 

The policy of mitigation of the consequences of a severe accident, which guided the
design of the EPR, therefore aimed to ‘practically eliminate’ situations which could
lead to early radiological releases, such as:



88 l high-pressure core melt ejection from the reactor pressure vessel

l high-energy corium/water interactions

l hydrogen detonations inside the reactor containment

l by-pass of the containment

Moreover, the integrity of the reactor containment, even in the event of a low-
pressure core melt followed by ex-vessel progression, is ensured through:

l retention and stabilisation of the molten corium inside the containment

l cooling of the corium

3.4 Dose Targets and Legal Limits 

In the UK, as in France, the legal limits for doses to the public and workers are the
same as the ICRP recommendations for a reactor during normal operation. Lower
Basic Safety Limits are prescribed by the UK HSE for doses to worker groups exposed
to radiation. Based on operating experience from similar French and German plants
these limits will be comfortably met by EPR. EA has also concluded in its preliminary
assessment that the annual dose constraints and limits will be met by the design;
based on Flamanville treatment processes their conservative screening dose
calculations (including direct radiation) estimates a total annual dose of 66 µSv.

The EPR has a collective dose target of 350man mSv (normal operation).

Additional probabilistic ranges and Basic Safety Objectives for doses to the public due
to accidents are specified in the UK by the HSE. Without knowing the site
characteristics, precise assessment to fully verify that all the targets will be met is not
possible. However, current analyses show the EPR complies with the Basic Safety
Objectives; HSE concurred with this conclusion in its preliminary assessment. 

3.5 Security Considerations

The EPR is supplied with appropriate provisions to meet the IAEA safeguard
requirements. No unique considerations apply in this regard to the EPR over existing
LWRs. Security measures are developed in a site security plan and the UK security
regulator has not identified any concerns from its initial assessment. 

3.6 Licensing Status

The EPR has already obtained construction licences from safety authorities in Finland
and France and is currently in the process of obtaining Design Certification and
several Combined Operating Licences (COL) in the USA. The UK EPR submitted in
August 2007 for Generic Design Assessment is the same as the reference EPR being
built at Flamanville in France. No significant changes are foreseen to meet the UK
regulation and the UK regulators’ expectations.



894 Operation and Maintenance

4.1. Normal Operation

Normal operation comprises:

l power operation and normal scheduled operating transients such as increases in 
load, reductions in load, load following, unit shutdown or startup

l specific operations due to unplanned events, such as house load operations or 
loss of power sources for example

The EPR performance relative to load following is in line with the EUR goals for
performing both large daily or weekly load adjustment and frequent and fine power
changes in order to contribute to grid frequency control.

The indicative number of staff required for normal operation of an EPR plant is
between 200 and 300 workers, depending on the utility’s organisation. This figure
can rise to over 1,000 at outage times depending on the nature of the refuelling and
maintenance work which is undertaken.

4.2. Preventive Maintenance

Preventive maintenance includes inspections, tests, maintenance, repairs and
replacements aimed at reducing the frequency and occurrence of equipment failure.  

The aim is to ensure that, throughout the installation’s service life, the objectives of
nuclear and industrial safety, environmental protection, security, availability and cost
are achieved. 

The scope of preventive maintenance needs to take account of:

l safety objectives 

l dose uptake (target less than 0.35mSv/y)

l the target of over 90% plant availability 

The general layout of the equipment has been planned to facilitate maintenance
operation, thereby also improving industrial safety considerations. The short outage
duration targets are based on the outage duration experience of the KONVOI plants
that are used as the reference design for the EPR outage features.

5 Spent Fuel and Radioactive Waste Management

The management of radioactive waste is taken into account and optimised over the
whole life cycle of the plant, i.e., design, operation, dismantling and
decommissioning.

The design of the high performance core of the EPR gives the operator increased
flexibility in the utilisation of nuclear fuel to generate power. Depending on the fuel
management strategy adopted and on the relevant point of comparison, there would
be savings on uranium consumption per unit of energy produced up to
approximately 17%, giving a corresponding reduction in the quantities of higher-level
waste.



Environmental impact of operations arises from the gaseous and liquid releases, and
solid wastes produced. The evolutionary character of the EPR makes it possible to
draw benefit from lessons learned from many years of operation of earlier generation
reactors, meaning that whenever possible, releases and waste are reduced and, when
this is not possible, the extent and impact of such releases can be accurately
predicted. 

Gaseous Discharges 

Gaseous discharges from an EPR arise from the ventilation of the nuclear buildings
and the degassing of radioactive fluids.

Depending on its origin, the gaseous discharge is:

- either filtered (filtration allows retention of more than 99% of aerosols and 
iodine and their conversion into solid waste) and released into the atmosphere via 
the discharge stack. This is generally the case for gaseous waste coming from 
ventilation circuits

- or retained in the treatment system to reduce the level of radioactivity and then 
filtered and released into the atmosphere via the discharge stack. This is the case 
for gases released by the degassing of primary cooling water

In all circumstances, gaseous releases are controlled and monitored at the stack in
order to check that these discharges do not have a noticeable impact on the
terrestrial environment.

Liquid Discharges 

Liquid discharges from the EPR are placed in two categories depending on 
their origin:

l effluents from the primary system, which contains activation products, minor 
quantities of dissolved fission gases, fission products and chemical substances 
such as boric acid and lithium hydroxide. The chemical substances are almost all 
recirculated

l effluents from the systems connected to the primary system. Among these, 
there are

- effluents which are radioactive and free from chemical pollution

- radioactive and chemically contaminated effluents, effluents with a very low 
level of radioactivity collected by the floor drains

The systems and equipment used to treat and store radioactive liquid effluent help
limit the radioactivity which is eventually released into the environment when
discharged; much of the activity is retained in evaporator concentrates which are
processed into solid waste. The effluent storage tanks undergo both radioactive and
chemical sampling before being discharged.

The evaluation of the effect of the EPR at Flamanville suggests a total dose for the
most exposed group of the public to be at least two orders of magnitude lower than
the 1mSv public dose limit that applies in both France and UK.

The Environment Agency’s preliminary assessment of the EPR concludes that the EPR
discharges are similar or less than those of comparable reactors.

90



91Solid Radioactive Waste

In addition to the evaporator concentrates, solid radioactive wastes arise from the
spent resins, filters and sundry activities that produce mostly low level waste.
Reduction in the volume of solid radioactive waste to lessen the unit's impact on the
environment was one of the objectives adopted at the design stage. 

The waste treatment strategy and level of treatment determined as optimum under
UK regulation will affect the volume of solid waste generated.  However, using
reasonable assumptions, the production of solid waste would be approximately 80
m3 per year per unit (the majority of which will be LLW). This is consistent with
comparable reactors around the world.

It is likely that most solid LLW operating waste would be conditioned in drums or
containers for dispatch to the UK LLW repository.  ILW operating waste would be
conditioned for interim storage (on site in a facility capable of receiving up to 60
years worth of waste if necessary) pending disposal once a facility becomes available
in UK. All solid waste produced should be able to be disposed of and present no
significant issues compared to existing UK wastes. 

Spent Fuel

On average, about 40 to 60 fuel assemblies (each with approximately 0.5275 te of
uranium) are needed every year depending on the fuel management strategy
adopted. Spent fuel will be stored in the spent fuel pool and if necessary in a further
interim storage facility pending a decision for either reprocessing or final deep
geological disposal. The interim storage facilities would have the capacity to cover up
to 60 years of operation of the nuclear unit (equivalent to approximately 1,500 te of
uranium). For a wet interim storage option, the pool fuel racks would cover an area
of approximately 250m2. If fuel were to be flasked and shipped off-site, between
four and six lorry trips would be required per year. 

Decommissioning

On the basis of the experience feedback resulting from dismantling operations
performed in various countries on first generation nuclear power plants, the EPR
design includes various measures which minimise the volume of decommissioning
radioactive waste. Refer to section 7 for further details.

Estimates for EPR are:

Total mass (of the controlled area): 200,000 tonnes
of which
- concrete and reinforcement: 185,000 tonnes
- plant components and systems: 15,000 tonnes

This amount of waste, after recycling and packaging to comply with waste
acceptance requirements, may lead to a total final volume for low and intermediate-
level waste (LLW and ILW) of approximately 7,000 m3 (the majority of which will be
LLW). This volume does not include very low level waste (VLLW) or the free release
fraction of the materials.

Repository Implications

The nuclear materials (total amount, amount of various types) arising from operations
and dismantling depends on a number of different boundary conditions, e.g.:



92 l the nature of the final repository and conditions for acceptance for LLW, ILW and 
spent fuel 

l the decommissioning strategy
l the treatment and conditioning strategy for the radioactive waste
l the duration of interim storage (to allow ILW to decay to LLW)
l the site end point

Thus it is difficult to predict with precision the exact impact that disposal of waste
and spent fuel will have on any future repository.  In its 2007 consultation “The
Future of Nuclear Power” Government reported the results of a preliminary
assessment by Nirex of the impact on the below ground repository footprint of
disposing of the waste and spent fuel from a 10GWe new build programme.  For a
range of reasonable assumptions Nirex estimated around a 50% increase and also
suggested an EPR reactor programme would fall inside this figure at around 30%.

6 Construction

Provisions have been made in the design, construction, and commissioning methods
used in order to shorten the EPR construction schedule as far as possible. Significant
examples are given in the following sections.

6.1 Design Features

The general layout of the main safety systems in four trains housed in four separate
buildings simplifies, facilitates and shortens construction tasks over all work
disciplines. Location of electromechanical equipment at low levels means that it can
be erected very early on in the programme, thus shortening the critical path of the
construction schedule.

6.2. Construction and Installation Methods 

Three main principles are applied to EPR construction and installation. 

Minimisation of the interface between civil works and installation: optimisation of the
interfaces between civil and installation works results in the implementation of a
construction methodology “per level” or “grouped levels”. This enables equipment
and system installation work at level “N”, finishing construction work at level “N+1”
and main construction work at levels “N+2” and “N+3” to be carried out
simultaneously. 

Use of modularisation for overall schedule optimisation: modularisation techniques
are considered systematically, but retained only in cases where they offer a real
benefit to the optimisation of the overall construction schedule without introducing a
technical and financial burden due to advanced detailed design, procurement or
prefabrication. 

Maximisation of piping and support prefabrication: piping and support prefabrication
is maximised in order to minimise installation man-hours; this measure also results in
a better quality of the piping spools at lower cost.



936.3 Major Component Manufacturing 

AREVA NP’s experience in the manufacture of heavy nuclear components results in an
optimisation of the production time of such components. The construction of the EPR
benefits from this manufacturing experience.

6.4. Construction Schedule

As with the interfaces between civil and construction works, the interfaces between
construction and testing have been carefully reviewed and optimised. Experience
from previous projects, together with systematic optimisation of construction and
testing activities, has produced an optimal technical and economical construction
schedule for EPR. There is therefore confidence that the planned EPR time schedule is
realistic. An indicative EPR construction schedule is shown in Figure 9.

Figure 9: Indicative construction schedule
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94 7 Decommissioning 

7.1. Phases

The dismantling of a nuclear facility comprises several technical operations and
administrative processes whose final result is the site's regulatory de-licensing. 

In most cases, the following sequence applies and may proceed promptly from the
decision to shut down the facility permanently: 

l removal of fissile materials and radioactive liquids, while the nuclear-side plant is 
still operating, although in a simplified way

l depending on the technical requirements, demolition or re-equipment of the non-
nuclear plant and possibly a reduction of the facility's perimeter,

l phased dismantling of the activated and contaminated equipment,

l phased deactivation and decontamination of components,

l after establishing what remains of the facility, partial or total de-licensing

The waste produced by these operations is removed from the site, possibly after
interim storage on the site. 

Finally, the remaining structures and the site itself are redeveloped according to the
owner's requirements and the obligations to which the owner is bound under the
terms of decommissioning. 

7.2. Risk Reduction 

During the dismantling phase the key safety functions are the containment of
radioactive materials and the minimisation of the risk of public exposure.

Removal of fissile materials and radioactive liquids eliminates the largest part of the
radiological hazard. Consequently, only one containment system is required between
the radioactive materials and the environment during the subsequent phases. 

At the start of dismantling, the original containment system is used; however, some
of the ventilation systems may not be used. Nevertheless, the facility's dismantling
involves the ultimate removal of certain protective barriers. As a result there may be a
temporary increase in residual risk, which is permissible as long as: 

l each operation serves to reduce the remaining risk

l the works' ultimate aim is to eliminate the risk

l the level of risk, related to the total radioactive inventory and the thermal and 
mechanical energy potentially available for uncontrolled release, is far smaller than 
that during the facility's operating phase

These conditions also apply to the consideration of the consequences of external
events (e.g. earthquakes, aircraft crashes, etc.). Protection against flooding, provided
during the operating phase, remains effective during most of the dismantling phase.
The elimination of protection against nearby industrial and road hazards cannot
precede the reduction in the radioactive inventory. 
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the safety requirements in force at the start of work. 

The risks to the facility's containment system from dismantling operations will be
identified and reduced to a very low frequency through appropriate measures, and
their consequences will be limited.  This particularly applies to: 

l the rupture of water and air pipes

l fires and explosions

l the dropping of waste containers

l equipment failure and human error 

7.3. Regulatory Procedure

The dismantling process chosen by the operator is submitted as necessary for
approval to the relevant Authority through documents which describe for example: 

l the scheduling and nature of the dismantling works and the facility final state 

l the origin, characterisation, quantity, treatment, packaging, transportation, 
disposal and recycling of nuclear and other kinds of waste 

l the risks to the public and workers and the measures taken to detect, prevent and 
limit such risks 

l the predicted impact of dismantling and the facility final state on the 
environment 

The Authority notifies the operator and the public on the approval of these
documents prior to the start of decommissioning. 

7.4. Design Principles for Reduction of Doses and Waste

The measures included in the EPR design to facilitate the unit decommissioning allow
a reduction in the radioactive dose received by workers and a reduction in radioactive
discharges and hazardous material arising.

The collective and individual doses must be reduced to the lowest level which can be
reasonably achieved (ALARA). All of the factors which contribute to the dose will be
considered to fulfil this aim, in particular: 

l the intensity of the sources to which the workers are exposed 

l the time spent close to these sources 

l the maintenance of the contaminated equipment 

All methods of waste minimisation must be considered, particularly: 

l the recycling of materials, with or without the need to demonstrate their 
suitability for re-use 

l minimal production of waste which is difficult to dispose of, particularly, long-
lived, higher activity waste and fibrous or chemically reactive waste 
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decommissioning phase and contaminated during the operations)

8 Other Environmental and Health Impacts

The non-radiological environmental and health impacts associated with the operation
of the EPR are described below.

8.1 Marine Environment 

During operation approximately 67 m3/s of water (for a temperature rise of 12ºC) is
continuously required for cooling the EPR unit. A detailed assessment of the impact
of water abstraction and thermal discharges requires a site specific assessment to be
carried out; nevertheless such impacts can be successfully minimised by site specific
design.

The operation of an EPR will give rise to a range of liquid waste effluents from a
range of processes. Some effluents may be subjected to treatment prior to discharge
from the plant whereas other effluents may be exported off site for disposal at water
treatment plants. The local ecology will not be greatly impacted by the development
of an EPR. 

8.2 Terrestrial Environment 

Structures, plant and machinery will be built to strict building control standards.
Pollution Prevention and Control Regulations (PPC) regulatory specifications and Best
Available Techniques (BAT) will minimise the potential for unplanned discharges to
ground. The impact upon land quality of unplanned discharges is therefore
considered to be very low. 

8.3 Fresh Water 

During the operational phase of the EPR, the following potential impacts upon the
freshwater environment have been identified: 

l contamination of surface run-off and/or groundwater due to site activities

l abstraction of water for site use 

The environmental assessment for the Flamanville 3 EPR concluded that, with the
good site practices in place, no significant impacts are expected during operation on
surface water or groundwater regimes. 

8.4 Air Quality 

Potential sources of odorous emissions have been identified as exhaust gases from
plant used on site and formaldehyde. However, on the basis of the low quantities
emitted and the fact that odours will be localised and rapidly dispersed, it is unlikely
that they will be noticeable. 
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Generators. The generators are only likely to be used for a few hours per year for
periodic tests or in the event of power interruptions. Exhaust emissions are not
considered to be significant and will be in accordance with necessary consents. 

Formaldehyde and carbon monoxide will be produced during unit maintenance
operations following the replacement of insulation in the reactor building. Ammonia
will be produced during the restarting process as a result of the thermal degradation
of hydrazine used for the wet conditioning of steam generators during unit
shutdown. Modelling to assess the dispersion of the ammonia indicates that on the
basis of the short duration and quantity of ammonia to be discharged to atmosphere,
potential environmental impacts are considered to be negligible. 

Potential impacts on microclimate are site specific but may include: 

l Changes to the airflow around new large buildings and structures and 
wind turbulence

l Addition of moisture leading to increased fog and potentially icing

l Reduced sunlight

The potential impacts of a UK installation will be dependent on the site location.
However, with the implementation of mitigation measures, if necessary, the impact of
the installation on local air quality should be close to negligible. 

8.5 Chemicals and Conventional Waste

The chemicals used in the operation of EPR are similar to those used in all nuclear
power plants. 

Conventional waste is industrial and commercial waste (e.g. cardboard, paper, wood
and metals), hazardous (non-radioactive) waste (e.g. aerosol spray cans, solvents, oils
and paint residues) and inert waste (e.g. rubble). 

The amount of conventional waste produced by the EPR does not depend entirely on
the process itself but also on the way the operator organises the daily operation and
maintenance activities. Typical quantities have been estimated at 600 tonnes per year,
based on existing plants, of which less than 20% is hazardous waste.

8.6 Noise

During operation nuclear power plants are sources of constant noise (linked to the
operation of transformers, turbine generator units, ventilation systems, pumps, etc.)
and intermittent noise (the use of emergency diesel generators, etc.). 

Site specific factors such as building design and layout will be controlling factors in
noise levels created by the development as much of the (noise producing) machinery
will be contained within the building structures. Given the nature of the
development, it is likely that the buildings themselves will offer significant noise
attenuation. As a result, the operation of the EPR should have a negligible impact on
nearby noise-sensitive receptors with movement of vehicles likely to pose the greatest
risk of impact. 



98 8.7 Landscape 

The footprint of the EPR is similar to a typical 4-loop PWR in the US and France
(about 250,000 m2 for two units). The power output of the EPR is at least 30%
greater for the same land use.

The EPR development may have the potential to impact on the pattern of the coastal
landscape, particularly when viewed from the sea and the materials and colours
adopted will be important in terms of harmonising with the wider setting. The
setting of the coastline and the cultural heritage must be considered for the site of
an EPR. There is also a potential for night time visual impacts from the lighting
associated with the development. The reactor building is about 60m high and the
stack is likely to extend a few metres above the height of the reactor building (the
actual height of the stack will be determined on a site specific basis). 

8.8 Human Health 

A site specific assessment of the health impacts of discharges into groundwater will
be required.  

Substances like iron, copper, aluminium, bromoform, hydrazine, nitrates, morpholine
and ethanolamine will be present on an EPR site but only in quantities that can be
controlled so that the effects on human health will be negligible.

Potential effects on air quality during the operational phase of the EPR may result
from exhaust emissions from vehicles, exhaust emissions from the use of back-up
generators, formaldehyde and CO emissions from unit maintenance operations, and
ammonia from equipment restarting after shut down. Their impacts upon human
health are expected to be insignificant.
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102 1. Introduction

The GE-Hitachi (GEH) designed ESBWR is an evolutionary boiling water reactor (BWR)
that combines improvements in safety with design simplification and component
standardisation to produce a safer, more productive, and more reliable nuclear power
plant, with lower projected construction costs than plants in operation today.  An
overall view of the ESBWR plant is shown in Figure 1.

Figure 1.  ESBWR Conceptual Site Plan

In a boiling water reactor such as the ESBWR, ordinary (light) water is used to remove
the heat produced inside the reactor core by the thermal nuclear fission process. The
water coolant boils in the reactor pressure vessel.  The resulting steam passes through
steam separators and dryers above the core and then directly to the turbine-
generator which generates electricity. The steam passes through condensers where it
is cooled using water from the sea or cooling towers, and returns as feedwater to the
reactor.

General Electric (now GEH) has been developing nuclear reactor technology since the
1950s.  The BWR design has undergone a series of evolutionary improvements,
simplifying the design and enhancing safety.  Figure 2 shows the evolution of the
BWR system design, and illustrates the progressive simplification of the nuclear steam
supply system.



103Figure 2.  Evolution of the BWR System Design

Key ESBWR Parameters:

l Electric Output:  1,500+ MWe Class
l Reactor Thermal Power:  4,500 MWt
l Fuel:  Low Enriched UO2

l Fuel Type:  GE14E (10x10 fuel assembly)
l Design Life:  60 years
l Coolant:  Light Water
l Moderator:  Light Water

The ESBWR uses passive features for its safety systems and also natural circulation to
provide core flow in normal operation.  Natural circulation provides major
simplification as it enables removal of coolant recirculation pumps and associated
piping, heat exchangers and controls.  The use of passive safety systems further
simplifies the design as it reduces the need for reliance on complex active systems for
safety.

2.  Plant Design

2.1  Plant Layout

Figure 3 shows a prototypical, general site plan for an ESBWR.  (Other site plans are
also possible).  It includes the major buildings and structures in the Nuclear Steam
Plant (NSP) and the Balance of Plant (BOP).  The main plant stack can be assumed to
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104 be around 76 m above ground level.  Plant area is around 60 hectares, including
room for temporary construction facilities.  Although the site plan indicates cooling
towers, for a UK coastal site these would likely be absent as direct seawater cooling
is likely to be selected.

To ensure that all radioactive substances are secure, the buildings that house them
(e.g. the Reactor Building) are robust.

To minimize radiation exposure, shielding is provided where needed.

The principal plant structures are described in the following sub-sections.

Figure 3.  ESBWR Prototypical General Site Plan
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105Reactor Building

The reactor building houses the reactor, the Nuclear Steam Supply System (see
section 2.2 for further information), a reinforced concrete containment, equipment
rooms/compartments outside containment, the refuelling area with the fuel buffer
pool, and auxiliary equipment area.

The Reactor Pressure Vessel (RPV) is enclosed in a cylindrical, reinforced concrete
pressure suppression containment with an elevated suppression pool and inside-
containment water sources for the passive safety systems.  Located above the
containment are the passive heat exchangers for removing decay heat on loss of the
main heat sink.

Control Building

The control building houses the main control room and all safety class 1 controls
outside the reactor building.  The main control room is located below ground level.

Fuel Building

The fuel building houses the spent fuel storage pool, its auxiliary equipment and the
lower end of the fuel transfer machine.  (The upper end of the fuel transfer machine
extends into the refueling area within the Reactor Building).  The main fuel storage
pool is located below ground level.

Turbine Building

The turbine building houses equipment associated with the main turbine and
generator and their auxiliary systems and equipment including the condensate
purification system and the process off-gas treatment system.

Radwaste Building

The radwaste building houses equipment associated with the collection and
processing of solid and liquid radioactive waste generated by the plant.

Electrical Building

The electrical building houses the two non-safety class 1 standby diesel generators
and their associated auxiliary equipment.

A three-dimensional perspective of the Reactor, Fuel, Control and Turbine buildings is
shown in Figure 4.
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Figure 4. ESBWR Cutaway View of the Reactor, Fuel, Control 
and Turbine Buildings

1. Reactor Pressure Vessel

2. Fine Motion Control Rod Drives

3. Main Steam Isolation Valves

4. Safety/Relief Valve (SRV)

5. SRV Quenchers

6. Depressurization Valves

7. Lower Drywell Equipment Platform

8. BiMac Core Catcher

9. Horizontal Vents

10. Suppression Pool

11. Gravity Driven Cooling System

12. Hydraulic Control Units

13. Reactor Water Cleanup/Shutdown
Cooling (RWCU/SDC) Pumps

14. RWCU/SDC Heat Exchangers

15. Containment Vessel

16. Isolation Condensers

17. Passive Containment Cooling System

18. Moisture Separators

19. Buffer Fuel Storage Pool

20. Refueling Machine

21. Reactor Building

22. Inclined Fuel Transfer Machine

23. Fuel Building

24. Fuel Transfer Machine

25. Spent Fuel Storage Pool

26. Control Building

27. Main Control Room

28. Main Steam Lines

29. Feedwater Lines

30. Steam Tunnel

31. Standby Liquid Control System Accumulator

32. Turbine Building

33. Turbine-Generator

34. Moisture Separator Reheater

35. Feedwater Heaters

36. Open Feedwater Heater and Tank



1072.2  Nuclear Steam Supply Systems

The Nuclear Steam Supply Systems (NSSS) produce steam from the nuclear fission
process, and direct this steam to the main turbine.  The NSSS is comprised of 

l The RPV, which serves as a housing for the nuclear fuel and 
associated components, 

l The Control Rod Drive (CRD) system, 
l The Nuclear Boiler System (NBS), and 
l The Isolation Condenser System (ICS).

The ESBWR plant flow diagram is shown in Figure 5. (open page to view)

Reactor Pressure Vessel and Internals

The Reactor Pressure Vessel (RPV) houses the reactor core, which is the heat source
for steam generation.  The vessel contains this heat, produces the steam within its
boundaries, and serves as one of the radioactive fission product barriers during
normal operation.  The RPV operating pressure is 7.17 MPa and the corresponding
steam temperature is 287ºC.

The RPV design is based on proven BWR technology. The reactor vessel is cylindrical
with a welded hemi-spherical bottom and a removable elliptical closure head.  The
RPV is made of low alloy forged steel rings or plate.

The vessel contains the core support structure that extends to the top of the core.
Steam nozzles provide an outlet for steam from the RPV.  Feedwater water nozzles
provide inlets for feedwater.

Reactor Control

The CRD system controls changes in core reactivity during power operation by
movement and positioning of the neutron absorbing control rods within the core in
fine increments.  The drive mechanisms provide electric-motor-driven positioning for
normal insertion and withdrawal of the control rods and hydraulic-powered rapid
control rod insertion to quickly shutdown the reactor when required.

Nuclear Boiler System

The NBS directs steam flow from the RPV steam outlet nozzles to the main steam
lines (MSLs).  A main steam line flow restrictor is provided in each steam outlet
nozzle; this limits the flow rate in the event of a postulated steam line break.  The
system incorporates provisions for relief of overpressure conditions in the RPV.

Four steam lines transport steam from the steam outlet nozzles on the RPV to the
MSLs, through Reinforced Concrete Containment Vessel (RCCV) penetrations, and
then through the steam tunnel to the turbine.  Main Steam Isolation Valves (MSIVs)
are installed in each steam line on either side of the RCCV penetrations to isolate the
RPV when necessary.

Isolation Condenser System

The ICS passively removes reactor decay heat following reactor shutdown and
isolation from the turbine, with minimal loss of coolant inventory, when the normal
heat removal system is unavailable.



108 The ICS consists of four totally independent trains, each containing an isolation
condenser (IC) that condenses steam on the tube side.  The heat is transferred to
large pools of water positioned immediately outside the containment; these pools are
vented to the atmosphere.

2.3 Auxiliary Systems

Reactor Water Cleanup/Shutdown Cooling System

The Reactor Water Cleanup/Shutdown Cooling (RWCU/SDC) System performs two
basic functions, reactor water cleanup and shutdown cooling.  The RWCU/SDC
system is comprised of two independent pump-and-purification equipment trains.

Fuel and Auxiliary Pools Cooling System

The primary function of the Fuel and Auxiliary Pools Cooling System (FAPCS) is to
cool and clean pools located in the containment, reactor building and fuel building
during normal plant operation.  The FAPCS also provides filling and make-up of these
pools during normal plant operation and during post accident conditions, as
necessary.

Reactor Component Cooling Water System

The Reactor Component Cooling Water System (RCCWS) provides cooling water to
non-safety class 1 components in the Reactor Building (RB), Fuel Building (FB),
Electrical Building (EB) and Radwaste Building (RW), and provides a barrier against
leakage of radioactive contamination to the Plant Service Water System (PSWS).

Plant Service Water System

The PSWS continuously recirculates raw water through the RCCWS and the Turbine
Component Cooling Water System (TCCWS) heat exchangers (located in the Turbine
Building), to reject heat from components in the reactor and turbine buildings to the
environment.

Drywell Cooling System

The Drywell Cooling System (DCS) is a closed loop system that delivers cooled
air/nitrogen to various areas of the upper and the lower drywell.

Containment Inerting System

The Containment Inerting System (CIS) establishes and maintains an inert atmosphere
(nitrogen) within the primary containment volume (PCV).  An inert atmosphere is
maintained in all operating modes except plant shutdown for refuelling and/or
maintenance.  This avoids the potential for hydrogen burning or detonation after a
severe accident.  After shutdown, the system also de-inerts the containment for safe
operator access without breathing apparatus.

Other Auxiliary Systems

There are many other Nuclear Island and non-Nuclear Island auxiliary systems, such as
instrument and service air, condensate and demineralised water transfer, chilled
water, HVAC, equipment drain, floor drain and other systems which are
fundamentally the same as on past BWR plants.



1092.4  Core and Fuel Design

The reactor core of the ESBWR is arranged as an upright cylinder containing 1,132
fuel assemblies located within the reactor vessel.  The water coolant flows upward
through the core.  The ESBWR reactor core is comprised of fuel assemblies, control
rods and nuclear instrumentation.  The fuel assembly and control rod mechanical
designs are basically the same as used in all but the earliest General Electric BWRs;
however, evolutionary improvements have been made to these components
throughout the history of the General Electric BWR.

The BWR fuel assembly consists of a fuel bundle and a channel.  Each fuel assembly
contains 163 kg of UO2. The fuel bundle contains a 10 x 10 array of fuel rods and
the hardware necessary to support and maintain the proper spacing between the fuel
rods.  Each fuel rod comprises zircaloy cladding (i.e. tubing), in which ceramic UO2

fuel pellets are inserted and are then plugged at both upper and lower ends.  The
channel is a zircaloy box that surrounds the fuel bundle to direct the core coolant
flow through the bundle and also serves to guide the movable control rods.

The core and fuel design methods employed for design analyses and calculations
have been verified by comparison with data from operating plants, test data and
detailed computer calculations.  Throughout the history of the BWR, General Electric
has continually implemented advanced core and fuel design technology, such as
control cell core, spectral shift operation, axially varying gadolinia and enrichment
zoning, fuel cladding with improved corrosion resistance, part length fuel rods,
interactive channels, and wider water gaps in the ESBWR core.  As these
technological improvements are added, the core and fuel design parameters are
optimised to achieve better fuel cycle economics, while improving fuel integrity and
reliability and while maintaining overall reactor safety.  Thus, there is confidence that
a very low proportion of fuel failures will continue to be observed (as on current
operating plants).  Even in the event of failure, the fuel still remains in the fuel rod
and thus radioactivity remains trapped in the fuel rod.

The average bundle enrichments and batch sizes are a function of the desired cycle
length. The initial ESBWR core has an average enrichment ranging from
approximately 1.7 wt% U235 to approximately 3.2 wt% U235 for cycle lengths ranging
from one to two years.  For ESBWR reload, the average bundle enrichment is roughly
4.2 wt% U-235 with a reload batch fraction of 42% for a two-year fuel cycle.

The low enriched uranium and fuel manufacture can be sourced through GEH or
other fuel suppliers.

The ESBWR, as all commercial BWRs, is capable of utilizing mixed oxide (MOX) fuel.

Fuel Management

The flexibility of the ESBWR core design permits significant variation of the intervals
between refuelling.  The first shutdown for refuelling can occur anywhere from one
to two years after commencement of initial power operation.  Thereafter, the cycle
length can be varied up to 24 months.

The reference design in the DCD is based on GE14 fuel design.  The average burn-up
of the fuel based on a 24 month operating cycle is 44 GWd/tonne.  For a reference
24-month fuel cycle, 476 fuel assemblies are replaced every 24 months and 70-85%
of the remaining assemblies are shuffled to other locations within the reactor core.



110 The RB is supplied with a refuelling machine for fuel movement and servicing the
RPV.  The refuelling machine is a gantry-type crane, built to precise engineering
standards, that spans the reactor vessel cavity and the buffer pool to handle fuel and
perform other ancillary tasks in the RB.

2.5  Safety Systems

Overview

Passive safety class 1 systems are provided on the ESBWR to mitigate the
consequences of plant process failures, ensure reactor shutdown, removal of decay
heat and prevention of radioactive releases.  The following systems together comprise

l the Emergency Core Cooling Systems (ECCS):
l Gravity Driven Core Cooling System (GDCS);
l Automatic Depressurisation System (ADS);
l Passive Containment Cooling System (PCCS); and
l Standby Liquid Control (SLC) system.

Figure 6 shows how the passive ECCS and heat removal systems work in unison to
keep the core cooled and remove decay heat from the core and containment
following a postulated accident.  Heat removal and inventory addition are also
provided by the ICS.

The RPV has no external recirculation loops or large pipe nozzles below the top of
the core region.  This, together with a high capacity ADS, allowed the incorporation
of an ECCS driven solely by gravity, with no need for pumps.  The water source
needed for the ECCS function is stored in the containment upper drywell, with
sufficient water to ensure core coverage to well above the top of active fuel as well
as flooding the lower drywell.

The PCCS heat exchangers are located above and immediately outside of
containment.  There is sufficient water in the external pools to remove decay heat for
at least 72 hours following a postulated accident.  If necessary, after this time
operators can use installed external makeup provisions to ensure an indefinite
continued water supply.

Threats to containment integrity include the initial pressurisation from the energy
input from a postulated piping break (mitigated by a pressure suppression system
similar to those in operation at all BWRs).  After the initial pressurisation, the PCCS
mitigates this threat by accepting the steam production from the RPV (released
through the postulated pipe break), condensing the water and returning it to the
GDCS for ultimate return to the RPV.
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Figure 6.  ESBWR Passive Safety Systems

Emergency Core Cooling Systems

Gravity Driven Core Cooling System

The ESBWR passive safety approach uses only gravity as the pressure head to deliver
ECCS make-up water to the core during a postulated Loss of Coolant Accident
(LOCA) and subsequent decay heat boil-off.  Deluge lines connect the GDCS pools to
the lower drywell.

Automatic Depressurisation System

The ADS is automatically initiated after a short delay if an RPV low water level signal
is present (as would happen following a postulated LOCA).  The depressurisation of
the reactor reduces the reactor pressure and allows low-pressure ECCS coolant flow
to be admitted to the RPV.

Passive Containment Cooling System

The PCCS maintains the containment within its pressure limits following postulated
accidents.  The system is designed as a passive system with no components that must
actively function.  Each PCCS loop, contains a steam condenser (Passive Containment
Cooling Condenser) that together with the pressure suppression containment, limit
containment pressure to less than its design pressure for at least 72 hours after a
LOCA without makeup to the Isolation Condenser/Passive Containment Cooling
(IC/PCC) pool, and beyond 72 hours with pool makeup.  The PCCS condensers are
located in the large IC/PCC pool, positioned above, and outside, the ESBWR
containment drywell (DW).
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112 Standby Liquid Control System

The SLC system provides a backup method to safely shutdown the nuclear reactor in
the event that not enough control rods can be inserted into the reactor core to
accomplish a normal shutdown.  The SLC system also adds additional inventory to
the RPV after confirmation of a LOCA.

The SLC system uses pressurised accumulators to inject borated water rapidly and
directly into the core.

Control Room Habitability

ESBWR design features are provided to ensure that the control room operators can
remain in the control room and take actions to safely operate the plant under normal
conditions and to maintain it in a safe condition under accident conditions.  These
features include missile protection, radiation shielding, radiation monitoring, air
filtration and ventilation systems, lighting, personnel and administrative support, and
fire protection.

2.6  Major Balance of Plant Features

The TB houses all equipment associated with the main turbine generator and other
auxiliary equipment.

The Steam and Power Conversion (S&PC) system produces electrical power utilising
the steam generated by the reactor, condensing the steam into water, and returning
the water to the reactor as heated feedwater.

The heat rejected to the main condenser is removed by a circulating water system
and discharged to the power cycle heat sink.

Normally, the turbine power heat cycle utilises all the steam being generated by the
reactor. However, an automatic pressure-controlled turbine bypass system designed
for 110% of the rated steam flow is provided to discharge excess steam directly to
the condenser. This allows a loss of full load with the ability to drop to house load
without a turbine overspeed trip or a reactor shutdown.

2.7 Instrumentation and Control

The ESBWR instrumentation and control (I&C) design features redundancy, diversity,
fault tolerant operation, and self-diagnostics while the system is in operation.  This is
made possible by the extensive use of advanced digital technologies.

The instrumentation and control systems of the ESBWR provide control of the reactor,
control of the BOP, an extensive and intelligent alarm system, prevention of the
operation of the plant under unsafe or potentially unsafe conditions, monitoring of
process fluids and gases, and monitoring of the performance of the plant.

Total plant control is achieved from the Main Control Room (MCR) for all phases of
operation.  The MCR design incorporates advanced man-machine interface
technologies to achieve enhanced operability and improved reliability.

The ESBWR design incorporates extensive automation of the operator actions which
are required during a normal plant start-up, shutdown and power range manoeuvres.



113The automation features adopted for the ESBWR provide for enhanced operability
and improved capacity factor relative to conventional BWR designs.  However, the
extent of automation implemented in the ESBWR has been carefully selected to
ensure that the primary control of plant operations remains with the operators.  The
operators remain fully cognisant of the plant status and can intervene in the
operation at any time, if necessary.

2.8 Station Electrical Power

The off-site power system consists of the set of electrical circuits and associated
equipment that are used to interconnect the offsite transmission system with the
plant main generator and the onsite electrical power distribution system.

Those loads that are required to remain operational at all times or when the unit is
shutdown are powered by the stand-by diesel generators when the grid connection is
lost.

A safety DC power system provides four divisions of independent and redundant on-
site sources of power for operation of safety class 1 loads, plant monitoring and main
control room emergency lighting.

3 Nuclear Safety and Licensing

3.1 Safety Design

Nuclear reactor safety requires the capability to deliver at all times three key safety
functions:

(1) Maintain the integrity of the reactor coolant system;

(2) Shut down the reactor and maintain it in a safe shutdown condition; and

(3) Prevent or mitigate the radiological consequences of accidents.

Extensive use of operating experience in the design phase has led to significant
improvements, over earlier BWRs, in the ESBWR’s ability to respond to postulated
accidents and provide a highly reliable delivery of the key safety functions.  The
ESBWR passive safety features enable a design that does not require operator actions
for successful event mitigation until 72 hours after the onset of an accident.
Significant design improvements include:

(1) The ESBWR front-line safety functions are passive, and therefore, have significantly
less reliance on the performance of supporting systems or operator actions.

(2) The ESBWR design reduces the reliance on AC power by using 72-hour batteries
for several components, and so the core can be kept covered and hence cooled
without any AC externally from the grid or from on-site diesel generators for the first
72 hours following an initiating fault.

(3) The ESBWR design reduces the frequency and calculated results of LOCAs, by (a)
reducing the number of large diameter piping, particularly, the complete deletion of
the recirculation system, and (b) having no major pipe connection below the top of
the reactor core.



114 (4) The water level in the reactor always covers the top of the core due to larger in-
vessel water inventory for the ESBWR, and large capacity GDCS pools for makeup
inventory, which provides improved safety margins.

(5) The containment heat removal, via the PCCS heat exchangers, is completely
passive and cannot be inhibited.

(6) The ESBWR is designed to minimise the effects of direct containment heating, ex
vessel steam explosions, and core-concrete interaction.  The ESBWR containment has
a higher factor of safety than earlier BWRs.

(7) Regardless of the number of and/or types of failures (and their probabilities) that
must occur to result in significant core damage, the presence of a designed core
catcher (BiMAC) and a diverse flooding system for the lower drywell will cool and
quench the core debris and prevent containment degradation.  This, along with the
PCCS, results in a containment that will not fail due to the effects of a severe
accident.

3.2 Defence in Depth

With each new generation of BWRs the goal has been to improve safety and
operations, including improving safety both for workers and for the public.  This
design, development and operating experience has been used in ESBWR to provide a
plant that minimises radiological exposure to workers and to the public, and to
minimise radwaste.

The ESBWR meets the principle of defence-in-depth by providing multiple, segregated
and diverse lines of defence to safeguard against and mitigate the consequences of
accidents.  This approach delivers a plant that provides a high level of reliability in
delivering the key safety functions identified in section 3.1.  The key provisions can
be summarised as:

l The provision of passive first line safety systems;

l Removal of the reliance on AC power (externally from the grid or from on-site 
diesel generators) for the first 72 hours following an initiating event;

l The provision of reliable safety systems to support reactor shutdown, emergency
core cooling and containment cooling;

l The provision of reliable, redundant safety support and mitigation systems;

l The provision of diverse back-up means of heat removal and safety controls; and

l The ESBWR also includes passive severe accident mitigation features to protect the 
containment from overpressurisation and to limit the consequences to the public.

3.3 Safety Analysis

The robustness of the design against postulated faults has been demonstrated
through appropriate design and safety analyses, whilst defence-in-depth has been
demonstrated through a detailed PSA and associated sensitivity studies.  These
assessments include demonstration of the physical robustness of the plant against



115internal and external hazards such as aircraft crash, earthquake, extreme
temperatures, floods, and fire.

The ESBWR PSA is a comprehensive study of the risks of all (i.e. design basis and
severe) accidents.  The design features of the ESBWR are sufficiently robust such that
the risks of severe accidents and personnel exposure to radioactive nuclides due to
the ESBWR plant are very low.  Extensive use of operating experience in the design
phase has led to significant improvements, over earlier BWRs, in the plant’s ability to
respond to severe accidents.

The assessed ESBWR core damage frequency (CDF) and large early release frequency
(LERF) are much less than the 10-4/year CDF and 10-5/year LERF targets set for new
reactor plants by the US nuclear regulator, the Nuclear Regulatory Commission, and
contained in the European Utilities Requirements Document.

The very low numbers assessed for core damage and probability of large radioactive
release, give a very good indication that the Health and Safety Executive (HSE) Basic
Safety Objectives will be met.  HSE concur with this conclusion in their preliminary
assessment results discussed in their Step 2 review report on ESBWR.

3.4 Dose Targets and Dose Limits

The ESBWR combines advanced facility design features and administrative procedures
designed to keep the occupational radiation exposure to the workforce ‘as low as
reasonably practicable’ (ALARP).  For normal operations it is expected that the annual
worker dose for the ESBWR will be significantly reduced relative to earlier light water
reactors due to the improvements made to the ESBWR design.

Reduced inspection and maintenance requirements significantly decrease personnel
doses e.g. the use of Fine Motion Control Rod Drives means only 2 or 3 need to be
inspected and maintained during each outage.  The ESBWR design eliminates the
areas that could result in the accumulation of crud.  Selection of materials to
eliminate or minimise cobalt content, increased use of stainless steel, and state of the
art water chemistry practices have reduced piping and equipment radiation sources.
Systems with the potential for radioactive contamination are designed for draining,
flushing and decontaminating to reduce dose levels.  Additionally, the ESBWR uses
epoxy-type wall and floor coverings, providing sealed smooth surfaces that make
decontamination easier and ensuring radiation levels are ALARP throughout the
plant. ESBWR also includes shielding where necessary to protect the workforce and
the public from direct radiation.  As a result of these measures, ESBWR occupational
and public doses are minimised to levels comparable with other modern evolutionary
plants even accounting for the effect of direct cycle operation using steam originating
from the reactor core.

Dose assessments undertaken for the ESBWR calculate values for the plant that
indicate that the maximum individual dose to operators can be maintained well
below the 20mSv/yr Basic Safety Level.  This conclusion is based on a calculated
estimate of average worker doses of 0.77mSv/y, which is significantly below the
average worker HSE Basic Safety Level of 10mSv/y.  Values were derived using
operating experience from ABWR and European ‘Generation 4’ BWRs.
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methodology, indicates that doses to the public as a result of normal operation will
meet the HSE public Basic Safety Level of 1mSv/y.  This also complies with European
Community Directive 96/92 and ICRP 103 recommendations.  Calculations recently
undertaken by the Environment Agency as part of the Generic Design Assessment
(GDA) process confirm that doses in the critical group will be only of the order of a
few mSv per year.  The most limiting results of off-site release from design basis
accidents yields exposures at the site boundary of less than 25mSv, which is within
the design acceptance criteria of both the UK and the US licensing processes.

The probability of receiving a dose of greater than 0.25Sv at 805m (0.5 mile) from
the ESBWR is estimated to be significantly lower than the European Utilities
Requirement document 10-6/year large release target.

3.5 Security Considerations

The ESBWR regulatory review process includes reviewing the design against security
criteria for both the US Nuclear Regulatory Commission and the UK’s Health and
Safety Executive.  There are no unique factors that affect the ESBWR compared to
earlier BWRs.  For the UK, security measures will be developed in a site security plan.
No concerns have been identified by the UK security regulator.

The ESBWR is able to resist the deliberate impact of a large aircraft such that the
integrity of the primary containment is maintained and fuel in the reactor core and
spent fuel pool is cooled and protected from severe damage.

The ESBWR, similar to existing BWRs, will meet IAEA safeguard requirements.

3.6 Licensing Status

There are 94 BWRs currently operating worldwide.  The international regulatory
review, approval and operation of the evolutionary design changes of the BWR, elicit
a high degree of confidence in a robust technological basis and safe operational
legacy.

In June 2007 the HSE and the Environment Agency (EA) in the United Kingdom
accepted GEH’s application for consideration of the ESBWR design as part of the UK
Regulators nuclear power station GDA process.  In March 2008, the Regulators
published their findings from their initial review of the ESBWR design.  HSE
concluded that they had not found any safety or security shortfalls that were so
serious as to rule out at this stage eventual construction of the ESBWR on licensed
sites in the UK.  EA concluded that they did not find any matter within the
submission that was obviously unacceptable.  The Regulators are now progressing
with the next steps of their review of the ESBWR design.

Currently the GEH ESBWR is proceeding through the US Nuclear Regulatory
Commission (USNRC) 10 CFR 52 Reactor Design Certification process.  The Design
Certification application for the ESBWR was submitted to the NRC in August 2005.
Final Design Approval is expected in 2009, with Design Certification expected late in
2010.  Four US utilities are in the process of applying for Combined Licenses (COLs)
with the ESBWR technology.
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The ESBWR plant design relies on natural circulation and passive safety features,
enhancing plant performance and simplifying the design.  Natural circulation allows
for the elimination of several systems, including recirculation pumps (and associated
piping, valves, motors and controllers).  The use of passive features has also
significantly reduced the operation and maintenance (O&M) burden.

Over the last ten years, the 1500 MWe Class ESBWR has evolved from the original
670 MWe Simplified Boiling Water Reactor (SBWR). The new design benefits from
economy of scale, while enhancing natural circulation core flow and retaining the
original SBWR passive safety features, resulting in enhancements to safety and
economic improvements.  ESBWR has reduced capital and operating costs compared
to earlier BWRs through:

l Enhanced overall plant performance;

l Modular design of passive safety systems; 

l The use of natural circulation which significantly improves key performance 
parameters and also enables extensive simplification of the plant; and

l Increased output and reduction in overall material quantities.

The indicative number of staff required for normal operation of an ESBWR plant is
between 530 and 650 workers.  This figure can rise to over 2000 at outage times
depending on the nature of the refuelling and maintenance work that is undertaken.
Actual staffing levels at a plant will depend upon its owner’s organisation.

The lifetime capacity factor for the ESBWR is expected to be at least 92% over the
operating life of 60 years.  Although it is expected that the ESBWR will primarily be
operated as baseload, it has the capability for daily load following for more than
90% of each operating cycle.  Designed daily load following capability is between
100% power and 50% power with a 2 hour ramp between those power levels.

Substantial enhancement of overall plant performance is achieved through the key
design features previously described, along with the use of the latest fuel designs.

The inclusion of the 110 percent Steam Bypass, along with the capability for Island
Mode Operation, results in increased plant operating flexibility, faster return to
service, and improved forced outage rate in the event of a turbine trip, load rejection,
or grid failure.  The ESBWR can handle a full load rejection and turbine trip without a
reactor shutdown.  This ensures that once the failure is corrected, the plant is
returned to full power quickly.  In addition, if a complete grid collapse occurs, the
ESBWR is designed to isolate from the grid, reduce core thermal power in a
controlled fashion, and reduce turbine generator output to only provide house loads.

The overall design of the plant allows for repair and maintenance including change
out of major equipment with a few limited exceptions.  Special attention has been
given in the design to provide access and equipment handling capabilities for the
maintenance of major components.  These design features, such as overhead
monorails, lifting devices, and in place ladders enhance access and removal of
equipment and access to parts of the plant except those most heavily contaminated.
These provisions will also assist in enhancing industrial safety during operation of
ESBWR.



118 5. Spent Fuel and Radioactive Waste Management

5.1 Overview

The radwaste facility has been significantly improved compared to past designs. The
use of mobile reprocessing technologies for both liquid and solid radwaste processing
improves the efficiency of the process and ensures that the best available techniques
(BAT) can be deployed over the 60 year lifetime of the plant.  The Radwaste systems
are the Liquid Waste Management System (LWMS), the Offgas System (OGS), and the
Solid Waste Management System (SWMS).

Improvements in the ESBWR design over predecessor BWRs ensures that the
quantities of solid, liquid and gaseous waste arising during operations and
decommissioning has been minimised and compare favourably with international
‘best in class’ operating plants.  Simplification and elimination of numerous active
systems result in less outage work, lower total worker dose, and less low-level solid
waste generation.

5.2 Liquid Radwaste Management System

The LWMS is designed to control, collect, process, handle, store, and dispose of liquid
radioactive waste generated as the result of normal operation, including anticipated
operational occurrences.  All potentially radioactive liquid wastes are collected in
sumps or drain tanks at various locations in the plant and transferred to collection
tanks in the radwaste facility.

System components are designed and arranged in shielded enclosures to minimise
exposure to plant personnel during operation, inspection, and maintenance.  Tanks,
processing equipment, pumps, valves, and instruments that may contain radioactivity
are located in controlled access areas.

The LWMS normally operates on a batch basis.  Provisions for sampling at important
process points are included.  Protection against accidental discharge is provided by
detection and alarm of abnormal conditions and by administrative controls.

The LWMS is divided into several subsystems, so that the liquid wastes from various
sources can be segregated and processed separately, based on the most economical
and efficient process for each specific type of impurity and chemical content.  Cross-
connections between subsystems provide additional flexibility in processing the
wastes by alternate methods and provide redundancy if one subsystem is inoperative.

LWMS has been designed to recycle 100% of the ESBWR’s liquid waste.  However,
there may be times when liquid discharges may be necessary due to capacity limits
for on-site storage.  The level of discharges would be affected by treatment and
processing which would be subject to BAT optimisation under UK regulation to
ensure the right balance is struck between the level of treatment applied and the
level of discharges for a particular site.  Assessments provided in support of UK
Generic Design Assessment (GDA) showed that discharges could be reduced to a very
low level.  All liquid discharges would be monitored to confirm that they are indeed
very small and that they are within the authorisation limits set by the Environment
Agency.
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The Gaseous Waste Management (i.e. OGS) processes and controls the release of
gaseous radioactive effluents to the site environs so as to maintain the exposure of
persons outside the controlled area and personnel working near the system
components to as low as reasonably achievable.

The OGS is an all-welded, leak-tight system with redundant active components.  The
OGS process equipment is housed in a reinforced-concrete structure to provide
adequate shielding. Charcoal adsorbers are installed in a temperature monitored and
controlled vault. The facility is located in the turbine building to minimise piping.

The OGS also reduces the possibility of an explosion from the build-up of radiolytic
hydrogen and oxygen.  This is accomplished by the recombination of the radiolytic
hydrogen and oxygen under controlled conditions within a catalytic recombiner.  This
process strips the condensables and reduces the volume of gases being processed.

The remaining non-condensables (principally air with traces of krypton and xenon)
are passed through activated charcoal beds, which are operated at an ambient
temperature and provide a holdup volume to allow time for the krypton and xenon
to decay. After processing, the gaseous effluent is monitored and released to the
environs through the plant stack.

As with liquid waste streams, the level of discharges would be affected by treatment
and processing which would be subject to BAT optimisation.  Assessments provided
in support of UK GDA showed that discharges could be reduced to a very low level.
All gaseous discharges would be monitored to confirm that they are indeed very
small and that they meet the authorisation limits set by the Environment Agency.

5.4 Solid Radwaste Management System

The SWMS is designed to control, collect, handle, process, package, and temporarily
store wet and dry solid radioactive waste prior to shipment.  This waste is generated
as a result of normal operation and anticipated operational occurrences.  These
wastes are categorised as wet solid wastes (such as spent ion exchange resin beads
and filter backwash arising from the operation of the LWMS etc.) or dry solid wastes
(such as HEPA filters, protective clothing, tissue paper etc.).  Both Low Level Waste
(LLW) and Intermediate Level Waste (ILW) is processed by the SWMS.

The SWMS consists of the following four sub-systems:

l The wet solid waste collection sub-system;
l The wet solid waste processing sub-system (which involves the in-package 

dewatering and drying of the waste);

l The dry solid waste accumulation and conditioning sub-system; and

l The container storage sub-system, until the packaged waste is sent off-site for 
disposal.

A single ESBWR operating for 60 years is estimated to generate less than 160 m3/yr
Low Level Waste (LLW) and less than 30 m3/yr Intermediate Level Waste (ILW).  The
actual volumes of waste generated by an operating ESBWR would depend on a



120 number of site-specific factors, for example the waste strategy (including optimisation
of treatment) adopted by the utility and the operating cycle selected (i.e. the period
between outages).

5.5 Spent Fuel Management

The ESBWR has a design life of 60 years at full power operation.  The design
incorporates a spent fuel storage pool with sufficient floor space for 20 years of
normal operation plus a full core off load with the installation of additional spent fuel
racks.

After 20 years of spent fuel storage, fuel will need to be moved out of the spent fuel
pool to make room for newly discharged bundles.  There are several options available
to the operating utilities to deal with the spent fuel removed from the pool:

l Transfer of spent fuel off-site to appropriate reprocessing facilities in UK or
elsewhere (not current UK policy);

l Transfer to an additional interim spent fuel storage pool to house the spent fuel
expected when the normal spent fuel pool is full; and

l Transfer to an interim dry storage facility.

Whilst the decision as to which option to pursue will lie with the operating utilities,
GEH has conducted a study to determine which interim storage method is most
economical.  The conclusion of the study was that dry spent fuel storage is currently
the most economical form of interim storage.  This optioneering will be revisited
during the UK GDA process to consider whether this continues to represent the BAT
taking into account UK national policy for new build nuclear reactors.

Assuming a 12 month operating cycle, the average ESBWR discharge burn-up is
expected to be 56GWD/T, giving rise to 12,224 assemblies per ESBWR unit.  The
actual volumes of spent fuel generated by an operating ESBWR would depend on a
number of factors, for example the operating cycle selected (i.e. the period between
outages).

Initial assessment has shown that, using the reference strategy for the UK repository
concept, the impact of the spent fuel and ILW from a 10GW ESBWR programme
would be to increase the below ground repository footprint by up to 50%. This
impact is within the range quoted in the UK Government’s 2007 consultation “The
Future of Nuclear Power”.

Table 1 gives basic fuel assembly data.

Parameter Value

Dimensions 14 x 14 x 379 (cm)

Fuel Assembly Weight 241kg

Heavy Metal Weight 144kg

Weight of Uranium Oxide 163kg

Burn-up 56 GWD/TU

Materials Zircaloy-2, Stainless Steel, UO2,
Alloy X-750 and Gd2O3



1216. Construction

Standardised construction design is another primary design feature of ESBWR.  The
effect is simplification in design and construction, reduced component sourcing
requirements, and improvements in manufacturing time and component costs.
Ultimately, the standard design provides the basis for improved licensing review
process and the application of lessons learned in the construction and operation of
follow on units.

The ESBWR facilitates modular construction.

ESBWR has a referenced construction schedule (first concrete to fuel load) of 36 to
42 months.  The actual schedule will depend on many factors, including site-unique
characteristics and owner’s preferences.  From an overall project standpoint it must
be noted that long lead-time items, such as the RPV manufacture, must be started up
to 2 years in advance of start of construction in order to have them on site at the
appropriate time.

7. Decommissioning

New nuclear power stations must be designed with decommissioning and the
minimisation of wastes arising from decommissioning in mind.  The prompt
decommissioning option can be implemented for the ESBWR if required by its
owners.  The ESBWR has been designed with features to facilitate decommissioning
of the plant to keep doses to workers ALARP and to minimise radioactive waste
arising from decommissioning.  Among other things, this includes the incorporation
of features that minimise the generation of radioactive waste by minimising the
contamination of the plant during operation.  The incorporation of decommissioning
considerations into the ESBWR design has been informed by lessons learnt from
GEH’s work in the decommissioning reactors in the US.

Designing the ESBWR to facilitate modular construction brings the additional benefit
that modular dismantling is built in to the design.

Estimates of raw unconditioned decommissioning waste volumes indicate that
approximately 23,000 m3 of LLW and 1000 m3 of ILW will be generated.  It should
be noted that the LLW figure quoted also includes waste rubble that may in UK
terminology be suitable for (Very Low Level Waste) VLLW disposal.  The wastes arising
from decommissioning are compatible with UK waste management strategies.

The actual volumes of decommissioning waste will depend on a number of site-
specific factors, such as the decommissioning strategy adopted by the utility (prompt
or delayed) and the end stage of the site post decommissioning.

8. Other Environmental and Health Effects

8.1 Cooling Water Systems

During operation, the cooling water abstraction requirements (assuming sea water
cooling) will be around 75 m3/s leading to a seawater temperature rise of 10°C.  A
detailed site specific assessment will be required to assess the effects of abstraction



122 and the thermal discharges and demonstrate that the impact on the local marine
environment has been minimised.

8.2 Chemicals

The chemicals used in ESBWR will be similar to those in all other BWR nuclear power
plants.  Major chemicals will include:

l Oxygen, nitrogen and hydrogen gases, stored cryogenically;

l Chlorine gas, hydrochloric acid, sodium hydroxide, sodium hypochlorite; and

l Propane, gasoline, diesel fuel.

Based on the low quantities used, the impact from discharges to air or to water
should be very low.

The storage of hydrogen on site is the only chemical identified that will cause the site
to come under the lower tier of the Control of Major Accident Hazard (COMAH)
Regulations.

8.3 Conventional Wastes

The conventional waste generated by an ESBWR is expected to be broadly similar to
that from any other nuclear power plant.  The exact amount of conventional waste
produced will depend on the exact methods of operation of the ESBWR and also the
practices of the owning utility.

The waste hierarchy will be followed to ensure that waste generation is minimised
and waste streams are appropriately controlled and segregated as is the practice at
any large industrial facility in the UK.

8.4 Noise

The major sources of continuous noise from the ESBWR plant are:

l Stand-by diesel generators (when operating);

l Transformers, turbine generator units; and

l Large motor-driven pumps, e.g. circulating water, feedwater.

An ESBWR-specific noise study has not yet been done; however data are available
from ABWR, a similar plant in terms of equipment used and building construction
technology. For ABWR the levels are below 55 dBa at 300 m distance from the
power block.

8.5 Air Quality

The stand-by diesel generators would be used for only a few hours per year for
periodic tests or if the grid connection is lost.  The emissions from the stand-by diesel
generators are small and would be subject to limits set by the environmental
regulators.
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