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7.1  List of Abbreviations and Acronyms 

ACC 

ASG 

ASP 

ATWS 

BEJ 

BFX 

BRX 

BSA 

BSB 

BSC 

DBC 

DEC-A 

DEC-B 

DEL 

ECS 

EDG 

EHR 

EUF 

EUH 

FLB 

GCT 

HPR1000 

(FCG3) 

IRWST 

IVR 

LHSI 

LOCA 

Accumulator 

Emergency Feedwater System [EFWS] 

Secondary Passive Heat Removal System [SPHRS] 

Anticipated Transient Without Scram 

Extra Cooling System and Firefighting System Building  

Fuel Building 

Reactor Building  

Safeguard Building A 

Safeguard Building B 

Safeguard Building C 

Design Basic Condition 

Design Extension Condition A 

Design Extension Condition B 

Safety Chilled Water System [SCWS] 

Extra Cooling System [ECS] 

Emergency Diesel Generator 

Containment Heat Removal System [CHRS] 

Containment Filtration and Exhaust System [CFES] 

Containment Combustible Gas Control System [CCGCS] 

Feedwater Line Break  

Turbine Bypass System [TBS] 

Hua-long Pressurised Reactor under construction at Fangchenggang 

nuclear power plant unit 3  

In-Containment Refuelling Water Storage Tank 

In-Vessel Retention 

Low Head Safety Injection 

Loss of Coolant Accident 
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MCR 

MHSI 

MSIV 

MSLB 

MSRCV 

MSRIV 

NC 

PARs 

PTR 

RBS 

RCP 

RCPB 

RCV 

REA 

RHR 

RIS 

RPV 

RRI 

RPR 

RCS 

SB-LOCA 

SBO 

SG 

SGTR 

SLB 

SSE1 

TLOCC 

UPS 

Main Control Room 

Medium Head Safety Injection 

Main Steam Isolation Valve 

Main Steam Line Break 

Main Steam Relief Control Valve 

Main Steam Relief Isolation Valve 

Non-classified 

Passive Autocatalytic Recombiners 

Fuel Pool Cooling and Treatment System [FPCTS] 

Emergency Boration System [EBS] 

Reactor Coolant System [RCS] 

Reactor Coolant Pressure Boundary 

Chemical and Volume Control System [CVCS] 

Reactor Boron and Water Makeup System [RBWMS] 

Residual Heat Removal 

Safety Injection System [SIS] 

Reactor Pressure Vessel 

Component Cooling Water System [CCWS] 

Reactor Protection System [RPS] 

Refuelling Cold Shutdown 

Small Break(Loss of Coolant Accident) 

Station Black Out 

Steam Generator 

Steam Generator Tube Rupture 

Steam Line Break 

Seismic Category 1 

Total Loss of Cooling Chain 

Uninterruptable Power Supply 
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UK HPR1000 

VDA 

 

The UK version of the Hua-long Pressurised Reactor 

Atmospheric Steam Dump System [ASDS] 

 

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

the format (XXX [YYY]), e.g. Safety Injection System (RIS [SIS]). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UK HPR1000 

GDA 

Preliminary Safety Report Chapter 7 

Safety Systems 

UK Protective Marking: 

Not Protectively Marked 

Rev: 000 Page: 14 / 82 
 

UK Protective Marking: Not Protectively Marked 

7.2  Introduction 

One of the fundamental safety objectives of the UK Version of the Hua-long Pressurised 

Reactor (UK HPR1000) in the area of nuclear safety and protection of the workers and 

the public is that: 

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

workers and public by providing multiple levels of defence to fulfil the fundamental 

safety functions”. 

The safety systems support this objective. However, the design of the UK HPR1000 for 

the Generic Design Assessment (GDA) has not yet been declared and consequently no 

detail UK HPR1000 design information is available at this time. The design will be based 

on the version of the Hua-long Pressurised 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 safety systems included in the HPR1000 (FCG3) 

design that will form the basis of the systems to be included in the UK HPR1000 design. 

These systems support the following objectives: 

a) The design and intended operation of the HPR1000 (FCG3) safety systems ensure that 

the fundamental safety functions are delivered for all permitted operating modes and 

following Design Basis Condition (DBC) events. 

b) The design and intended operation of the HPR1000 (FCG3) Safety systems provided 

can reduce the consequences to the public following a Design Extension Condition A 

(DEC-A) event identified for the HPR1000 (FCG3) design to below the targets 

specified in the Chinese regulations. 

c) The design and intended operation of the HPR1000 (FCG3) Safety systems provided 

can reduce the consequences to the public following a Design Extension Condition B 

(DEC-B) event identified for the HPR1000 (FCG3) design. 

Confirmation of these objectives is discussed in this chapter and chapters 12 and 13. 

The main function of the HPR1000 (FCG3) safety systems is to prevent and mitigate the 

consequences of accidents. For example, when a Loss of Coolant Accident (LOCA), 

Steam Line Break (SLB), Feedwater Line Break (FLB) or Steam Generator Tube Rupture 

(SGTR) occurs, the safety systems are initiated to mitigate and limit the accident 

consequences and bring the plant to the controlled state and safe shutdown state. 

Therefore the remainder of this chapter provides a description of the safety systems 

provided in the HPR1000 (FCG3) design. The safety systems include engineered safety 

features, and systems for DEC-A and DEC-B mitigation. The engineered safety features 

are designed to protect the plant during DBC2-4 and DEC-A events. These systems are 

designed with three redundant trains and can protect against all DBC2-4 events with the 

most onerous single failure assumed and DEC-A events. The engineered safety features 

include, but are not limited to: 
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a) Safety Injection System (RIS [SIS]); 

b) Emergency Feedwater System (ASG [EFWS]); 

c) Emergency Boration System (RBS [EBS]); 

d) Atmospheric Steam Dump System (VDA [ASDS]). 

The systems for DEC-A and DEC-B mitigation, which may satisfy the redundancy levels 

for engineered safety features discussed above, include: 

a) Secondary Passive Heat Removal System (ASP [SPHRS]); 

b) Containment Heat Removal System (EHR [CHRS]); 

c) Containment Combustible Gas Control System (EUH [CCGCS]); 

d) Containment Filtration and Exhaust System (EUF [CFES]); 

e) Extra Cooling System (ECS [ECS]). 

The systems mentioned above are described in the following sub-chapters for the 

HPR1000 (FCG3). The sub-chapters are structured to firstly discuss the design 

requirements placed on the system, then describe the system as designed and finally 

discuss how the design requirements are met by the system provided in the HPR1000 

(FCG3). 

7.3  Safety Injection System (RIS [SIS]) 

7.3.1 Safety Requirements 

7.3.1.1 Safety Functions 

The requirements placed on the design of the RIS [SIS] for HPR1000 (FCG3) for the 

three essential safety functions described in sub-chapter 7.2 above are identified below. 

a) Reactivity Control 

The RIS [SIS] injects borated water into the Reactor Coolant System RCP [RCS] under 

the conditions of DBC2-4 and DEC-A to control the reactivity of the reactor. 

b) Residual Heat Removal 

The RIS [SIS] injects borated water into the RCP under the conditions of DBC2-4 and 

DEC-A to compensate for the water inventory loss and to remove the core decay heat. 

The RIS [SIS] removes the decay heat from the reactor in the Residual Heat Removal 

(RHR) operation mode in the long-term following DBC or DEC-A events. The RIS [SIS] 

supports the transfer of the reactor to the safe state or the final state.  

c) Confinement of Radioactive Substance 

The RCPB isolation valves of the RIS [SIS] support to maintain the integrity of the 

Reactor Coolant Pressure Boundary (RCPB).  



UK HPR1000 

GDA 

Preliminary Safety Report Chapter 7 

Safety Systems 

UK Protective Marking: 

Not Protectively Marked 

Rev: 000 Page: 16 / 82 
 

UK Protective Marking: Not Protectively Marked 

The containment isolation valves of RIS [SIS] also contribute to the maintenance of 

containment integrity following accidents. 

7.3.1.2 Safety Functional Requirements 

The following Safety functional requirements have been placed on the design of the RIS 

[SIS]. 

a) Codes and Standards Requirements 

The RIS [SIS] should be designed in accordance with the requirements specified in 

sub-chapter 4.8. 

b) Safety Related Requirements 

1) Safety Classification 

The RIS [SIS] should be designed in accordance with the safety classification 

principles presented in sub-chapter 4.7. 

2) Single Failure Criterion 

The single failure criterion should be applied to the components which ensure 

safety category 1 function (FC1) and/or safety category 2 function (FC2) in RIS 

[SIS] system. 

3) Seismic Classification 

The seismic classification principles presented in sub-chapter 4.7 should be 

applied. 

4) Qualification 

The qualification principles presented in sub-chapter 4.9 should be applied. 

c) Emergency Power Supply 

All of the electrical equipment which supports the delivery of the safety functions should 

be supplied by appropriately qualified emergency power supplies following the loss of 

the normal power supplies. 

d) Hazard Protection 

The RIS [SIS] should be protected against internal hazards and external hazards in 

accordance with the requirements of chapter 19 and 18. 

e) Testing 

The functions of the system should be demonstrated by appropriate commissioning tests. 

Safety related components are subject to periodic testing. The layout and design of the 

system should ensure easy access for periodic testing and maintenance. 
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7.3.2 Role of the System 

7.3.2.1 Normal Conditions 

The RIS [SIS] is designed to perform the following functions during normal operation:  

a) During the normal shutdown of the plant, once the Steam Generators (SGs) become 

unavailable the RIS [SIS] removes the core residual heat and reduces the coolant 

temperature when it operates in RHR mode; 

b) During Maintenance Cold Shutdown (MCS) and Refuelling Cold Shutdown (RCS) 

operation modes, the RIS [SIS] operates in RHR mode to control the temperature of 

the RCP [RCS] coolant; 

c) During RHR operation mode, the cooled coolant can be transported to the Chemical 

and Volume Control System RCV [CVCS] low-pressure letdown via the RIS [SIS] 

line; 

d) The RIS [SIS] can be used to mix and cool the water of In-Containment Refuelling 

Water Storage Tank (IRWST). 

7.3.2.2 Fault Conditions 

The RIS [SIS] is designed to perform the following functions: 

a) LOCA 

During a LOCA（including SGTR）the RIS [SIS] injects borated water into the RCP [RCS] 

to compensate for the RCP [RCS] water inventory loss via the break. 

b) Main Steam Line Break 

During a Main Steam Line Break (MSLB), the Medium Head Safety Injection (MHSI) 

pump injects borated water into the RCP [RCS] to control the reactivity of the reactor.   

c) Other accidents 

Following other accidents, the RIS [SIS] removes the decay heat from the reactor through 

RHR operation during the long-term recovery period. 

7.3.3 Design Basis 

7.3.3.1 LOCA Accident 

Under LOCA conditions, the RIS [SIS] provides the flow rate assumed in the safety 

analysis which is sufficient to perform the required safety functions identified above. This 

is shown by the design basis conditions analysis described in chapter 12. 

7.3.3.2 FLB and SLB 

The MHSI can compensate for the shrinkage of the water volume of the RCP [RCS], and 

control the reactivity of the reactor. 
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7.3.3.3 SGTR Accident  

The Medium Head Safety Injection (MHSI) pump injects borated water into the RCP 

[RCS] to maintain the water inventory. The maximum injection pressure of the MHSI 

pump is lower than the set pressure of the Main Steam Relief Isolation Valve (MSRIV) to 

help minimise any discharge to the environment. 

7.3.3.4 RHR 

The RHR function consists of the shutdown cooling function under normal conditions 

and the residual heat removal function under accident conditions. 

When the reactor is in a normal shutdown, the RIS [SIS] operates in RHR mode to 

remove the core decay heat and reduce the coolant temperature once the cooldown with 

the SGs has reached RHR operating conditions. The RIS [SIS] in RHR mode can reduce 

the reactor coolant temperature to the cold shutdown temperature (60℃). 

Following an accident, once the RCP [RCS] pressure and average temperature decrease 

to 32 bar abs and 180℃ respectively, the RIS [SIS] can be connected to the RCP [RCS] 

in RHR mode. One train of the RHR system is sufficient to remove the residual heat from 

the core and maintain the primary temperature below 180℃. 

7.3.4 System Description  

7.3.4.1 General System Description 

The RIS [SIS] consists of three independent trains (one train corresponding to each RCP 

[RCS] loop), each train is in a safeguard building respectively. Moreover, The RBS [EBS] 

injects the borated water into the RCP [RCS] via the RIS [SIS] cold leg injection line. 

The basic configuration of the trains is the same but only trains A and B are connected to 

the purification section of the RCV [CVCS].  

Each train of the RIS [SIS] is composed of the Low Head Safety Injection (LHSI), MHSI 

and Accumulator (ACC) sub-systems, with the IRWST shared by the three trains of the 

RIS [SIS]. 

a) MHSI Sub-system 

The MHSI sub-system consists of the following equipment: 

1) The MHSI pump, 

2) The suction line from the IRWST and related valves, 

3) The discharge line and related valves.   

The MHSI pumps take water from the IRWST and inject it into one of the RCP [RCS] 

Cold Legs.  

b) Accumulator (ACC) Sub-system 
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The ACC sub-system, which is a passive system, is located inside the Reactor Building 

(BRX). The accumulator is connected to the safety injection line of the corresponding 

train of pumped injection. The accumulator is filled with water and pressurised nitrogen. 

Under accident conditions, if the pressure of RCP [RCS] drops to the values lower than 

the nitrogen pressure in the ACC, it will automatically inject borated water into the RCP 

[RCS] using the pressurised nitrogen as the driving force.  

c) LHSI Sub-system 

The LHSI sub-system consists of: 

1) The LHSI pump, 

2) The heat exchanger, 

3) The bypass for the heat exchanger with an associated control valve, 

4) The suction line from the IRWST, 

5) The discharge line to the Cold Leg, 

6) The discharge line to the Hot Leg, 

7) The suction line from the RCP [RCS] Hot Leg.  

When performing the LHSI function, the LHSI pump draws borated water from the 

IRWST. After passing through the heat exchanger which is on the downstream of the 

pump, the borated water is injected into the cold leg of the corresponding loop of the RCP 

[RCS]. The LHSI can be switched to simultaneous injection into both the Cold Leg and 

Hot Leg of the same RCP [RCS] loop.  

The heat exchanger for residual heat removal connected to each LHSI pump removes the 

residual heat during conditions such as reactor normal shutdown, reactor startup and 

related accidents.  

RIS [SIS] trains A and B are connected to the RCV [CVCS] low pressure letdown line for 

purification of the primary coolant when the primary coolant pressure is low. 

d) IRWST  

The IRWST is an open structure located in the containment. The water inventory is 

sufficient to provide the water volume required for refuelling shutdown or for RIS [SIS] 

and EHR [CHRS] operation following an accident. 

In order to ensure the reliable operation of the RIS [SIS] and EHR [CHRS] pumps after 

the accident, the IRWST is equipped with a filtering system which intercepts and filters 

any debris washed into the IRWST.  

e) pH Adjustment Sub-system 

The passive pH adjustment basket is used to adjust the pH value of the water inside the 



UK HPR1000 

GDA 

Preliminary Safety Report Chapter 7 

Safety Systems 

UK Protective Marking: 

Not Protectively Marked 

Rev: 000 Page: 20 / 82 
 

UK Protective Marking: Not Protectively Marked 

containment after a LOCA accident. 

7.3.4.2 Main Equipment 

The main items of equipment contained in the RIS [SIS] are described below. 

a) LHSI Pump  

The LHSI pumps are multi-stage centrifugal pumps with an associated miniflow line. 

These pumps are cooled by the Component Cooling Water System (RRI [CCWS]), 

besides, the train A and train B LHSI pump motors can also be cooled by the Safety 

Chilled Water System (DEL [SCWS]) system. 

b) MHSI Pump 

The MHSI pumps are multi-stage centrifugal pump. These pumps are cooled by the RRI 

[CCWS]. 

c) Residual Heat Removal Heat Exchanger 

The residual heat removal heat exchanger is a U-shaped tube heat exchanger. The RCP 

[RCS] coolant or the IRWST borated water is in the tube side, and the equipment cooling 

water provided by the RRI [CCWS] system is in the shell side. 

d) Accumulator 

The accumulator (using nitrogen for pressurisation) is a pressure vessel filled with 

borated water. The accumulator is a vertical cylindrical storage tank with hemispherical 

upper and lower heads.  

e) IRWST 

The IRWST, located at the bottom of the Reactor Building, is of a concrete construction 

with a stainless steel liner. In order to reduce the quantity of debris that may enter into the 

RIS [SIS] or EHR [CHRS] pump following an accident, the IRWST is provided with four 

intercept measures, including weirs, trash racks, retention baskets and sump strainers, 

these combine to limit the amount of debris that can enter the RIS [SIS] or EHR [CHRS] 

pumps to an acceptable level. 

The boron concentration of the borated water inside the IRWST is maintained between 

1300 and 1400 mg/kg 
10

B with an enrichment of 35%.  

f) pH Adjustment Basket 

The adjustment basket which contains granulated trisodium phosphate (TSP) is made of 

stainless steel with a mesh front which permits contact with water. The basket is placed in 

reactor building and in the water flow path to the IRWST after LOCA. 

7.3.4.3 System Layout 

The three trains of the RIS [SIS] are arranged in Safeguard Building A (BSA), Safeguard 
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Building B (BSB) and Safeguard Building C (BSC), and the Reactor Building (BRX). 

The LHSI pump, MHSI pump and RHR heat exchanger are located in BSA, BSB and 

BSC, the IRWST and Accumulator (ACC) are located in the BRX. 

7.3.5 Preliminary Design Substantiation 

7.3.5.1 Compliance with Codes and Standards 

The RIS [SIS] design is compliant with the requirements identified in sub-chapter 4.8. 

7.3.5.2 Compliance with Safety Related Requirements 

a) Safety Classifications 

According to the principles described in sub-chapter 4.7, the safety classification of main 

RIS [SIS] features are: 

1) RCPB isolation valves (all types): FC1; 

2) Cold Leg safety injection: FC1; 

3) Hot Leg safety injection: FC2; 

4) RHR mode following an accident: FC2; 

5) pH Adjustment Basket: safety category 3 functions (FC3). 

The detail of the compliance with the safety classification requirements is described in 

Table T-7.3-1. 

b) Single Failure Criterion 

The RIS [SIS] consists of three independent redundant trains, and there is no connection 

between the trains. The three RIS [SIS] trains are located in BSA, BSB and BSC which 

are physically separated. Each train is capable of delivering the requirements of the safety 

case, as demonstrated by the analysis described in chapter12. Following an accident, even 

conservatively assuming one of the three trains is unavailable as a result of the single 

failure and a further train is unavailable as a consequence of the initiating event, the 

remaining single train can deliver the functions required of the RIS [SIS]. 

c) Seismic Classification 

The RIS [SIS] equipment that provides FC1 and FC2 classified safety functions are 

seismically classified as Seismic Category 1 (SSE1). 

d) Qualification 

The RIS [SIS] equipment is qualified in accordance with the requirements described in 

sub-chapter 4.9. 

e) Emergency Power Supply 
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All of the electrical equipment which supports the safety functions can be powered by 

appropriately qualified emergency power provisions. Each RIS [SIS] train is supplied by 

an electrical division and backed-up by the Emergency Diesel Generators (EDGs). 

Besides, In case of loss of EDG, the RIS trains A and B are powered supplied by the 

Station Black Out (SBO) diesel generators. 

f) Hazard Protection 

The RIS [SIS] is protected against external and internal hazards primarily by the civil 

works and by physical separation. 

7.3.5.3 Compliance with Testing  

The RIS [SIS] will be subject to commissioning tests prior to operation, to verify that its 

component performance meets the design requirements and the safety functions of the 

system are achieved. 

Periodic testing of the MHSI and LHSI pumps can be conducted using the miniflow lines 

in accordance with the requirements of the maintenance and testing schedule and the 

technical specifications. 

The maintenance of RIS [SIS] is implemented during the shutdown of the plant.  

7.3.6 Functional Diagram 

The functional diagram of one of the three trains of the RIS [SIS] is provided in 

Figure F-7.3-1 below. 
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T-7.3-1 Compliance with requirements related to safety classification  

System 

Features 

Functional  

Classification 

Single 

Failure 

Physical and Electrical 

Separation 

Emergency 

Power Supply 

Periodic 

Test 

Seismic  

Classification 

LHSI cold leg 

safety injection 

FC1 YES 

three independent 

trains 

YES 

 

YES 

EDG 

YES SSE1 

MHSI cold Leg 

safety injection 

FC1 YES 

three independent 

trains 

YES 

 

YES 

EDG  

YES SSE1 

LHSI hot leg 

safety injection 

FC2 YES 

three independent 

trains 

YES YES 

EDG 

YES SSE1 

RHR mode 

following an 

accident 

FC2 YES 

three independent 

trains 

YES YES 

EDG 

YES SSE1 
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7.4  Emergency Boration System (RBS [EBS]) 

7.4.1 System Requirement 

7.4.1.1 Safety Functions 

The requirements placed on the design of the RBS [EBS] for HPR1000 (FCG3) for the 

three essential safety functions described in sub-chapter 7.2 above are identified below. 

a) Reactivity Control 

Following a DBC2-4 or DEC-A event, the RBS [EBS] injects borated water into the RCP 

[RCS]，via the RIS [SIS] cold leg injection line, to control the reactivity of the reactor 

during the transfer from the controlled state to the safety state. 

In the accident of Anticipated Transient Without Scram (ATWS) condition, the RBS 

[EBS] provides automatic boration of the RCP [RCS]. 

b) Residual Heat Removal 

The RBS [EBS] does not contribute to this safety function. 

c) Confinement of Radioactive Substance 

The RCPB isolation valves of RBS [EBS] contribute to maintaining the integrity of the 

RCPB. 

The RCPB isolation valves of RBS [EBS] contribute to the maintenance of containment 

integrity. 

7.4.1.2 Safety Functional Requirements 

a) Codes and Standards Requirements 

The RBS [EBS] is designed in accordance with the requirements specified in sub-chapter 

4.8. 

b) Safety Related Requirement 

1) Safety Classification 

The safety classification principles presented in sub-chapter 4.7 should be 

applied. 

2) Single Failure Criterion 

The single failure criterion should be applied for the RBS [EBS] equipment 

performing FC1 and FC2 safety function. 

3)  Seismic Classification 

The seismic classification principles presented in sub-chapter 4.7 should be 

applied. 
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4) Qualification 

The qualification principles presented in sub-chapter 4.9 should be applied. 

5) Emergency Power Supply 

All of the electrical equipment which supports the delivery of the safety 

functions should be supplied by appropriately qualified emergency power 

supplies following the loss of the normal power supplies. 

6) Hazard Protection 

The RBS [EBS] should be protected against internal hazards and external 

hazards in accordance with the requirements of chapters 19 and 18. 

c) Testing 

The functions of the system should be demonstrated by commissioning tests. Safety 

related components are subject to periodic testing. The layout and design of the system 

should ensure easy access for periodic testing and maintenance. 

7.4.2 Role of the System 

7.4.2.1 Normal Conditions 

During reactor normal operation the RBS [EBS] is on standby. 

One of the RBS [EBS] pumps can be used to perform RCP [RCS] hydrostatic testing 

when required, via a dedicated line of the RCV [CVCS]. 

7.4.2.2 Fault Conditions 

In DBC2-4 and DEC-A events, the RBS [EBS] injects borated water into the RCP [RCS], 

via the RIS [SIS] cold leg injection line, to compensate for the reactivity insertion caused 

by the RCP [RCS] cooldown. This supports the transfer of the plant from the controlled 

state to the safe state.  

7.4.3 Design Basis 

The minimum flow rate of the RBS [EBS] can provide sufficient boration to compensate 

for the insertion of positive reactivity due to the RCP [RCS] cooldown and xenon poison 

decrease during the transfer from the controlled state to the safe state. 

The maximum flow rate of the RBS [EBS] cannot overfill the pressuriser and 

consequently cause the Pressuriser Safety Valve (PSV) to open during the transfer from 

the controlled state to the safe state. 

If only one train of RBS [EBS] is available to support the cooldown, it is sufficient to 

support the requirements of a RCP [RCS] cooldown rate of 28℃/h.  
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7.4.4 System Description 

7.4.4.1 General System Description 

The RBS [EBS] consists of three independent 100% capacity trains.  

Each RBS [EBS] train contains a tank and a pump. 

7.4.4.2 Main Equipment 

The main components of the RBS [EBS] are described below. 

a) Emergency Boration Pump 

The RBS [EBS] pumps are reciprocating pumps.  

b) Emergency Boration Tank 

The RBS [EBS] tanks are vertical cylindrical storage tanks open to the atmosphere. 

7.4.4.3 System Layout 

The three trains of the RBS [EBS] are arranged in the Fuel Building (BFX), BSC and 

BRX. 

The tanks and pumps of train A and B are located in the BFX, the tank and pump of train 

C are located in BSC. 

7.4.5 Preliminary Design Substantiation 

7.4.5.1 Compliance with Codes and Standards 

The RBS [EBS] design is compliant with the Codes and Standards described in 

sub-chapter 4.5. 

7.4.5.2 Compliance with Safety Related Requirements 

a) Safety Classifications 

According to the principles described in sub-chapter 4.7, the safety classification of main 

RBS [EBS] features are: 

1) Borated water injection to RCP [RCS]: FC2, 

2) RCPB isolation: FC1, 

The detail of the compliance with the safety classification requirements is described in 

Table T-7.4-1. 

b) Single Failure Criterion 

The RBS [EBS] consists of three independent redundant trains, and the only connection 

between the trains is associated with the filling of the storage tanks by the Reactor Boron 

and Water Makeup System (REA [RBWMS]). The RBS [EBS] trains are located in 
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different buildings which are physically separated. Appropriate segregation is provided in 

the BFX to protect the 2 trains within the building against hazards. Each train has a 

capacity of 100%. Under accident conditions, even conservatively assuming one of the 

three trains is unavailable as a result of the single failure and a further train is unavailable 

as a consequence of the initiating event, the remaining train can still perform the function 

of the RBS [EBS]. 

c) Seismic Classification 

The equipment of the RBS [EBS] which ensures FC1 and FC2 classified safety functions 

is seismically classified as SSE1. 

d) Qualification 

The RBS [EBS] equipment is qualified in accordance with the requirements described in 

sub-chapter 4.9. 

e) Emergency Power Supply 

All of the electrical equipment which supports the safety functions can be powered by 

appropriately qualified emergency power provisions. 

The FC2 electrical equipment is powered supplied by EDGs. 

f) Hazard Protection 

The RBS [EBS] is primarily protected against external hazards by the civil structures, and 

is discussed in chapter 18. The physical separation between the three separate trains is 

used to protect against internal hazards, and is discussed in chapter 19 

7.4.5.3 Compliance with Testing  

The RBS [EBS] will be subject to commissioning tests before being put into operation 

and periodic tests during operation to verify that its component performance meets the 

design requirements and the safety functions of the system are delivered. 

The maintenance of RBS [EBS] is implemented during the shutdown of the plant. 

7.4.6 Functional Diagram 

The functional diagram of the RBS [EBS] is provided in Figure F-7.4-1 below. 
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T-7.4-1 Compliance with requirements related to safety classification  

System 

Features 

Functional  

Classification 

Single 

Failure 

Physical and Electrical 

Separation 

Emergency 

Power Supply 

Periodic 

Test 

Seismic  

Classification 

Borated water 

injection to RCP 

FC2 YES 

three independent 

trains 

YES 

 

YES 

EDG 

YES SSE1 

RBS [EBS]  

RCPB isolation 

 

FC1 YES 

two redundant 

isolation valves 

YES 

 

NA(check valve) 

 

YES SSE1 

 

 

 

 

 

 

 

 

 



UK HPR1000 

GDA 

Preliminary Safety Report Chapter 7 

Safety Systems 

UK Protective Marking: 

Not Protectively Marked 

Rev: 000 Page: 30 / 82 
 

UK Protective Marking: Not Protectively Marked 

 

 



UK HPR1000 

GDA 

Preliminary Safety Report Chapter 7 

Safety Systems 

UK Protective Marking: 

Not Protectively Marked 

Rev: 000 Page: 31 / 82 
 

UK Protective Marking: Not Protectively Marked 

7.5  Atmospheric Steam Dump System (VDA [ASDS]) 

7.5.1 Safety Requirements 

7.5.1.1 Safety Functions 

The requirements placed on the design of the VDA [ASDS] for HPR1000 (FCG3) for the 

three essential safety functions described in sub-chapter 7.2 above are identified below. 

a) Reactivity Control 

Excessive steam flow in the secondary side of SG will result in overcooling of the 

primary circuit thus increase of reactivity in the core. Under such accidents, VDA [ASDS] 

isolation will avoid excessive primary circuit cooling and therefore control reactivity. 

b) Residual Heat Removal 

During normal operation, the VDA [ASDS] does not perform the residual heat removal 

function which is normally provided by the Main Steam Bypass System (to condenser) 

(GCT [TBS]).  

During DBC 2-4 and DEC-A events, if the GCT [TBS] is unavailable, the VDA [ASDS] 

removes residual heat by discharging steam from the secondary system to the 

atmosphere. 

During Small Break (Loss of Coolant Accident) (SB-LOCA) or SGTR, the VDA [ASDS] 

operates to cool and depressurise the RCP [RCS] until safety injection by the MHSI into 

the RCP [RCS] can occur. 

c) Confinement of Radioactive Substance 

During a severe accident, the VDA [ASDS] performs part of the containment isolation 

function to limit radioactive releases.  

7.5.1.2 Safety Functional Requirements 

a) Codes and Standards Requirements 

The VDA [ASDS] should be designed in accordance with the requirements specified in 

sub-chapter 4.8. 

b) Safety Related Requirements 

1) Safety Classification 

The safety classification principles presented in sub-chapter 4.7 should be 

applied. 

2) Single Failure Criterion 
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The single failure criterion should be applied for the VDA [ASDS] equipment 

performing FC1 and FC2 safety functions. 

3) Seismic Classification 

The seismic classification principles presented in sub-chapter 4.7 should be 

applied. 

4) Emergency Power Supply 

All of the electrical equipment which supports the delivery of the safety 

functions should be supplied by appropriately qualified emergency power 

supplies following the loss of the normal power supplies. 

5) Hazard Protection 

The VDA [ASDS] should be protected against internal hazards and external 

hazards in accordance with the requirements of chapters 19 and 18. 

6) Qualification 

The qualification principles presented in sub-chapter 4.9 should be applied. 

c) Testing 

Pre-operational tests shall be performed during commissioning to demonstrate the 

required performance is achieved for all of the VDA [ASDS] functions. The VDA [ASDS] 

should be designed to allow the performance of periodic tests to demonstrate safety 

functions and maintenance. 

7.5.1.3 Other additional requirements 

During dump steam to atmosphere the VDA [ASDS] shall be designed to control the 

discharge noise to an acceptable level for personnel protection. 

7.5.2 Role of the System 

7.5.2.1 Normal Conditions 

As an Engineered Safety Feature, the VDA [ASDS] does not operate during normal 

operation. 

7.5.2.2 Fault Conditions 

The VDA [ASDS] performs the following functions under fault conditions:  

DBC2-4 and DEC-A events: 

a) During DBC 2-4 and DEC-A events, the VDA [ASDS] controls pressure of the SG 

secondary side when responding to overpressure transients.  

b) During DBC 2-4 and DEC-A events, if the GCT[TBS] is unavailable, the VDA [ASDS] 
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cools the RCP [RCS] to reach RHR connection condition 

c) During DBC 2-4 and DEC-A events, the VDA [ASDS] is used to cool the reactor 

coolant at a rate of -250℃/h until MHSI injection conditions are reached. 

7.5.3 Design Basis 

The VDA [ASDS] is designed to provide protection against overpressure. Each VDA 

[ASDS] train shall be able to dump at least 50% of the full load steam flow rate at the 

design pressure. 

During SB-LOCA or SGTR accidents, the VDA [ASDS] should be used to cool and 

depressurise the RCP [RCS] until the MHSI injection pressure is reached. The Main 

Steam Relief Control Valve (MSRCV) is able to control the cooldown of the RCP [RCS] 

at a rate of -250 °C/h. 

7.5.4 System Description 

7.5.4.1 General System Description 

The VDA [ASDS] consists of three independent trains corresponding to the three SGs. 

The VDA [ASDS] is connected to the main steam line upstream of the Main Steam 

Isolation Valve (MSIV). 

Each train consists of a MSRIV, a MSRCV and a silencer. 

7.5.4.2 Main Equipment 

a) MSRIV 

The MSRIV is welded directly onto each of the main steam lines between the 

containment penetration and the main steam isolation valve, upstream of the safety valves. 

The MSRIV opens rapidly after receiving a command for dump steam from the Reactor 

Protection System (RPR [RPS]). 

b) MSRCV 

MSRCV is connected to the discharge pipeline downstream of the MSRIVs. The 

MSRCV can control the SG pressure once the MSRIV is opened.  

c) Silencer 

The silencer receives the steam discharged from the MSRCV. The silencer is used to 

reduce the noise produced during the discharging of steam to protect personnel and the 

environment. 

7.5.4.3 System Layout 

The VDA [ASDS] is located in the steam valve compartment. The silencers are installed 

on the roof of BSA and BSB. 
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7.5.5 Preliminary Design Substantiation 

7.5.5.1 Compliance with Codes and Standards 

The VDA [ASDS] design is compliant with the Codes and Standards described in 

sub-chapter 4.8. 

7.5.5.2 Compliance with Safety Related Requirements 

a) Safety Classifications 

According to the principles described in sub-chapter 4.7, the safety classifications of the 

main VDA [ASDS] features are: 

1) Dumping steam to atmospheric-( MSRIV): FC1; 

2) Controlling the discharge flow rate- (MSRCV): FC1;  

3) Controlling noise – (Silencer): Non-classified (NC). 

The compliance with the requirements related to safety classification is described in 

Table T-7.5-1. 

b) Single Failure Criterion 

VDA [ASDS] consists of three independent redundant trains. Under accident conditions, 

even conservatively assuming one of the three trains is unavailable as a result of single 

failure and a second train is unavailable as a consequence of the initiating event, the 

remaining train can still fulfil the steam dumping requirements. 

Concerning the isolation of steam generators, MSRCV can serve as a backup of MSRIV 

in case of whose failing to close. 

c) Seismic Classification 

The equipment of the VDA [ASDS] which supports FC1 and FC2 classified safety 

functions is seismically classified as SSE1. 

d) Qualification 

The VDA [ASDS] equipment is qualified in accordance with the requirements described 

in sub-chapter 4.9. 

e) Emergency Power Supply 

All of the electrical equipment which supports the safety functions should be powered by 

appropriately qualified emergency power provisions. 

MSRIV and MSRCV will be supplied with 2h Battery (safety class), EDGs and SBO 

diesel generator. 

f) Hazard Protection 
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The VDA [ASDS] is primarily protected against external hazards by the civil works. The 

physical separation between the three separate trains is used to protect against internal 

hazards. 

7.5.5.3 Compliance with Testing Requirements 

The VDA [ASDS] will be subject to commissioning tests prior to entering into operation, 

to verify that its component performance meets the design requirements and the safety 

functions of the system are achieved. 

The VDA [ASDS] is designed to undergo periodic tests on components supporting safety 

functions, so as to verify the availability of the safety functions in accordance with the 

requirements of the maintenance and testing schedule and the technical specifications. 

The maintenance of VDA [ASDS] is implemented during the shutdown of the plant. 

7.5.6 Functional Diagram 

The functional diagram of one train of the VDA [ASDS] is provided in Figure F-7.5-1. 
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T-7.5-1 Compliance with requirements related to safety classification  

Sub-system 

function 

Functional 

Classificati

on 

Single Failure 

Physical and 

Electrical 

Separation 

Emergency Power Supply 
Periodical 

Test 

Seismic 

Classification 

Steam Isolation FC1 

YES 

MSRIV and 

MSRCV 

YES 

YES 

EDG, SBO diesel generator 

and 2h UPS 

YES SSE1 

Dumping steam to 

atmospheric 
FC1 

YES 

three independent 

trains 

YES 

YES 

EDG, SBO diesel generator 

and 2h UPS 

YES SSE1 

Control the 

discharge flow rate 
FC1 

YES 

three independent 

trains 

YES 

YES 

EDG, SBO diesel generator 

and 2h UPS 

YES SSE1 

Control noise NC NO NO N/A NO SSE1 
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7.6  Emergency Feedwater System (ASG [EFWS]) 

7.6.1 Safety Requirements  

7.6.1.1 Safety Functions 

The requirements placed on the design of the Emergency Feedwater System (ASG 

[EFWS]) for HPR1000 (FCG3) for the three essential safety functions described in 

sub-chapter 7.2 above are identified below. 

a) Reactivity Control 

The ASG [EFWS] does not directly contribute to this safety functions. 

The ASG [EFWS] supports isolation of the affected SG following a Main Steam Line 

Break (MSLB) to ensure the core sub-criticality is maintained in the controlled state. 

b) Residual Heat Removal 

When the normal feedwater systems are unavailable, the ASG [EFWS] should provide 

emergency feedwater for the SGs to remove the residual heat. 

c) Confinement of Radioactive Substance 

The ASG [EFWS] contributes to the secondary system element of containment isolation. 

7.6.1.2 Safety Functional Requirements 

a) Codes and Standards Requirements 

The ASG [EFWS] should be designed in accordance with the requirements specified in 

sub-chapter 4.8. 

b) Safety Related Requirements 

1) Safety Classification 

The safety classification principles presented in sub-chapter 4.7 should be 

applied. 

2) Single Failure Criterion 

The single failure criterion should be applied to the components providing FC1 

and FC2 safety functions. 

3) Seismic Classification 

The seismic classification principles presented in sub-chapter 4.7 should be 

applied. 

4) Qualification 

The qualification principles presented in sub-chapter 4.9 should be applied. 
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5) Emergency Power Supply 

All of the electrical equipment which supports the delivery of the safety 

functions should be supplied by appropriately qualified emergency power 

supplies following the loss of the normal power supplies. 

6) Hazard Protection 

The ASG [EFWS] should be protected against internal hazards and external 

hazards in accordance with the requirements of chapters 19 and 18. 

c) Testing 

The function of the system should be demonstrated by commissioning tests. Safety 

related components are subject to periodic testing. The layout and design of the system 

should ensure easy access for in-service inspection and periodic testing and maintenance 

of all class FC1 and FC2 equipment. 

7.6.2 Role of the System 

7.6.2.1 Normal Conditions 

During a normal shutdown, the ASG [EFWS] can be used to supply water with 

appropriate chemical dosing for wet lay-up of the SGs. 

In normal plant conditions, the ASG [EFWS] can be used to supply water to the SGs 

during commissioning and to maintain the required level before the normal feedwater 

systems are put into operation. 

7.6.2.2 Fault Conditions 

The ASG [EFWS] should provide emergency feedwater for the unaffected SG under 

DBC-2, DBC-3 and DBC-4 conditions to remove the core decay heat and sensible heat 

from the RCP [RCS] via the SGs, until the RIS [SIS] operates in RHR mode.  

In the case of a DEC-A condition (such as Station Black Out (SBO) or Total Loss of 

Cooling Chain (TLOCC)), the ASG [EFWS] provides emergency feedwater to the SGs 

and removes the core decay heat and sensible heat from the RCP [RCS] via the SGs, thus 

allowing the reactor to reach the final state. 

The ASG [EFWS] enables the affected SG to be isolated so as not to create a containment 

bypass route in the event of a SGTR. 

The ASG [EFWS] enables the affected SG to be isolated to limit the containment 

pressure and temperature in the event of a FLB or MSLB. 

7.6.3 Design Basis 

a) Injection Flow Delivered to the SGs 

The minimum ASG [EFWS] flowrate required following a FLB accident should ensure 

the decay heat removal via SGs. 
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The maximum required ASG [EFWS] flowrate should be limited to avoid containment 

overpressure in a MSLB accident. 

b) Minimum Feedwater Storage 

The minimum ASG [EFWS] water storage should be sufficient to maintain the plant at 

hot shutdown followed by cooldown to RHR conditions within 24 hours with two tanks 

available. 

7.6.4 System Description 

7.6.4.1 System Layout 

The ASG [EFWS] consists of three identical trains corresponding to each SG.   

Each ASG [EFWS] train consists of the following equipment:  

a)  one storage tank;  

b)  one emergency feedwater pump;  

c)  one flow limitation control valve; 

d)  one SG level control valve; 

e)  containment isolation valves 

The inlet and outlet sides of the three pumps are connected via headers which are 

normally isolated.  

7.6.4.2 Main Equipment 

The Main components are described as follows: 

a) Emergency Feedwater Pump 

These are centrifugal motor-driven pumps. Each emergency feedwater pump can perform 

the emergency feedwater function for the SGs with 100% capacity. These pumps are 

self-lubricating and self-cooling pumps and consequently do not require support from 

additional cooling water systems. 

b) Storage Tank 

The ASG [EFWS] storage tanks are of concrete construction with a stainless steel liner. 

Each of three identical water storage tanks provides sufficient capacity to meet 50% of 

the design requirements of the safety function. 

The ASG [EFWS] tanks are sized for 24h autonomy, and the ASP [SPHRS] tanks are 

sized for 72h autonomy. If the ASG [EFWS] tanks are used up, the ASP [SPHRS] tanks 

can supply water to ASG [EFWS] system. 

c) Flow Limitation Control Valve 
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These are electric control valves which are installed downstream of each emergency 

feedwater pump. They are used to limit the feedwater flow rate to the SGs and 

consequently to limit the pump motor power. 

d) SG Level Control Valve 

The control valves are electrically operated to control the SG level and to prevent SGs 

overfilling. 

7.6.4.3 System Layout 

The ASG [EFWS] is a three-train safety system. The three trains are located in the three 

safeguard buildings BSA, BSB and BSC respectively.  

7.6.5 Preliminary Design Substantiation 

7.6.5.1 Compliance with Codes and Standards  

The ASG [EFWS] design is compliant with the Codes and Standards described in 

sub-chapter 4.8. 

7.6.5.2 Compliance with Safety Related Requirements 

a) Safety Classifications 

According to the principles described in sub-chapter 4.7, the safety classifications of the 

main ASG [EFWS] features are: 

1) Emergency feedwater function: FC1; 

2) SG isolation: FC1. 

The compliance with the requirements related to safety classification is described in 

Table T-7.6-1. 

b) Single Failure Criterion 

The ASG [EFWS] consists of three independent redundant trains, and the only 

connection between the trains is a discharge header allowing individual pumps to be 

re-aligned to any available SG and a common ASG [EFWS] tank filler header. The three 

ASG [EFWS] trains are located in safeguards buildings BSA, BSB and BSC which are 

physically separated. Each pump has 100% capacity. Under accident conditions, even 

conservatively assuming one of the three trains is unavailable as a result of the single 

failure and a further train is unavailable as a consequence of the initiating event, the 

remaining single train can still perform the function of the ASG [EFWS]. 

c) Seismic Classification 

The ASG [EFWS] equipment that supports FC1 and FC2 classified safety functions is 

seismically classified as SSE1. 

d) Qualification 
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The ASG [EFWS] equipment is qualified in accordance with the requirements described 

in sub-chapter 4.9. 

e) Emergency Power Supply  

All of the electrical equipment that supports the safety functions can be powered by 

appropriately qualified emergency power provisions. Each ASG [EFWS] train is supplied 

by an electrical division and backed-up by the EDGs. In addition, to overcome the SBO 

condition, train A and train B are backed-up by the SBO diesel generator. 

f) Hazard Protection 

The ASG [EFWS] system is protected against external hazards primarily by the civil 

structures. The system is located in BRX, BSA, BSB and BSC. 

For internal hazards, the FC1 and FC2 classified components of the ASG [EFWS] system 

are protected by physical separation. 

7.6.5.3 Compliance with Testing Requirement  

The ASG [EFWS] will be subject to commissioning tests before it is placed into 

operation to verify that the component performance meets the design requirements and 

the safety functions of the system are delivered. 

The ASG [EFWS] is designed to be capable of monitoring different components during 

normal operation to ensure that all functions of the system can be correctly executed, and 

be able to perform periodic tests on components of the safety functions in accordance 

with the requirements of the maintenance and testing schedule and the technical 

specifications, so as to verify the availability of the safety functions. 

The maintenance of ASG [EFWS] is implemented during the shutdown of the plant. 

7.6.6 Functional Diagram 

The functional diagram of the ASG [EFWS] is presented below in Figure F-7.6-1. 
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T-7.6-1 Compliance with requirements related to safety classification 

System 
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to SG (including 
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7.7  Secondary Passive Heat Removal System (ASP [SPHRS]) 

7.7.1 Safety Requirements 

7.7.1.1 Safety Functions 

The requirements placed on the design of the ASP [SPHRS] for HPR1000 (FCG3) for the 

three essential safety functions described in sub-chapter 7.2 above are identified below. 

a) Reactivity Control 

The ASP [SPHRS] system does not contribute to this safety functions. 

b) Residual Heat Removal 

The ASP [SPHRS] is designed to provide decay heat removal during DEC accidents and 

in conditions where the ASG [EFWS] has failed. The ASP [SPHRS] performs the safety 

function utilising natural circulation. 

c) Confinement of Radioactive Substance 

The ASP [SPHRS] contributes to the containment isolation of the secondary system. 

7.7.1.2 Safety Functional Requirements 

a) Codes and Standards Requirements 

The ASP [SPHRS] should be designed in accordance with the requirements specified in 

sub-chapter 4.8. 

b) Safety Related Requirements 

1) Safety Classification  

The safety classification principles presented in sub-chapter 4.7. 

2) Single Failure Criterion  

ASP [SPHRS] will not perform any function in DBC accidents. According to the 

general safety principles, the single failure need not be taken into account in the 

design of the ASP [SPHRS].  

3) Seismic Classification 

The seismic classification principles presented in sub-chapter 4.7 should be 

applied. 

4) Qualification 

The qualification principles presented in sub-chapter 4.9 should be applied. 

5) Emergency Power Supply 

All of the electrical equipment which supports the delivery of the safety 
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functions should be supplied by appropriately qualified emergency power 

supplies following the loss of the normal power supplies. All ASP motor-valves 

are supplied by SBO diesel generator. 

6) Hazard Protection 

The ASP [SPHRS] should be protected against internal hazards and external 

hazards in accordance with the requirements discussed in chapters 19 and 18. 

c) Testing 

The functions of the system should be demonstrated by commissioning tests. Safety 

related components are subject to periodic testing. The layout and design of the system 

should ensure easy access for in-service inspection and periodic testing and maintenance 

of all class FC1 and FC2 equipment. 

7.7.2 Role of the System 

7.7.2.1 Normal Conditions 

During normal plant operation, the ASP [SPHRS] is in its standby state. 

7.7.2.2 Fault Conditions 

The ASP [SPHRS] should perform the residual heat remove function during DEC 

accident condition as follow:  

a) SBO with ASG [EFWS] failure;  

b) Total loss of feedwater;  

c) Other accidents requiring ASG [EFWS] with ASG [EFWS] failure. 

In addition, the ASP [SPHRS] can also supply water to the ASG [EFWS] in the long term 

following DEC events where the ASG [EFWS] and VDA [ASDS] are used for heat 

removal. The ASP [SPHRS] cannot cool but only provides makeup water to the spent fuel 

pool when all trains of the Fuel Pool Cooling and Treatment System (PTR [FPCTS]) 

cooling loop fail. 

7.7.3 Design Basis 

The ASP [SPHRS] provides diverse provisions to the ASG [EFWS], and it is used to 

remove the residual heat from the core following ASG [EFWS] failure. 

The ASP [SPHRS] capacity is provided by 3 trains each capable of providing 33% of the 

design decay heat removal capacity.  

7.7.4 System Description 

7.7.4.1 General System Description 

The system is composed of three trains which are basically the same, corresponding to 
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three SGs. Each train mainly consists of: 

a) Steam inlet pipe 

The steam inlet pipe is connected to the main steam line between the containment 

boundary and the MSIV and contains two isolation valves. 

b) Condenser, 

The condenser is located at a higher position than the SG and is submerged in the ASP 

[SPHRS] tank. 

c) Feed pipes 

The feed pipes connect the outlet of the condenser to the ASG [EFWS] feedwater lines 

that deliver the condensate water to the SG.  

The principle of passive operation of the system is to arrange the cold heat sink 

(condenser) to be higher than the hot source (SG) so as to form a density difference 

between the steam pipe and the condensate pipe. This provides a driving force for natural 

circulation. The primary heat transferred to the SG secondary side can be transferred to 

the water tank through the ASP [SPHRS] and finally discharged to atmosphere by the 

evaporating water in the tank. 

7.7.4.2 Main Equipment 

a) Condenser 

The condenser is “C” shaped and located at the bottom of the water tank. The condenser 

serves as the key component to support natural circulation. It condenses steam into water 

in the condenser pipe and conducts the heat to the water stored in the water tank outside 

of pipe. 

b) Water tank 

The water tank is located on the outer wall of the reactor buildings. The function of the 

water tank is to receive the heat from the condenser and to discharge the heat into 

atmosphere through evaporation or boiling of the water stored in the tank. The tanks 

available water capacity is more than 3035t. 

7.7.4.3 System Layout 

The three trains are located in BSA and BSB (except the ASP [SPHRS] tank which is 

located around the BRX). 

The height difference between the ASP [SPHRS] condenser and the SG is sufficient to 

provide the driving head to meet the functional requirements of supporting the required 

natural circulation flow.  

As the backup of the ASG [EFWS], the ASP [SPHRS] is physically segregated from the 

ASG [EFWS], apart from the connection to the ASG [EFWS] feedwater delivery line.  
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7.7.5 Preliminary Design Substantiation 

7.7.5.1 Compliance with Codes and Standards  

The ASP [SPHRS] design is compliant with the Codes and Standards described in 

sub-chapter 4.8. 

7.7.5.2 Compliance with Safety Related Requirements 

a) Safety classification 

According to the principle described in sub-chapter 4.7, the safety classifications of main 

ASP [SPHRS] features are: 

1) Equipment and pipelines between the SG and containment isolation boundaries 

are classified as FC1;  

2) Equipment and pipelines performing residual heat removal functions under 

DEC-A conditions, as well as performing water makeup functions for the ASG 

[EFWS] and PTR [FPCTS] are classified as Safety category 3 (FC3). 

b) Compliance with Requirements Related to Single Failure Criterion 

The single failure has not been taken into account for ASP [SPHRS] and therefore the 

system is not fully compliant with the single failure criterion. 

c) Compliance with Requirements Related to Seismic Classification 

1) Equipment and pipelines belonging to the SG and containment isolation 

boundaries are classified as SSE1;  

2) Equipment and pipelines performing residual heat removal functions under 

DEC-A conditions, as well as performing water makeup functions for the ASG 

[EFWS] and PTR [FPCTS] are classified as SSE1.  

d) Qualification 

The ASP [SPHRS] equipment is qualified in accordance with the requirements described 

in sub-chapter 4.9. 

e) Emergency Power Supply 

The electrical valves belonging to the SG and containment isolation boundaries are 

powered by the Emergency Diesel Generators (EDGs), SBO diesel generator and 

Uninterruptable Power Supply (UPS). 

f) Hazard Protection 

The ASP [SPHRS] is primarily protected against external hazards by the civil works. The 

system is located in BSA and BSB. 
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7.7.5.3 Compliance with Testing Requirement 

The ASP [SPHRS] will be subject to commissioning tests prior to be placed in operation 

to verify that its component performance meets the design requirements and the safety 

functions of the system are delivered. 

The ASP [SPHRS] valves and its control equipment has been designed and configured to 

allow for periodic testing in accordance with the requirements of the maintenance and 

testing schedule and the technical specifications. 

The maintenance of ASP [SPHRS] is implemented during the shutdown of the plant. 

7.7.6 Functional Diagram 

The functional diagram of the ASP [SPHRS] is shown in Figure F-7.7-1. 

 



UK HPR1000 

GDA 

Preliminary Safety Report Chapter 7 

Safety Systems 

UK Protective Marking: 

Not Protectively Marked 

Rev: 000 Page: 50 / 82 
 

UK Protective Marking: Not Protectively Marked 

 

 



UK HPR1000 

GDA 

Preliminary Safety Report Chapter 7 

Safety Systems 

UK Protective Marking: 

Not Protectively Marked 

Rev: 000 Page: 51 / 82 
 

UK Protective Marking: Not Protectively Marked 

7.8  Containment Heat Removal System (EHR [CHRS]) 

7.8.1 Safety Requirements 

7.8.1.1Safety Functions 

The requirements placed on the design of the EHR [CHRS] for the three essential safety 

functions described in sub chapter 7.2 above are identified below. 

a) Reactivity Control 

Not applicable to EHR [CHRS].  

b) Residual Heat Removal 

The EHR [CHRS] should remove the decay heat from the Reactor Building containment 

to the ultimate heat sink or extra heat sink under the following conditions:  

1) Severe accident (SA);  

2) SB-LOCA with total loss of LHSI;  

3) TLOCC;  

4) SBO with SB-LOCA. 

c) Confinement of Radioactive Substance 

In order to maintain the Reactor Building integrity during a Severe Accidents (DEC-B) 

condition, the EHR [CHRS] should transfer the decay heat from the containment 

atmosphere to the IRWST, and eventually to the ultimate heat sink.  

In order to maintain the integrity of the Reactor Building during a severe accident, the 

EHR [CHRS] injects enough borated water to the reactor pit to provide external cooling 

of the outside of the Reactor Pressure Vessel (RPV). This is sufficient to prevent the 

molten corium penetrating through the RPV. 

The EHR [CHRS] contributes to the containment isolation safety function.  

7.8.1.2 Safety Functional Requirements 

a) Codes and Standards Requirements 

The EHR [CHRS] shall be designed in accordance with the Codes and Standards 

specified in sub-chapter 4.8. 

b) Safety Related Requirements 

1) Safety Classification 

The Safety classification principles presented in sub-chapter 4.7 should be 

applied. 
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2) Single Failure Criterion 

The single failure criterion is only applicable for the parts of the EHR [CHRS] 

classified as FC1. 

3) Seismic Classification 

The Seismic classification principles presented in sub-chapter 4.7 should be 

applied. 

4) Emergency Power Supply 

All of the electrical equipment which supports the delivery of the safety 

functions should be supplied by appropriately qualified emergency power 

supplies following the loss of the normal power supplies. 

5) Qualification 

The EHR [CHRS] equipment which performs safety functions should be 

qualified. The Qualification principles presented in sub-chapter 4.9 should be 

applied. 

6) Hazard Protection 

The EHR [CHRS] should be protected against internal hazards and external 

hazards in accordance with chapters 19 and 18. 

c) Testing 

The functions of the system should be demonstrated by undertaking commissioning tests. 

Safety related components are subject to periodic testing. The layout and design of the 

system should ensure easy access for inspection and periodic testing and maintenance for 

the equipment that perform safety functions. 

7.8.2 Role of the System 

7.8.2.1 Normal Conditions 

During normal operation of the plant, the EHR [CHRS] is not operating. 

7.8.2.2 Fault Conditions 

The EHR [CHRS] is designed to provide the following major functions under fault 

conditions:  

a) SB-LOCA with Total Loss of LHSI  

Following a SB-LOCA with a total loss of LHSI, the EHR [CHRS] reduces the 

temperature and pressure in the containment once the pressure and IRWST water 

temperature reach a specified value.  

b) TLOCC (in shutdown state) 



UK HPR1000 

GDA 

Preliminary Safety Report Chapter 7 

Safety Systems 

UK Protective Marking: 

Not Protectively Marked 

Rev: 000 Page: 53 / 82 
 

UK Protective Marking: Not Protectively Marked 

Following a TLOCC the EHR [CHRS] should be manually actuated to reduce the 

temperature and pressure in the containment.  

c) SBO with SB-LOCA 

Following a SBO, the EHR [CHRS] shall be manually actuated to reduce the temperature 

and pressure in the containment once the pressure and IRWST water temperature reach a 

certain value.  

d) Reactor Pit Injection  

Under severe accident conditions, the EHR [CHRS] provides the reactor pit injection 

function, including passive and active injection. The RPV outer wall should be cooled by 

cooling water to retain the molten corium in the RPV.  

e) Containment Spray 

During DEC-A and DEC-B conditions, the EHR [CHRS] should reduce the pressure and 

temperature inside the containment through the spraying of cooled water. 

7.8.3 Design Basis 

The EHR [CHRS] is designed assuming the most conservative decay heat and initial 

IRWST temperature. 

a) Containment Depressurization Function Criteria  

1) Short-term Function Criteria  

- the actuation of up two containment spray trains of the EHR [CHRS] 12h after 

a severe accident reduces the containment pressure below 0.2MPa abs within 

24 hours;  

- the actuation of one containment spray train of the EHR [CHRS] 12h after a 

severe accident ensures the containment pressure is maintained below the 

containment design pressure;  

2) Long-term Function Criteria  

During long-term operation of the EHR [CHRS], one EHR [CHRS] train is 

sufficient to maintain the containment pressure at a low level.  

b) Reactor Pit Injection Criteria  

Following a severe accident, the EHR [CHRS] should fill the reactor pit with sufficient 

borated water via passive means in the stipulated time. During the long-term phase, the 

EHR [CHRS] pump takes borated water from the IRWST, and injects it into the reactor 

pit after it has been cooled by the EHR [CHRS] heat exchanger, to maintain the water 

level in the pit as evaporation occurs from the pit. Safety analysis of IVR strategy refers 

to chapter 13. 
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7.8.4 System Description 

7.8.4.1 General System Description 

The EHR [CHRS] consists of four sub-systems, including containment spraying, reactor 

pit injection, strainer back-flushing and passive reactor pit injection. Except for the 

passive reactor pit injection sub-system, the EHR [CHRS] has two identical trains which 

are physically separated, taking into account the long term operational reliability of the 

EHR [CHRS] after an accident. Each train mainly consists of:  

a) An intake line from the IRWST; 

b) A containment heat removal pump; 

c) A heat exchanger;  

d) Three discharge lines (for spray, reactor pit injection and strainer back-flushing).  

The passive reactor pit injection sub-system mainly consists of an In-Vessel Retention 

(IVR) tank located at a position higher than the reactor pit in the containment, and lines 

and valves at the outlet of the tank connected to the reactor pit. 

7.8.4.2 Main Equipment 

Main components in the EHR [CHRS] are described as follows: 

a) Containment Heat Removal Pump  

The EHR [CHRS] utilises horizontal centrifugal pumps, with the same performance 

parameters for the two pumps. The motor of the pump is cooled by the RRI [CCWS] or 

ECS [ECS]. 

b) EHR [CHRS] Heat Exchanger 

The exchanger is a shell and tube type. The fluids in the hot and cold sides of the EHR 

[CHRS] heat exchanger are IRWST water and RRI [CCWS] or ECS [ECS] water 

respectively.  

c) IVR Tank  

The tank is of concrete construction with a stainless steel liner. 

d) Spray Ring 

The spraying nozzles are installed on rings in the dome of the BRX. Each train of the 

EHR [CHRS] delivers via a separate spraying ring.  

7.8.4.3 System Layout 

The pumps and heat exchangers on train A and B of the EHR [CHRS] are located in BSA 

and BSB respectively.  

The spray, reactor pit injection (including pipelines of active and passive reactor pit 
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injection and the IVR tank) and back-flushing pipelines are located in the reactor 

building.  

7.8.5 Preliminary Design Substantiation 

7.8.5.1 Compliance with Codes and Standards 

The EHR [CHRS] design is compliant with the Codes and Standards described in 

sub-chapter 4.5. 

7.8.5.2 Compliance with Safety Related Requirements 

a) Safety Classification 

The system has been designed according to the principles described in sub-chapter 4.7. 

The compliance with the requirements related to safety classification is described in 

Table T-7.8-1. 

b) Single Failure Criterion 

Only the containment isolation part of the EHR [CHRS] is classified as FC1. Therefore 

the single failure criterion is only applicable to this part of the system.  

c) Seismic Classification  

All parts of the EHR [CHRS] classified as FC1 or FC3 in the EHR [CHRS] are designed 

to be SSE1. 

d) Emergency Power Supply 

The power supply for the safety related electrical equipment is provide by two 

independent electrical divisions backed-up by the emergency diesel generators. 

Additionally, the system can also be powered by the SBO diesel generator in SBO 

condition. 

e) Qualification 

The EHR [CHRS] equipment is qualified in accordance with the requirements described 

in sub-chapter 4.9.  

f) Hazard protection 

The EHR [CHRS] is protected against external hazards mainly by the civil works. This 

system is located in BRX BSA and BSB. Protection of the 2 trains against the hazards is 

provided by physical separation. 

For internal hazards, FC1 and FC3 classified equipment of the EHR [CHRS] is protected 

by physical separation. 

7.8.5.3 Compliance with Testing Requirement 

The EHR [CHRS] is subject to commissioning tests prior to being put in operation to 
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verify that its component performance meets the design requirements and the safety 

functions of the system are delivered. 

The EHR [CHRS] components are monitored during normal operation to ensure that all 

functions of the system can be delivered. Periodic tests of components for safety 

functions can be performed to verify the availability of the safety functions. 

The maintenance of EHR [CHRS] is implemented during the shutdown of the plant. And 

the maintenance for one train (if needed) is also allowed for the long term of the severe 

accident. 

7.8.6 Functional Diagram 

The functional diagram of the EHR [CHRS] is provided in Figure F-7.8-1. 
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T-7.8-1 Compliance with requirements related to safety classification  

System 

Features 

Functional  

Classification 

Single 

Failure 

Physical and Electrical 

Separation 

Emergency Power 

Supply 

Periodical 

Test 

Seismic 

Classification 

Containment 

penetrations (lines 

and isolation valve) 

FC1 YES 

two redundant 

isolation 

valves 

YES YES 

EDG，SBO diesel 

generator and UPS 

YES SSE1 

Containment spray FC3 NA but two 

redundant 

trains  

YES YES 

EDG，SBO diesel 

generator and UPS 

YES SSE1 

Active injection to 

the reactor pit  

FC3 NA but two 

redundant 

trains  

YES YES 

EDG，SBO diesel 

generator and UPS 

YES SSE1 

Passive injection to 

reactor pit  

FC3 NA NO YES(Only for valves) 

EDG，SBO diesel 

generator and UPS 

YES SSE1 

Back-flushing of 

Sump strainers 
FC3 NA but two 

redundant 

trains 

YES YES 

EDG，SBO diesel 

generator and UPS 

YES SSE1 
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7.9  Containment Filtration and Exhaust System (EUF [CFES])  

Whether the EUF [CFES] system is required or not is fundamentally design-specific. 

However, the design of EUF [CFES] system is based on the HPR1000 (FCG3) as a 

feedback from Fukushima accident and a mitigation method to practicably eliminate the 

risk of large early radioactive release. For UK HPR1000, the design of EUF [CFES] may 

change in according to further research.  

7.9.1 Safety Requirements 

7.9.1.1 Safety Functions 

The requirements placed on the design of the EUF [CFES] for HPR1000 (FCG3) for the 

three essential safety functions described in sub-chapter 7.2 above are identified below. 

a) Reactivity Control 

The EUF [CFES] does not contribute to the safety function of reactivity control. 

b) Residual Heat Removal 

The EUF [CFES] perform a safety function of residual heat removal after a severe 

accident. 

c) Confinement of Radioactive Substance 

The containment isolation valves provide a safety function to ensure the integrity of the 

third barrier. 

The EUF [CFES] contributes to the protection of the containment, which is the last 

barrier for the retention of radioactivity within the station, against loss of integrity due to 

internal over pressurisation during hypothetical severe accident sequences and to 

minimise the uncontrolled releases of radioactive substance to the environment ALARP. 

7.9.1.2 Safety Functional Requirements 

a) Codes and Standards Requirements 

The EUF [CFES] shall be designed in accordance with the requirements specified in 

sub-chapter 4.8. 

b) Safety Related Requirements 

1) Safety Classification 

The safety classification principles presented in sub-chapter 4.7 should be 

applied. 

2) Single Failure Criterion 

The Containment isolation is a safeguard function. Therefore the single failure 

criterion should be applied to the equipment which provides the FC1 classified 
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safety functions. 

3) Seismic Classification 

The Seismic classification principles presented in sub-chapter 4.7 should be 

applied. 

4) Qualification 

The Qualification principles presented in sub-chapter 4.9 should be applied. 

5) Emergency Power Supply 

All of the electrical equipment which supports the delivery of the safety 

functions should be supplied by appropriately qualified emergency power 

supplies following the loss of the normal power supplies. 

6) Hazard Protection 

The containment isolation valves should be protected against internal hazards 

and external hazards in accordance with the requirements discussed in chapters 

19 and 18. 

c) Testing  

The functions of the system should be demonstrated by commissioning tests. Safety 

related components are subject to periodic testing. The layout and design of the system 

should ensure easy access for in-service inspection and periodic testing and maintenance 

of all class FC1 and FC3 equipment. 

7.9.2 Role of the System 

7.9.2.1 Normal Conditions 

During normal operation of the plant, the EUF [CFES] is not operating. 

7.9.2.2 Fault Conditions 

The EUF [CFES] will only be activated in DEC-B events to depressurise the containment 

and minimise any unavoidable activity releases to the environment. If the pressure 

reaches the design limit, the containment filtration and exhaust system could be used to 

carry out active pressure relief to lower the pressure inside the containment and maintain 

the integrity of the containment. 

7.9.3 Design Basis 

During the early stage (24 hours) of severe accident, the EUF [CFES] is not required to 

put into operate.  

After 24 hours of severe accident, if the hydrogen concentration in the containment is 

lower than 4% Vol. and the pressure level in the containment exceeds the design pressure 

level, the EUF [CFES] could be put into operation for containment depressurization. 
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The pressure for termination of the venting process is estimated to be 50% of the initial 

containment pressure. The EUF [CFES] is intended to operate with multiple openings. 

A time period of 36h is required for the EUF [CFES] to remain sufficiently stable for 

complete I2 retention，Intended efficiency of elemental Iodine: >99%; Intended efficiency 

of organic Iodine: ≥80%. This includes an assumed operation time for containment 

filtered venting of 12h and an additional standalone period of a further 24h. 

7.9.4 System Description 

7.9.4.1 General System Description 

The EUF [CFES] has two containment isolation valves outside the containment. The 

main component of the containment filtration and exhaust system is the scrubbing unit. 

The scrubbing unit includes two separate filter vessels, a venturi filter and a metal fibre 

filter. 

7.9.4.2 Main Equipment 

a) Containment Isolation Valve 

The containment isolation valves are remote manual control valves, which will be 

operated behind a shield wall and the containment isolation valves is accessibility. 

b) Venturi Filter 

The filter has a small number of submerged, short venturi nozzles. The vent gas flow 

containing aerosols and iodine is accelerated to high speed at the throat of the venturi 

nozzles. 

c) Metal Fibre Filter 

The filter vessel is designed to retain the scrubbing water droplets and the small amount 

of micro aerosols from the vent gas. 

d) Chemical Liquid Supply System 

The chemical liquid supply system is composed of the chemical supply pump, chemical 

liquid pool and associated pipes and valves. 

7.9.4.3 System Layout 

The containment isolation valves are arranged to be close to the containment boundary. 

The main equipment of the EUF [CFES] is located in the Fuel Building (BFX). 

7.9.5 Preliminary Design Substantiation 

7.9.5.1 Compliance with Codes and Standards 

The EUF [CFES] design is compliant with the Codes and Standards described in 

sub-chapter 4.8. 
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7.9.5.2 Compliance with Safety Related Requirements 

a) Safety Classification 

According to the principles described in sub-chapter 4.7, the safety classification of the 

Containment isolation function is classified FC1. The compliance with requirements 

related to safety classification is described in Table T-7.9-1. 

b) Single Failure Criterion 

The containment isolation valves are classified as FC1. Therefore the single failure 

criterion is applicable for this part of the EUF [CFES] system. 

c) Seismic Classification  

The containment isolation valves and the filtration and exhaust assembly are designed to 

be SSE1. 

d) Emergency Power Supply 

The EUF [CFES] does not require emergency power. 

e) Qualification 

The EUF [CFES] equipment is qualified in accordance with the requirements described 

in sub-chapter 4.9.  

f) Hazard Protection 

The EUF [CFES] is protected against external hazards mainly by the civil works. This 

system is located in BFX. 

For internal hazards, the EUF [CFES] FC1 classified equipment is protected by physical 

separation. 

7.9.5.3 Compliance with Testing Requirement 

The EUF [CFES] will be subject to commissioning tests before entering operation to 

verify that its component performance meets the design requirements and the safety 

functions of the system are delivered. 

Periodic tests are carried out on the containment isolation valves to ensure their 

availability. Periodic inspection is carried out on the venturi and metal fibre filter vessels. 

The maintenance of EUF [CFES] is implemented during the shutdown of the plant. 

7.9.6 Functional Diagram 

The functional diagram of the EUF [CFES] is presented in Figure F-7.9-1. 
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T-7.9-1 Compliance with requirements related to safety classification 

System 

Features 

Functional  

Classification 

Single 

Failure 

Physical and Electrical 

Separation 

Emergency 

Power Supply 

Periodical 

Test 

Seismic  

Classification 

Containment 

isolation 

FC1 YES 

two redundant 

isolation valves 

YES 

two isolation valves are 

physically separated 

NO 

manual control 

valves 

YES SSE1 

Filtration and 

exhaust system 

FC3 NO NO NO YES 

periodic 

inspection 

SSE1 

Chemical solution 

feed system 

NC NO NO YES 

EDG and SBO 

diesel generator 

NO YES 
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7.10 Containment Isolation 

7.10.1 Safety Requirements 

7.10.1.1 Safety Functions 

The requirements placed on the design for containment isolation for HPR1000 (FCG3) 

for the three essential safety functions described in sub-chapter 7.2 above are identified 

below. 

a) Reactivity Control 

Containment isolation does not perform the safety function of reactivity control. 

b) Residual Heat Removal 

Containment isolation does not perform the safety function of residual heat removal. 

c) Confinement of Radioactive Substance 

Containment isolation contributes to the Confinement of Radioactive Substances. 

7.10.1.2 Safety Functional Requirements 

a) Codes and Standards Requirements 

Any item of plant contributing to containment isolation shall be designed in accordance 

with the requirements specified in sub-chapter 4.8. 

b) Safety Related Requirements 

1) Safety Classification 

The safety classification principles presented in sub-chapter 4.7. 

2) Single Failure Criterion 

The single failure criterion should be applied to the equipment which ensures 

FC1 classified safety functions.  

3) Seismic Classification 

The seismic classification principles presented in sub-chapter 4.7 should be 

applied. 

4) Emergency Power Supply 

All of the electrical equipment which supports the delivery of the safety 

functions should be supplied by appropriately qualified emergency power 

supplies following the loss of the normal power supplies. 

5) Qualification 

The qualification principles presented in sub-chapter 4.9 should be applied. 
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6) Hazard Protection 

The containment isolation valves should be protected against internal hazards 

and external hazards in accordance with the requirements of chapters 19 and 18. 

c) Testing  

The performance of items of plant contributing to the achievement of containment 

isolation should be demonstrated by commissioning tests. Safety related components are 

subject to periodic testing. The layout and design of the system should ensure easy access 

for in-service inspection and periodic testing and maintenance of all class FC1 

equipment.  

7.10.2 Role of the System 

7.10.2.1 Normal Conditions 

Containment isolation has no role during normal operation. The isolation valves’ 

positions are dependent on the normal operation requirements of the system to which 

they belong. 

7.10.2.2 Fault Conditions 

All the fluid penetrations, except those in the safety systems used for post-accident 

management, are isolated following a demand to isolate the containment. 

7.10.3 Design Basis 

Containment isolation supports the retention of radioactive substances within the reactor 

and containment to ensure that the radioactivity released to the environment through the 

fluid penetrations can be minimised ALARP during an accident resulting in the release of 

radioactive substances to the containment.  

For fluid penetrations, isolation is generally carried out by two independent devices in the 

pipes crossing the containment boundary via one of the following options.  

a) One locked-closed isolation valve inside and one outside containment; 

b) One automatic isolation valve inside and one locked-closed isolation valve outside 

containment; 

c) One locked-closed isolation valve inside and one automatic isolation valve outside 

containment; 

d) One automatic isolation valve inside and one outside containment. 

The following are considered as effective barriers provided they are protected from 

internal missiles: 

a) Metallic pipe walls, tanks and valve bodies, whose design pressures and temperatures 

are higher or equal to the bounding conditions for DBC and DEC accidents that may 
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occur in the reactor building;  

b) An isolation valve which is closed automatically or by operator action from the Main 

Control Room (MCR); 

c) An isolation valve with local manual control, normally closed; the position of this 

valve is subject to administrative control or is controlled by a mechanical locking 

device;  

d) A single check valve on a pipe transporting a liquid entering the containment provided 

it is located inside the containment and there is an additional isolation valve outside the 

containment.  

e) If two valves either inside or outside the containment structure can provide an 

equivalent barrier (i.e. can meet all the design requirements) in certain applications, 

then this may also be an acceptable arrangement. Each valve should be reliably and 

independently actuated. Isolation valves should be located as close as practicable to the 

structural boundary of the containment. 

7.10.3.1 System Layout 

The isolation valves should be placed as close to the containment boundary as possible.  

7.10.4 Preliminary Design Substantiation 

7.10.4.1 Compliance with Codes and Standards 

The Containment isolation provisions have been designed in compliance with the Codes 

and Standards described in sub-chapter 4.8. 

7.10. 4.2 Compliance with Safety Related Requirements 

a) Safety Classification 

According to the principles described in sub-chapter 4.7, the safety classifications of the 

Containment isolation provisions is FC1.The compliance with the requirements related to 

safety classification is described in Table T-7.10-1. 

b) Single Failure Criterion 

All containment isolation valves are classified as FC1 and therefore the single failure 

criterion is applicable. The active single failure criterion is not considered for the 

secondary cooling system isolation valves following a SGTR. A passive single failure is 

not considered in the containment penetration. 

c) Seismic Classification  

All containment isolation valves are designed to be SSE1. 

d) Emergency Power Supply 

The electrical containment isolation valves are supplied by Emergency Diesel Generator 
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(EDGs) and SBO diesel generator. Additionally the electrical containment isolation 

valves are supplied by the UPS. 

e) Qualification 

The safety related components should be appropriately qualified. The containment 

isolation valves are qualified in accordance with the requirements described in 

sub-chapter 4.9. The penetrations and internal containment isolation valves are qualified 

for the environmental conditions following a DBC or DEC event.  

f) Hazard Protection 

The containment isolation valves are protected against external hazards mainly by the 

civil works.  

For internal hazards, the containment isolation valves are protected by physical 

separation. 

7.10.4.3 Compliance with Testing Requirement 

Periodic tests are carried out on the containment isolation valves to confirm their 

availability. 

7.10.5 Functional Diagram 

The Containment isolation system consists of a series of fluid penetration isolation valves. 

They are identified in the functional diagram of the system to which they belong. 

Therefore no functional diagram is provided for the containment isolation system. 
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T-7.10-1 Compliance with requirements related to safety classification 

System 

Features 

Functional  

Classification 

Single 

Failure 

Physical and Electrical 

Separation 

Emergency 

Power Supply 

Periodical 

Test 

Seismic  

Classification 

Containment 

isolation 

FC1 YES YES YES 

EDG，SBO 

diesel generator 

and UPS 

YES SSE1 
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7.11 Containment Combustible Gas Control System (EUH [CCGCS]) 

7.11.1 Safety Requirements 

7.11.1.1 Safety Functions 

The requirements placed on the design for the EUH [CCGCS] for HPR1000 (FCG3) for 

the three essential safety functions described in sub-chapter 7.2 above are identified 

below. 

a) Reactivity Control 

The EUH [CCGCS] does not perform the safety function of reactivity control. 

b) Residual Heat Removal  

The EUH [CCGCS] does not perform the safety function of residual heat removal. 

c) Confinement of Radioactive Substance 

The EUH [CCGCS] contributes to the safety objective of the Confinement of Radioactive 

Substances by reducing the hydrogen concentration in the containment. This supports the 

maintenance of containment integrity and leak tightness following a LOCA or DEC-B 

event. 

7.11.1.2 Safety Functional Requirements 

a) Codes and Standards Requirements 

The EUH [CCGCS] shall be designed in accordance with the requirements specified in 

sub-chapter 4.8. 

b) Safety Related Requirements 

1) Safety Classification 

The safety classification principles presented in sub-chapter 4.7. 

2) Single Failure Criterion 

The single failure criterion should be applied to the equipment which ensures 

FC2 classified safety functions. 

3) Seismic Classification 

The seismic classification principles presented in sub-chapter 4.7 should be 

applied. 

4) Qualification 

The qualification principles presented in sub-chapter 4.9 should be applied. 

5) Emergency Power Supply 
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All of the electrical equipment which supports the delivery of the safety 

functions should be supplied by appropriately qualified emergency power 

supplies following the loss of the normal power supplies. 

6) Hazard Protection 

The EUH [CCGCS] must be protected against internal hazards and external 

hazards in accordance with the requirements of chapters 19 and 18. 

c) Requirements Related to Testing 

The functions of the system should be demonstrated by commissioning tests. Safety 

related components are subject to periodic testing. The layout and design of the system 

should ensure easy access for in-service inspection and periodic testing and maintenance 

of all equipment. 

7.11.2 Role of the System 

7.11.2.1 Normal Conditions 

During normal operation of the plant, the EUH [CCGCS] is not operating. 

7.11.2.2 Fault Conditions 

The EUH [CCGCS] contributes to the Confinement of Radioactive Substances by 

reducing the concentration of hydrogen to support containment integrity and 

leak-tightness under DBC and DEC conditions.  

The EUH [CCGCS] provides direct monitoring of the hydrogen concentration in the 

containment at different locations during the course of an accident，a check on hydrogen 

concentration will be made before operating the EUF [CFES]. 

7.11.3 Design Basis 

Following a design basis accident, the EUH [CCGCS] shall limit hydrogen to a global 

containment concentration of less than 4%, which is lower than the flammability level in 

the presence of oxygen.  

In the DBC accidents, the hydrogen concentration could not surpass the design limit, and 

there is no hydrogen reduction requirement before the controlled state of the plant. 

Therefore, the Passive Autocatalytic Recombiners (PARs) for hydrogen reduction in DBC 

accidents are classified as FC2. 

Following a severe accident event, the EUH [CCGCS] shall control hydrogen 

concentration levels consistent with the limitations imposed by regulatory requirements. 

Specifically, the capacity design of PARs can guarantee that the concentration of 

hydrogen after SA is lower than 10% during and following an accident that releases an 

amount of hydrogen equivalent to fuel clad metal water reaction of 100% of the active 

fuel. 
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7.11.4 System description 

7.11.4.1 General System Description 

The EUH [CCGCS] consists of the hydrogen recombination sub-system and the 

hydrogen monitoring sub-system.  

a) Hydrogen Recombination Sub-system 

The hydrogen recombination sub-system consists of a series Passive Autocatalytic 

Recombiners (PARs). The PARs can reduce the hydrogen concentration passively once 

the concentration reaches a certain value. 

b) Hydrogen Monitoring Sub-system 

The hydrogen monitoring sub-system is composed of two redundant trains. Each train 

consists of several hydrogen sensors. 

7.11.4.2 Main Equipment 

The PAR comprises a metal housing designed to promote natural convection with a gas 

inlet at the bottom and a lateral gas outlet at the top. The horizontal cover of the housing 

at the top of the recombiner protects the catalyst against direct spraying of water and 

aerosol deposition. Numerous parallel plates with a catalytically active coating are 

arranged vertically in the bottom of the housing. Gas mixtures containing hydrogen and 

oxygen are recombined upon contact with the catalyst. 

7.11.4.3 System Layout 

The PARs are installed in various parts of the containment (SG- compartments, RCP 

[RCS] pumps compartments, pressuriser compartments, dome, upper-room of IRWST, 

etc.).  

The hydrogen sensors are located in the upper dome and annular rooms of the 

containment and the instrumentation modules are located outside the containment. 

7.11.5 Preliminary Design Substantiation 

7.11.5.1 Compliance with Codes and Standards 

The EUH [CCGCS] design is compliant with the Codes and Standards described in 

sub-chapter 4.8. 

7.11.5.2 Compliance with Safety Related Requirements 

a) Safety Classification 

The system has been designed according to the principles described in sub-chapter 4.7. 

The compliance of the system with the requirements related to safety classification is 

described in Table T-7.11-1. 

b) Single Failure Criterion 
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The PARs for DBC are classified as FC2, so the single failure criterion is applicable for 

this part of the system. 

c) Seismic Classification  

All parts of the system classified as FC2 and FC3 in the EUH [CCGCS] are designed to 

be SSE1. 

d) Emergency Power Supply 

The hydrogen measuring cabinets are supplied by EDGs and SBO diesel generator.  

e) Qualification 

The safety related components of the EUH [CCGCS] system are qualified in accordance 

with the requirements described in sub-chapter 4.9. 

f) Hazard Protection 

The EUH [CCGCS] is mainly protected against external hazards by the civil works. This 

system is located in BRX. 

For internal hazards, the PARs and hydrogen sensors are protected by physical 

separation. 

7.11.5.3 Compliance with Testing Requirement 

The EUH [CCGCS] will be subject to commissioning tests prior to entering operation, to 

verify that its component performance meets the requirements and the safety functions of 

the system are achieved. 

Periodic tests are carried out on the PARs, hydrogen sensors and control cabinets units. 

The functional parts of the PARs are the catalytic plates. The functional test during the 

plant outages is performed by means of the Transportable Inspection and Regeneration 

Equipment. 

Periodic testing related to safety purposes will be required for the measuring units and the 

local control cabinets. 

The maintenance of EUH [CCGCS] is implemented during the shutdown of the plant. 

7.11.6 Functional Diagram 

There is no functional diagram for this system. 
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T-7.11-1 Compliance with requirements related to safety classification 

System 

Features 

Functional  

Classification 

Single 

Failure 

Physical and  

Electrical Separation 

Emergency 

Power Supply 

Periodical 

Test 

Seismic  

Classification 

Hydrogen reduction 

during Design Basis 

Condition  

FC2 YES 

Redundant PARs 

YES 

PARs arranged in the 

different rooms 

NA YES SSE1 

Hydrogen reduction 

during Design 

Extension Category 

FC3 NO NO NO YES SSE1 

Hydrogen of 

containment 

atmosphere 

monitoring 

FC3 NO NO YES 

EDG and SBO 

diesel generator 

YES SSE1 

 

 

 

 

 

 



UK HPR1000 

GDA 

Preliminary Safety Report Chapter 7 

Safety Systems 

UK Protective Marking: 

Not Protectively Marked 

Rev: 000 Page: 75 / 82 
 

UK Protective Marking: Not Protectively Marked 

7.12 Extra Cooling System (ECS [ECS]) 

7.12.1 Safety Requirements 

7.12.1.1 Safety Functions 

The requirements placed on the design for the ECS [ECS] for HPR1000 (FCG3) for the 

three essential safety functions described in sub-chapter 7.2 above are identified below. 

a) Reactivity Control 

The ECS [ECS] does not perform the safety function of reactivity control. 

b) Residual Heat Removal 

The ECS [ECS] removes the core residual heat and the decay heat from the spent fuel 

pool under DEC-A conditions (such as TLOCC, SBO) and DEC-B conditions. That is to 

say an ECS train can cool EHR [CHRS] and PTR [FPCTS] at the same time. 

c) Confinement of Radioactive Substance 

The intermediate loop of the ECS [ECS] forms a barrier between the heat exchangers and 

the environment to ensure that radioactive material is not released. 

7.12.1.2 Safety Functional Requirements 

a) Codes and Standards Requirements 

The ECS [ECS] shall be designed in accordance with the requirements specified in 

sub-chapter 4.8. 

b) Safety Related Requirements 

1) Safety Classification  

The safety classification principles presented in sub-chapter 4.7 and general 

safety principles presented in sub-chapter 4.5 should be applied. 

2) Single Failure Criterion  

The single failure criterion is not applicable for the ECS [ECS] according to the 

principle in T-4.7-2 of chapter 4. 

3) Seismic Classification 

The Seismic classification principles presented in sub-chapter 4.7 should be 

applied. 

4) Qualification 

The qualification principles presented in sub-chapter 4.9 should be applied. 

5) Emergency Power Supply 
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All of the electrical equipment which supports the delivery of the safety 

functions should be supplied by appropriately qualified emergency power 

supplies following the loss of the normal power supplies. 

6) Hazard Protection 

The ECS [ECS] should be protected against internal hazards and external 

hazards in accordance with the requirements described in chapters 19 and 18.  

c) Testing 

The functions of system should be demonstrated by commissioning tests. Safety related 

components are subject to periodic testing.  

During the unit power operation condition, the equipment on the redundant train can 

undergo preventative maintenance. 

If required, One train of the ECS [ECS] can be maintained while the other train is 

operating in DEC-A events. 

7.12.2 Role of the System 

7.12.2.1 Normal Conditions 

Under normal plant operation conditions, the ECS [ECS] is in a standby state.  

7.12.2.2 Fault Conditions 

The ECS [ECS] is designed for the following accident operation functions: 

Under DEC-A conditions (such as TLOCC, SBO) and DEC-B conditions, the ECS [ECS] 

removes the core residual heat via the EHR [CHRS];  

Under DEC-A conditions (such as TLOCC, SBO) and DEC-B conditions, including loss 

of the spent fuel pool cooling functions, the ECS [ECS] removes the decay heat from the 

spent fuel pool in the BFX via the PTR [FPCTS].  

7.12.3 Design Basis 

The ECS [ECS] is designed assuming the most conservative decay heat and temperature 

requirements. 

a) EHR [CHRS] cooling 

For EHR [CHRS] cooling, the most conservative condition is the DEC-B conditions.  

b) PTR [FPCTS] cooling 

For PTR [FPCTS] cooling the most conservative condition is when the reactor is in the 

fully defueling state and all the core assemblies have been discharged to the spent fuel 

pool.  

The water volume in the makeup pool of the mechanical draft cooling tower of the ECS 
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[ECS] should allow the system to continuously operate for 24 hours.  

7.12.4 System Description 

7.12.4.1 General System Description 

The ECS [ECS] consists of two identical trains, each contains:  

a)  An ECS [ECS] terminal cooling loop, including a terminal circulation pump, a filter, 

a suite of mechanical draft cooling towers, relevant pipes, valves and pipe fittings;  

b)  An ECS [ECS] intermediate cooling loop, including an intermediate circulation pump, 

a heat exchanger, a surge tank, relevant pipes, valves and pipe fittings. 

Water stored in the cooling tower pool is extracted by the terminal circulation pumps, 

conveyed to the cooling tower water distribution pipe through the heat exchanger, and 

sprayed via sprinklers.  

The intermediate cooling loop is a closed loop. After discharge from the intermediate heat 

exchanger, the cooling water flows to the EHR [CHRS] heat exchanger in BSA or BSB 

and the PTR [FPCTS] heat exchanger in BFX, and then flows back to the intermediate 

heat exchanger. The intermediate surge tank is connected to the inlet pipe of the 

intermediate circulation pump.  

7.12.4.2 Main Equipment 

Main components are described as follows: 

a) Terminal Circulation Pump 

The ECS [ECS] terminal circulation pump is a horizontal centrifugal pump. It provides 

the cooling flow requirements and it is air-cooled. 

b) Intermediate Circulation Pump 

The ECS [ECS] intermediate circulation pump is a horizontal centrifugal pump. It 

provides the cooling flow rate requirements and it is air-cooled.  

c) Heat Exchanger 

The intermediate loop heat exchanger is a plate type. It cools the PTR [FPCTS] and EHR 

[CHRS] heat exchangers. The pressure of ECS is higher than user sides, and radioactivity 

stay in user sides in case of leak. 

d) Intermediate Surge Tank  

The intermediate surge tank maintains the pressure in the intermediate cooling loop, 

provides enough net positive suction head for the pump, and compensates for any system 

pipeline leakage and volume changes that occurred 

e) Mechanical Cooling Tower and Makeup Pool 
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One unit consists of a makeup pool. Each train has a suite of mechanical draft cooling 

towers. The lowest level of the towers ensures that sufficient net positive suction head is 

available for operation of the terminal pump. 

7.12.4.3 System Layout 

The ECS [ECS] is located in the Extra Cooling System and Fire Fighting System 

Building (BEJ). The BEJ is adjacent to the makeup pool for the mechanical draft cooling 

towers.  

7.12.5 Preliminary Design Substantiation 

7.12.5.1 Compliance with Codes and Standards   

The ECS [ECS] design is compliant with the Codes and Standards described in 

sub-chapter 4.8. 

7.12.5.2 Compliance with Safety Related Requirements 

The ECS [ECS] is designed according to the principles described in sub-chapter 4.7. 

Compliance with requirements related to safety classification is described in Table 

T-7.12-1. 

a) Compliance with Requirements Related to Single Failure Criterion 

The single failure criterion is not applicable for the ECS [ECS] according to the principle 

in Table T-4.7-2 of chapter 4. 

b) Compliance with Requirements Related to Seismic Classification  

All parts classified as FC3 in the ECS [ECS] are designed with SSE1. 

c) Compliance with Requirements Related to Emergency Power Supply 

The power supply for the safety related electrical equipment is provided by two 

independent electrical divisions backed-up by the EDGs. Additionally, the system can be 

powered by the SBO diesel generator. 

d) Compliance with Requirements Related to Qualification 

The safety related components of the ECS [ECS] are qualified in accordance with the 

requirements described in sub-chapter 4.9. 

e) Compliance with Hazard Protection Requirements 

The ECS [ECS] is primarily protected against external hazards by the civil works. This 

system is located in BEJ. The 2 trains of the ECS [ECS] are physically separated and are 

designed as SSE1 class. 

For internal hazards the FC3 classified equipment of the ECS [ECS] is protected by 

physical separation. 
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7.12.5.3 Compliance with Testing Requirement 

The ECS [ECS] will be subject to commissioning tests prior to entering operation to 

verify that its component performance meets the design requirements and the safety 

functions of the system are delivered. 

The main components of the ECS [ECS] (pumps, heat exchangers, filters and valves) can 

be maintained during normal operation, 

The ECS [ECS] will be subject to periodic tests to confirm its availability and confirm 

the performance of its safety functions under accident conditions.  

The ECS [ECS] allows for inspection to maintain its availability. The inspection and 

maintenance of the ECS [ECS] will be conducted during normal operation.  

7.12.6 Functional Diagram 

The functional diagram of the ECS [ECS] is presented in Figure F-7.12-1. 
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T-7.12-1 Compliance with requirements related to safety classification  

System 

Features 

Functional  

Classification 

Single 

Failure 

Physical and 

Electrical 

Separation 

Emergency 

Power Supply 

Periodic Test Seismic  

classification 

The ECS [ECS] FC3 NO YES YES 

EDG and SBO 

diesel generator 

YES SSE1 

 

 

 

 

 

 

 

 

 

 

 



UK HPR1000 

GDA 

Preliminary Safety Report Chapter 7 

Safety Systems 

UK Protective Marking: 

Not Protectively Marked 

Rev: 000 Page: 81 / 82 
 

UK Protective Marking: Not Protectively Marked 

 

 



UK HPR1000 

GDA 

Preliminary Safety Report Chapter 7 

Safety Systems 

UK Protective Marking: 

Not Protectively Marked 

Rev: 000 Page: 82 / 82 
 

UK Protective Marking: Not Protectively Marked 

7.13 Reference 

[1] NNSA, Safety regulations for Design of Nuclear Power Plants, HAF 102, 2004. 
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