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ABSTRACT 

Floating nuclear power plant (FNPP) is built on the offshore platform and it is defined as a kind of Small and 
Modular Reactor( SMR) due to its power level. The FNPP can provide power supply, fresh water and high 
temperature steam and other products. So it can be used as special energy sources, such as regional power supply, 
district heating and offshore oil exploitation. At present, two types of FNPP, named ACP100S and ACP25S, are 
developed by China National Nuclear Corporation (CNNC). 

In this paper, the overall technical parameters and overall technical scheme of ACP100S and ACP25S are 
introduced firstly. On the basis of these schemes, the different arrangements of nuclear power plant which are used 
for meeting the different energy demands are discussed.  

Due to the different configuration of nuclear power plant, the requirements for the Instrument and Control 
(I&C) system are different, so the paper discusses some overall configurations of I&C system under the several 
typical arrangements models, i.e., the single reactor and the single turbine, the double reactors and double turbines, 
and the double reactors and the single turbine. Furthermore, the characteristics of these overall I&C configurations 
are analyzed. 
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1  INTRODUCTION 

Floating nuclear power plant (FNPP) refers to the use of offshore platform to build nuclear power 
plant. By using the offshore platform, FNPP can be operated in a fixed area. It is also capable of moving 
in the sea by using the self - propulsion or by tug. Therefore FNPP creates conditions for flexible 
deployment and use of nuclear energy in different regions, especially in the vast ocean area. Floating 
nuclear power plant can offer electricity, heat, water and steam and other products, which can meet the 
special energy supply area, district heating, offshore oil, chemical industry, or remote areas, islands and 
other needs. So it has the characteristics of strong flexibility and wide application [1]. 

Because of the obvious regional characteristics of offshore oil and gas exploitation and island power 
supply, the scale of load demand for FNPP is smaller than that of large nuclear power plants. According 
to user needs analysis, the regional power demand of FNPP is about 5MWe-150MWe. As a result, FNPPs 
tend to use a small reactor, the single reactor power range is less than 300MWe, belonging to the small 
reactor category which is defined by IAEA [2]. In the face of such a wide range of user requirements from 
5MWe to 150MWe, FNPPs can be used in the design of several possible solutions. The first solution is to 
develop a variety of reactors with different power levels to meet the energy needs of users. The second 
solution is to use one or two different scale power reactors as a basic module, to achieve energy supply 
through the one or two reactor modules of different quantity combination. Due to the long cycle and the 
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high research budget for the development of the new reactor, so the design of FNPPs often uses the 
second solutions. 

According to the characteristics of energy demand for Chinese domestic marine oil and gas 
exploration and island development, on the basis of the existing mature Pressure Water Reactor(PWR) 
technology, China National Nuclear Corporation (CNNC) has developed two kinds of small pressurized 
water reactors for FNPPs. These two types of reactors are named ACP100S and ACP25. The electric 
power of single reactor for ACP100S and ACP25S is about 100MW and 28MW respectively. In this 
paper, the overall scheme of the two floating reactors is introduced, and the possible combinations of 
these two kinds of reactors in a floating nuclear power plant platform are analyzed. Furthermore, the 
paper discusses some overall configurations of Instrument and Control(I&C) system under the several 
typical arrangements models, i.e., the single reactor and the single turbine, the double reactors and double 
turbines, and the double reactors and the single turbine. The corresponding overall frameworks of the 
I&C system are put forward in this paper. 
 

2   THE GENERAL TECHNICAL SCHEME OF ACP100S AND ACP25S 

2.1 The general technical scheme of ACP100S 
Based on the small modular reactor named ACP100 [3], ACP100S is developed by CNNC. 

Compared with ACP100, the ACP100S has been improved in the aspects of safety system, reactive 
control mode and equipment configuration, for considering the marine environmental conditions. The 
main technical parameters of the ACP100S floating nuclear power plant using a single reactor are shown 
in Table I. 

Table I. The main technical parameters of ACP100S 

Parameter Value/Type 
Thermal power 310MW 
Electrical power ~100MW 
Reactor layout  Integrated 

Refueling period 2 years 
Coolant average temperature 303 ℃ 

Operation pressure 15Mpa（a）* 
Fuel assembly number 57 

Reactivity control method Control rod, solid burnable poison  
Steam generator type Once Through  Steam Generator(OTSG) 
Main steam pressure 4MPa（a） 

Safety system Active and Passive 
Platform carrier form Double bottom double hull ship 

Hull displacement 40000t 
             * : ‘a’ means ‘absolute pressure’ 

The main technical characteristics of ACP100S are as follows: 
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1) Integrated layout of primary system and equipment. The OTSG is located in reactor pressure 
vessel(RPV). So the large lost of coolant accident(LOCA) is eliminated.  

2) Reactivity is controlled by the control rods and solid burnable poison to reduce the emission of 
radioactive liquid. 

3) The layout of RPV and equipment is benefit for natural circulation. 

ACP100S floating nuclear power plant includes hull system, reactor equipment, steam turbine 
generator and thermal conversion system, control room and living areas, power supply system, external 
security facilities , other auxiliary facilities and so on. The sketch map of the whole composition for the 
FNPP is shown in Fig.1. 
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Figure 1.   The sketch map of the whole composition for ACP100S 

    As shown in the Fig.1， the overall composition of floating nuclear power plants is as follows: 

1） Hull system 

The floating platform is used as the carrier platform of the nuclear reactor and the steam turbine 
generator. It is similar to the design concept of Floating Production Storage and Offloading (FPSO). The 
platform is made of steel, double hull and double bottom hull. It uses soft yoke single point mooring 
tower or multi point mooring positioning, also can use dynamic positioning system.  

The hull is divided into three parts according to its function: The nuclear reactor compartment, steam 
turbine engine and thermal conversion system is arranged in the double shell amidships. Residential 
buildings, spare diesel generator room, emergency control room, ship system equipment, marine system 
control room, etc. are arranged in the bow. The ballast tank cabin, mooring system cabin are located in the 
stern. 

     2) Reactor compartment 

     The reactor compartment (reactor building) shell is a sealed pressurized steel containment. The reactor 
compartment is enclosed by a protective barrier. Protective barrier includes stowage of the superstructure, 
multilayer roof stern wall, turbine island in the bow and upper distribution structure. The protective 
barrier forms an external protection system for the reactor compartment, which enables it to withstand the 
impact of foreign objects, including helicopter crash.  

3)Turbine island 
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Steam generator, steam water separator, deaerator, condenser, low pressure heater and feedwater 
pump and other auxiliary equipment, electrical equipment and local control room, heating water supply 
facilities are arranged in the turbine island.  

4) Hull peripheral facilities 

In order to realize the function of power and water transmission of FNPP, and to ensure the security 
of the Nuclear Power Plant(NPP), the hull peripheral supporting facilities are set up. These facilities 
include power transmission facilities (jacket distribution platform), water transmission facilities, power 
plant security facilities, standby power boat, etc... 

2.2 The general technical scheme of ACP25S 
The main technical parameters of the ACP25S floating nuclear power plant using a single reactor are 

shown in TableⅡ. 

Table Ⅱ. The main technical parameters of ACP25S 

Parameter Value/Type 
Thermal power 100MW 
Electrical power ~28MW 
Reactor layout  Loop type 

Refueling period 1.5 years 
Coolant average temperature 280 ℃ 

Operation pressure 15MPa（a） 
Fuel assembly number 25 

Reactivity control method Control rod, solid burnable poison  
Steam generator type U type steam generator (UTSG) 
Main steam pressure 4.2MPa（a） 

Safety system Active and Passive 
Platform carrier form Double bottom double hull ship 

Hull displacement 15000t 
 

The ACP25S reactor coolant system consists of a reactor and two loops for reactor coolant 
circulation. Each loop includes a reactor coolant pump (main pump), a saturated steam generator, the 
main pipe hot leg, the main pipe cold leg, etc.. The overall composition of the ACP25 floating nuclear 
power plant is similar to that of ACP100S. So this paper doesn’t describe it again. 

3  THE STUDY ON THE OVERALL STRUCTURE OF I&C SYSTEM UNDER 
DIFFERENT CONFIGURATIONS OF FNPP  

3.1 Configuration type analysis of ACP100S and ACP25S 
As mentioned above, the range of power levels involved in the demand of FNPP is large. From the 

point of view of  research and design(R&D) economy, it is not possible to develop a reactor with different 
power levels for each requirement. ACP100S and ACP25S are small reactors that can meet the needs of 
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users through different combinations of reactors, that is, a single reactor, two or more reactors like ACP25 
or ACP100S can be installed on a floating nuclear power plant to satisfy the needs of users of different 
capacities. For example, a single ACP100S reactor can be used to meet requirements for 100MWe level 
power requirements. When the user's power demand is more than 100MW, two ACP100S reactors can be 
arranged on a floating platform to meet the user's power demand (while considering other multi-purpose 
energy supply). ACP25S can use a similar configuration for user power requirements. At present, the 
ACP100S floating nuclear power plant, which is developed by China nuclear industry group, is arranged 
in the form of a single reactor typically, while the ACP25S floating nuclear power plant is arranged as a 
double reactor. When using a different number of reactors, the design of the secondary loop system of 
NPP will be different, that is, a few small power turbine generator or single high-power turbine generator 
can be used. Therefore, there are several reactor and turbine combination types for ACP100S and 
ACP25S, such as the single reactor and the single turbine, the double reactors and double turbines, the 
double reactors and the single turbine and so on. Under the different combinations, the operation control 
requirements are different, so the I&C system of FNPP should be designed according to different 
requirements. The following sections are illustrated with ACP25S as an example. 

3.2 I&C system structure for FNPP with single reactor and single turbine 
When a single reactor in a floating nuclear power plant can provide the power similar to the user's 

demand, and the secondary circuit layout space has a certain limit, the arrangement model of the single 
reactor and single turbine can be used. The system flow diagram of ACP25S with single reactor and 
single turbine is shown in Fig. 2. The diagram shows only the relationships between the devices that are 
directly related to the main control methods.  
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Figure 2. The flow diagram of the single reactor and single turbine for ACP25S 

When the FNPP adopts the configuration mode of single reactor and single steam turbine, the basic 
function of the I&C system is the same as that of the normal nuclear power plant. Taking into account the 
I&C system is based on network and computer digital technology, and the distributed control system 
(DCS) structure is used, in the case of a single reactor and single turbine the overall structure of I&C 
system is shown in Fig.3.  
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Figure 3. The overall configuration scheme of the I&C System of single reactor and single turbine

Using the structure shown in Fig.3, the I&C system is composed of the field layer, the control and 
protection layer and the manipulation and management layer.

1) Field layer

The field layer includes a variety of sensors, transmitters and actuators, such as temperature, 
pressure, liquid level sensors, a variety of pump and valve actuators. The field layer sends the measured 
signal to the higher level system or receives the control commands from the higher level system via the 
hard wire, the field bus connection is also adopted according to the actual situation.

2) Control and protection layer

Control and protection layer includes secondary instrument, electric drive (including electrical 
measurement) equipment and control and protection equipment. The secondary instrument mainly 
completes the signal reception and pretreatment, usually also includes the signal isolation, distribution
and level conversion. Electrical drive and measurement equipment completes the electrical control and 
measurement of various actuators (includes pump motor, valve drive head, control rod drive motor, etc.).
The control and protection device performs a logical or analog calculation on a variety of signals, sends 
out control and protection instructions to the driver, and sends out the relevant information to the upper 
level system.

3) Manipulation and management layer
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The manipulation and management layer is the highest level of the I&C system of FNPP. It realizes 
the information integration and information processing of various operating conditions, and provides the 
operator with the display alarm information and control means. At the same time, the management layer 
provides information interface to the whole plant information network and technology management. 

3.3 I&C system structure for FNPP with double reactors and single turbine 
When the user needs more power and the secondary system layout space has a certain limit, the 

arrangement model of the double reactor and single turbine can be used. The system flow diagram of 
ACP25S with double reactor and single turbine is shown in Fig. 4. 
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Figure 4. The flow diagram of the double reactors and single turbine 

Shown as in Fig.4, when double reactors and single turbine scheme is applied, the steam generated 
by the 4 steam generators from the two reactors is fed into the same steam main pipe through a steam 
pipeline, and steam is drawn out from the steam main pipe to a steam turbine generator unit. Steam 
condenses into water after work, and through the condensate and feedwater system equipment transports 
to the feedwater header, and then divided into four branches to four steam generators. In this case, there is 
a certain coupling between the secondary loop systems of the two reactors, and there may be a "grab 
load” phenomenon, so the requirements for the operation and control is higher. 

According to the above system flow and the related control requirements of double reactors and 
single turbine, the overall I&C system configuration under this condition is shown in Fig.5. In Fig.5, the 
I&C system of No.1 and No.2 nuclear steam supply system(NSSS) represent the instrumentation and 
control system of reactor 1 and its associated systems and reactor 2 and its related systems. Seen from the 
Fig.5, in the case of double reactor and single turbine, the I&C system of the primary and secondary 
system can be set up independently for each of the two reactors. The I&C system of the two reactors 
exchange information with the control and protection system of the turbine generator at the same time. 
The instrument and control system's overall structure of single reactor is similar to that of Fig.3, which is 
divided into three levels. The I&C system of each reactor has the same function that realize the energy 
conversion between the primary loop and secondary loop, while maintaining the main parameters 
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stability, and monitoring the running of the reactor through the operating and display system for each of 
the two reactors. 
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Figure 5. The overall configuration scheme of the I&C system of double reactors and single turbine 

Compared with the I&C system configuration of the single reactor and single turbine, the 
coordinated control system and the public information integrated management system for two reactors are 
considered in the overall structure of the I&C system for double reactors and single turbine. The public 
information integrated management system is used for the unified management and monitoring of the 
public facilities and equipment information between two reactors. The coordinated control system is set 
up specifically for the "nuclear power system of double reactors and single turbine ". During the FNPP 
operation, the coordinated control system plays the total scheduling functions in two reactors and the 
turbine generator with sending coordinated control command to related control systems. On the one hand, 
it causes the reactor power to track the turbine load; on the other hand, it can restrain the impact of the 
load jump on the reactor. Each reactor is operated in accordance with the target load allocated by the 
coordinated control system to prevent the occurrence of "grab load".  

3.4 I&C system structure for FNPP with double reactors and double turbines  
When the user needs more power and the secondary system layout space is big enough, the 

arrangement model of the double reactors and double turbines can be used. The system flow diagram of 
ACP25S with double reactors and double turbines is shown in Fig. 6.  

The FNPP with double reactors and double turbines shown in Fig. 6 has the two operating modes. 
The one is separate operating mode, the other is joint operating mode. The separate operating mode is 
described as follows:  

- Under normal conditions, the two nuclear power units are relatively independent, and the energy 
conversion is taken place between the two reactors and the corresponding steam turbine generators; 

- In case of failure of the reactor or steam turbine generator set or condensate feedwater system, the 
corresponding nuclear power unit shall be shut down, and the other unit shall be kept in normal operation 
or enter a power down state according to its own situation. 
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Figure 6. The flow diagram of double reactors and double turbines 

The separate operating mode is the most commonly used and the simplest operating mode of the 
FNPP with double reactors and double turbines. The overall structure of the I&C system of the FNPP 
with double reactors and double turbines in the separate mode is shown in Fig.7. 
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Figure.7 The Overall Configuration Scheme of the I&C System of the Two Reactors and Two Turbines 

(Separate Mode) 

In Fig.7, the internal structure of I&C system for No. 1 and No. 2 nuclear power plant is similar to 
that of in Fig.3. The public information integrated management system is set up between the two nuclear 
power plants, so as to realize the unified management and monitoring of possible public facilities and 
equipment information. 

The setting of the joint operation control mode of the double reactors and double turbines is mainly 
based on the following considerations:  

- The reactor is normal  
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- And only one turbine generator or condensate feedwater system is in state of failure and can’t be 
repaired in a short time 

- But it is necessary to provide users with as much energy as possible in a certain period of time. 

Therefore, the power of a single steam turbine generator or the capacity of condensate water system 
has a certain design margin. Under normal circumstances, the FNPP operates according to the separate 
operating mode. When the above fault occurs, the nuclear power plant enters the joint operation mode. 
The turbine generator or condensate water supply system which is in state of failure is shut down, and the 
power level of the two reactors is gradually coordinated. In certain premises (such as the parameters 
between steam header 1 and 2 or feedwater header 1 and 2 are matched), the bridge pipe valves as shown 
in Fig.6 are opened and the excitation of turbine generator is changed, so the combined steam supply of 
the two reactors to the turbine generator unit which can still operate normally and the combined water 
supply of the condensate and feedwater system in good condition to the two reactors are achieved. In this 
case the configuration of FNPP degenerates into the type of double reactors and single turbine and the 
overall structure of I&C system is similar to that shown in Fig.5. The coordinated control system for two 
reactors is used for achieving the conversion of operation mode and follow-up control. 

4  CONCLUSIONS 

In order to meet the needs of users, there have a variety of system configurations and operation 
mode for FNPP and the typical system configuration modes include single reactor and single turbine, 
double reactors and single turbine, and double reactors and double turbines. In this paper, based on the 
discussion of the system flow and operation mode of the three configurations, the overall structures of 
I&C system are proposed. The main features of these three systems are as follows:  

1) The operation control of FNPP with single reactor and single turbine is relatively simple, and the 
overall structure of I&C system is similar to that of the existing nuclear power plant; 

2) The operation control of the floating nuclear power plant with double reactors and single turbine 
is relatively complex, and the coordinated control between the two reactors should be considered in the 
overall design of the I&C system; 

3) In the case of FNPP with double reactors and double turbines, if there is only the separate 
operation mode, the overall structure of I&C system can be considered according to the situation of the 
single reactor and single turbine. If there is a complex joint operation mode, it is necessary to refer to the 
overall structure of I&C system for that of double reactors and single turbine, and to consider the 
coordination control problem for two reactors. 
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