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23.1 List of Abbreviations and Acronyms 

ALARP As Low As Reasonably Practicable 

APG Steam Generator Blowdown System [SGBS] 

BAT Best Available Technique 

BAX Access Building 

BBH Hot Mechanical Workshop and Warehouse 

BFX Fuel Building 

BNX Nuclear Auxiliary Building 

BQS Waste Auxiliary Building 

BRX Reactor Building 

BSX Safeguard Building 

BWX Radioactive Waste Treatment Building 

CRF Circulating Water System [CWS] 

CVI Condensate Vacuum System [CVS] 

DECC Department of Energy & Climate Change 

DTI Department of Trade & Industry 

DWN Nuclear Auxiliary Building Ventilation System [NABVS] 

EA Environment Agency 

EDG Emergency Diesel Generator 

EBA Containment Sweeping and Blowdown Ventilation System [CSBVS] 

FCG Unit 3 Fangchenggang nuclear power plant Unit 3 

GDA Generic Design Assessment  

GDF Geological Disposal Facility 

HAW Higher Activity Waste 

HEPA High Efficiency Particulate Air Filter 

HLW High Level Waste 

HPR1000 Hua-long Pressurised Reactor 

HPR1000 (FCG3) Hua-long Pressurised Reactor under construction at Fangchenggang 



UK HPR1000 

GDA 

Preliminary Safety Report Chapter 23 

Radioactive Waste Management & Fuel Storage 

UK Protective Marking: 
Not Protectively Marked 

Rev: 000 Page: 9 / 68 

 

UK Protective Marking: Not Protectively Marked 

nuclear power plant unit 3 

HVAC Heating, Ventilation and Air Conditioning System 

IAEA International Atomic Energy Agency 

IFA Irradiated Fuel Assemblies 

ILW Intermediate Level Waste 

LAW Lower Activity Waste 

LLW Low Level Waste 

LLWR Low Level Waste Repository Ltd 

LOOP Loss of Offsite Power 

LRWMS Liquid Radioactive Waste Management Systems 

MVDS Modular Vault Dry Storage 

NDA Nuclear Decommissioning Authority 

NFA New Fuel Assembly 

NPP Nuclear Power Plant 

NRW Natural Resources Wales 

ONR Office for Nuclear Regulation 

P&ID Process and Information Document for Generic Assessment of 

Candidate Nuclear Power plant Designs 

PMC Fuel Handling and Storage System [FHSS] 

PSR Preliminary Safety Report 

PTR Fuel Pool Cooling and Treatment System [FPCTS] 

PWR Pressurized Water Reactor 

PZR Pressurizer 

RCCA Rod Cluster Control Assembly 

RCP Reactor Coolant System [RCS] 

RCV Chemical and Volume Control System [CVCS] 

REN Nuclear Sampling System [NSS] 

REPs Radioactive Substances Regulation – Environmental Principles 
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RPE Nuclear Island Vent and Drain System [VDS] 

RPV Reactor Pressure Vessel 

RIS Safety Injection System [SIS] 

RWM Radioactive Waste Management Ltd 

SAPs Safety Assessment Principles 

SCC Stress Corrosion Cracking 

SEC Essential Service Water System [ESWS] 

SEK Conventional Island Liquid Waste Collection System [LWCS(CI)] 

SEL Conventional Island Liquid Waste Discharge System [LWDS(CI)] 

SEPA Scottish Environment Protection Agency 

SFAIRP So Far As Is Reasonably Practicable 

SF Spent Fuel 

SFA Spent Fuel Assembly 

SFIS Spent Fuel Interim Storage 

SFP Spent Fuel Pool 

SFPC Spent Fuel Pool Crane 

SRE Sewage Recovery System [SRS] 

TEG Gaseous Waste Treatment System [GWTS] 

TEP Coolant Storage and Treatment System [CSTS] 

TES Solid Waste Treatment System [SWTS] 

TER Nuclear Island Liquid Waste Discharge System [NLWDS] 

TEU Liquid Waste Treatment System [LWTS] 

UK HPR1000 The UK version of the Hua-long Pressurised Reactor  

VLLW Very Low Level Waste 

System codes (XXX) and system abbreviations (YYY) are provided for completeness in 

the format (XXX [YYY]), e.g. Steam Generator Blowdown System (APG [SGBS]). 
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23.2 Introduction 

This chapter presents preliminary information in relation to prospective radioactive waste 

management arrangements for the UK version of the Hua-long Pressurized Reactor (UK 

HPR1000). Initial consideration is given to the development of the radioactive waste 

management strategy. Qualitative information and supporting process flow diagrams are 

then presented on the gaseous, liquid and solid radioactive wastes which will arise during 

the operation of the reactor.  

A description is provided of how the production, discharge and disposal of the radioactive 

waste will be managed to protect the environment and optimize the protection of people.  

The description is given in the form of a Best Available Techniques (BAT) assessment 

following the approach described in chapter 20. 

The intent of these sections is to meet the requirements of item 4 of Table 1 of the 

Process and Information Document for Generic Assessment of Candidate Nuclear Power 

Plant Designs (P&ID), Reference [1], and the relevant requirements of Step 2 of the 

Office for Nuclear Regulation’s Generic Design Assessment (GDA) process, Reference 

[2], together with consideration of the Radioactive Substances Regulation – 

Environmental Principles (REPs), Reference [3]. 

However, the UK HPR1000 design for the GDA has not yet been declared and 

consequently no detailed UK HPR1000 design information is available at this time. The 

design will be based on the version of the Hua- long Pressurized Reactor under 

construction at Fangchenggang nuclear power plant Unit 3 (HPR1000 (FCG3)), as 

discussed in chapter 1. Therefore this Chapter provides a summary of the systems 

included in the HPR1000 (FCG3) design that will form the basis of the UK HPR1000 

design, except that the delay beds will be applied instead of the decay tanks in Gaseous 

Waste Treatment System (TEG [GWTS]).  

Therefore, an overview is given of the fuel route operations and the associated systems. 

This seeks to demonstrate that fundamental safety functions are achieved during the fuel 

route operations, and that Spent Fuel Assemblies (SFAs) will be managed safely until 

final disposal, reducing the associated risk to a level that is ALARP. 

23.2.1 P&ID Requirements 

The P&ID sets requirements for the demonstration of BAT in the context of radioactive 

waste management, Reference [1]: 

A detailed description of the radioactive waste management arrangements. 

Include: 

 Identification of the strategic considerations with respect to radioactive waste management which 
underpin the design.  

 A description of how radioactive wastes and spent fuel will arise throughout the facility's 

lifecycle (including decommissioning) and the plans for how they will be managed and disposed 
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of, to encompass:  

- sources of radioactivity and matters which affect wastes arising 

- gaseous, aqueous and other wastes  

 A description of how the production, discharge and disposal of radioactive waste will be 
managed to protect the environment and to optimise the protection of people.  

- Describe the optimisation process used and identify and justify the proposed techniques as 
BAT.  

- In identifying techniques, address both the technology to be used and the way the facility is  
designed and will be built, maintained, operated and dismantled.  

- In justifying techniques as BAT, address the following, in respect of wastes arising throughout 
the lifetime of the facility:  

 preventing and minimising (in terms of radioactivity) the creation of radioactive waste  

 minimis ing (in terms of radioactivity) discharges of gaseous and aqueous radioactive 
wastes  

 minimis ing the impact of those discharges on people, and adequately protecting other 
species  

 minimis ing (in terms of mass/volume) solid and non-aqueous liquid radioactive wastes 
and spent fuel  

 selecting optimal disposal routes (taking account of the waste hierarchy and the proximity 
principle) for those wastes  

 the suitability for disposal of any wastes and spent fuel for which there is no currently 

available disposal route and how they will be managed in the interim so as not to prejudice 

their ultimate disposal (this should take account of the view of RWM (as the UK 

authoritative source in providing such advice) on the disposability of such wastes and 
spent fuel)   

23.2.2 Objective 

The radioactive waste management & fuel storage for the UK HPR1000 supports the 

following high level safety objective for ‘Radiological & Environmental Protect ion, 

Security & Industrial Safety’: 

The design, and intended construction and operation, of the UK HPR1000 will be 

developed to reduce, so far as is reasonably practicable, the impact on the workers, 

the public, and the environment. 

This chapter will demonstrate the following: 

• The general plant design and operational envelope limit the requirement to move 

nuclear matter; 

• The plant design and operations limit (in terms of quantity and activity) the creation 

of radioactive waste; and, 

• BAT will be adopted for the managing, sampling/monitoring, handling and 

storage/disposal of waste (including spent fuel) to limit the impact on the 
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environment. 

It is recognized that differences exist between the regulation and critical infrastructure in 

the UK and China, and that the design of the HPR1000 (FCG3) may need to undergo 

some modification and incorporate additional features to meet the UK regulatory 

requirements of reducing risks So Far As Is Reasonably Practicable (SFAIRP). This 

expectation does not undermine the essential assertion that the design will be optimized 

to meet the above objective. 

23.3 Radioactive Waste Management Strategy 

The Radioactive Waste Management Strategy for the UK HPR1000 will be prepared 

during the GDA process to meet the requirements of Radioactive Waste Management of 

the Safety Assessment Principles for Nuclear Facilities (SAPs), Reference [4]. It will 

address the following considerations: 

• Development of an inventory (volume and activity), timescales of arising, and 

arrangements for storage, packaging, transport and disposal of the following 
radioactive wastes: 

 Spent fuel (SF); 

 Operational wastes; and, 

 Decommissioning wastes. 

• Development of a route map, programme and management plan for identifying and 

resolving data omissions, and attaining the waste management approvals required for 
each of the higher activity wastes (including SF and higher activity decommissioning 

wastes); 

• Adoption of waste management principles such as the implementation of waste 

hierarchy, and the use of technologically proven waste reduction and activity 
abatement methods; 

• Demonstration through BAT assessment that the UK HPR1000 design will be 
optimized to reduce solid, liquid and gaseous wastes; and, 

• Development of appropriate information for Radioactive Waste Management Ltd 
(RWM) to undertake a GDA disposability assessment.  

23.3.1 Design Principles for Radioactive Waste Management  

To achieve the safety objective in sub-chapter 23.2.2, the UK HPR1000 radioactive waste 

management strategy will be developed to reduce risks SFAIRP. The key principles 

applied will be: 

• The strategy will be consistent with UK government policy, including the 

government’s overall policy aims on sustainable development, legislation and 
guidance, and will be also integrated with the other relevant strategies; 
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• Radioactive waste management will be optimized to ensure the safety and protection 

of the public, the workers and the environment; 

• The full lifecycle of radioactive waste will be managed, from generation to disposal, 

including the possibility of long term storage prior to disposal; 

• Two foremost principles will be considered in waste management: 

 Firstly, avoiding the generation of radioactive waste; 

 Secondly, minimizing the generation of unavoidable waste as far as is 
reasonably practicable. 

• Characterization and segregation of radioactive wastes will be applied to help ensure 

their safe and effective management; 

• The radioactive waste will be processed into a passive safe state and stored in a 

passively safe condition as soon as is reasonably practicable; 

• Techniques planned for deployment will be readily available. Mature options will be 

preferred; 

• Waste packages will be compatible with UK storage, handling, retrieval, transport 

and disposal requirements; 

• Appropriate documentation and records covering the selection and design of waste 

treatment processes, their operation and the characteristics of the raw and packaged 
waste will be produced, stored and maintained; and, 

• Information that may be needed for the current and future safe management of 

radioactive waste will be recorded and preserved, such as adequate records of the 

waste inventories and how it has been managed.  

23.3.2 Waste Management Regulation 

The main policies, regulation, principles and guidance which are related to waste 

management in UK are as follows: 

a) Legislation 

• The Health and Safety at Work Act, 1974; 

• The Nuclear Installations Act 1965; 

• The Environment Act 1995; 

• The Ionising Radiations Regulations 1999; 

• Hazardous Waste Regulations 2005; and, 

• The Environmental Permitting (England and Wales) Regulations 2016. 

b) National Policy 
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• Review of radioactive waste management policy: Final Conclusions (Cmnd 

2919); 

• UK Strategy for Radioactive Discharges 2011-2020; 

• Policy for the Long Term Management of Solid Low Level Radioactive Waste in 

the United Kingdom, Reference [5]; and, 

• UK Strategy for the Management of Solid Low Level Radioactive Waste from 

the Nuclear Industry, Reference [6]. 

c) Regulatory Guidance 

• Guidance on the Scope of and Exemptions from the Radioactive Substances 

Legislation in the UK; 

• Guidance to Inspectors on the Management of Radioactive Material and 

Radioactive Waste on Nuclear Licensed sites;  

• Regulatory Guidance Series RSR 1: Radioactive Substances Regulation – 

Environmental Principles (REPs), Reference [3]; 

• RSR: Principles of optimisation in the management and disposal of radioactive 

waste, Reference [7]; 

• The management of higher activity radioactive waste on nuclear licensed sites, 

Reference [8]; 

• Industry Guidance. Interim Storage of Higher Activity Waste Packages – 

Integrated Approach, Reference [9]; 

• Geological Disposal. Generic Waste package specification, Reference [10]; and, 

• Management of radioactive materials and radioactive waste on nuclear licensed 

sites, Reference [11]. 

23.4 Operational Radioactive Wastes 

The radioactive wastes arising from the operation fall within three categories: 

• Gaseous radioactive waste; 

• Liquid radioactive waste; and, 

• Solid radioactive waste. 

The source terms are described in Chapter 22. The management strategies proposed for 

the UK HPR1000 are outlined in the following sub-chapters. The treatment systems 

associated with the waste management are described in sub-chapter 23.5, and the means 

by which these systems have been optimized are set out in sub-chapter 23.6. 
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23.4.1 Liquid Radioactive Waste 

The liquid (aqueous) effluents arising will be minimized through the following sequence 

of actions:  

• Reduction of effluent generation at source; 

• Collection and segregation of effluent streams based upon compatibility with the 
downstream recycling/treatment plant; 

• Recycling wherever possible; 

• Treatment; and, 

• Discharge of the treated effluent to the marine environment. 

The effluent streams produced during operation and their treatment are illustrated in 

F-23.4-1 and described thereafter. 
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Nuclear Island Vent and Drains System (RPE [VDS]).  

The recyclable effluents are sent to the Coolant Storage and Treatment System (TEP 

[CSTS]) where it is decontaminated by demineralization and the boric acid and water 

separated by evaporation and degasification. Boric acid and distillates from TEP [CSTS] 

are sent to the Reactor Boron and Water Makeup System (REA [RBWMS]) as 

supplementary make up for primary circuit coolant. In the case of high tritium 

concentration, the distillates cannot practically be treated further and thus are routed to 

the Nuclear Island Liquid Waste Discharge System (TER [NLWDS]) for disposal. 

The unrecyclable effluents are classified into three categories and routed into the Liquid 

waste Treatment System (TEU [LWTS]) for treatment.  

23.4.1.2 Liquid waste 

The liquid wastes include: 

• The unrecyclable reactor coolant effluents captured in the RPE [VDS] (see 

sub-chapter 23.5.1.1); and, 

• The effluents from waste management and decontamination areas, which are 

collected in Sewage Recovery System (SRE [SRS]) (see sub-chapter 23.5.1.2). 

The liquid wastes are routed for treatment in the TEU [LWTS] as four separate streams: 

• Process drains, which have a low level of chemical impurities; 

• Chemical drains, which have a higher level of chemical impurities and potentially 

higher radioactivity; 

• Floor drains, which typically have lower radioactive contamination but are high in 

suspended solids; and, 

• Laundry drains, also lower in radioactive contamination but high in suspended solids, 

fibrous matters, and detergents. 

The radioactivity present within the liquid waste consists of particulate and ionic species 

and is treated within the TEU [LWTS] as follows: 

• Ionic activity of the major nuclides is abated by the TEU [LWTS] demineralizers 
with mixed bed ion exchange resins. The resin beds are provided with pre and post 

filters to prevent bed blinding or migration of ion exchange resin into the 
downstream circuit; 

• Ionic activity with high chemical content is abated by the TEU [LWTS] evaporator 
system to reduce the volume of spent resin; and, 

• Particulate is primarily abated by the filters with any carry-over of trace particulate 
into the ion exchange bed or evaporator. 

Treated effluent is transferred to the TER [NLWDS] from where it is monitored and 
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discharged to the marine environment along with the return cooling water. 

23.4.1.3 Secondary Circuit Effluent 

The secondary (steam) circuit is cleaned by a periodic blow-down from the steam 

generators. The blow-down liquor is processed by the Steam Generator Blowdown 

System (APG [SGBS]). After processing, the purified blow down water is sent to the 

main turbine condenser for recycling. If it remains unsuitable for re-use, the treated 

effluents from the APG [SGBS] will be sent to the Conventional Island Liquid Waste 

Discharge System (SEL [LWDS (CI)]) for discharge. 

Other effluents from the secondary circuit which come from leakage and drainage are 

collected into the Conventional Island Liquid Waste Collection System (SEK [LWCS 

(CI)]) and then sent to SEL [LWDS (CI)] for discharge.  

23.4.1.4 Non-aqueous Liquid Wastes 

The non-aqueous liquid radioactive wastes arising from the HPR1000 (FCG3), such as 

oil and organic solvent contaminated during maintenance, will be stored on site 

temporarily, until the authorized treatment facility off site becomes available. 

23.4.2 Gaseous Radioactive Waste 

The gaseous radioactive wastes are divided into three categories: 

• Primary gaseous effluent; 

• Gaseous effluent from ventilation; and, 

• Secondary gaseous effluent. 

These gases are processed, monitored and discharged to the environment as illustrated in 

F-23.4-2. 
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23.4.2.1 Primary Gaseous Effluent 

Primary gaseous effluent, which comes from the degassing and head spaces of the vessels 

containing primary coolant or primary effluent, is collected and processed by the Gaseous 

Waste Treatment System (TEG [GWTS]). During steady state operation, gases are purged 

using nitrogen with the gas (hydrogen and oxygen) being processed through a 

recombiner. 

During shutdown and start-up transients there is the potential for the accumulation of 

fission product gas, particularly xenon and krypton isotopes. In this circumstance the gas 

is diverted into delay beds where the isotopes are delayed for at least 40 days (and 

potentially up to 18 months until the next re- fuelling shut down). The delay results in a 

significant reduction in the radioactivity of the gases.  

Downstream of the TEG [GWTS] the gas is routed to the Nuclear Auxiliary Building 

Ventilation System (DWN [NABVS]), monitored and discharged to the environment via 

the main stack. 

23.4.2.2 Gaseous Effluent from Ventilation 

Air from within the working areas, from the SF storage pool, and from the reactor 

toroidal area is collected by the Heating, Ventilation and Air Conditioning System 

(HVAC). The parts of the HVAC system that serve areas of the plant where radioactive 

substances are present have High Efficiency Particulate Air Filter (HEPA) to remove any 

particulate matter prior to the discharge of waste air to the main stack.   

23.4.2.3 Secondary Gaseous Effluent 

Non-condensable gases gathering within the steam condenser (which in the event of a 

steam generator leak will include radionuclides) are removed by the Condenser Vacuum 

System (CVI [CVS]) and routed to DWN [NABVS]. Once again, the gases will be 

monitored, and discharged to the environment via the main stack. 

23.4.3 Solid Radioactive Wastes 

In UK, radioactive wastes are classified according to the type and quantity of 

radioactivity they contain and how much heat the radioactivity produces, Reference [11]: 

• High Level Waste (HLW) is waste in which the temperature may raise significantly 

as a result of its radioactivity, such that this factor has to be taken into account in the 
design of storage or disposal facilities; 

• Intermediate Level Waste (ILW) has radioactivity levels that are higher than LLW, 
but the waste does not generate sufficient heat and this aspect does not therefore need 

to be taken into account in the design of storage or disposal facilities; 

• Low Level Waste (LLW) has a radioactive content not exceeding 4 GBq/t of alpha 

activity, or 12 GBq/t of beta/gamma activity; and, 
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• Very Low Level Waste (VLLW) is a sub-category of LLW. It comprises waste that 

can be safely disposed of with municipal, commercial or industrial waste, or can be 
disposed of to specified landfill sites subject to limits on radioactivity content. 

Based on the operational experience on the Pressurized Water Reactor (PWR) fleet in 

China, T-23.4-1 lists the radioactive solid wastes which the HPR1000 is anticipated to 

generate. 

T-23.4-1 Solid Radioactive Wastes Generated During the Operation of HPR1000 (FCG3) 

No. Title Description Category 

1 Spent resins Arising from the TEU [LWTS], TEP [CSTS], PTR 

[FPCTS], RCV [CVCS] demineralizers, and APG 

[SGBS] demineralizers under tube rupture. 

ILW 

2 Low activity 

spent resins 

Arising from the APG [SGBS] demineralizers 

under normal operational condition. 

VLLW 

3 Concentrates Arising from the TEU [LWTS] evaporators ILW 

4 Spent filters Arising from filter changing in TEU [LWTS], TEP 

[CSTS], PTR [FPCTS], RCV [CVCS], APG 

[SGBS] 

ILW/ LLW 

5 Dry active waste Contaminated personal protection equipment, 

monitoring swabs, plastic, clothing, contaminated 

tools, air filters and etc. 

LLW/VLLW 

 

  In-core instrumentation assembly ILW 

The following strategies will be adopted to manage the above waste streams, and finally 

waste packages will meet the disposability requirements (by taking account of the view 

of RWM and establishing an ‘agreement in principle’ with waste operators in the GDA).  

23.4.3.1 Spent Resins 

The spent resins will be transferred by dematerialized water to storage tanks which are 

designed to receive, store and decay the resins received from Chemical and Volume 

Control System (RCV [CVCS]), TEP [CSTS], TEU [LWTS] and Fuel Pool Cooling and 

Treatment System (PTR [FPCTS]) demineralisers. The spent resins are ILW according to 

their radioactivity level. The spent resins in these storage tanks will be pumped to 

Radioactive Waste Treatment Building (BWX) for treatment with cementation in the 

appropriate waste container to form a waste package. 
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23.4.3.2 Low Activity Resins 

Under normal conditions the spent resins generated from the demineralizers of the APG 

[SGBS] which are not contaminated, or slightly contaminated, will be flushed to the APG 

[SGBS] resin separation tank. They will be transferred into waste containers to allow the 

radioactivity to decay until the activity has decreased to ‘out of scope’ levels to minimize 

the volume of radioactive waste. If this is not achievable it is anticipated that the resins 

would be acceptable as VLLW.  

Under special conditions (such as the rupture of steam generator tubes), the resulting high 

radioactivity spent resins generated from the APG [SGBS] demineralizers would be 

flushed into Spent Resin Storage Tanks, and then pumped to the BWX for treatment.  

23.4.3.3 Concentrates 

Concentrates arising from the TEU [LWTS] evaporator will be collected in two 

concentrate storage tanks, which will provide decay function to reduce the activity of 

concentrates. They will then be mixed with the cement and additive treated in a disposal 

container. 

23.4.3.4 Spent Filters 

In the Nuclear Auxiliary Building (BNX), a lead shielded cask will be used to replace and 

transport spent filter cartridges and load new ones. The changed spent filter cartridges 

will be put into shielded transfer container(s) and then transferred to BWX for treatment. 

The LLW spent filter cartridges will be sent to the Waste Auxiliary Building (BQS) for 

super compression to produce pellets, and then the waste pellets will be transferred to the 

waste container for encapsulation by cement grouting. The container will in turn be 

packaged in disposal containers. The ILW spent filter cartridges will be initially decay 

stored in shielded containers and then grout encapsulated within a disposal container. 

23.4.3.5 Dry Active Waste 

Dry LLW active wastes (such as clothes, papers, plastics and equipment components, etc.) 

will undergo preliminary sorting after characterisation, and then be transported to BQS 

for further sorting, conditioning, pre-compaction, super-compaction and finally 

encapsulated with cement grouting into a waste container. Dry ILW active wastes will be 

encapsulated in waste container with cement grouting. 

In-core instrumentation assembly removed during operation is ILW. It will be processed 

into shielded waste packages with non-encapsulation. 

23.4.3.6 Disposal Routes 

LLW and VLLW packages will be accumulated on the site prior to their dispatch to the 

disposal site. 

Waste services suppliers in the UK (e.g. Low Level Waste Repository Ltd (LLWR)) 
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provide a range of waste treatment capability including combustible waste treatment in 

Reference [12] and metallic waste treatment in Reference [13]. These services may be 

employed for UK HPR1000. The decision on whether or not to commit to the combustion 

and metals treatment options therefore remains open. 

With respect to ILW, UK plans for geological disposal are still at an early stage, 

Reference [10]. ILW waste packages will therefore be interim-stored at the UK HPR1000 

for up to 100 years, until the Geological Disposal Facility (GDF) becomes available. 

According to GDA process, RP will get packaging advice of ILW packages from RWM 

and establish the ‘Agreement in Principle’ for Lower Activity Waste （LAW） with LLW 

disposal facility, and ensure the waste packages are compatible with disposal strategies. 

23.4.3.7 Decommissioning Wastes 

Based upon international experience there are two general decommissioning strategies 

available for a reactor: 

• Immediate dismantling; and, 

• Deferred dismantling.  

Either strategy could be used for UK HPR1000. In developing proposals for 

decommissioning, measures will be selected to minimize radioactive waste volumes and 

reduce the influence of decommissioning activities on operators. 

• Waste packages classified as LLW and VLLW will be disposed at available disposal 

site(s), and the ILW waste packages will be temporarily stored on site until the GDF 
becomes available; 

• A number of key principles will be used at the design stage in order to optimize 

decommissioning, namely that design and construction records will be preserved to 
aid decommissioning, and that design features will be adopted to aid 
decommissioning. 

23.5 Description of Radioactive Waste Treatment Systems 

23.5.1 Liquid Radioactive Waste Management Systems 

The Liquid Radioactive Waste Management Systems (LRWMS) are designed to control, 

collect, treat, transport and store the liquid radioactive wastes produced during operation 

safely. The specific objectives of the systems are to: 

• Segregate and collect liquid wastes according to the categories, sources, and 

treatment methods; 

• Recycle and reuse liquid effluents wherever possible; 

• Treat unrecyclable liquid waste; and, 
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• Discharge the treated liquid wastes to the environment only when in compliance with 

the relevant discharge management limit(s) and conditions. 

The LRWMS consist of the following systems: 

• RPE [VDS]; 

• TEU [LWTS]; 

• SRE [SRS]; 

• TER [NLWDS]; and, 

• SEL [LWDS (CI)]. 

These systems are described below. 

23.5.1.1 Nuclear Island Vent and Drain System (RPE [VDS]) 

RPE [VDS] collects the following radioactive wastes from the Reactor Building (BRX), 

Safeguard Building (BSX), Fuel Building (BFX), BNX and Access Building (BAX): 

• Recyclable coolant effluents. The following recyclable coolant effluents are collected 

by RPE [VDS], and then transferred to TEP [CSTS] for treatment: 

 Reactor coolant effluents from BRX, mainly from the leakage and drainage of 
the RCP [RCS] and the connected systems;  

 Reactor coolant effluents from BNX, mainly from the drainage of safety valves 

and equipment and pipelines transferring reactor coolant; and, 

 Reactor coolant effluents from BSX and BFX, mainly from the drainage of 
equipment and pipelines transferring reactor coolant. 

• Unrecyclable liquid waste. The following liquid wastes are collected by RPE [VDS], 
and then transferred to TEU [LWTS] for treatment or to SEK [LWCS(CI)] for 

discharge: 

 Process drains. Polluted primary coolant from equipment and pipeline flushing 
of the primary coolant and auxiliary systems, is generally collected as process 

drains in the process drains tanks; 

 Chemical drains. Fluid originating from the radioactivity laboratory is generally 
collected as chemical drains in chemical drains tank(s); 

 Floor drains 1. Contaminated fluid from leaks, floor washing and drainage of 
contaminated equipment in controlled areas is generally collected in sumps of 
floor drains 1; 

 Floor drains 2. Fluid normally slightly contaminated or uncontaminated from 
leaks, maintenance and drainage of equipment in the controlled area is generally 

collected in sumps of floor drains 2; and, 

 Floor drains 3. Fluid uncontaminated from leaks, maintenance and drainage of 
equipment in uncontrolled areas is generally collected in sumps of floor drains 3. 
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Process drains, chemical drains, floor drains 1 and 2 are transferred to TEU [LWTS] 

for treatment. Floor drains 3 are transferred to TEU [LWTS] or SEK [LWCS (CI)] 

depending on the radioactivity present. 

• Gaseous wastes. Gaseous wastes mainly include vents from pressure vessels, gas 

removed from the Pressurizer (PZR) and vents from the reactor coolant tanks of RPE 
[VDS]. The wastes are discharged to the Containment Sweeping and Blowdown 

Ventilation System (EBA [CSBVS]) (which feeds into the HVAC system) or the TEG 
[GWTS]. 

The process flow diagram for the RPE [VDS] is presented in F-23.5-1. 

23.5.1.2 Sewage Recovery System (SRE [SRS]) 

SRE [SRS] is designed to collect the liquid radioactive waste from BWX and Hot 

Mechanical Workshop and Warehouse (BBH). The liquid waste includes: 

• Waste fluids mainly come from leakage, drainage and overflow of the equipment, 

sampling and ground flushing in BWX where TEU [LWTS], Solid Waste Treatment 
System (TES [SWTS]) and the hot laundry are located. 

• Waste fluids mainly come from mechanical decontamination and ground flushing in 

BBH where the components contaminated with radioactivity are stored and 

maintained. 

These liquid wastes are collected and classified into four categories: process drains, 

chemical drains, floor drains and laundry drains, and then routed in the TEU [LWTS] for 

treatment. 

A process flow diagram for the system is presented in F-23.5-2. 

23.5.1.3 Liquid Waste Treatment System (TEU [LWTS]) 

TEU [LWTS] is designed to receive, store and process the radioactive liquid waste 

generated in normal operation. Four categories of radioactive liquid wastes are treated, 

namely: 

• Process drains, which are low in chemical contamination; 

• Chemical drains, which have a higher concentration of chemical impurities and 

radioactive contamination; 

• Floor drains, which have a lower radioactive concentration but  contain suspended 

solids; and, 

• Laundry drains, which also have a lower radioactive concentration but contain 

suspended solids, fibrous matters, and elevated levels of surfactants. 

A process flow diagram for the system is presented in F-23.5-3. 

Each of the incoming waste streams is collected in storage tanks based on the categories 
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of radioactive liquid wastes. Before processing, the contents in the storage tanks will be 

stirred and subjected to sampling analysis to ensure suitable treatment. 

Process drains are treated by demineralization, chemical drains by evaporation, and floor 

and laundry drains by filtration. If the floor drains have a higher radioactive concentration 

or the process drains have a higher concentration of chemical impurities, they can also be 

treated by evaporation. TEU [LWTS] provides monitoring tanks where the treated liquid 

wastes are received and sampled for analysis. If the radioactivity and chemical properties 

of the liquid waste in the monitoring tanks meet the discharge management objective, it 

will be discharged to TER [NLWDS]; otherwise, it will be re-processed. 

23.5.1.4 Nuclear Island Liquid Waste Discharge System (TER [NLWDS]) 

TER [NLWDS] is designed to monitor and discharge the treated liquid radioactive waste 

to the environment along with the return cooling water. 

The liquid waste received by TER [NLWDS] includes: 

• Treated liquid waste that meets the discharge management objective from TEU 

[LWTS] monitoring tanks (see sub-chapter 23.5.1.3); 

• Distillates from TEP [CSTS] in the case of high tritium concentration (see 

sub-chapter 23.4.1.1); 

• Liquid waste from SEK [LWCS(CI)] in case of unavailability of SEL [LWDS(CI)] or 

abnormal radioactivity levels; and, 

• Liquid waste from APG [SGBS] when not recycled and not directed to SEL [LWDS 

(CI)]. 

These liquid wastes are received in the liquid waste storage tanks where they are sampled 

for analysis again. If the radioactivity and chemical properties of the liquid waste meet 

the discharge management objective, it will be pumped to the site discharge point under 

monitoring. Should the contents of the storage tanks not meet the discharge management 

objective, review will be undertaken to determine the most appropriate course of action 

which may include transfer to the TEU [LWTS] for re-processing. 

23.5.1.5 Conventional Island Liquid Waste Discharge System (SEL [LWDS (CI)]) 

SEL [LWDS (CI)] is designed to monitor and discharge potentially contaminated liquid 

waste to the environment. The liquid waste may be stored temporarily and transferred to 

TEU [LWTS] for retreatment if the discharge limit is threatened. The liquid waste 

received by SEL [LWDS (CI)] includes: 

• Potentially radioactive liquid waste from SEK [LWCS (CI)] (see sub-chapter 

23.4.1.3); 

• Blowdown from APG [SGBS] (see sub-chapter 23.4.1.3). 

These liquid wastes are received in the liquid waste storage tanks. After sampling for 
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analysis, the liquid waste is pumped to the site discharge point under monitoring or 

re-processed.  

A process flow diagram for the TER [NLWDS] and SEL [LWDS (CI)] is presented in 

F-23.5-4. 

23.5.2 Gaseous Radioactive Waste Management Systems 

The Gaseous Radioactive Waste Management Systems comprise: 

• TEG [GWTS]; and, 

• HVAC system. 

The TEG [GWTS] is described below. The design of the HVAC system is described in 

chapter 10. 

23.5.2.1 Design Basis 

The TEG [GWTS] processes the primary gaseous effluents and controls the gaseous 

radioactivity discharge to the environment. 

The specific objectives of the systems are to: 

• Flush vessels containing the reactor coolant in order to remove the hydrogen (H2) 

and radioactive inert gases in the gas-phase space, keep the H2 concentration below 
4% and the oxygen (O2) concentration below 2%, and thereby prevent the 

development of explosive atmospheres; 

• Establish a closed loop in which the flushing gas can be reused, after reduction of the 

H2 and O2 concentrations, so as to minimize the discharge of gaseous wastes to the 
environment; 

• Compensate for level deviations within the connected tankage through the injection 

or withdrawal of the cover gas; 

• Maintain a slight negative pressure in the upstream systems (with the exception of 

the RCV [CVCS] volume control tanks) to prevent fugitive radioactive gas releases 

to air; and, 

• Treat the excess gas flow rates arising from the systems connected to TEG [GWTS] 

during startup and shutdown of the plant. 

23.5.2.2 System Description 

During steady-state operation of the TEG [GWTS] recirculates nitrogen cover gas 

through the tanks and vessels to which the system is connected. This acts to sweep out 

other gases which might be present in the tanks, notably H2, O2 and radioactive fission 

gases, among them xenon and krypton, released from the reactor coolant in the event of 

fuel cladding defects. The H2 and O2 are removed in a recombiner to water which is 

drained to RPE [VDS]. During this operation there are no intentional releases of gas to 
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the environment. 

During shutdown the depressurization of the Reactor Pressure Vessel (RPV) results in the 

release of gases into the power station systems swept by the TEG [GWTS]. These gases 

include tritium, carbon-14 and noble gases along with quantities of iodine and other 

radionuclides, all of which were likely to have been present in the reactor coolant. In 

order to flush these gases out of the system, nitrogen is introduced and the TEG [GWTS] 

is opened to the environment via its discharge line. 

In order to minimize the radioactivity of the gaseous release the TEG [GWTS] is 

provided with delay beds. A gel drier and a heater upstream of the beds ensure their 

optimal operation. The beds absorb radioactive iodine, and provide increased delay time 

for xenon and krypton. Radioactive decay of the fission gases during the delay period 

significantly reduces the radioactivity of the gas flow leaving the system. 

The gas released via the discharge line passes to DWN [NABVS] where it is mixed, 

diluted with plant air exhausted by the HVAC system, and HEPA filtered. The mixed gas 

is monitored for radioactivity and discharged via the main stack. 

A process flow diagram for the TEG [GWTS] is presented in F-23.5-5. 

23.5.3 Solid Radioactive Waste Management System 

An outline description of the approach to solid radioactive waste management has been 

given in sub-chapter 23.4.  

Solid radioactive waste is managed by TES [SWTS]. A flowsheet for the TES [SWTS] is 

presented in F-23.5-6. 

These arrangements will be developed during the GDA process and further detail will be 

provided in later submissions. 

23.5.4 Spent Fuel Interim Storage 

Options for interim spent fuel storage have also been outlined in sub-chapter 23.8.  

These too will be developed during the GDA process and further detail will be provided 

in due course. 

23.5.5 System Flow Diagrams 

In the following sub-chapter there are systems diagrams for: 

F-23.5-1 Nuclear Island Vent and Drain System (RPE [VDS]) 

F-23.5-2 Sewerage Recovery System (SRE [SRS]) 

F-23.5-3 Liquid Waste Treatment System (TEU [LWTS]) 

F-23.5-4 Nuclear Island Liquid Waste Discharge System (TER [NLWDS]) and 

Conventional Island Liquid waste Discharge System (SEL [LWDS (CI)]) 
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F-23.5-5 Gaseous Waste Treatment System (TEG [GWTS]) 

F-23.5-6 Flowsheet for Solid Waste Treatment System (TES [SWTS]) 
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23.6 BAT Assessment 

This section presents information on the preliminary BAT assessments carried out for the 

UK HPR1000. The demonstration of BAT follows the approach where the following 

aspects have been established: 

BAT will be employed to: 

• Prevent and minimize (in terms of radioactivity) the creation of radioactive waste; 

• Minimize (in terms of radioactivity) discharges of gaseous and aqueous radioactive 

wastes; 

• Minimize the impact of those discharges on people, and adequately protect other 

species; 

• Minimize (in terms of mass/volume) solid radioactive wastes and spent fuel; and, 

• Select optimal disposal routes (taking account of the waste hierarchy and proximity 
principle) for those wastes. 

The sections below, where relevant, provide some expansion and the supports prepared to 

date. 

23.6.1 Prevent and Minimize the Creation of Radioactive Waste 

Radioactive waste is an unavoidable by-product of electricity generation by any nuclear 

reactor. However, the amount of radioactive waste created can be minimized through 

optimization of plant design and management. In doing so, the dose impact of the 

radioactivity on the public and the environment, as well as the costs associated with its 

management and disposal, are also minimized.   

The major routes by which radioactivity is created are the processes of fission and 

activation. Fission takes place within the fuel, leading to the creation of fission products 

which may enter the coolant of the primary circuit. Neutrons released during fission in 

the reactor core can activate reactor components and materials within the coolant of the 

primary circuit (e.g. suspended or dissolved corrosion products and other 

non-radiological impurities).  

The UK HPR1000 has sought to build upon its predecessor designs in minimizing the 

creation of radioactive waste at source (i.e. within the reactor and primary circuit), as 

summarized by the following design features. 

23.6.1.1 Fuel Design and Handling 

Fission within the fuel represents the largest source of radioactivity within the reactor.  

Fission products that leave the structure of the fuel and enter the coolant of the primary 

circuit will ultimately become radioactive waste, requiring treatment, discharge or 

disposal. For this reason, retention of activity within the fuel structure is fundamental in 



UK HPR1000 

GDA 

Preliminary Safety Report Chapter 23 

Radioactive Waste Management & Fuel Storage 

UK Protective Marking: 
Not Protectively Marked 

Rev: 000 Page: 36 / 68 

 

UK Protective Marking: Not Protectively Marked 

the application of BAT.  

This demonstration will be shown through, for example: 

• The design of the fuel (to minimize fuel rod failure);  

• The manufacturing of fuel (to minimize the occurrence of ‘tramp uranium’); and, 

• No fuel damage occurred during fuel handling. 

23.6.1.2 Fuel Use and Management  

Using the minimum quantity of fuel per unit of electricity generated is desirable from 

both an economic and environmental protection standpoint. Efficient fuel use within the 

reactor core will reduce the frequency with which reloading of fuel is required, and as a 

consequence, reduce the amount of radioactive waste and spent fuel produced.   

The design of the UK HPR1000 will seek to minimize the unnecessary generation of 

waste (and ultimately the discharges associated with its management). This 

demonstration will be made, for example, with reference to: 

• The optimisation of the length of the operating cycle to balance economic needs 
against the amount and activity of the spent fuel and secondary wastes generated 

during refuelling.  

• The detection, location and isolation of leaking fuel pins and their removal during 

refuelling. A small amount of fission product leakage is normally expected from the 
fuel and can be tolerated within the primary circuit. On very rare occasions, fuel pins 

can rupture, leading to an increased rate of fission products entering the coolant.  

• Fuel handling and storage. The Fuel Handling and Storage System (PMC [FHSS]) is 

designed to maintain the integrity of fuel cladding during transfer and storage in the 
spent fuel pool. This reduces the risk of fuel damage leading to leakage of fission 

products into the pool water during storage, minimizing the activity in the water and 
therefore minimizing the generation of secondary wastes.  

23.6.1.3 Use of Boron and the Control of Reactivity  

Control of reactivity relates to control over the amount of fission in the core (and 

therefore production of fission products) which in turn influences the generation of 

activation products through neutron flux. Three primary methods are used for reactivity 

control:  

• Use of soluble boron; 

• Use of control rods; and, 

• Use of burnable poisons. 

Soluble boron is used in the primary coolant as a neutron absorber, to limit the amount of 

neutrons present and thereby maintain desired reactivity coefficients. However, boron is a 
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pre-cursor to the production of tritium and its use will therefore be optimized. Its use as a 

long-term reactivity control method will be shown to have been optimized through the 

use of Gadolinium (in the form of Gd2O3) as a burnable poison at the start of the each 

fuel cycle to reduce the required concentration of boron in solution in the primary circuit. 

Use of this poison therefore reduces the production of tritium through the activatio n of 

boron.  

23.6.1.4 Water Chemistry  

The chemistry of the water of nuclear reactors will be carefully controlled from the 

following technical optimisation: 

• The enriched boron acid is used to control reactivity. B-10 is a neutron absorber and 

so dissolving boron in the primary coolant in the form of boric acid allows the 
reactivity to be controlled by varying the boric acid concentration. 

• Lithium hydroxide (7LiOH) is used to control the pH of the primary circuit.  
Optimised pH in the primary circuit minimizes the corrosion of structural materials, 

and the transport of corrosion products to the reactor core where they would 
otherwise be activated by neutron flux and ultimately require management, disposal 

or discharge as radioactive waste. Control of the pH also maintains the integrity of 
the fuel cladding material, reducing the potential for fission product release. Use of 
lithium-7 rather than lithium-6 optimises the lithium injection process by ensuring 

that generation of radioactivity via tritium production is also reduced (lithium-6 
produces greater quantities of tritium than lithium-7). 

• Radiolysis of the coolant will produce oxygen which would lead to stress corrosion 
cracking of stainless steel. Oxygen production is suppressed by adding hydrogen and 

maintaining the hydrogen concentration at an optimal level to keep the 
electrochemical potential sufficiently low to prevent the stress corrosion cracking of 

stainless steel during power operation. In addition, make-up water to the primary 
circuit will be degassed to keep the oxygen levels within the specified limits. 

• Impurities will be controlled to reduce local corrosion of structural materials and 

scaling of fuel cladding. For example, impurities such as chlorides, fluorides, and 
sulphates can cause corrosion of the primary system components and low solubility 

species such as calcium compounds, magnesium compounds, aluminium compounds, 
silicon dioxide can deposit on fuel surfaces.  

Reactor chemistry is discussed further in chapter 21. 

23.6.1.5 Selection of Materials  

Activation products (arising from activation of corroded materials suspended or dissolved 

in the circuit, or through activation of structures and components) are significant sources 

of radioactive waste, as well as of dose to workers. Selection of appropriate materials 

with specific chemical content and/or resistance to corrosion can contribute to a reduction 

in the level of activation.  

The materials selection philosophy and overall design of the UK HPR1000 will be shown 
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to be BAT. For example, Co-60 represents a significant activation product contributing to 

the generation of radioactive waste as well as dose to workers. It is present in stainless 

steels and nickel based alloys (such as Inconel). Reduced production of Co-60 is achieved 

in the HPR1000 (FCG3), through general use of low Cobalt steels. To minimize the 

generation of corrosion products in the HPR1000 (FCG3), corrosion-resistant materials 

are used (in conjunction with maintenance of controlled Water Chemistry environment, 

see sub-chapter 23.6.1.4). For example: 

• Where ferritic low-alloy steel and carbon steel is used, a corrosion-resistant 

weld-deposited cladding is added to the steel surface in contact with the reactor 
coolant; 

• Safety-related components are constructed from stainless steel forging and 
nickel-based alloy welding materials with strong stress corrosion resistance; and, 

• Austenitic steel is used in strict accordance with design regulations in order to 
minimize stress corrosion cracking (SCC). 

23.6.1.6 In-process Monitoring 

The HPR1000 (FCG3) has a Nuclear Sampling System (REN [NSS]) which provides 

representative, suitable and sufficient monitoring, sampling and analysis of the chemical 

parameters of the primary and auxiliary systems. Samples are taken and recycled 

separately according to their sources in order to prevent cross-contamination (and the 

generation of waste).  

Monitoring alone does not prevent the generation of radioactive waste. However, it 

demonstrates that key systems within the reactor are functioning correctly and provides 

warning of equipment failure hence allowing intervention to minimize the subsequent 

generation of waste. 

23.6.2 Minimize Discharges of Gaseous and Aqueous Radioactive Wastes 

The UK HPR1000 will aim to minimize discharges of gaseous and aqueous radioactive 

wastes. The following design features of the HPR1000 (FCG3) contribute to the 

treatment of liquid and gaseous wastes and thereby minimize their discharge to the 

environment, and theses will be considered in UK HPR1000. 

23.6.2.1 Gaseous Radioactive Waste Management System 

While the HPR1000 (FCG3) is designed to prevent or minimize the creation of 

radioactive gases, the generation of some gaseous radionuclides is unavoidable. 

Furthermore, in order to ensure the safe and efficient operation of the power station these 

gases must be periodically removed from its systems – typically during shutdowns – and, 

ultimately, disposed of to the environment. The gas disposal is handled by TEG [GWTS] 

which has been designed to minimize the radioactivity associated with the resulting 

environmental discharge. The ultimate release point is the stack which in turn minimizes 

the impact of the discharges on people. 
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The purpose of the TEG [GWTS], during the normal operation of the power station, is to 

recirculate nitrogen through tanks in systems where hydrogen and oxygen can 

accumulate with the aim of maintaining the H2 concentration below 4% and that of O2 

below 2%, thereby preventing the development of explosive atmospheres. The H2 and O2 

are removed in a recombiner. During this normal operational activity the TEG [GWTS] is 

isolated from the environment. It thus primarily fulfills a safety function, although the 

slight negative pressure it imposes on the upstream systems does work to prevent the 

escape of radioactive gases to the environment as fugitive emissions. 

During transient operations, principally shutdown, the depressurization of the RCP [RCS] 

results in the release of gases into the power station systems swept by the TEG [GWTS].  

These gases include tritium, carbon-14 and noble gases along with quantities of iodine 

and other radionuclides, all of which were present in the reactor coolant. In order to flush 

these gases out of the system, nitrogen is introduced and the TEG [GWTS] is opened to 

the environment via its discharge line. 

In order to minimize the radioactivity of the gaseous release the TEG [GWTS] is 

provided with delay beds. A gel drier and a heater upstream of the beds ensure their 

optimal operation. The beds absorb radioactive iodine and provide increased delay time 

for xenon and krypton. Radioactive decay of the fission gases during the delay period 

significantly reduces the radioactivity of the gas flow leaving the system.  

The gas released via the discharge line passes to the DWN [NABVS] where it is mixed 

and diluted with plant air exhausted by the HVAC system (see sub-chapter 23.6.3.2) and 

undergoes HEPA filtration. The mixed gas is monitored for radioactivity and discharged 

via the main stack. 

Some of the radionuclides in the gas handled by the TEG [GWTS] are not abated by the 

delay beds principally because the delay time afforded by the beds, typically of the order 

of 40 days, is insignificant when compared with the half- lives of the nuclides (tritium’s 

half- life is 12.3 years, and that of carbon-14 and krypton-85 is 5,730 years and 10.72 

years respectively. In addition, tritium is a small molecule and will readily pass through 

the beds). These gases will therefore be discharged directly to the environment via the 

stack. 

Assessments of the treatment techniques for tritium and carbon-14 made for other nuclear 

reactor designs have shown that the costs of installation and operation of the techniques 

are very high and the reduction in impacts on members of the public and the environment 

are low. Installation of such equipment is therefore considered to be grossly 

disproportionate to any benefit that would be realized. This conclusion is likely to be 

applicable to the UK HPR1000, and presently no treatment is proposed. However, a 

review will be made at later stages of the GDA process. 

23.6.2.2 Recycling of Water to Reduce Discharges 

The HPR1000 (FCG3) is designed to prevent or minimize the creation of radioactive 
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liquid effluent, and this is achieved, wherever possible, by internal recycling. For 

example, reactor coolant effluents arise from leakage and drainage of the RCP [RCS] and 

connected systems in the BRX, and from safety valves and equipment or pipelines 

transferring reactor coolant in BNX, BSX and BFX. These effluent streams are collected 

by the RPE [VDS] and are sent to the TEP [CSTS] for recycling. The recycling is 

consistent with the principles of BAT. 

Through the TEP [CSTS], the HPR1000 (FCG3) is designed to: 

• Remove radioactivity from the primary circuit, in order to minimize dose to workers; 

and, 

• Maximize water re-use in the primary circuit, in order to minimize discharges to the 

environment.  

The TEP [CSTS] continuously receives reusable primary coolant during normal operation 

of the reactor. From this it prepares demineralised water and boric acid solution via a 

distillation process and transfers these streams to storage tanks for reuse. It reduces the 

radioactivity level in the primary coolant through use of a mixed bed demineraliser and 

cartridge filters, as well as a degasification process. Primary circuit water is only passed 

to LRWMS for treatment and discharge (see sub-chapter 23.6.2.3) when its 

characteristics fall outside of the defined parameters for the primary circuit, or if there is 

excess reactor water during start-up and shut down operations. 

23.6.2.3 Liquid Radioactive Waste Management System 

There are a number of residual liquid effluent streams which are either radioactive or 

potentially radioactive, and which cannot be recycled. These are therefore processed by 

the TEU [LWTS] to ensure that the subsequent discharge of radioactive liquid waste to 

the environment has been minimized. 

The effluent delivered to TEU [LWTS] is segregated into four separate streams: 

• Process drains, which have a low level of chemical impurities; 

• Chemical drains, which have a higher level of chemical impurities and potentially 

higher radioactivity; 

• Floor drains, which typically have lower radioactive contamination but are high in 

suspended solids; and, 

• Laundry drains, also lower in radioactive contamination but high in suspended solids, 

fibrous matters, and detergents. 

The segregation optimizes the downstream treatment process by enabling the most 

suitable treatment technology to be selected. It also safeguards the treatment processes.  

For example, it prevents exposure of the demineralization resins to chemically 

incompatible wastes which could cause damage. 
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The TEU [LWTS] operates on a batch processing basis and is provided with drains 

storage tanks for each of the four incoming effluent streams. Before processing, the 

contents in the storage tanks will be stirred and subjected to sampling analysis.  

Treatment is as follows: 

• The process drains will be filtered, passed through demineralizers, filtered a second 

time and then routed to monitoring tanks; 

• The chemical drains will be filtered and pumped to an Evaporator where it will be 

boiled. The resulting steam distillate overhead will be compressed, cooled and routed 
to the monitoring tanks. The high salinity concentrate bottoms will be sent to the 
Solid Waste Treatment System (TES [SWTS]) for further treatment and disposal; 

• The floor drains will treated by filtration and routed to the monitoring tanks. If the 

floor drains have a higher radioactive concentration they can be diverted to the 
Evaporator; and, 

• The laundry drains will be filtered and routed to the monitoring tanks. If the laundry 

drains have a higher radioactive, they can be diverted to the Evaporator. 

The activity and chemical properties of each treated effluent stream will be measured in 

the monitoring tanks. If within limits the effluent will be discharged to the TER 

[NLWDS], otherwise, it will be re-processed. The TER [NLWDS] provides additional 

storage for treated liquid radioactive waste and also has the capability to recycle effluent 

back to the TEU [LWTS]. From the TER [NLWDS] the effluent is discharged under 

monitoring to the marine environment where the outfall structure, admixture with the 

seawater return, and timing of the effluent release relative to the tidal cycle minimizes the 

impact of the discharges on people and adequately protects other species.  

In addition to the treated effluent from the TEU [LWTS], the TER [NLWDS] also 

receives liquid waste containing tritium from the TEP [CSTS] to control the tritium 

concentration in primary circuit. Tritium does not undergo treatment within TEU [LWTS] 

because it is not removed by filtration or demineralization resins, and its half life is too 

great to make decay by delay a practical technique. Assessments made for other nuclear 

reactor designs have shown that the techniques that could be used to treat this 

radionuclide have very high installation and operating costs, while the impacts associated 

with its discharge are low. This conclusion is likely to be applicable to the UK HPR1000, 

and presently no treatment is proposed. However, a review will be made at later stages of 

the GDA process. 

23.6.2.4 Fuel Pool Cooling and Treatment System 

The HPR1000 (FCG3) is designed to minimize the amount of gaseous radioactive waste 

that evolves from the Spent Fuel Pool by controlling the temperature of the water within 

the pool, thereby minimizing evaporative losses. A small amount of water will inevitably 

evaporate. This will be captured by the HVAC system (see sub-chapter 23.6.3.1) and 

exhausted to atmosphere via the main stack thus minimizing the impact of the discharges 
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on people and other species. The radioactivity of any evaporate will be monitored by 

continuous air monitors located in the HVAC system. 

23.6.2.5 Steam Generator Blowdown System (APG [SGBS]) 

The APG [SGBS] continuously collects and demineralizes blowdown from the secondary 

water circuit in order to maintain its chemistry within design limits. The blowdown is 

cooled, passed through a cationic bed demineralizer, an anionic bed demineralizer and 

resin filter, and sent to the condensate storage tanks for re-use. Since tritium does not 

undergo treatment by filtration or demineralization resins, its concentration in primary 

circuit is controlled by discharging tritiated water from TEP [CSTS] to TER [NLWDS] 

(see sub-chapter 23.6.2.3).  

Due to the physical separation of the primary and  secondary circuits in the steam 

generators, the steam and water of the secondary system should not contain radioactivity 

under normal conditions. The integrity of the SGs, their leak-tightness, will be 

maximized through materials selection, monitoring, inspection and maintenance (tubes 

can be plugged or sleeved during shutdown). In the event of a small pin hole leak, 

contamination of the secondary circuit will occur but the contamination will be removed 

by the demineralizer. The plant will be shutdown when the primary-to-secondary leakage 

rate limited in the radio-chemical specification is reached. 

The APG [SGBS] can discharge blowdown to the SEL [LWDS (CI)]. However, the 

discharge is monitored and there is the facility to route the stream to the TEU [LWTS] if 

further treatment for radioactive contamination is necessary. 

23.6.3 Minimize the Impact of Discharges on People 

The UK HPR1000 will seek to minimize the impact of unavoidable radioactive gaseous 

and aqueous discharges from the UK HPR1000 on people. The following design features 

mainly from HPR1000 (FCG3) will be considered in the design of UK HPR1000. 

23.6.3.1 HVAC System 

The HVAC system maintains environment conditions (temperature, humidity and 

cleanliness) within acceptable range for personnel and equipment, and limits the 

discharge of radioactive substances into the environment under normal plant condition 

and abnormal plant conditions. 

The sub-pressure in the controlled areas is typically maintained below the atmospheric 

pressure to limit air flows into the external environment. This prevents the uncontrolled 

discharge of radioactive gases at low level through doors and gaps of the buildings. 

Furthermore, the direction of air flow is designed to flow from potentially less 

contaminated areas to potentially higher contaminated areas. 

The negative pressure is maintained by continuous drawing air from the buildings and 

discharging it to the environment. The parts of the HVAC systems that serve controlled 
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areas have HEPA filters or/and iodine absorber to remove aerosols or/and radioactive 

gases prior to release via the main stack. 

The HVAC system minimizes the discharge of radioactive substances and aerosols into 

the environment from controlled areas within the HPR1000 (FCG3). It also minimizes 

the impact of gaseous discharges on people by exhausting to atmosphere via the main 

stack (see sub-chapter 23.6.3.2). 

23.6.3.2 Gaseous Discharges via Main Stack 

Gaseous radioactive waste treated by the TEG [GWTS] and the HVAC system will be 

discharged to the environment via the main stack. The location of the stack will be 

optimized with reference to the proximity of the systems that feed into it and structural 

considerations. 

Air dispersion modelling of the discharge from the main stack will be undertaken in order  

to investigate the relationship between the height of the stack and the impact to members  

of the public from the radioactivity of the waste that is discharged. 

The discharge stack will be provided with monitors to measure and record the radioactive  

discharges. The configuration of the monitors and sample collection systems will be  

determined in accordance with the output of a BAT assessment. 

23.6.3.3 Gaseous Discharges via Other Minor Systems 

There is an additional source of gaseous radioactive discharge to the environment from 

the BBH. Exhaust air from the BBH is filtered by the HEPA filter of the HVAC system 

before its release. It is anticipated that this is a minor source due to the discharges only 

arising from decontamination, maintenance and storage of equipment and components in 

the facility. This assertion will be substantiated at a later stage of the GDA process. 

23.6.3.4 Leak-tightness of Systems 

The design intent of the HPR1000 (FCG3) is that during normal conditions discharges to  

atmosphere are made through appropriately monitored and permitted routes, namely the 

main exhaust stack. To achieve this, containment and ventilation systems are provided.  

There have been general steps taken to optimize the design with the aim of minimizing 

leakages from the systems and components. Sampling and monitoring is provided where 

there is the potential for leaks. 

23.6.3.5 Liquid Discharges via Main Discharge Line 

The aqueous radioactive waste remaining after upstream treatment will be discharged 

under monitoring to the marine environment via the system outfall where it is mixed with 

the return cooling water from the Essential Service Water System (SEC [ESWS]) and the 

Circulating Water System (CRF [CWS]) .  

Hydrodynamic modelling of the discharge will be undertaken to investigate the  
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relationship between the location of the outfall, its geometry, water flow rate, temperature  

up- lift, and water composition in order to minimize its impact upon people and the wider  

environment. The assessment will consider the costs of the engineering associated with 

modifying these variables and explore at what point further modifications would be  

grossly disproportionate to the benefits realised from reductions in impacts to members of 

the public and the environment.  

Emission management needs to be determined by tidal, hydrological, terrain and other 

characteristics. Selecting better dilution conditions for emissions can reduce the impact of 

radioactive effluent on the environment as far as possible. The specific management 

measures will be formulated by operating company. 

23.6.4 Minimize Solid Radioactive Wastes and Spent Fuel 

The supports of this aspect describe the design/operational features of the UK HPR1000 

which will minimize the volumes of solid wastes – i.e. those wastes that must be disposed 

of to other premises – during the life-cycle of the reactor. The information provided is 

preliminary in nature and will be developed throughout the GDA process. 

23.6.4.1 Minimize the Production of Waste (Design Features) 

It will be shown that the production of solid radioactive waste by the UK HPR1000 

during its life cycle will have been minimized through the adoption of a range of design 

features. Examples may include: 

• Use of more compact equipment compared with predecessor designs; 

• Building layout. Reduction in the size of controlled radiological areas will reduce the 

quantity of waste generated from general occupancy, housekeeping and 
decommissioning; 

• Materials selection and reactor chemistry. These techniques contribute to a reduction 

in the frequency with which components will require replacement as a result of 
corrosion. Consequently, they will result in a reduction in the quantity of waste 

associated with the replacement of damaged components and any related 
maintenance activities; 

• Use of demineralisers to maximize radionuclide capture; and, 

• Minimized lengths of pipework consistent with efficient plant operation and effective 

maintenance practices. 

23.6.4.2 Minimize the Production of Waste (Operational Features) 

Management of operational and maintenance will be taken into account for the UK 

HPR1000 to minimize the production of solid and liquid radioactive wastes. Examples of 

management measures may include: 

• Segregation and separation of waste streams (from origin to discharge). This will 
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ensure that unnecessary cross-contamination of wastes does not occur thus 
optimizing waste treatment and disposal; 

• Keeping tools and equipment within active areas which results in their not having to 

be decontaminated as regularly. 

23.6.4.3 Minimize Final Package Volumes of Solid Wastes 

A variety of techniques may be adopted to minimize the volumes of solid and liquid 

radioactive wastes requiring disposal. Examples of these procedures may include: 

• Efficient use of waste containers. All solid radioactive waste will be stored, 
transported and disposed of in containers that have been designed to meet the 

requirements of UK legislation. In the majority of cases the waste is disposed of in 
the container in which it is transported to the waste management facility. Making the 

most efficient use of space in containers has the combined effect of reducing the size 
of storage facilities, decreasing the number of vehicle movements during 
transportation and minimizing the demand for disposal capacity at appropriately 

permitted disposal sites; 

• Appropriate characterization to ensure that wastes are assigned to the appropriate 

classification; 

• Size reduction (e.g. in-core instrumentation assembly); 

• Waste compaction. For example, spent filter cartridges will be super compressed to 

produce pellets, and then the waste pellets filled into waste containers (for 
solidification by cement grouting); 

• Decay storage to minimize volumes of LLW (although not overall volumes of waste).  

For example, the slightly contaminated resins generated in APG [SGBS] will be 
discharged into the APG [SGBS] storage tank and thence into the waste drum for 

temporary storage to decay. After reaching the exempt level they will be handled as 
VLLW. Spent resins from the RCV [CVCS], TEP [CSTS], and PTR [FPCTS] will be 

subject to decay storage in BNX prior to treatment in the BWX. 

It is currently the intention that the UK HPR1000 will not include an on-site incinerator 

as it is understood that best practice for volume reduction by combustion is to perform 

this task at an off-site industrial facility. However, this assumption will be investigated as 

the GDA process proceeds. 

23.6.5 Select Optimal Disposal Routes for Wastes 

The UK HPR1000 will seek optimal disposal routes to minimize volumes of solid and 

non-aqueous wastes which are generated from the operation of the UK HPR1000 

throughout its life-cycle. The following information is preliminary in nature and will be 

developed throughout the GDA process. 

23.6.5.1 Application of the Waste Hierarchy 

The UK HPR1000 will be provided with the range of equipment necessary to 
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characterize, sort, treat and store waste according to the required classification –HLW, 

ILW, LLW and VLLW – prior to its consignment to an appropriately permitted waste 

management facility. By this means it will be possible to employ the most efficient 

disposal routes for the waste taking due account of the proximity principle. 

Waste management, in particular that applicable to LLW, will follow a hierarchy of waste 

management procedures, namely: 

• Minimize at source; 

• Re-use; 

• Recycle; 

• Reduce volume; and, 

• Dispose 

23.6.5.2 Agreement in Principle for LAW 

The GDA process requires that a requesting party obtain ‘agreement in principle’ to 

dispose of waste to identified waste facilities. This process provides assurance that the 

wastes generated from the operation, maintenance and decommissioning of a new reactor, 

in this case the UK HPR1000, will comply with necessary Waste Acceptance Criteria and 

that a route is established for their disposal. 

RP will engage with the suppliers of waste management services as the GDA process 

develops, and will establish the necessary agreement- in-principle. The final choice of 

waste route and the quantity of waste to be consigned will be determined at a future date. 

23.6.5.3 Disposability Assessment for HAW 

Some of the solid radioactive wastes that will be created by the UK HPR1000 will be too 

radioactive to be managed and disposed of via existing routes so these wastes – higher 

activity wastes (HAW) and spent fuel (SF) – will be stored until a long-term management 

solution is established. This situation is not unique to the UK HPR1000 but is applicable 

to all of the existing and new UK reactor fleet. 

The RWM undertakes assessments to determine the degree to which proposals for the 

management of higher activity waste and spent fuel accord with established management 

and disposal concepts. RP will thus engage with RWM as the GDA process to develop 

proposals and obtain the necessary disposability assessments both for the HAW and the 

SF. 

23.7 Fuel Route Operations 

This sub-chapter includes the following information: 

• Present an overview of the fuel route operations and the associated systems involved. 
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• Demonstrate that the fundamental safety functions are achieved during the fuel route 

operations.  

• Present a preliminary list of faults that could potentially affect the safety of the fuel 

route operations. 

23.7.1 Safety Philosophy 

The fundamental safety functions that shall be maintained throughout the fuel route 

operations are as follows: 

• Control of reactivity; 

• Removal of heat from the reactor and from the fuel store; and, 

• Confinement of radioactive material, shielding against radiation and control of 

planned radioactive releases, as well as limitation of accidental radioactive releases. 

The fuel route operations will be designed to provide suitable and sufficient protection 

against exposure to radiation and contamination. 

23.7.2 Overview of Fuel Route Operations 

The aim of the HPR1000 (FCG3) fuel route operations is to enable continued operation 

of the HPR1000 (FCG3) by safely bringing new fuel into the reactor, handling irradiated 

fuel and storing spent fuel.  The HPR1000 (FCG3) is expected to undergo an outage for 

refuelling approximately every 18 months. 

The following definitions are used in this sub-chapter: 

• NFAs – New Fuel Assemblies that have not been loaded into the reactor core yet; 

• IFAs – Fuel assemblies that have been irradiated inside the reactor core and are 

expected to be re-inserted back in the reactor core during refuelling operations; 

• SFAs – Fuel Assemblies that have been irradiated inside the reactor core and could 

not be re-inserted back to the reactor core; 

• SFP – Spent Fuel Pool that locates in fuel building, which storages fuel assemblies, 
fuel assembly inserts and damage fuel assemblies underwater; 

• SFPC – Spent Fuel Pool Crane that installed above the spent fuel pool, which handles 
the fuel assemblies underwater with a spent fuel assembly tool. 

The HPR1000 (FCG3) fuel route operations can be subdivided into the following: 

• NFAs storage; 

• Core loading; 

• Core unloading (including handling and storage of the IFAs and SFAs); and, 



UK HPR1000 

GDA 

Preliminary Safety Report Chapter 23 

Radioactive Waste Management & Fuel Storage 

UK Protective Marking: 
Not Protectively Marked 

Rev: 000 Page: 48 / 68 

 

UK Protective Marking: Not Protectively Marked 

• SFAs delivery. 

Prior to their storage on site, the NFAs are expected to be transported from the fuel 

manufacturing plant to the reactor site via land transportation. The detail of the 

transportation strategy will be identified once the fuel supplier has been secured in the 

future. It should be noted that the fuel route operations in NPP exclude management of 

fuel in the reactor core.  

The scope of fuel route operations is shown in F-23.7-1 along with the interaction with 

Spent Fuel Interim Storage [SFIS] operations that is described in sub-chapter 23.8 of this 

PSR. 
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F-23.7-1 Overview of Fuel Route in NPP 



UK HPR1000 

GDA 

Preliminary Safety Report Chapter 23 

Radioactive Waste Management & Fuel Storage 

UK Protective Marking: 
Not Protectively Marked 

Rev: 000 Page: 50 / 68 

 

UK Protective Marking: Not Protectively Marked 

23.7.3 Delivery of Fundamental Safety Functions 

Delivery of the fundamental safety functions during the fuel route operations is shown in T-23.7-1. 

T-23.7-1 Delivery of the Fundamental Safety Functions During the Fuel Route Operations 

Operations Detailed Operations Fundamental Safety Functions Shielding Handling SSCs involved 

Criticality control Heat removal Confinement Ch 5 Reactor 

Core 

Ch 7.3 RIS 

[SIS] 

Ch 10.7 

PMC 

[FHSS] 

Ch 10.8 

PTR 

[FPCTS] 

Ch 10.13 Spent 

fuel Containers 

Crane[HLLS] 

NFAs 

Storage. 

NFAs located outside the Spent Fuel Pool 

(SFP) (including transfer from dry fuel 

storage racks to the SFP). 

Dry fuel storage racks (PMC [FHSS]) 

(by the use of physical notably an 

appropriate geometrical configuration). 

Not required.  

 

Dry fuel storage racks 

(PMC [FHSS]) 

Not required. 
- Auxiliary Crane. 

- NFA handling tool. 

     

NFAs located in the SFP. Underwater fuel storage racks (PMC 

[FHSS]) (contain neutron absorber and 

ensure control of physical geometry). 

Not required. 
1. Underwater fuel 

storage racks. 

2. SFP. 

Not required.  
- Auxiliary Crane. 

- NFA handling tool. 

- New Fuel Elevator. 

- Spent Fuel Pool Crane (SFPC). 

     

Core 

Unloading. 

IFAs and SFAs located in the RPV 

(including transfer from the RPV to the 

Fuel Transfer Facility). 

1. Rod Cluster Control Assemblies 

(RCCAs). 

2. Borated water(RIS[SIS]) 

RIS [SIS] water. 
1. Refuelling 

Machine. 

2. Reactor Cavity 

Water 

3. Reactor Building 

Containment 

Borated 

water(RIS[SIS]) 

- Refuelling Machine. 

- Fuel Transfer Facility. 

    

IFAs and SFAs located in the Fuel Transfer 

Facility (PMC [FHSS]) (including transfer 

from the Fuel Transfer Facility to the SFP). 

1. Rod Cluster Control Assemblies 

(RCCAs). 

2. Borated water(PTR[FPCTS]) 

1. Fuel Transfer 

Facility (PMC 
[FHSS]). 

2. RIS [SIS] water. 

Fuel Transfer 

Facility (PMC 

[FHSS]). 

Borated water. 

PTR [FPCTS] 

- Fuel Transfer Facility. 

- SFPC. 

- Spent fuel handling tool. 

     

IFAs and SFAs located in the SFP. Underwater fuel storage racks (PMC 

[FHSS]) (contain neutron absorber and 

ensure control of physical geometry). 

PTR [FPCTS] water. 
1. Underwater fuel 

storage racks. 

2. SFP. 

Borated water. 

PTR [FPCTS] 

- Spent Fuel Pool Crane (SFPC). 

- Spent fuel handling tool. 

     

Core 

Loading. 

IFAs and NFAs located in the SFP 

(including transfer from the SFP to the Fuel 

Transfer Facility). 

Underwater fuel storage racks (PMC 

[FHSS]) (contain neutron absorber and 

ensure control of physical geometry). 

PTR [FPCTS] water. 
1. Underwater fuel 

storage racks. 

2. SFP. 

Borated water. 

PTR [FPCTS] 

- Spent Fuel Pool Crane (SFPC). 

- Spent fuel handling tool. 

     

IFAs and NFAs located in the Fuel Transfer 

Facility (PMC [FHSS]) (including transfer 

from the Fuel Transfer Facility to the RPV). 

1. Rod Cluster Control Assemblies 

(RCCAs). 

2. Borated water(PTR[FPCTS]) 

1. Fuel Transfer 

Facility (PMC 
[FHSS]). 

2. PTR [FPCTS] 

water. 

1. Fuel Transfer 

Facility (PMC 
[FHSS]). 

2. Refuelling Machine 

Borated 

water(RIS[SIS]) 

- Fuel Transfer Facility. 

- Refuelling Machine. 

     
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Operations Detailed Operations Fundamental Safety Functions Shielding Handling SSCs involved 

Criticality control Heat removal Confinement Ch 5 Reactor 

Core 

Ch 7.3 RIS 

[SIS] 

Ch 10.7 

PMC 

[FHSS] 

Ch 10.8 

PTR 

[FPCTS] 

Ch 10.13 Spent 

fuel Containers 

Crane[HLLS] 

IFAs and NFAs located in the RPV. 
1. Rod Cluster Control Assemblies 

(RCCAs). 

2. Borated water(RIS[SIS]) 

RIS [SIS] water. 
1. RPV with RVI. 

2. Reactor coolant 

pressure boundary. 

Borated water 

(RIS [SIS]). 

- Refuelling Machine. 
    

Spent Fuel 

Delivery 

SFAs loading into the Spent Fuel Cask 
Borated Water 

Borated water. PTR 

[FPCTS] 

1. Underwater fuel 

storage racks. 

2. SFP. 

3. Spent Fuel Cask 

1. Borated water. 

PTR [FPCTS] 

2. Spent Fuel 

Cask 

- Spent fuel handling tool. 
    

SFAs located in the Spent Fuel Cask Spent Fuel Cask (contain neutron 

absorber and ensure control of physical 

geometry). 

1. Spent Fuel Cask  

2. Borated water. PTR 

[FPCTS] 

Spent Fuel Cask  Spent Fuel Cask  
- Spent fuel Containers Crane 

- Spent Fuel Pool Crane (SFPC) 

- Spent fuel handling tool. 

    
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23.7.4 New Fuel Assemblies Storage 

The NFAs storage sequence consists of the following operations: 

• The NFAs are delivered into the Fuel Building in a new fuel transport container 

carried by a transportation truck; 

• The NFAs transport container is transferred to an inspection room using the 

Auxiliary Crane (PMC [FHSS]); 

• The NFAs are taken out of the transport container, inspected, and transferred to the 

dry fuel storage racks (PMC [FHSS]) using the Auxiliary Crane (PMC [FHSS]); 

• The NFAs to be loaded into the SFP are transferred to a fuel basket on the New Fuel 

Elevator (PMC [FHSS]) using the Auxiliary Crane (PMC [FHSS]); and, 

• The NFAs are lowered into the SFP and placed in the underwater fuel storage racks 

(PMC [FHSS]) using the SFPC (PMC [FHSS]).  

The key systems involved in NFAs storage are as follows: 

• Fuel Handling and Storage System (PMC [FHSS]) (see sub-chapter 10.7 for more 

details) 

 Auxiliary Crane. 

 New Fuel Elevator. 

 Spent Fuel Pool Crane (SFPC). 

 Dry fuel storage racks. 

 Underwater fuel storage racks. 

• SFP; and, 

• PTR [FPCTS] (see sub-chapter 10.8 for more details). 

23.7.5 Core Unloading  

The core unloading sequence consists of the following operations: 

• The Reactor Pressure Vessel [RPV] head is removed from the RPV using the Polar 

Crane; 

• Reactor upper internals is removed from the RPV using the Polar Crane; 

• The IFAs and SFAs are transferred vertically into a fuel loader located in the Fuel 
Transfer Facility (PMC [FHSS]) from the RPV using the Refuelling Machine (PMC 

[FHSS]), one fuel assembly at a time; 

• The IFAs and SFAs are inspected to identify failed fuel using the On-line Sipping 

Device (PMC [FHSS]) on the Refuelling Machine (PMC [FHSS]) during transfer 
from the RPV to the Fuel Transfer Facility (PMC [FHSS]); 
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• The fuel loader is rotated to the horizontal position and moved from the Reactor 

Building side of the Fuel Transfer Facility (PMC [FHSS]) to the Fuel Building side; 

• The fuel loader is rotated to the vertical position; 

• The IFAs and SFAs are transferred from the Fuel Transfer Facility (PMC [FHSS]) 

into the underwater fuel storage racks (PMC [FHSS]) located in the SFP using the 
SFPC (PMC [FHSS]). Any suspected failed IFAs and SFAs are transferred into 
dedicated failed fuel storage cells located in the SFP; and, 

• Any suspected failed IFAs and failed SFAs are inspected for confirmation of failed 
fuel using the Off-line Sipping Testing Device (PMC [FHSS]) located in the SFP. 

The key systems involved in core unloading are as follows: 

• PMC [FHSS] (see sub-chapter 10.7 for more details). 

 Refuelling Machine. 

 SFPC. 

 Underwater fuel storage racks. 

 On-line Sipping Device. 

 Off-line Sipping Device. 

 Fuel Transfer Facility. 

• Polar Crane (see sub-chapter 10.13 for more details). 

• RIS [SIS] (see sub-chapter 7.3 for more details). 

• RCCA (see chapter 5 for more details). 

• PTR [FPCTS] (see sub-chapter 10.8 for more details). 

23.7.6 Core Loading 

The core loading sequence consists of the following operations: 

• The NFAs and IFAs are transferred vertically from the SFP into a fuel loader located 

in the Fuel Transfer Facility (PMC [FHSS]) using the SFPC (PMC [FHSS]), one fuel 
assembly at a time; 

• The fuel loader is rotated to the horizontal position and moved from the Fuel 

Building side of the PMC [FHSS] to the Reactor Building side; 

• The fuel loader is rotated to the vertical position; 

• The NFAs and IFAs are transferred from the PMC [FHSS] to the RPV using the 

Refuelling Machine (PMC [FHSS]); and, 

• Reactor upper internals is installed onto the RPV using the Polar Crane; and, 
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• The RPV head is installed  onto the RPV using the Polar Crane. 

The key systems involved in core loading are as follows: 

• PMC [FHSS] (see sub-chapter 10.7 for more details). 

 Refuelling Machine. 

 SFPC. 

 Underwater fuel storage racks. 

 On-line Sipping Device. 

 Off-line Sipping Device. 

 Fuel Transfer Facility. 

• Polar Crane (see sub-chapter 10.13 for more details). 

• RIS [SIS] (see sub-chapter 7.3 for more details). 

• RCCA (see chapter 5 for more details). 

• PTR [FPCTS] (see sub-chapter 10.8 for more details). 

23.7.7 Spent Fuel Assemblies Delivery 

The SFAs storage sequence consists of the following operations: 

• The empty spent fuel container is delivered into the Fuel Building by a transportation 

truck; 

• The empty spent fuel container is upended to vertical position and lifted to the 

preparation pit by the Spent fuel Containers Crane[HLLS]; 

• Remove the spent fuel container lid and top shield plug, inspection and fill borated 

pool water; 

• Lift the spent fuel container into the cask loading pit by the Spent fuel Containers 

Crane[HLLS]; 

• Fill the cask loading pit and remove the gate between the preparation pit and loading 

pit using Auxiliary crane (PMC [FHSS]); 

• Load the identified SFAs into the spent fuel container using the SFPC (PMC 

[FHSS]); 

• Close the gate and install the top shield plug, and drain the borated water of loading 

pit synchronously; 

• Lift the loaded spent fuel container to preparation pit using the Spent fuel Containers 

Crane[HLLS]; 

• Install the top lids, Pump out water, Vacuum dry, Backfill Helium, Leak test, etc.; 
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• Lift the loaded spent fuel container and lower to the transportation truck; 

• Delivery the loaded spent fuel container by the transportation truck to reprocessing 
plant or ISFIS. 

The key systems involved in SFAs delivery are as follows: 

• Fuel Handling and Storage System (PMC [FHSS]) (see sub-chapter 10.7 for more 

details) 

 Auxiliary Crane. 

 Spent Fuel Pool Crane (SFPC). 

 Underwater fuel storage racks. 

• Spent fuel Containers Crane [HLLS] (see sub-chapter 10.13 for more details). 

• SFP. 

• Preparation pit. 

• Loading pit. 

• PTR [FPCTS] (see sub-chapter 10.8 for more details). 

• ISFIS (see sub-chapter 23.8 for more details). 

23.7.8 Design Basis Fault Assessment 

The following fuel route operations associated faults are identified from the HPR1000 

(FCG3) design and are further discussed in chapter 12. 

Design Basis Condition-2 (DBC-2): Anticipated operating occurrences 

DBC-2 is defined as a condition which an operational process deviated from normal 

operations which is expected to occur at least once during the operating lifetime of a 

facility. Appropriate design provisions will ensure DBC-2 events do not cause any 

significant damage to items important to safety or lead to accident condition. 

• Short term Loss of Offsite Power (LOOP) (< 2 hours); 

• Loss of one cooling train of the RIS [SIS] in RHR mode; and, 

• Loss of one train of the PTR [FPCTS] or of a supporting system (at power operation, 
hot shutdown and intermediate shutdown conditions). 

Design Basis Condition-3 (DBC-3): Infrequent accidents 

DBC-3 is defined as conditions which may occur very infrequently. These conditions 

may result in the failure of only a small fraction of the fuel rods. 

• Long term LOOP (> 2 hours); 



UK HPR1000 

GDA 

Preliminary Safety Report Chapter 23 

Radioactive Waste Management & Fuel Storage 

UK Protective Marking: 
Not Protectively Marked 

Rev: 000 Page: 56 / 68 

 

UK Protective Marking: Not Protectively Marked 

• Inadvertent loading of a fuel assembly in an improper position; 

• Loss of one train of the PTR [FPCTS] (in a reactor total unloading condition); and, 

• Isolable piping failure on a system connected to the SFP. 

Design Basis Condition-4 (DBC-4): Limiting Accidents 

DBC-4 is defined as conditions which are not expected to take place but are postulated 

because their consequences would include the potential release of significant amounts of 

radioactive material. They are the most extreme design basis conditions which must be 

designed against and represent limiting cases. 

• Long term LOOP (> 2 hours) (in intermediate shutdown and cold shutdown 

conditions). 

• Fuel handling accident. 

• Non-isolable small break or isolable RIS [SIS] break (≤250 mm) in Residual Heat 

Removal (RHR) mode, SFP cooling aspects (in a refuelling cold shutdown 
condition). 

In the GDA, further analysis will be carried out to identify the UK HPR1000 (FCG3) fuel 

route operations associated faults, and the corresponding fault sequence.  

23.7.9 Safeguarding of Fuel and Nuclear Material 

The term ‘nuclear material’ is defined in the UK legislation (summarized in Reference 

[14]) as: 

• Any fissile material in the form of uranium metal, alloy or chemical compound, or of 

plutonium metal, alloy or chemical compound; or  

• Any other fissile material which may be prescribed by regulations made by the 

Secretary of State. 

Therefore nuclear material encompasses fuel, and other fissile material that may be used 

in the reactor operations, maintenance or inspections. A system will be put in place in the 

UK HPR1000 to ensure that the fuel and any other nuclear material brought onto site is 

traceable and accounted for, in line with the requirements in Reference [14].  

A system for safeguarding against nuclear material will be adapted for the UK HPR1000 

in line with the requirements in Reference [14]. 

23.7.10 Conclusion for Fuel Route Operations 

The design of the fuel route operations for the HPR1000 (FCG3) has demonstrated that 

the fundamental safety functions will be maintained during normal operations and 

appropriate shielding will be in place to minimize the radiological hazard to the workers. 

In the GDA, further analysis will be performed on the UK HPR1000 design to confirm 
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that the fundamental safety functions will be available during normal operations, and 

design basis faults and hazard events. The UK HPR1000 fuel route operations will be 

optimized such that the associated risk to people is minimised to a level that is ALARP, 

and through the application of BAT to minimise the impact on the environment. 

23.8 Spent Fuel Interim Storage Operations 

23.8.1 Introduction 

The objective of this section is to demonstrate that SFAs from the UK HPR1000 will be 

managed safely until final disposal and the associated risk will be reduced to a level that 

is ALARP. 

As mentioned earlier, the design for the UK HPR1000 GDA has not yet been declared. 

Therefore this chapter provides a summary of the fuel route operations for HPR1000 

(FCG3). For HPR1000 (FCG3), the SFAs will be temporarily stored in the SFP located in 

the Fuel Building. After the SFAs have been stored for sufficient time, the SFAs will be 

loaded in an off-site transportation cask and then transported to the designated 

reprocessing plant. 

In the UK, there is currently no final disposal facility. A SFIS facility will be required for 

interim storage of the SFAs after the SFP has reached the design storage capacity unless a 

disposal route is identified.  

The potential requirement for a SFIS facility has been acknowledged in the UK HPR1000 

GDA and the following guidance is considered relevant to the design development: 

• Nuclear Safety Technical Assessment Guide, Safety aspects specific to storage of 

spent nuclear fuel, Reference [15]; and, 

• Safety Assessment Principles (SAPs), Reference [4]. 

The SFIS Building, together with the relevant systems form the SFIS facility and the 

function of the SFIS facility is to safely prepare, handle, transfer, store, and retrieve 

SFAs. 

During the UK HPR1000 GDA, assessment of various SFIS technologies will be 

presented. It may be beneficial to present and justify a preferred SFIS option during the 

GDA, however as there are approximately 10 refuelling cycles before the SFP reaches the 

design capacity, the decision does not necessary need to be reached during the UK 

HPR1000 GDA, provided provision is in place for future design development and siting 

of the facility. 

The scope of SFIS operations, relevant design requirements and an outline of the current 

technology options are presented in the following sections. 

23.8.2 Scope of SFIS Operations 

The scope of SFIS operations is shown in F-23.7-1 along with the interaction with fuel 
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route operations that is described in sub-chapter 23.7. 

23.8.3 Spent Fuel Management Strategy 

The UK HPR1000 spent fuel management plan will be divided to three phases: 

• SFP storage (short term storage); 

• SFIS on-site (interim storage); and, 

• Retrieval and final disposal (long term storage). 

23.8.3.1 SFP Storage  

The SFAs discharged from the reactor core during core unloading operations are stored in 

the SFP due to high radioactivity and significant decay heat. This is considered as short 

term storage. The cooling period for short term storage should be determined according 

to the SFAs characteristics, SFP capacity and design criteria of SFIS facility. 

• The minimum storage period will be set by the temperature of the SFAs after it has 

undergone a period of decay (the decay heat generation rate of SFAs decrease 
dramatically in the early period after its discharge due to the decay reaction of short 

half-life nuclides) and the interim storage system selected: 

 For dry interim storage, the storage period depends on the heat of the SFAs, the 
shielding ability of spent fuel transport canister, and the shielding ability of 

storage facility; and, 

 For wet interim storage, the thermal capacity and shielding ability of the wet 

transportation cask are the important factors in determining the minimum 
pre-cooling period.  

• The maximum pre-cooling period will be set by the generation rate of SFAs and the 

physical capacity of the SFP taking account of the risk of a sub-criticality accident 
and the capability for heat transfer. The SFP of the HPR1000 (FCG3) is designed to 

store the SFAs generated by 10 cycles with adequate margin to ensure safety. 

23.8.3.2 SFIS on-site 

The SFAs will be transferred into a transportation cask/canister and moved to a SFIS 

building for storage prior to retrieval for final disposal off site. 

23.8.3.3 Retrieval and Final Disposal 

There is currently no final disposal facility in the UK. However, in order to ensure that 

the SFAs can be safely disposed in all potential options, the storage facility of the UK 

HPR1000 will take into consideration of the retrieval of SFAs from SFIS. 

Once the SFIS facility has reached the designed lifetime, the SFAs will be transferred to a 

final disposal site. SFAs may be repackaged into appropriate casks, if required, 

depending on the final disposal facility and transportation requirements. 
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23.8.4 Design Requirements 

The design requirements have been categorised into requirements related to the SFA 

being stored, the Fuel Building, the final disposal facility, the safety functions as well as 

security, optimisation and the general requirements. 

23.8.4.1 General Requirements 

The following SFIS facility related requirements will be considered in future 

optioneering exercise to determine a preferred technology: 

• The 100 years operation lifetime of the SFIS facility; 

• Structural integrity of the SFAs during long term interim storage lifetime (i.e. storage 

duration of the SFAs in the SFIS building); 

• Inspection requirements for the SFAs during the SFIS operations (including long 

term interim storage) to verify the integrity of the SFAs; 

• Potential use of the SFIS facility to accommodate other High Level Waste (HLW); 

• The SFIS facility will be compatible with the Nuclear Power Plant (NPP) during 

construction, erection, commissioning and operating, and meet the surrounding 
environmental conditions; 

• Location of the SFIS Building with respect to the Fuel Building; 

• Potential for the use of the SFIS facility for multiple reactor units; 

• Accessibility of other required site infrastructure such as offsite power supply, water 

supply, and the connection to Emergency Diesel Generators (EDGs); 

• Retrievability of the SFAs prior to and after the Reactor Building and Fuel Building 

have been decommissioned; 

• Operation and maintenance; 

• Generic site conditions; 

• Decommissioning of the SFIS facility; and, 

• Compliance with applicable regulations. 

The exact location of the SFIS Building has not been decided upon. However, the SFIS 

Building will be located around the Fuel Building such that the duration of the onsite 

transfer route from the Fuel Building and SFIS Building is minimized to avoid other 

hazards as far as practicable. In addition, there will be sufficient space within the generic 

site boundary to accommodate the SFIS Building regardless the SFIS technology 

selected.  
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23.8.4.2 Spent Fuel Assemblies Requirements 

The following related requirements will be considered in future optioneering exercise to 

determine a preferred technology: 

• Arrangements for intact and damaged fuel; 

• SFAs dimensions; 

• Structural integrity of the SFAs after short term interim storage in the SFP; 

• Quantity of the SFAs to be stored in the SFIS facility based on 60 years’ operation 

lifetime of the UK HPR1000 including margin to accommodate any potential plant 
life extension; 

• Design of the SFAs; 

• Fuel type; and, 

• Burn-up and decay heat of the fuel. 

There will be sufficient storage cells dedicated for damaged spent fuel assemblies located 

in the SFP for the entire reactor operation lifetime such that decision to select the SFIS 

technology is not required at this stage of the GDA. 

23.8.4.3 Fuel Building Requirements 

The following Fuel Building related requirements will be considered in future 

optioneering exercise to determine a preferred technology: 

• Capacity of the SFP to accommodate the amount of SFAs discharged from the 

reactor for 10 refuelling cycles and one full core defueling operation with adequate 

margin to ensure safety; and, 

• Layout of the Fuel Building to accommodate the required SFIS-related systems. 

23.8.4.4 Final Disposal Requirement 

The following final disposal related requirement will be considered in future optioneering 

exercise to determine a preferred technology: 

• Compatibility of the SFAs to be repackaged into final disposal canisters after interim 

storage period; and, 

• Suitability of the interim storage packages to be used for final disposal. 

23.8.4.5 Safety Functional Requirement 

The high level safety functional requirements to be considered in future optioneering 

exercise are as follows: 

• Decay heat removal. Temperature of the SFAs is required to be maintained within 
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specified limits such that the fuel cladding is considered intact (i.e. not failed) due to 
overheating during normal operations and design basis events; 

• Reactivity control. The SFAs are required to be maintained in a subcritical state 

during normal operations and design basis events; 

• Confinement. Confinement of the SFAs is required to be maintained during normal 

operations and design basis events; and, 

• Shielding. The shielding is required to be maintained such that the radiological dose 

is reduced to a level that is ALARP. 

23.8.4.6 Security Requirements 

Security requirements of the SFIS facility will be discussed in a separate document. 

23.8.4.7 Approach to Optimization 

It will be demonstrated that the risk associated with the preferred SFIS option (if it is 

chosen during the GDA) has been reduced to a level that is ALARP. This process is 

discussed in chapter 20. 

23.8.5 Technology Options 

The SFIS technology currently available falls broadly into two categories, wet and dry, 

distinguished according to the cooling medium used. 

The wet SFIS technology has historically been used for temporary storage and cooling at 

reactor sites and in some interim off-site storage facilities generally associated with 

disposal or reprocessing sites (in anticipation of the next step in the cycle). The wet SFIS 

technology is currently considered to be a mature technology.  

More recently, a variety of dry SFIS technology have been developed and applied in the 

international market. Dry SFIS technology with concrete overpack and metal canister are 

currently being developed at Sizewell B and Hinkley Point C in the UK. Dry SFIS is an 

evolving technology, which has been developed over the past 30 years, especially in the 

US, and can be regarded as an established industrial technology. 

Another option is to increase the size and storage capacity of the SFP to accommodate all 

SFAs discharged from the reactor during the operation lifetime. However, this option is 

eliminated from further assessment based on the following factors: 

• Relevant good practice. Most water-based reactors in the world employed or 

consider SFIS technology in the absence of suitable fuel reprocessing plant and final 
disposal route; 

• Safety. SFAs that are freshly discharged from the reactor demand higher cooling, 
criticality and shielding requirements from the safety measures (e.g. PTR [FPCTS]) 

as the decay heat and reactivity are significantly higher compared to SFAs that have 
been stored in the SFP for more than 3 years. Therefore, utilizing a combination of 
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dedicated SFIS facility and the SFP provides better diversity and separation of high 
risk items compared to utilizing the SFP to store all discharged SFAs from the 

reactor; 

• Cost. High initial capital cost as the SFP will have to be constructed during 

construction of the NPP;  

• Design change. Significant design changes are required to enable the SFP to 

accommodate all SFAs discharged from the reactor. These changes are expected to 
affect the fundamental design of the NPP; and, 

• Decommissioning. Decommissioning activities of the Reactor Building could 
potentially affect the SFAs stored in the SFP. A separate SFIS Building will allow the 

Reactor Building to be decommissioned without having significant impacts on the 
SFAs. 

This section will present the various SFIS technology options that will be considered.  

23.8.5.1 Wet SFIS Technology 

Wet SFIS technology is pool-style storage and the storage principle is thus similar to that 

of the SFP. The wet SFIS technology generally involves the following operations: 

• The SFAs are transferred from the SFP to a wet/dry transportation cask; 

• The transportation cask is then conditioned, sealed (welded/bolted), and transferred 
to the SFIS building; and, 

• The transportation cask is stored in a water-filled pool. 

 

F-23.8-1 Schematic View of Consolidated Wet Storage Facility 

An example of wet SFIS schematic is presented in F-23.8-1. Most pools have a stainless 

steel inner pool lining, with a permanent monitoring of the welded seams and x-ray 

inspection capability to locate and detect any leaks during pool operations. 

The wet storage process is designed to: 
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• Retain water and minimize leakage;  

• Be operable at all times during the facility’s design life; 

• Be operable in the event of extreme weather conditions or pool water temperature 

increases following a prolonged loss of cooling system; and, 

• Maintain safe storage conditions even after the occurrence of a seismic event. 

However, it is a complex option in that it requires a range of equipment and systems 

including wet transfer casks, the fuel handling system, the cask handling system, the pool 

cooling and decontamination system, the forced circulation cooling system and the waste 

handling system. 

The safety functional requirements are maintained via the following general design 

features: 

• Decay heat removal. The pool water is cooled and purified with heat exchangers 

and ion exchange units, either in-pool systems or systems located outside the pool.  
The cooling capacity of the wet storage pool can be designed according to the SFAs 

decay heat rate. However, decay heat limit during transfer of SFAs (inside a 
transportation cask) from the Fuel Building to the SFIS Building may be a potential 

limiting factor; 

• Reactivity control. Reactivity control is provided by spent fuel storage racks 

through ensuring suitable geometry and presence of neutron absorber; 

• Confinement. Confinement barrier is provided by fuel clad (for intact fuel), and the 

pool; and, 

• Shielding. Shielding is provided by storage cask and water in the pool. 

The key benefits of the wet SFIS technology are as follows: 

• Short pre-cooling duration in the SFP; and, 

• Potential for redundant decay heat removal capability. 

The key disadvantages of the wet SFIS technology are as follows: 

• Requirement of an active system (cooling and recirculation of pool water) as a 

secondary confinement barrier and decay heat removal; and, 

• Higher initial capital investment as the SFIS pool is normally constructed along with 

the NPP. 

23.8.5.2 Dry SFIS Technology 

The dry SFIS technology can be further classified based on the type of cask used to store 

the SFAs. The most commonly used casks are metal casks and concrete overpack. Dry 

storage generally has the advantage of being modular, which spreads capital investments 
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over time, and in the longer term the simple passive cooling system used in the dry SFIS 

technology reduces operation and maintenance requirements and costs. 

The metal cask storage process is a widely used process for spent fuel storage. Metal 

casks can be designed either for storage only or as dual-purpose casks, i.e. for both 

storage and transportation. Shielding is provided primarily by the cask structural material, 

which may be either forged steel, nodular cast iron, or composite materials. Casks are 

generally stored on a concrete pad in an upright vertical position with cooling provided 

by natural air recirculation. 

Examples of metal cask storage systems are Dresden in the U.S., Gundremmingen in 

Germany, and Tokai in Japan. An example of a metal cask dry storage facility schematic 

is presented in F-23.8-2. 

 

F-23.8-2 Schematic View of Metal Cask Storage Facility 

A concrete cask (overpack) is similar in shape to a metal cask. The concrete cask 

provides shielding, and the steel liner on inner cavity of the canister provides 

confinement function. The concrete cask SFIS technology is the most widely used dry 

SFIS technology in the world. Usually, the canister in the concrete cask generally consists 

of double layer welding redundant seal to contain any potential releases of radioactive  

substances to the environment. Examples of concrete cask schematic are presented in 

F-23.8-3. 
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F-23.8-3 Schematic View of Concrete Cask 

The dry SFIS technology normally involves the following operations: 

• The SFAs are transferred from the SFP to a metal cask, or a canister contained within 

a concrete overpack; 

• The metal or concrete cask is drained, dried, conditioned, sealed (welded/bolted), 

and transferred to the SFIS building; and, 

• The metal or concrete cask is stored within the SFIS building in either vertical or 

horizontal positions. 

The safety functional requirements are maintained via the following general design 

features: 

• Decay heat removal. Decay heat removal from the SFAs will be achieved by natural 

air circulation (i.e. passive cooling); 

• Reactivity control. Reactivity control is provided by space arrangement and neutron 

absorber inside fuel basket; 

• Confinement. The confinement barrier is provided by the fuel clad (for intact fuel) 

and the metal cask/canister; and, 

• Shielding. Shielding protection is provided by the metal cask or concrete overpack. 

The key benefits of the dry SFIS technology are as follows: 

• Relying on a passive system as the secondary confinement barrier (i.e. the 

canister/cask); 

• Relying on a passive cooling system (natural circulation of air); and, 

• Lower initial investment cost as the dry SFIS technology storage cask is based on 

modular design. 
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The key disadvantage of the dry SFIS technology is longer pre-cooling duration in the 

SFP. 

23.8.5.3 Vault SFIS Technology 

A vault is a massive, radiation shielded facility in which the SFAs are stored.  The vault 

facility can be either located above or below ground level. The facility could be 

constructed of a reinforced concrete structure containing an array of storage cavities.  

The SFAs are stored in sealed small containers or metal storage cylinders. The vault SFIS 

technology normally involves the following operations: 

• The SFAs are transferred from the SFP to a cask; 

• The cask is then drained, dried, conditioned, sealed (welded/bolted), and transferred 

to the vault; and, 

• The cask is stored within the vault in either vertical or horizontal positions. 

Examples of vault SFIS facility are Wylfa facility in the UK, Fort St. Vrain in the US, and 

Modular Vault Dry Store (MVDS) facility at PAKS in Hungary. An example of vault 

SFIS facility is presented in F-23.8-4. 

 

F-23.8-4 Vault SFIS technology in Fort St. Vrain 

The safety functional requirements are maintained via the following general design 

features: 

• Decay heat removal. Decay heat removal from the SFAs will be achieved by 

circulation of air or gas over the exterior of the containers/cylinders and subsequently 
exhausting this air directly to the outside atmosphere or dissipating the heat via a 

secondary heat removal system; 

• Reactivity control. Reactivity control is provided by space arrangement and neutron 

absorber inside fuel basket; 
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• Shielding. Shielding protection is provided by the container and facility; and, 

• Confinement. Confinement barrier is provided by the fuel clad (for intact fuel) and 
containers/cylinders. 

The key benefits of the vault SFIS technology are as follows: 

• Relying on a passive system as the secondary confinement barrier (i.e. the 

canister/cask); and, 

• Relying on a passive cooling system (natural circulation of air).  

The key disadvantages of the vault SFIS technology are as follows: 

• Longer pre-cooling duration in the SFP. 

• Higher initial investment cost as the vault facility is normally constructed along with 

the NPP. 

23.8.6 Conclusion for SFIS Operations 

The SFIS technology options mentioned above will be considered in the UK HPR1000 

GDA in accordance with the requirements specified. As there are approximately 10 

refuelling cycles before the SFP reaches the design capability, the decision does not need 

to be reached during this stage of the GDA. Nevertheless, it will be important to ensure, 

during the GDA, that should a storage facility be required sooner than anticipated then 

there are several options, and that the most promising options have not been foreclosed. 
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