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6.1 List of Abbreviations and Acronyms 

ALARP As Low As Reasonably Practicable 

BE Best Estimate 

CB Core Barrel 

CRDM Control Rod Drive Mechanism 

CRGA Control Rod Guide Assembly 

CS Core Support Structure 

DBC Design Basis Condition 

DEC Design Extension Condition 

EHR Containment Heat Removal System [CHRS] 

FCG3 Fangchenggang nuclear power plant Unit 3 

F&B Feed and Bleed 

HPR1000 (FCG3) Hua-long Pressurized Reactor under construction at Fangchenggang 
nuclear power plant unit 3 

HIC High Integrity Component 

ICIA In-Core Instrumentation Assembly 

IGA In-Core Instrumentation Grid Assembly 

IS Internal Structure 

ISI In-Service Inspection 

ME Mechanical Design 

MCL Main Coolant Line 

NDT Non Destructive Test 

NPSH Net Positive Suction Head  

NSSS Nuclear Steam Supply System 

PIE Postulated Initiating Event 

PRT Pressurizer Relief Tank 

PSI Pre-Service Inspection 

PSV Pressurizer Safety Valve 

PZR Pressurizer 
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RBS Emergency Boration System [EBS] 

RCCA Rod Cluster Control Assembly 

RCP  Reactor Coolant System [RCS] 

RCPB Reactor Coolant Pressure Boundary 

RCV Chemical and Volume Control System [CVCS] 

REA Reactor Boron and Water Makeup System [RBWMS] 

REN Nuclear Sampling System [NSS] 

RGL Rod Position Indication and Rod Control System [RPICS] 

RHR Residual Heat Removal 

RIC In-Core Instrumentation system [ICIS] 

RIS Safety Injection System [SIS] 

RPV Reactor Pressure Vessel 

RVI Reactor Vessel Internals 

SA Severe Accident  

SADV Severe Accident Dedicated Valve 

SG Steam Generator 

SI Safety Injection 

SL Surge Line 

TH Thermal Hydraulic 

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

System codes (XXX) and system abbreviations (YYY) are provided for completeness in 
the format (XXX [YYY]), e.g. Reactor Coolant System (RCP [RCS]). 
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6.2 Introduction 

One of the fundamental safety objectives of the UK Version of the Hua-long Pressurized 
Reactor (UK HPR1000) in the area of Nuclear Safety and protection of the workers and 
the public is that: 

The design and intended construction and operation of the UK HPR1000 will protect the 
workers and the public by providing multiple levels of defence to fulfil the fundamental 
safety functions. 

The Reactor Coolant System (RCP [RCS]) included in the design supports this objective. 
At the Preliminary Safety Report stage, no detailed design information for the RCP [RCS] 
of UK HPR1000 is available. However, the RCP [RCS] of UK HPR1000 will be based 
on the Hua-long Pressurized Reactor under construction at Fangchenggang nuclear power 
plant unit 3 (HPR1000 (FCG3)) and will support the following objective: 

The design of the RPV and the Reactor Coolant System will ensure that the borated water 
is provided to the fuel (for cooling and reactivity control) and that fission products 
released from the fuel clad are confined. 

Thus, this chapter 6 (Reactor Coolant System) is aims to provide a preliminary 
introduction to the Reactor Coolant System (RCP [RCS]) in HPR1000 (FCG3).  

The main equipment of the RCP [RCS] is also introduced in this chapter, including the 
Reactor Pressure Vessel (RPV) and its internals, the three Steam Generators (SGs), the 
Pressurizer, the three Reactor Coolant Pumps, Main Coolant Lines (MCLs) and 
associated Reactor Coolant Piping, with general design information, operating parameters 
and the description of structure.  

Sub-chapter 6.3 introduces the general safety requirements, safety functions and 
operation functions of the RCP [RCS]. The role of the system and its design basis, 
general operational parameters are also presented in this sub-chapter. 

Sub-chapter 6.4 introduces the RPV, Reactor Vessel Internals (RVI) and Control Rod 
Drive Mechanism (CRDM). This sub-chapter presents the design principles, 
classification scheme, material description and a preliminary safety assessment. 

Sub-chapter 6.5 introduces the other main RCP [RCS] equipment (SGs, Pressurizer, 
Reactor Coolant Pumps and Reactor Coolant Piping). This sub-chapter presents their 
design principles, classification schemes, material description and a preliminary safety 
assessment. 

The general technical parameters of the NSSS and the standard plant operating modes 
can be found in chapter 2 (General Plant Description). 

The general safety principles, principles of classification for SSCs and the qualification 
can be found in chapter 4 (General Safety and Design Principles). 

The general information concern with the reactor core (fuel system design, nuclear core 
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design and the thermal hydraulic design) is presented in chapter 5 (Reactor Core). 

The general information of the service systems which support the RCP [RCS] to fulfil its 
operating and safety functions can be found in chapter 7 (Safety systems), 
chapter 9 (Electric Power), chapter 10 (Auxiliary systems) and chapter 11 (Steam and 
Power Conversion system). 

The general information concern with the Postulated Initiating Event (PIE) studies can be 
found in the chapter 12 (Design Basis Conditions Analysis), and chapter 13 (Design 
Extension Condition and Severe Accident Analysis). 

Moreover, chapter 17 (Structural Integrity) describes the Structural Integrity programme 
for these components. A multi-legged safety case will be developed for these components 
in future steps, for example the RPV which will be classified as High Integrity 
Component (HIC). Additional requirements will be applied above those of the main 
design codes, and these will be described in future. 

The general information concern with the Internal Hazard and External Hazards can be 
found in chapter 18 (External Hazards), and chapter 19 (Internal Hazards). 

6.3 Reactor Coolant System Description 

6.3.1 Safety Requirements 

6.3.1.1 Safety Functions 

a) Reactivity Control 

The light water reactor coolant which is used as a neutron moderator and reflector 
contains a dilute boric acid solution the concentration of which can be increased or 
decreased throughout the operational life of each reactor core to contribute to reactivity 
control independently from the control rod system, providing control on long term 
changes of core reactivity. 

The RCP [RCS] serves as the route to ensure that boron can be added into the reactor 
core to control reactivity using the Chemical and Volume Control System (RCV [CVCS) 
fed by the Reactor Boron and Water Makeup System (REA [RBWMS]) (described 
further in chapter 10) in Normal operation (DBC-1) or Anticipated operating 
occurrences (DBC-2), or by Emergency Boration System (RBS [EBS]) under Infrequent 
faults (DBC-3), Limiting accidents (DBC-4) or Design Extension Condition A (DEC-A) 
(described further in chapter 7). 

b) Heat Removal 

The reactor coolant removes the heat from the Reactor Core/Fuel System during power 
operation and shutdown (residual core heat), and also from main equipment.  

The design of the RCP [RCS] ensures that sufficient heat can be removed from the 
Reactor Core under all circumstances. The RCP [RCS] shall ensure the heat removal 
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functions under the following plant states (described further in chapter 12 and 13): 

1) Under Design Basic Condition (DBC): the RCP [RCS] shall ensure the heat 
transfer from the Reactor Core to the Steam Generators (SG) or to the Safety 
Injection System (RIS [SIS]) in Residual Heat Removal (RHR) mode; 

2) Moreover, in the event of a total loss of the primary and secondary means of heat 
removal, DEC-A event, the RCP [RCS] shall ensure the core cooling by primary 
Feed and Bleed (F&B) (by RIS [SIS] and Pressurizer Safety Valve (PSVs) (see 
sub-chapter 6.3.2.2). 

c) Confinement of Radioactive Substances 

The fuel cladding is the first barrier to the release of radioactive substances. In the event 
of a loss of this barrier, the RCP [RCS] with high integrity serves as the second barrier to 
prevent the release of radioactive materials to the Reactor Building (BRX), which is the 
third barrier for the protection of the environment. 

The integrity of the RCP [RCS] and its isolation devices constitute the RCPB together to 
ensure the confinement of radioactivity in the reactor coolant including fission product 
leakage in the event of a fuel cladding failure. 

The electrical heaters and spray system are used to control the PZR pressure, and the 
PSVs perform primary overpressure protection function to ensure the integrity of the 
RCPB. 

The In-Vessel Retention (IVR [IVR]) system operates by providing external RPV cooling 
to maintain the molten core material (corium) within the second barrier and so preserve 
the integrity of the RCPB.  

Under Severe Accident (SA), referred to as Design Extension Condition B (DEC-B), the 
RCP [RCS] shall prevent high pressure core melt ejection sequences by the use of the 
dedicated SA depressurisation devices (see sub-chapter 6.3.3.4). 

6.3.1.2 Safety Functional Requirements 

6.3.1.2.1 Regulatory Requirement 

The general rules concerned with the safety functional requirements are presented in 
chapter 4. 

6.3.1.2.2 Safety Related Requirements 

a) Safety Classification 

The safety classification principles presented in chapter 4 and the general safety 
principles presented in chapter 4 should be applied in the RCP [RCS] design. The 
structural integrity safety case which supports this will be described in chapter 17 at a 
first level, and more information will be developed as the UK Context gap analysis is 
progressing. Additional requirements above code requirements will be developed as part 
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of the analysis. 

b) Single Failure Criteria 

The single failure criteria presented in chapter 4 should be applied in the RCP [RCS] 
design. 

c) Seismic Classification 

Seismic classification principles presented in chapter 4 should be applied. 

d) Emergency Power Supply 

All the electrical equipment which ensures safety category 1 and 2 functions described in 
sub-chapter 6.3.1.1 should be supplied by emergency power. This is described further in 
chapter 4. 

e) Hazard Protection 

The principles concerned with the requirements of protection against external hazards 
which should be considered for the RCP [RCS] design are present in chapter 18. 

The principles concerned with the requirements of protection against internal hazards 
which should be considered for the RCP [RCS] design are present in chapter 19. 

f) Testing 

The functionality of the RCP [RCS] system will be demonstrated by a full range of 
commissioning tests. The RCP [RCS] comprises components which will be subject to 
End of Manufacture, Pre-Service and In-Service testing programmes will be described in 
more detail in future GDA Steps in chapter 17, and through a UK programme which will 
be developed. 

6.3.2 Role of the System 

6.3.2.1 Normal Conditions 

The normal conditions are covers the DBC-1 and DBC-2 condition. The roles of the 
RCP [RCS] in these conditions are: 

a) Generate a steam flow 

In normal operation, the heat produced by the core is transferred to the secondary side by 
the three SGs to generate the steam required for the turbine operation. The steam 
parameter in the SGs (e.g. steam pressure, flowrate) varies as a function of load follow 
power generation.  

The application to load follow is not considered in HPR1000 (FCG3). 

b) Reactor coolant pressure control 

The reactor coolant pressure is controlled by the PZR during two-phase operation or via 
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Chemical and Volume Control System (RCV [CVCS]) fed by the Reactor Boron and 
Water Makeup System (REA [RBWMS]) during water-solid or single-phase operation. 

c) Refuelling and maintenance operations 

When the reactor is shutdown for refuelling, the system is configured to permit loading 
and unloading the core fuel assembly into and out of the spent fuel pool. 

d) PZR water level control 

The water level in the Pressurizer reflects the reactor coolant inventory. The water level 
in the PZR is maintained by the RCV [CVCS] and REA [RBWMS], and controlled by 
PZR sprays and heaters. 

e) Primary loop level control 

During cold shutdown when the RPV head is removed, the reactor coolant inventory is 
maintained by the RCV [CVCS] and REA [RBWMS], 

f) Venting and sweeping of the RCP [RCS] 

Venting and sweeping of the RCP [RCS] are performed during startup and shutdown. 

During the plant shutdown stage, when the RCP [RCS] is drained to the middle-loop 
operating level, nitrogen sweeping of the RCP [RCS] is performed before opening the 
vessel head and this will support radiological protection of personnel. The nitrogen is 
injected by the Nitrogen Distribution System (SGN [NDS]) and finally treated by the 
Gaseous Waste Treatment System (TEG [GWTS]). After nitrogen sweeping, air sweeping 
of the RCP [RCS] is performed and this also supports dose reduction. 

During plant startup, before or after the reactor core is loaded, vacuuming degassing of 
the RCP [RCS] can be performed to limit the amount of air trapped inside the SG 
U-bends. This operation is performed by the vacuum pump of the Nuclear Island Vent 
and Drain System (RPE [VDS]).  

g) Control of the average coolant temperature 

During power operation, the “R bank” (temperature control rods of Rod Cluster Control 
Assemblies (RCCAs) of the Rod Position Indication and Rod Control System (RGL 
[RPICS]) is used to adjust the coolant temperature (see chapter 5). The RCV [CVCS] and 
REA [RBWMS] are used to adjust coolant boron concentration to control the core power 
to control the average coolant temperature. During plant startup and shutdown, the 
average coolant temperature is controlled by RIS [SIS]/RHR or SGs. 

6.3.2.2 Fault Conditions 

The fault conditions are covers the DBC-3, DBC-4 and DEC conditions. 

Under DBC-3 and DBC-4 overpressure transients, the 3 PSVs are used to provide 
over-pressure relief and ensure the integrity of the RCPB. The overpressure protection 
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criteria are presented in sub-chapter 6.3.3. 

Under DEC-A conditions, if the secondary side of the SGs loses the capacity of heat 
removal and the reactor coolant pressure is not low enough to be connected to 
RIS [SIS]/RHR, then the PSVs are used to remove the core residual heat (opened 
manually by operator) together with the Medium Head Safety Injection (MHSI) (F&B 
operation).  

In order to prevent disruption of the natural circulation of the RCP [RCS], remotely 
operated valves, which can be controlled in the main control room, have been installed at 
the top of the RPV to vent non-condensable gases in DEC-A conditions. 

Under DEC-B conditions, the Severe Accident Dedicated Valves (SADV) are used to 
depressurise the RCP [RCS] in order to prevent higher pressure core melting, combined 
with borated water injection into the Reactor Pit by the Containment Heat Removal 
System (EHR [CHRS]) to cooldown the RPV. 

6.3.3 Design Basis 

6.3.3.1 Heat Removal 

During normal operation, the Fuel System is cooled by the flow of reactor coolant and 
heat is transferred to the secondary system through the three SGs. The forced flow is 
guaranteed by the three reactor coolant pumps.  

During the shutdown phase, the core residual heat is removed by the RIS [SIS]/RHR 
when the SGs are no longer able to guarantee effective heat transfer. In the long term 
following an accident, core cooling is provided by the RIS [SIS]/RHR. 

The residual core heat can also be removed by natural circulation if the Reactor Coolant 
Pumps are unavailable. 

In the event of total loss of heat removal functions (DEC-A), the core cooling is ensured 
by F&B. 

6.3.3.2 Controlling Reactor Coolant Pressure 

The PZR is used to control reactor coolant pressure by using heaters which helps prevent 
bulk boiling in the RPV. The PZR contains a certain volume of reactor coolant in a state 
of two-phase equilibrium. 

The PZR also behaves as a surge tank, balancing the temperature-related variations in 
reactor coolant water volume in the RCP [RCS] due to change in coolant density.  

During the RCP [RCS] two-phase state, the reactor coolant pressure is regulated by PZR 
heaters and sprays. During the shutdown and startup when RCP [RCS] is in the single 
phase water-solid state, the reactor coolant pressure is regulated by the RCV [CVCS]. 
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6.3.3.3 Protecting the RCP [RCS] against Overpressure 

Adequate hot overpressure protection of the primary circuit shall be provided by PSVs. 

As regards cold overpressure transients, PSVs can be used as a backup to RIS [SIS] 
safety valves to ensure the integrity of the RCPB. 

6.3.3.4 Preventing High Pressure Core Meltdown 

Under DEC-B accident conditions, high pressure core melting and ejection sequence 
shall be prevented, in order to maintain the containment integrity of the Reactor Building. 
This is provided through two routes: 

a) Depressurizing of the RCP [RCS] by the two pairs of SADVs in series and their flow 
capacity; 

b) Outside cooling of the RPV by injection of sufficient borated water to the Reactor Pit 
provided by the EHR [CHRS]. 

Both mechanisms will have sufficient capacity to prevent the molten corium penetrating 
through the RPV, and protect the integrity of the Reactor Building. The design 
information concern with the severe accident analysis is presented in the chapter 13. 

6.3.3.5 Regulating the Reactor Coolant Level 

The PZR level must be regulated by the RCV [CVCS]/REA [RBWMS] during normal 
plant operation and transients. 

The water level of the RCP [RCS] shall be monitored. 

6.3.4 System Description 

6.3.4.1 General System Description 

The RPV is located at the centre of Reactor Building (BRX), the RCP [RCS] has three 
loops linked to the RPV, and each loop consisting of: 

a) one SG; 

b) one Reactor coolant pump; 

c) Main Coolant Line which can be divided into: 

1) Hot Leg: between the RPV and the SG; 

2) Cold Leg: between Reactor coolant pump and the RPV; 

3) Cross-over Leg: between the SG and Reactor coolant pump. 

The PZR is connected to the Hot Leg of the 3rd loop through the Surge Line (SL). 

The RCP [RCS] has interfaces with supporting systems to ensure it maintains the main 
safety functions and also the operating functions. The main supporting systems and their 
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interfaces which are located in the Main Coolant Lines are: 

a) RCV [CVCS] 

The interfaces between RCP [RCS] and RCV [CVCS] are located on the Cold Leg of 
loop 1 (for injecting borated water or “charging”) and Cross-over Leg of loop 2 (for 
boron letdown) separately. 

The RCV [CVCS] system also provides the sealing water injection and leak recovery 
function for all 3 main coolant pumps. 

b) RIS [SIS] 

The interfaces to the RIS are located on the Cold Leg and Hot Leg of each loop. 

Also these interfaces can be used for RIS [SIS]/RHR to remove core residual heat during 
normal shutdown or accident conditions. 

c) REN [NSS] 

RCP [RCS] sampling is provided by the Nuclear Sampling System (REN [NSS]) which 
connects to the Hot Leg, (Loop 2 and 3) and PZR. 

The overall schematic diagram of the RCP [RCS] is presented in Figure F-6.3-1. The 
Functional simplified diagram of main loops is presented in Figure F-6.3-2. The PZR and 
discharging system is presented in Figure F-6.3-3. 

 

F-6.3-1  Overall Schematic of RCP [RCS] 
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6.3.4.2 Normal Operation and Standard States of RCP [RCS] 

6.3.4.2.1 Normal Operation 

Normal operation of the RCP [RCS] corresponds to Power Operation of the plant. This 
covers all power levels ranging from 0% to 100% of nominal power. The PZR pressure is 
maintained at 15.5 MPa (a) irrespective of the power. The PZR water level depends on 
the power. The basic parameters of the RCP [RCS] are presented in Table T-6.3-1 below. 

T-6.3-1 Basic Parameters of RCP [RCS] 

No. Parameter name Unit Values Remarks 

1 Design pressure MPa(g) 17.13  

2 Design temperature ℃ 343  

3 
Normal operating 
pressure 

MPa(a) 15.5  

4 RPV inlet temperature ℃ 289.5 Best Estimate (BE) flowrate 

5 RPV outlet temperature ℃ 324.5 BE flowrate 

6 Primary coolant flow rate 

m3/h/loop 24000
Thermal Hydraulic (TH) 
flowrate 

m3/h/loop 25450 BE flowrate 

m3/h/loop 26500
Mechanical Design (ME) 
flowrate 

7 
Reactor coolant pump 
head 

m 88.2 Nominal 

6.3.4.2.2 Standard States 

The various operating conditions of the RCP [RCS] during normal plant operation are 
presented according to the various operating ranges of the unit. The standard operation 
states of the RCP [RCS] include the following six operating modes according to 
chapter 2: 

a) Reactor Power Operation; 

b) Steam Generator Cooling Normal Shutdown; 

c) RIS/RHR Cooling Normal Shutdown; 

d) Maintenance Cold Shutdown; 

e) Refueling Cold Shutdown; 

f) Reactor Complete Defueling. 

6.3.4.3 Main Equipment 

a) RPV and Reactor Pressure Vessel Internals (RVI) 
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The RPV and RVI are used to contain 177 nuclear fuel assemblies. 

The Fuel Assemblies inside the RPV and RVI form a coolant flow channel to ensure 
sufficient, uniform flow of the coolant through the Reactor Core. The RVI assemblies are 
also used to locate and fix the control rod drive mechanisms and core temperature 
measurement devices. 

The detailed descriptions of the RPV and RVI are presented in sub-chapter 6.4. 

b) Steam Generators  

The reactor coolant enters into each of the three SGs from the hot side water chamber, 
flows through the inverted U-shaped tube bundle, and leaves from the cold side water 
chamber. The heat carried by the coolant is transferred to the SG secondary feedwater to 
generate steam which is conveyed into the steam turbine. 

The detailed description of a SG is presented in sub-chapter 6.5. 

c) Pressurizer 

The PZR, as the pressure stabilising equipment, is mainly used for compensating for the 
coolant volume expansion and contraction and maintaining the primary pressure within 
allowed limits. The PZR supports regulating the primary pressure through the installed 
spray and electric heaters, and is also used for preventing primary overpressure through 
activation of the PSVs, or preventing high-pressure molten core ejection through 
activation of the two SADVs under DEC- B conditions. 

The detailed description of PZR is presented in sub-chapter 6.5. 

d) Reactor Coolant Pump 

The three Reactor coolant pumps provide forced circulation flow to remove heat 
generated in reactor core. The Reactor coolant pump is vertical, single-stage, shaft seal 
pump. 

The detail description of a Reactor coolant pump is presented in sub-chapter 6.5. 

e) Reactor Coolant Piping 

The main configuration of the Reactor Coolant Piping has been presented in F-6.3-1. All 
inside diameter of the Main Coolant Lines (MCL) are 760 mm. 

The detail description of reactor coolant piping is presented in sub-chapter 6.5. 

f) Spray Valve 

Spray Valves are configured in 2 trains connected to Cold Legs 2 and 3. The PZR spray 
works with the electric heater to perform the function of primary pressure control. 

g) Pressurizer Safety Valves (PSVs) 

Three PSVs are installed in the top head of the pressurizer to protect the RCP [RCS] 
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against overpressure. Downstream of the valves, a common relief line is connected to the 
PZR Relief Tank (PRT). 

The PSVs are pilot-operated safety relief valves to perform hot/cold overpressure 
protection functions. The detail design information will be provided in next stage. 

h) Severe Accident Dedicated Valves (SADVs) 

The two pairs of SADVs are connected to a single nozzle on the top head of the PZR at 
the same level as the PSV connections. Both dedicated severe accident lines discharge 
into the PRT via the same common relief line as that used by the PSVs. Each pair of the 
SADVs has been designed to fulfil the flow capacity which is needed in DEC-B accident. 
The detail design information will be provided in next stage. 

i) Pressurizer Relief Tank (PRT) 

The PRT is a horizontal cylindrical tank used to collect and condense steam discharged 
from the PSVs and the SADVs. The steam enters into the PRT through the sparger in 
order to optimize the efficiency of condensation. 

The PRT is protected against overpressure by two rupture disks mounted on the top of 
PRT. 

6.3.4.4 System Layout 

The RCP [RCS] is arranged in the Reactor Building (BRX). The general layout 
information of RCP [RCS] is presented in Figures F-6.3-4 and F-6.3-5 below. The 
following issues are considered during RCP layout design: 

a) The installation height of the SGs ensure that the inspection or maintenance work on 
U-tubes of SGs can be performed with emptying the primary side of SGs, and at the 
same time do not affect the operation of RIS [SIS] in RHR model; 

b) The installation height of the SGs ensure that the natural circulation can remove the 
core residual heat if loss of all reactor coolant pump under an accident after reactor 
trip; 

c) The layout of each of the Cross-over Legs should optimize the Net Positive Suction 
Head (NPSH) of the Reactor coolant pumps. 
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F-6.3-4 General Layout Information of RCP [RCS] – Height Information 

 

F-6.3-5  General Arrangement of the RCP [RCS] (Top View) 
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6.3.5 Preliminary Design Substantiation 

6.3.5.1 Compliance with Codes and Standards 

For HPR1000 (FCG3), the RCP [RCS] design is compliant with the Codes and Standards 
as described in chapter 4. 

6.3.5.2 Compliance with Safety Related Requirements 

6.3.5.2.1 System Functional Classification 

The functional classes of RCP [RCS] are: 

a) Safety category 1 functions: the primary loops with the main important equipments 
(i.e. RPV, SG, PZR, Main coolant Line and Reactor coolant pumps) of the RCP [RCS] 
which forming the RCPB; 

b) Safety category 2 functions: the shaft seal leak-off lines and its isolation valves, the 
thermal barrier cooling water lines and its isolation valves; 

c) Safety category 3 functions: the equipment used in the DEC condition, and the steam 
collection piping and tank connected to the PZR downstream of the PSVs/SADVs. 

6.3.5.2.2 Equipment Qualification 

The components performing safety category 1 and 2 functions will be qualified to 
environment conditions under DBC accident. 

In additional, the two pairs of SADVs shall be qualified to DEC-B conditions. 

The differences between these qualification requirements are presented in chapter 4. 

6.3.5.2.3 Seismic Classification 

The components of RCP [RCS] which ensure safety category 1 and 2 functions are 
designated as SSE1. 

6.3.5.2.4 Single Failure Criterion 

The single failure criterion is considered in the RCP [RCS] design to cover connected 
items performing safety functions. The following instruments or valves are as an 
example: 

a) Measuring instruments which are used in protection systems; 

b) PSVs. 

The single failure criterion is not applied to the RCP [RCS] main components (i.e. RPV, 
PZR, SG, reactor coolant pump, primary loops).  

The components which performing the RCPB isolation function (e.g. the double isolation 
valves routed on the pipe that connected to the MCL) shall fulfil the single failure 
criterion, with two valves in series configuration. 
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Two redundant SADVs are provided to protect the RCP [RCS] under the DEC-B accident 
condition. 

6.3.5.2.5 Emergency Power Supply 

Considering Loss of Offsite Power (LOOP) and Station Black Out (SBO) accidents, the 
equipment performing safety category 1 and 2 functions have been designed with power 
supply from Emergency Diesel Generator (EDG) or by SBO Diesel Generator. 

The two trains of SADVs which provided safety category 3 functions (DEC-B accident 
mitigation) have been designed with power supplied from the SBO Diesel Generator. 

6.3.5.3 Compliance with Hazard Protection Requirement 

6.3.5.3.1 Protection against Internal Hazards 

In the design of the RCP [RCS], reasonable equipment layout design and qualification 
under degraded environment conditions are provided to prevent internal flooding – see 
chapter 19. 

The RCP [RCS] has been designed in consideration for minimizing the possibility of 
over-speed operation of the rotating parts and where this is not possible, for intercepting 
potential missiles by the provision of robust civil structures, so as to ensure the integrity 
of the RCPB, as discussed in chapter 19. 

6.3.5.3.2 Protection against External Hazards 

The RCP [RCS] is located in the BRX. The civil structures is designed to be robust 
enough and completely protected against the full range of external hazards as discussed 
in chapter 18. The equipment of the RCP [RCS] has been designed to function even in the 
unlikely event of the design basis earthquake. 

6.3.5.4 Compliance with Testing Requirement 

6.3.5.4.1 Pre-operational Test 

The pre-operational tests are performed at the commissioning stage. During the 
commissioning stage, all of the RCP [RCS] safety functions will be tested to demonstrate 
the correct system design. These tests can be mainly divided into: 

a) Cold functional tests; 

b) Hot functional tests. 

As an example, the typical tests that will be performed at pre-operational test stage are 
presented below: 

a) Primary water hydraulic pressure test; 

b) Primary total leakage tests; 

c) Primary thermal balance; 
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d) Tests which demonstrate the capacity, or operability of the safety functions. 

6.3.5.4.2 Periodic Tests 

The periodic testing of (not include the Operational Inspections which are presented in 
paragraph 6.3.5.4.3) the RCP [RCS] are intended to ensure that the safety level of the 
system is properly maintained. These tests can be mainly divided into several kinds: 

a) Daily tests; 

b) Tests occurring every refuelling outage; 

c) Tests occurring every two- or other refuelling outages; 

d) Tests occurring every 10 years. 

As an example, the typical tests which will be performed are presented below: 

a) RCP [RCS] leak rate test; 

b) Operability of PSVs; 

c) Operability of SADV, and; 

d) Operability of RCPB isolation. 

6.3.5.4.3 Operational Inspections 

The layout and design of RCP [RCS] primary components allows End-of Manufacture, 
Pre-Service Inspections (PSI) and also In-Service Inspection (ISI) to be carried out to 
verify the ability of the components to fulfil their safety functions. 

Inspections are performed at appropriate locations. More detail will be found in 
chapter 17 as this chapter is developed during GDA. 
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6.4 Reactor Components 

The term Reactor Components applies to the RPV, RVI and Control Rod Drive 
Mechanism (CRDM). Within the RCPB, water acts as both the coolant and the moderator. 
The coolant flows in the down-comer annulus between RPV and RVI from RPV inlet 
nozzles and into lower plenum, then turns and passes through the core region, exiting the 
reactor through the RPV outlet nozzles, so as to ensure the adequate removal of core heat. 
The CRDM is used to control the reactivity of reactor core by inserting, withdrawing, 
holding and releasing Rod Cluster Control Assembly (RCCA). These components are 
described in detail in the text below. 

6.4.1 Reactor Pressure Vessel 

6.4.1.1 Description 

The RPV is the highest reliability pressure boundary to contain the reactor core, core 
support structure and light water coolant, and provides support and position for CRDM, 
RVI and in-core instrumentation. It consists of the closure head, the RPV body, fastening 
components and seals. The main design parameters of the RPV are shown in 
Table T-6.4-1 and the overall reactor vessel components is shown in Figure F-6.4-1. 

a) Closure Head 

The RPV closure head is a removable flanged forged hemispherical upper head, which 
consists of a head flange and an upper dome, welded together by a circumferential weld.  

The open holes and supports on the closure head of the RPV are provided for installation 
of the CRDM adapters and measuring instrumentation adapters and support of the reactor 
head package. 

There are 68 CRDM adapters and 12 adapters measuring instrumentation on the closure 
head. The 12 measuring instrumentation adapters provide access for the in-core 
measurement system. 

On the outer surface of the closure head, there are 3 lugs welded along the circumference 
of the dome, for lifting the closure head. The inner surface of the upper head flange is 
machined to form 4 rectangle slots forming alignment keys for positioning of the RVI 
equipment. The lower face of the flange is clad and the cladding is grooved to form the 
recess or housing for the two C-sealing rings. In addition, there are 58 holes in the head 
flange for the closure studs. 

b) RPV Body 

The RPV body is a cylindrical welded forged assembly, which consists of the 
flange-nozzle shell, core shell, transition ring and lower head, welded together by 
circumferential welds. The flange-nozzle shell is a single forging comprising a nozzle 
shell with an integrated vessel flange. 

The inner surface of the integrated vessel flange is machined to form a support ledge and 
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4 rectangle slots for alignment key for supporting and positioning of the reactor’s internal 
equipment (upper and lower internals). The vessel flange includes 58 threaded holes for 
the closure, and its top surface is clad with stainless steel and machined to provide a 
surface suitable for the mating surface. A leak tube is located in between inner and outer 
seals, welded to the flange by fillet welding. Its function is to channel a potential leak to a 
detection system between the internal and external seals. The seal ledge is welded to the 
external face of the flange. This piece is connected to the reactor cavity seal that ensures 
leak-tightness between the vessel flange and the bottom of the reactor cavity. 

Inlet and outlet nozzles are arranged on the vessel according to the position of the reactor 
coolant system equipment. The nozzles are separate forgings, welded onto the vessel 
using a set-in design. The whole of the RPV structure is supported by pads located on the 
bottom side of these six nozzles. The support pads are integrated onto the nozzle forgings. 
These pads rest on the support ring, part of the RPV support structure. For RPV support, 
as shown in Figure F-6.4-2, a circular support structure is used, consisting of one lower 
flange mounted on the top edge of the reactor pit, one barrel body, and one upper flange 
assembled and welded from 6 supporting seats.  

The lower parts of the vessel body are made up of a single core shell, a transition ring and 
a lower head. Eight radial support keys on the same horizon plane are welded to the inner 
face of the transition ring. Four of these support keys ensure the alignment of the lower 
internals. All eight radial support keys provide a secondary support to the core so as to 
limit the consequences of a postulated failure of the lower internal support structures. 
There are no penetrations through the lower head of the RPV. 

c) Fastening Components and Seals 

The RPV fastening components include studs, nuts, spherical washers and clips. Seal 
components are a pair of metal C-rings with built-in close-coiled helical springs and 
wrapped by an intermediate alloy layer and an outside silver jacket.  

Two seal components are installed into seal grooves of the head flange by means of clips 
and screws. Studs are screwed into the threads holes of the RPV vessel flange and are 
made to exert a pre-load on the vessel head using a multi stud tensioning machine. The 
leak tightness between the RPV body and the RPV head is ensured by two C-rings 
located in the two circular recesses on the bottom side of the head flange. 

6.4.1.2 Design Principles and Codes 

The primary design principles of the RPV are shown below: 

a) Ensure the RPV integrity for the design life of 60 years, include: design condition, 
normal and upset conditions, emergency conditions, accident conditions and test 
conditions; 

b) Selection of materials with mature international engineering experience, and 
considering the compatibility with the surrounding environment, such as chemical 
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corrosion, stress corrosion cracking, erosion, fatigue, neutron irradiation; 

c) Inspection and maintenance are considered in the design, and reduce operator 
exposure As Low As Reasonably Practicable (ALARP). A 10-year interval periodic 
inspection and test should be easy to carry out throughout equipment lifetime. 

For the HPR1000 (FCG3), the structural design of the RPV complies with the provisions 
of RCC-M sub-chapter B, and the material, Non Destructive Test (NDT), welding and 
manufacture respectively conform to the requirements of RCC-M sub-chapter M, 
sub-chapter MC, sub-chapter S and sub-chapter F. Pre-Service Inspection and In-Service 
Inspection of the RPV component follow the stipulations of the RSE-M rule. Additional 
UK Context issues required to support the multi-legged structural integrity safety case 
will be addressed through chapter 17 in the PSR and in future steps. 

6.4.1.3 Classification and Load Conditions 

According to the classification principles in chapter 4, the safety function class of RPV is 
F-SC1, the barrier class is B-SC1, the code class is RCC-M 1 and the seismic class is 
SSE1. The structural integrity classification of the RPV will be addressed through chapter 
17 in the PSR and in future steps. 

For the justification of the structural integrity of RPV, the load conditions due to plant 
operating events in the design life are classified into design conditions, normal and upset 
conditions, emergency conditions, accident conditions and test conditions. 

6.4.1.4 Materials, Manufacture and Inspection 

Materials used for RPV components conform to the requirements of RCC-M sub-chapter 
M. The base material is low-alloy ferritic steel with the standard designation of 16MND5, 
which is mainly used for shells, flanges, transition ring, nozzles and hemispherical heads. 
Inner surfaces of all low-alloy steel of the RPV used for main pressure-containing 
members in contact with the coolant are covered with corrosion-resistant austenitic 
stainless steel cladding. Adapter sleeves of the CRDM and measuring instrumentation are 
manufactured of Ni-Fe-Cr alloy with the standard designation of NC30Fe. The studs are 
manufactured from high-strength bolting steel (40NCDV7-03). The Nozzles Safe-Ends 
are made of Cr-Ni-Mo austenitic stainless steel (Z2CND18-12 Nitrogen Controlled).  

The forgings of the RPV components are manufactured according to the certificated 
processing procedures qualified under the requirements of RCC-M sub-chapter M140. 
The chemical element content of Copper, Phosphorus, Sulphur and Cobalt are more 
strictly controlled than in RCC-M procurement specification. The chemical element 
content of Vanadium and Aluminium are controlled the same as RCC-M procurement 
specification. The circumferential welds of the RPV assembly all adopt the narrow gap 
full penetration welding process with low alloy material, which is qualified according to 
RCC-M sub-chapter S. 

The non-destructive inspection tests of the RPV components during fabrication comply 
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with the requirements of RCC-M sub-chapter M and sub-chapter MC. 

The Pre-Service and In-Service Inspections (PSI and ISI) of the HPR1000 (FCG3) RPV 
are subject to the requirements of RSE-M code involving welds and positions to be 
inspected, range of such positions and required methods for inspection. The 
non-destructive inspection equipment, procedure and personnel have competent technical 
characteristics and ensure defect detectability under actual inspection conditions to ensure 
effectiveness and reliability of non-destructive inspection techniques and accurate results. 

6.4.1.5 Structural Integrity and Function Assessment 

According to the functional requirements and safety classification of the RPV, the 
structural integrity and functional assessment shall be implemented to ensure equipment 
safety in the plant design life. 

For the structural integrity of respective components of the RPV, the mechanical analysis 
shall at least cover excessive deformation, fatigue, fracture, etc. according to RCC-M. In 
addition, considering with the relevant good practice of a UK structural integrity 
demonstration, the safety assessment of RPV will be supplemented by undertaking a 
multi-legged safety case concept into account, including design, manufacture, testing and 
inspection aspects, and the third-party independent inspection will be carried out in the 
manufacture and installation stage. PSI/ISI programme and irradiation surveillance 
programme for forewarning of failure will be developed appropriate for the UK context. 

For the functional performance of RPV equipment, the sealing performance between the 
RPV head and RPV flange shall be assessed to prevent leakage of reactor coolant in 
operation. 

T-6.4-1  Main Design Parameters of RPV 

Parameters Value Unit Remark 
Design life 60 year Operational life 
Design pressure 17.13 MPa (g)  
Design temperature 343 ℃  
Operating pressure 15.5 MPa (a)  
Inner diameter of core shell 4340 mm To base metal 
Number of adapters for CRDM 68 set  
Number of adapters for Measuring 
Instrumentation 

12 set  
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F-6.4-1  Overall Reactor Components General Arrangement 
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F-6.4-2  Reactor Pressure Vessel Support (brown) 
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6.4.2 Reactor Vessel Internals 

6.4.2.1 Description 

The reactor vessel internals (RVI) consist of lower internals, upper internals and hold 
down spring, etc. The main design parameters of the RVI are illustrated in Table T-6.4-2 
and the arrangement of the RVI is shown in Figure F-6.4-1. 

a) Lower Internals 

The lower internals, which are positioned and aligned by the radial support keys and the 
alignment pins in the RPV, are the main supporting structures for the reactor core. The 
lower internals consist of core barrel, lower support plate, core shroud and flow 
distribution assembly, etc. 

The core barrel and the lower support plate are welded together to form an enclosed 
boundary for the reactor core. There are 4 water holes corresponding to the position of 
each fuel assembly on the lower support plate. And the lower support plate is equipped 
with 2 guiding pins to provide support and positioning for each fuel assembly. 

The core shroud is located inside the core barrel and sits on the lower support plate. It 
adopts an all-welded structure, which is formed by a series of W-shaped plates, C-shaped 
plates and ribbed plates. 

The radial support keys welded onto the RPV, mate with inserts on the lower support 
plate. They limit the rotation and tangential movement of the lower RVI, while allowing 
for the limited radial and axial movement between the RPV and the RVI. They also 
provide a secondary support function. 

The flow distribution assembly which is a multi-hole hemispherical structure is fixed on 
the bottom of the lower support plate by bolts. It ensures a good flow distribution ratio 
for the reactor core inlet. 

b) Upper Internals 

The upper internals, providing a hold-down force for the fuel assemblies, guiding the 
RCCAs and the in-core instrumentation, are aligned with the lower internals by the 
alignment pins and alignment plates. The upper internals include upper support assembly, 
upper core plate, supporting columns, Control Rod Guide Assembly (CRGA) and In-core 
Instrumentation Grid Assembly (IGA). The upper support assembly separates upper 
plenum and dome plenum. It consists of upper support plate, skirt and flange, and is 
welded together by circumferential welds. The upper support plate and the upper core 
plate form the upper plenum. There are 46 supporting columns between the upper support 
plate and the upper core plate. 

There are 68 CRGAs providing guidance for the driving rods of the CRDMs and the 
RCCAs. 

The IGA is located above the upper support assembly and used to protect, guide and 
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support the In-Core Instrumentation Assemblies (ICIAs). The 46 ICIAs are used for the 
In-Core Instrumentation System (RIC [ICIS]) and divided into twelve bundles in the head 
plenum prior to exit from the RPV head. 

c) Hold Down Spring 

The hold down spring is a forged ring structure which is located between the upper 
support flange and the core barrel flange. During the reactor operation, the spring will 
maintain the vertical stability of the upper and lower RVI. 

6.4.2.2 Design Principles and Codes 

The primary design principles for the reactor vessel internals are as follows: 

a) The RVI (including the upper core plate, the core shroud, the lower support plate, etc.) 
are designed to: 

1) Support and maintain the core in all design conditions; 

2) Ensure the insertion and withdraw of RCCAs conveniently and protect RCCAs 
from the flows; 

3) Provide a secondary core support in case of a postulated fall of the lower internals 
and the core; 

4) Channel the coolant flow through the core from the RPV inlets to the RPV outlets 
and ensure a satisfactory distribution across the reactor core and a satisfactory 
core cooling in all design conditions; 

5) Provide the protection of RPV against excessive irradiation exposure from the 
core(γ, neutron flux); 

6) Provide guiding for ICIAs. 

b) Selection of materials with mature engineering experience, and considering the 
following characteristics: resistance to irradiation, resistance to corrosion, resistance 
to abrasion and erosion and good manufacturing performance. 

The structural design of RVI shall comply with RCC-M and the material, NDT, welding 
and manufacture of RVI shall also conform to the requirements of RCC-M. 

6.4.2.3 Classification and Load Conditions 

According to the requirements of RCC-M, the RVI are designated into 2 types:  

a) The Core Support Structure (CS); 

b) The Internal Structure (IS). 

The CS is the structure supporting and restraining the fuel assemblies and forms the 
reactor core cavity in the RPV.  
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The structures other than the above structure are the IS. The secondary support also 
belongs to the IS. 

According to the classification principles in the chapter 4, the code class of RVI shall 
comply with RCC-M. The seismic class of RVI is SSE1. The structural integrity 
classification of RVI will be presented in the chapter 17 and specific class will be 
submitted in subsequent GDA steps. 

The loads which cover design conditions, normal and upset conditions, emergency 
conditions and faulted conditions are considered during the design of RVI. 

6.4.2.4 Materials, Manufacture and Inspection 

The materials for the major components are austenitic stainless steels such as 
Z2CN19-10(Nitrogen Controlled), Z3CN18-10(Nitrogen Controlled), Z6CND17-12, etc., 
while the material for the hold down spring is Z12CN13. The materials used for RVI 
shall comply with RCC-M. 

The CS and IS are manufactured and inspected according to RCC-M. Welds of RVI shall 
meet the requirements of RCC-M. The NDT of RVI shall be performed in accordance 
with RCC-M and related NDT technical documents. The process qualification shall be 
done according to RCC-M before fabricating and surface finishing. Also, heat treatment 
of RVI shall comply with RCC-M. 

6.4.2.5 Structural Integrity 

According to the functional requirement and safety classification of RVI, the structural 
integrity shall be implemented to ensure equipment integrity over the plant design life. 

Corresponding analysis will be performed to verify the structural integrity of RVI 
according to chapter 17. 

T-6.4-2  Main Design Parameters of RVI 

Parameters Value Unit Remark 

Design Life 60 year Operational 

Design Pressure 17.13 MPa (g)  

Design Temperature 343 °C  

Operating Pressure 15.5 MPa (a)  

Height of Fuel Assembly 12 feet  

Bypass 6.5 % TH flowrate 

Number of CRGA 68 -  

Number of ICIA 46 -  

Inner Diameter of Core Barrel (CB) 3630 mm  
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6.4.3 Control Rod Drive Mechanisms (CRDM) 

6.4.3.1 Description 

The CRDMs are mounted on the RPV head within the containment building BRX. The 
CRDMs move the RCCAs using a magnetic-jack which operates in vertical steps. The 
CRDM contributes a primary means of controlling the reactivity. Each one drives an 
RCCA up and down in the reactor core, or holds the RCCA in position, or releases the 
RCCA to insert into the core immediately by gravity when the reactor is tripped. It is 
used for reactor start up, adjusting power, maintaining power and shutting down. Each 
CRDM is comprised of a pressure housing assembly, latch assembly, drive rod assembly, 
coil stack assembly and rod position indicator. The main design parameters of the CRDM 
are shown in Table T-6.4-3; the overall general arrangement of reactor components is 
shown in Figure F-6.4-1. 

a) Pressure Housing Assembly 

The pressure housing assembly consists of the latch housing and rod travel housing. The 
pressure housing assembly contains the drive rod assembly and the latch assembly to 
maintain a pressure boundary for reactor primary coolant, and provides mechanical 
support for the latch assembly and moving space for the drive rod assembly. The CRDM 
seismic bearing device (see Figure F-6.4-3), made up of the seismic ring, seismic plate, 
tie rod, anchoring hook, is used to restrict horizontal displacement of the rod travel 
housing during earthquake. 

b) Latch Assembly 

The latch assembly is located in the latch housing. It is made up of the tube guide, poles, 
plungers, latches, etc. The latch adopts a double-tooth structure to achieve the 60-year 
service life requirement. The latch teeth engage the drive rod grooves, and the movable 
gripper latches provide vertical movement to move the drive rod to the required position 
in stepwise increments. 

c) Drive Rod Assembly 

The drive rod assembly is made up of drive rod and coupling, etc. The drive rod is 
designed with circumferential grooves to mesh with the latch teeth. The drive rod 
assembly attaches to the upper head of the RCCA by the coupling. 

d) Coil Stack Assembly 

The coil stack assembly is mounted outside the pressure housing assembly and is 
composed of electromagnetic coils, coil housings, etc. The electromagnetic coils are 
connected to the control system via an electrical connector. The sequence in which the 
coils are energised or de-energised determines whether drive rod and RCCA are lifted, 
lowered, or held in position. 

e) Rod Position Indicator 
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The rod position indicator is located surrounding the rod travel housing, and supported by 
the bottom structure. It consists of a primary coil, secondary coil, auxiliary coil, 
protective sleeve, connecting flanges, electrical connector, top clamping ring and lower 
end, etc. 

The rod position indicator is used to indicate the actual position of RCCA inside the core 
and to measure the drop time. 

6.4.3.2 Design Principles and Codes 

The primary design principles of the CRDMs are as follows:  

a) The pressure parts sealing device must be safe and reliable enough to assure the 
integrity of the pressure boundary. It also needs to be designed to allow for 
disassembly; 

b) The structural is designed to be convenient for disassembly, overhaul, and inner parts 
replacement, whilst ensuring maintenance doses are ALARP; 

c) Materials selection must be performed in compliance with RCC-M, and considering 
the compatibility with the surrounding environment, such as chemical corrosion, 
high temperature and neutron and gamma irradiation. Materials used in magnetic 
fields should be selected with proper magnetic performance; 

d) The drive rod assembly is designed to reliably connect with the RCCA. The 
connection and disconnection must be capable of being performed cleanly by remote 
operation; 

e) The CRDMs should insert or withdrawal RCCAs according to instructions from 
RGL [RPICS], and avoid out-of-step or rod-sliding. Thus, the latch assembly 
structure and power supply timing should ensure that each action of latch assembly 
must not interfere with others; 

f) It must be guaranteed that the RCCA will be released within 150ms under gravity 
without any further operations when the coil system is de-energised, so that the 
emergency shutdown function can be achieved. 

The structural design of CRDM components is based on RCC-M code sub-chapter B. The 
material, welding and non-destructive examination are undertaken according to RCC-M 
code sub-chapters M, MC, S and F. the design of electrical parts follows the RCC-E code. 
The Pre-Service and In-Service Inspections follow the RSE-M code.  

6.4.3.3 Classification and Load Conditions 

According to the classification principles in chapter 4, the code class of the CRDM is 
RCC-M1 and the seismic class is SSE1. 

The design of the CRDM take the following operating conditions into consideration: 
design conditions, normal and upset conditions, emergency conditions, accident 
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conditions and test conditions. More detailed information on the design conditions are 
presented in Chapters 12 and 13. 

6.4.3.4 Materials, Manufacture and Inspection 

Metallic materials used in the CRDM are austenitic stainless steel, martensitic stainless 
steel, nickel base alloy, nodular graphite cast iron and carbon steel. In order to enhance 
abrasion resistance and limit the radiation resource item at the same time, the latches are 
made from Type 304 LN stainless steel and the contact area is protected by a cobalt-based 
hardfacing alloy, aiming at increasing the service life of latch assembly and limiting the 
radiation dose of the operator according to the ALARP principle.  

Fabrication of RCC-M code class 1 components is performed in compliance with RCC-M 
sub-chapter B. Mature technology must be used in special procedures such as stellite 
cladding, chrome plating, spring fabrication, heat treatment and coil fabrication.  

Non-destructive inspection of CRDM components during fabrication shall be performed 
in compliance with RCC-M sub-chapter M and MC.  

6.4.3.5 Structural Integrity and Function Assessment 

According to the functional requirements and safety classification of CRDM, the 
structural integrity and functional assessment shall be undertaken to ensure equipment 
safety in the plant design life.  

The structural integrity assessment of the CRDMs includes mechanical analysis of the 
pressure boundary parts, hydrostatic tests in factory, and in-service inspection. The 
mechanical analysis and hydrostatic tests are performed in compliance with RCC-M 
sub-chapter B. 

The functional assessment of the CRDMs includes factory test and preliminary test. The 
function of inserting and withdrawing RCCAs can be verified via these tests. Also, 
RCCA release delay time after de-energising is within 150ms, which must be verified, to 
ensure that the RCCAs can be released immediately after the power supply is cut off.  

T-6.4-3  Main Design Parameters of CRDM 

Parameters Value Unit 

Design life 60 year 

Design pressure 17.13 MPa (g) 

Design temperature 343 °C 

Operating pressure 15.5 MPa (a) 

Step length 15.875 mm 

RCCA travel distance 228 step 
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F-6.4-3  Structure Schematic Drawing of CRDM Seismic Bearing Device 

6.5 Other Main RCP [RCS] Components 

6.5.1 Steam Generator 

6.5.1.1 Description 

The steam generator is the heat transfer equipment between the primary and the 
secondary circuit of the nuclear power plant. It uses U-tubes for heat transfer from the 
single phase pressurized water on the primary side to sub-cooled water and saturated 
steam/water mixture flowing axially up the tube bundle on the secondary side. 

The steam generator is a natural circulation U-tube heat exchanger with steam/water 
separation equipment in the steam drum region. Figure F-6.5-1 is the schematic diagram 
of the steam generator. The design parameters are given in Table T-6.5-1. The steam 
generator is comprised of two subassemblies: the lower subassembly ensures 
vaporization of the feedwater; the upper subassembly ensures the mechanical drying of 
the steam-water mixture produced in the lower subassembly.  

a) Lower Subassembly 
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The lower subassembly consists of the channel head, the secondary shell, the tube bundle 
and the lower internals. 

The channel head is mainly formed of a hemispherical bottom head and a tubesheet. A 
short cylindrical section has been included at the channel head upper part (between head 
and tubesheet). A divider plate divides the channel head into two leak tight compartments. 
One compartment is connected to the reactor vessel outlet (steam generator inlet, or hot 
leg) and the other to the reactor vessel inlet (steam generator outlet, or cold leg) via the 
reactor coolant pump (which is positioned on the cold leg between steam generator and 
reactor). Each compartment includes a nozzle, for connection to the reactor coolant 
system, and a manway. 

The secondary shell is formed of two cylindrical shells and a conical shell. The vessel is 
fitted with several hand holes in the lower shell just above the tubesheet. The shell is also 
equipped with a set of nozzles for water level measurement and blowdown nozzles within 
the tubesheet. 

The tube bundle, of the inverted U type, enables the exchange of heat between the reactor 
coolant, circulating inside the tubes, and the secondary fluid. It also constitutes a 
radiological barrier between the primary and secondary sides of the NSSS. 

The lower internals include a bundle shroud (wrapper), tube support plates properly 
spaced over the height of the tube bundle, and the U-bend tube supports consist of a 
series of anti-vibration bar assemblies positioned between each layer of tubes.  

b) Upper Subassembly 

The upper subassembly (steam drum) is formed of two cylindrical shells, an elliptical 
upper head and the upper internals. 

The cylindrical shell include two manways which allow maintenance of the 
steam/moisture separation equipment, a feedwater nozzle connected to the feedwater 
system, and a set of water level and steam pressure measurements taps. The feedwater 
nozzle in the lower portion of the drum cylindrical shell, and a connected header system 
even lower thus reducing chances that the header is uncovered during low water levels. 

The elliptical upper head include an integrally forged steam outlet nozzle fitted with a 
welded steam flow restrictor which limits the forces on steam generator bundle and 
internals in case of steam line break event. 

The upper internals include a feedwater system, primary and secondary team/water 
separation equipment. A first stage of separators is connected to the primary deck which 
forms the top of the riser/bundle wrapper region. A secondary stage separator/dryer is 
fixed to a deck structure which is suspended from a skirt fixed to the steam drum upper 
head. 

c) Support Structure 
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The steam generator support structure is composed of the vertical supports, lower lateral 
supports and upper lateral supports. Figure F-6.5-2 is the schematic diagram of steam 
generator support system. The steam generator is supported vertically by four support 
legs or columns hinged to ball-joined brackets or clevises. The lower lateral supports are 
mounted on the walls of tube sheet, made of two lateral restraints on the both sides of the 
hot leg axes. The upper lateral supports are located under the cone shell, and just above 
the steam generator center of gravity, made of two connecting rods and two hydraulic 
snubbers. 

The support system is designed to allow thermal expansion of the loop and pressure 
displacement but limits displacement during accidents. 

6.5.1.2 Design Principles and code 

The steam generator provides high quality steam for NSSS, to guarantee the stable and 
reliable operation of plant. The design principles of the steam generator are as follow: 

a) The SG design shall ensure the pressure boundary integrity during the steady-state, 
transient and all kinds of accident conditions; 

b) Provide a leak tight boundary between the reactor coolant and the steam generator 
secondary side; 

c) Serve as the first means for removal of heat from the reactor. This is applicable not 
only during identified service conditions (normal, upset, emergency, accident), but 
also during plant shutdown; 

d) Produce steam with no more than 0.1 percent moisture carry-over before Steam 
Generator outlet limiter using reactor coolant as the heat source; 

e) The SG design shall be able to prevent the unacceptable U-tubes damage caused by 
mechanical or flow induced vibration; 

f) Selection of materials with mature engineering experience, and considering the 
compatibility with the surrounding environment, such as chemical corrosion, stress 
corrosion and neutron irradiation and other conditions; 

g) The ISI requirements shall be established to ensure that the effective inspection and 
maintenance of the steam generator during operation. 

For the steam generator, the ASME Code has been selected as the code of design, 
fabrication, inspection and testing. Pre-service and in-service Inspection of the Steam 
Generator is performed according to RSE-M. The RCC-M Code materials shall be used 
for SG safe ends connected to the plant system pipes. 

6.5.1.3 Classification and Load Conditions 

According to the classification principles of chapter 4, the code class of steam generator 
(primary side and secondary side) shall be not lower than RCC-M 1, and actually the 
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code class of steam generator (primary side and secondary side) is ASME 1. Both sides of 
the Steam Generator are seismic classified SSE1; and the structural integrity class of the 
steam generator will be provided in the subsequent steps based on the chapter 17. 

In order to ensure the structural integrity of the steam generator during design life, the 
considering loads conditions are divided into design, the normal and upset, emergency, 
accident and test conditions. 

6.5.1.4 Materials, Manufacture and Inspection 

All pressure boundary materials used in the steam generator are selected and fabricated in 
accordance with the requirements of the applicable codes. High strength low alloy ferritic 
steel forgings (SA-508 Grade 3 Class 2 or other equivalent material) are selected for the 
main pressure boundary parts, including the primary head, tubesheet, cylindrical shells, 
conical shell, upper elliptical head and major nozzles. Alloy 690 is selected for the tubes 
of the tube bundle. The tubing procurement specification is mature, and incorporates best 
practices for achieving a very high quality tube material. The primary head divider plate 
is made of Alloy 690, welded directly to primary head base material, and to the tubesheet 
runner bar which is an alloy 690 equivalent weld consumable buildup. The tube support 
plates and U-bend Supports are made of corrosion-resistant 13% Cr martensitic stainless 
steel of Type 410S or other equivalent material.  

Main pressure boundary parts are forgings. The material surfaces in contact with the 
primary coolant are made of or cladded with austenitic stainless steel or Ni-Cr-Fe Alloy. 
The ends of the inverted U-tubes are welded to the tubesheet cladding.The U-tubes are 
expanded inside the full depth of tubesheet by using a hydraulic process. Helium leak 
check is conducted for seal weld of each tube before the pipe expansion. In the 
manufacturing stage, the primary side and secondary side of the steam generator surface 
should be clean. 

Non-destructive examination and inspection of material and fabricated components shall 
be performed as required by the ASME Code Section III; especially the non-destructive 
examination and inspection of safe end shall be performed as required by RCC-M 
Section II. Pre-service and in-service Inspection of the steam generator is performed 
according to RSE-M. To meet the requirements of onsite pre-service and in-service 
inspections which are performed in accordance with RSE-M, supplier shall provide a 
series of ISI calibration blocks which is according to RSE-M. The inspection equipment, 
procedures and personnel of nondestructive inspection can meet the desired technical 
performance and testing ability in the actual test conditions, to ensure the validity and 
reliability of nondestructive testing technology. 

6.5.1.5 Structural Integrity and Function Assessment 

According to the functional requirement and safe classification of steam generator, the 
structural integrity and function assessment shall be implemented to ensure equipment 
safety in the plant design life. 
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For the structural integrity of respective components of steam generator, the mechanical 
analysis shall at least cover excessive deformation, fatigue and fracture etc. Besides, 
considering with the good practice of UK structural integrity demonstration, the safe 
assessment of steam generator will be supplemented by taking multi-legs conception into 
account, including design, manufacture, testing and inspection aspects. 

In the design of steam generator, the possibility of degradation of tubes due to either 
mechanical or flow induced excitation is thoroughly evaluated. This evaluation includes 
detailed analysis of the tube support systems. 

T-6.5-1 Main Design Parameters of Steam Generator 

Parameter Value Unit Remark 

Design life 60 year  

Design pressure 17.13 MPa (g) Primary side 

Design temperature 343 °C Primary side 

Design pressure 8.9 MPa (g) Secondary side 

Design temperature 303 °C Secondary side 

Design differential 
pressure 

12.5 MPa Primary to Secondary 

Design differential 
pressure 

4.6 MPa Secondary to Primary 

Outlet static steam 
pressure 

6.626 MPa (a) TH-EOL, downstream the Flow 
Limiting Venturi 

Number of tubes per 
SG 

7997 ---  

Upper shell OD 4870 mm  

Lower shell OD 3756 mm  

Total height 22500 mm  

Total dry weight ≈471 ton  
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F-6.5-1 Steam Generator 
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F-6.5-2  Steam Generator Supports 

6.5.2 Pressurizer 

6.5.2.1 Description 

The PZR composes part of the reactor coolant pressure boundary. It compensates for the 
change of coolant volume, and controls the pressure of the primary loop system. The PZR 
is a vertical forged cylindrical high temperature and high pressure container. It consists of 
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cylinder body, upper and lower hemispherical shell heads. The upper head assembly, 
cylinder assembly, and the lower head assembly are welded together. The main design 
parameters of the PZR are shown in Table T-6.5-2, and the structure schematic diagram is 
shown in Figure F-6.5-3. 

a) Upper Head Assembly 

The upper head assembly consists of upper head body, safety valve nozzle and safe end, 
severe accident dedicated valve nozzle and safe end, exhaust nozzle and safe end, spray 
nozzle and safe end and safety valve pipe water seal. 

b) Cylinder Assembly 

The cylinder assembly consists of three forged sub-chapters (upper cylinder body, middle 
cylinder body and lower cylinder body), instrumentation nozzle, manway flange, 
manway gasket insert components and lower lateral support components. 

c) Lower Head Assembly 

The lower head assembly consists of lower head body, surge nozzle and safe end, heater 
sleeves, heater support plate bearing, heater support plate, measuring nozzle, surge screen, 
surge nozzle thermal sleeve and heaters. 108 heaters are welded on the lower head by 
heater sleeves, which include 9 spare heaters. 

d) Support 

The PZR vessel is supported by 3 lower vertical supports which are welded on the lower 
cylinder body. In addition, 8 horizontal limiters are also provided on the upper cylinder 
body to maintain the integrity of the PZR under all bounding load conditions. The 
structure schematic diagram is shown in Figure F-6.5-4. 

6.5.2.2 Design Principles and Codes 

The primary design principles of the PZR are as followings: 

a) Ensure the integrity of the primary pressure boundary in the steady state, transient 
state and various accident conditions; 

b) Enough steam and water volume to compensate the volume change of coolant from 
0%-100%NP, and to control the pressure of the RCP [RCS] within normal operating 
range. The PZR is also connected to the PSVs which take part in the overpressure 
protection function; 

c) Selection of materials with mature international engineering experience, and 
considering the compatibility with the surrounding environment, such as chemical 
corrosion, stress corrosion cracking, erosion, fatigue, neutron irradiation and other 
conditions; 

d) Inspection and maintenance are both considered in the design, and reduce operator 
exposure ALARP. A 10-year interval periodic inspection and test should be easy to 
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carry out throughout the equipment lifetime. 

The design of the PZR should comply with the provisions of RCC-M. The In-Service 
Inspection of PZR should comply with the relevant requirements of RSE-M and the 
complete inspectability during In-Service Inspection should be considered, including 
dose reduction, when designing the PZR. Additional UK Context issues required to 
support structural integrity will be addressed through chapter 17 in the PSR and in future 
steps. 

6.5.2.3 Classification and Load Conditions 

According to the classification principles set out in chapter 4, the code class of PZR shall 
be RCC-M1 and the seismic class shall be SSE1. The code class of the heaters shall be 
RCC-M1 and the seismic class shall be SSE1. For electrical design, the RCC-E code is 
applied and the heaters are of level C1 – K2 and the conducting cables are of level K1. In 
addition, the structural integrity classification of PZR will be addressed in chapter 17. For 
the justification of the structural integrity of PZR, the load conditions due to plant 
operating events in the design life are classified into design conditions, normal and upset 
conditions, emergency conditions, accident conditions and test conditions. More detailed 
information on design conditions is presented in chapters 12 and 13. 

6.5.2.4 Materials, Manufacture and Inspection 

The main material of the PZR is 18MND5 and the inner surface of the PZR that is in 
contact with the reactor coolant is strip clad and welded with austenitic stainless steel. 
The material of the nozzle safe end, instrumentation nozzle, heater sleeve, connecting 
part of heaters and end plug of heaters is Z2CND18-12 (Nitrogen Controlled). The 
material of the heater tube, thermal sleeve, heater support plate, heater support plate 
bearing and surge screen is Z2CND17.12. All the low alloy steel welds should be 
experienced at least a stress relieving heat treatment. The preservation time of heat and 
requirements shall comply with the relevant provisions of the RCC-M. 

The machining, heat treatment, protection of all surfaces of the PZR shall comply with 
the provisions of RCC-M code. And the final size of the parts shall conform to the 
requirements of design drawings. 

Non-destructive inspection tests of PZR components during fabrication shall comply with 
the requirements of RCC-M. The Pre-Service and In-Service Inspection of PZR are 
complied with the requirements of RSE-M code. The qualified equipment, qualified 
procedures and qualified operators used in non-destructive inspection shall ensure 
detectability of all potential defect types to a level set out in chapter 17 under actual 
inspection conditions to ensure effectiveness and reliability of non-destructive inspection 
techniques and results. 

6.5.2.5 Structural Integrity and Function Assessment 

According to the functional requirement and safe classification of PZR, the structural 
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integrity and function assessment shall be completed to ensure equipment safety for the 
plant design life. 

For the structural integrity of respective components of PZR, the mechanical analysis will 
fulfil the requirement of the RCC-M code. 

To ensure that the primary safety functions are delivered, the PZR should have sufficient 
volume to compensate for the change in the volume of coolant due to thermal changes 
and to control the change of pressure of the primary loop system within design and safety 
limits. 

T-6.5-2 Main Design Parameters of PZR 

Parameter Value Unit Remark

Design life 60 year  

Design pressure 17.13 MPa (g)  

Design temperature 360 °C  

Operating temperature 345 °C  

Operating pressure 15.5 MPa (a)  

Total volume 67 m3  

Number of heaters 108 - 9 spare 

Total capacity of heaters(except spare heaters) 2376 kW  
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F-6.5-3 Structure Schematic Drawing of PZR 
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F-6.5-4 Structure Schematic of PZR 
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6.5.3 Reactor Coolant Pump 

6.5.3.1 Description 

The three reactor coolant pump sets are located in the Reactor Building. The function is 
to drive the coolant flow in the loop of RCP [RCS], and provide integrity of the primary 
pressure boundary of the RCP [RCS] in DBC and DEC conditions which are described in 
chapter 12 and 13. 

Each reactor coolant pump is a vertical, single stage pump; water suction is axial and 
discharge is radial, with an asynchronous motor located above the pump. The main 
design and performance parameters are shown in Table T-6.5-3, and the structure 
schematic diagram is shown in Figure F-6.5-5.  

Each reactor coolant pump is made up of the following main components: 

a) Casing; 

b) Hydraulic parts; 

c) Shaft seal system; 

d) Motor. 

The casing is a stainless steel casting, which will reduce weld quantity and avoid 
corresponding NDT and ISI for the reactor coolant pump casing. It has an axial suction 
nozzle welded to the reactor coolant loop Cross-over Leg and a radial discharge nozzle 
welded to the reactor coolant loop Cold Leg. The casing has 3 legs for the vertical 
support and 2 legs for horizontal support; the support schematic diagram is shown in 
Figure F-6.5-6. 

The impeller is an integral part, which is made of stainless steel, is key fixed to the pump 
shaft, and the shaft end with a locking nut. The impeller is the main component of the 
pump, by the rotation of the impeller energy is transferred to provide the driving force for 
the fluid. 

The diffuser is a stainless steel casting, which is positioned outside of the impeller, the 
function of the diffuser is reduced fluid velocity between the blades, to allow fluid 
velocity head to be changed into hydrostatic head. 

The shaft seal system is made up of a series of three seals, for controlled leakage and 
pressure drop between the reactor coolant and the containment. 

The reactor coolant pump motor is an asynchronous, squirrel cage motor. It must be 
designed for full-voltage starts and must be of the open and self-ventilated type. It is 
composed of the lower guide bearing, the rotor-stator assembly, the axial thrust bearing 
and upper guide bearing and the flywheel. It has heaters to heat it when it is idle. 

The flywheel is fixed onto the motor shaft, and increases the moment of inertia, to extend 
the pump coast down time following a loss of motive power. 
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An anti-rotation device is used. It is used to prevent reverse rotation of reactor coolant 
pump. 

6.5.3.2 Design Principles and Codes  

The primary design principles of the pump are as follows: 

a) The pump design shall ensure the RCPB integrity during steady-state, transient and 
all accident conditions; 

b) To ensure sufficient flow is maintained in different operating conditions, the pump 
design shall provide a flexible operating point; 

c) Pump coast down time shall be long enough to ensure sufficient flow to remove 
reactor heat without fuel damage; 

d) The pump structural design ensures effective inspection and maintenance can be 
undertaken whilst reducing doses to operators ALARP. 

The structural design of the pump complies with the provisions of RCC-M sub-chapter B, 
and the material, NDT, welding and manufacture respectively conform to the 
requirements of RCC-M sub-chapter M, sub-chapter MC, sub-chapter S and sub-chapter 
F. Pre-Service Inspection and In-Service Inspection of pump set shall follow the 
stipulations of the RSE-M code.  

6.5.3.3 Classification and Load conditions 

According to the classification principles presented in chapter 4, the code class of Reactor 
Coolant Pump shall be RCC-M1 and the seismic class is SSE1. In addition, pump 
structural integrity classification conforms to the stipulations of chapter 17 and a specific 
class will be submitted in subsequent GDA steps.  

The pump is designed to ensure function and structural integrity for the design life, and 
the load conditions due to plant operating events in the design life are considered to 
classify into design conditions, normal and upset conditions, emergency conditions, 
accident conditions and test conditions. More detailed design conditions are described in 
chapters 12 and 13. 

6.5.3.4 Material, Manufacture and Inspection 

The pump casing, impeller, and diffuser are made of austenitic-ferritic stainless steel with 
the standard designation Z3 CN 20-09M, the shaft is Z6 CN Nb 18-11, and supports are 
12MDV6. 

Requirements for RCC-M 1 and RCC-M 2 components are provided in chapters B, C of 
the RCC-M code (also sub-chapter 1, sub-chapter A). Accessible areas of surfaces 
machined in the final stages will be subjected to liquid penetrant examination in 
accordance with RCC-M MC 4000. Welds joining non-pressure retaining to 
pressure-retaining parts shall meet the requirements of RCC-M A 4252. For pressure 
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boundary components, the NDT must be performed by qualified inspectors with 
qualification approved by a certification. 

6.5.3.5 Structural Integrity and Function Assessment  

According to the functional requirement and safety classification of the reactor coolant 
pump, the structural integrity and function assessment shall been implemented to ensure 
equipment integrity for the complete plant design life. 

The Assessment of the pump components will be performed according to the functional 
requirements and classification, including the structural integrity assessment and 
functional test analysis. Pre-service and in-service inspection shall be in accordance with 
the requirements of RSE-M code. 

The reactor coolant pump set shall carry out following functional verification test: 

a) Motor tests; 

b) Shaft seals testing; 

c) Hydrostatic testing; 

d) Flywheel over speed test; 

e) Full flow performance test. 

T-6.5-3 Main Design and Performance Parameters of Reactor Coolant Pump 

Parameters Value Unit Remark 

Design service life 60 year  

Design pressure 17.13 MPa (g)  

Design temperature 343 °C  

Operating pressure 15.5 MPa (a)  

Rated flow 25450 m3/h  

Rated head 88.2 m  
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F-6.5-5 Reactor coolant Pump Outline Drawing 
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F-6.5-6 Reactor Coolant Pump Supports 

6.5.4 Reactor Coolant Piping 

6.5.4.1 Description 

The reactor coolant piping is part of the NSSS, which is an important component that 
forms the primary pressure boundary of the reactor coolant system, including MCL and 
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SL. The main design parameters are shown in Table T-6.5-4 and the structure schematics 
are presented in Figures F-6.3-6 and F-6.5-7. 

a) Main Coolant Line 

The MCLs carry reactor coolant from the RPV to the SGs and then to the reactor coolant 
pumps. The fluid is then returned to the RPV. There are three reactor coolant loops, each 
comprising: 

1) A Hot Leg: connecting the RPV to SG. It is made of 1 forged piece and comprises 
2 straight sections and 1 elbow; 

2) A Cross-over Leg: connecting the SG to the reactor coolant pump. It is made of 3 
forged pieces and comprises straight sections and 3 elbows; 

3) A Cold Leg: connecting the reactor coolant pump to the RPV. It is made of forged 
pieces and comprises 2 straight sections and 1 elbow. 

Each leg of the primary piping has a certain number of nozzles that connect with 
auxiliary systems and measurement instruments. Large nozzles (DN≥150), charging 
nozzles and primary piping are forged in an integrated manner, while small nozzles 
(DN ＜150) except charging nozzles are forged separately and then welded to the 
primary piping. 

b) Surge Line 

The SL connects the Hot Leg of Loop 3 to the PZR to control the pressure of the 
RCP [RCS]. The SL comprises 6 parts which are forged in austenitic stainless steel and 
welded together in the plant under controlled conditions to avoid damage in transit.  

The supporting system for the SL consists of two support hangers at two fixed positions 
on the SL. One end of the support hanger is fixed on the SL and the other end is 
composed of a spring supporting frame directly or through a bracket welded on the 
embedded plate. The support schematic drawing is seen in the Figure F-6.5-8. 

6.5.4.2 Design Principles and Codes 

The primary design principles of MCL and SL are as follows: 

a) Ensuring the integrity of the pressure boundary in DBC1-3 and DEC conditions; 

b) The manufacture of the MCL shall use a minimal number of forgings as far as 
possible to reduce the number of welds on the pressure boundary; 

c) The design of the SL should eliminate or alleviate the thermal stratification as far as 
possible; 

d) The Selection of materials with optimal material properties, tolerant to any 
manufacturing or in-service defects, mature international engineering experience, 
and considering the compatibility with the surrounding environment. In particular, 
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materials shall be selected that are resistant to erosion and work in harmony with the 
chosen reactor chemistry; 

e) Inspection and maintenance are considered in the design to reduce operator exposure 
As Low As Reasonably Practicable (ALARP). 

The structural design, material, welding, NDT, manufacturing etc. of MCL and SL 
comply with the provision of RCC-M. The Pre-Service and In-Service Inspections 
comply with RSE-M. 

6.5.4.3 Classification and Load Conditions 

According to the classification principles in chapter 4.5, the code class of MCL is 
RCC-M1 and the seismic class is SSE1. The code class of the SL is RCC-M1 and the 
seismic class is SSE1. For the UK HPR1000, the structural integrity classification of the 
MCL will be provided in the subsequent GDA steps based on the requirements of 
chapter 17. 

In order to provide justification of the structural integrity of the MCL and SL, the load 
conditions due to plant operating events in the design life are considered classified into 
design conditions, normal and upset conditions, emergency conditions, accident 
conditions and test conditions. 

6.5.4.4 Materials, Manufacture and Inspection 

The material of the MCL forging pipe (including the integrated nozzle) is X2CrNi19.10 
nitrogen controlled austenitic stainless steel forging, and the material of small nozzles is 
Z2CN19.10 nitrogen controlled austenitic stainless steel forging. The material of the SL 
is X2CrNiMo18.12 nitrogen controlled austenitic stainless steel forging. The material of 
both MCL and SL shall comply with the provisions of RCC-M sub-chapter M and MC. 
HPR1000 (FCG3) has some specific design features to reduce the potential of leaks in the 
primary circuit. The number of welds has been reduced in the SL and MCL compared to 
previous plants and to other stations planned for the UK. 

All parts of the MCL and SL shall be manufactured according to the procedure that is 
qualified by the provisions of RCC-M sub-chapter M. The welding process of the MCL 
and SL is evaluated according to the RCC-M sub-chapter S. During the welding process 
evaluation and product welding parameters of the control, inspection and testing are to 
meet the relevant requirements of RCC-M.  

Non-destructive inspection tests of the MCL and SL components during fabrication shall 
comply with the requirements of RCC-M. The Pre-Service and In-Service Inspection of 
the MCLs and SL shall comply with the requirements of the RSE-M code. The equipment, 
procedure and operators selected for non-destructive inspection shall have competent 
technical characteristics and ensure detectability under actual inspection conditions to 
ensure effectiveness and reliability of the non-destructive inspection techniques and 
results. 
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6.5.4.5 Structural Integrity and Function Assessment 

According to the functional requirements and safety classification of the MCLs and SL, 
the structural integrity and functional assessment shall be completed to ensure equipment 
safety over the plant design life. 

For the structural integrity of respective components of the MCL and SL, the mechanical 
analysis shall at least be executed according to RCC-M code. For the function safety of 
the MCLs and SL equipment, the MCLs and SL should have sufficient strength to 
transmit the coolant of the primary loop system. 

T-6.5-4 Main Design Parameters of Main Coolant Line and Surge Line 

Parameter Value Unit Remark 

Design life 60 year  

Main Coolant Line 

Design pressure 17.13 MPa (g)  

Design temperature 343 °C  

Inner Diameter 760 mm  

Pipe Thickness 72 mm  

Surge Line 

Design pressure 17.13 MPa (g)  

Design temperature 360 °C  

Inner Diameter 284 mm  

Pipe Thickness 36 mm  
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F-6.5-7  Structure Schematic Drawing of Surge Line 

 

 

F-6.5-8  Structure Schematic Drawing of Surge Line 
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