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 Principally, fusion can be an almost infinite source and environmentally, the safest type 

of energy on the earth. Creating fusion reactions on the earth (in fusion power plants) at 
high temperatures and pressures is of the appropriate alternatives of human to convert 

the obtained heat to electric energy. Fusion power plants, especially in comparison with 

the various conventional nuclear power plants (fission type), have some advantages 
such as ample fuel, easy and cheaper fuel cycle, very high safety, lack of producing 

nuclear residuals with strong radioactivity, and lack of generating harmful radiations for 

human and environment. Currently, the most important project in this bound is ITER 
(international thermal experimental reactor) with the purpose of technical and scientific 

feasibility study of thermo-nuclear fusion (this project is completing with international 

cooperation in France). In addition to structure, systems, and components related with 
thermo-nuclear fusion used in experimental and research specimens such as ITER, a 

thermo-nuclear power plant should necessarily have structure, systems and components 

of cooling, converting thermal energy to electric energy (such as steam power plants) 
and distributing electric energy through grid as well as other structures, systems and 

supporting, service-providing and complementary components required by a power 

plant (inside and outside of the main site). Given that such a power plant has not ever 
been constructed in the world (generally, the performed activities had been at 

experimental and designing stage) and with respect to the national and universal needs 

of research and design activities, especially on design, arrangement and layout of these 

power plants’ buildings, the present study attempted to investigate the principles and 

criteria of preliminary design of Tokamak building , overall arrangement of complex, 
and layout of building complexes of a fusion power plant (based on ITER). 
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INTRODUCTION 

 

 Designing a 1000 megawatt electric fusion power plant (about 3000 megawatt thermal) based on ITER (in 

regard of its research and experimental matter) requires specifying changes and sizes of Tokamak in relation 

with ITER (causing the change of stories’ balance and Tokamak building’s size) and selecting main cooling 

systems (for transferring heat), system of converting energy (thermal to electric), and distributing system of 

electric energy (connection to electricity grid) which are not considered in ITER design. Therefore, the present 

study tends to determine the principles of selecting Tokamak, cooling system of blanket based on European 

fusion power plants conceptual studies, systems (similar to ITER and power plant specific) and building 

complexes (similar to ITER and power plant specific) that influence the size of ITER’ Tokamak building, the 

arrangement of size and the layout of its building complexes. 

 

1. Tokamak: 

 The main components of Tokamak are Poloidal and toroidal super conducting field coils that confine, shape 

and control the plasma within a toroidal shaped vacuum vessel (Figure 1). Within the vacuum vessel, removable 

components, diverting boxes and trapdoor lids absorb more plasma and protect the vessel and magnetic coils 

against high radiations of neutrons.  
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 In a power plant, the size of Tokamak will be the most important factor and shaping element of Tokamak 

building and according the power plant. The appropriate size of a fusion power plant (by magnetic confinement) 

is determined provided that there is sufficient plasma for combustion. Based on the scaling ITER, the minimum 

dimensions of a Tokamak power plant will have physical sizes greater than the current design of ITER and an 

output about 3000 megawatt of thermal power (corresponding with 1000 electric megawatt) (Statt, 2007: 225-

226). 

 

 
 

Fig. 1: The principle of a Tokamak ) EPRI 2012:2-2). 

 

 As an instance of Japan's Steady State Tokamak Reactor (SSTR) is one of 1000 megawatt fusion power 

plant which is designing and building based on the results obtained from experimental and research design and 

construction of ITER. Table 1 presents the functional characteristics of this power plant with ITER reactor. 

 
Table 1: Comparing functional characteristics of ITER tokamak and a steady fusion power plan (the author, based on JAERI 2000: 72). 

Functional Characteristics ITER Tokamak Steady State Tokamak Reactor Difference 

Main radius of plasma 6.2 m 7 m 1.2 m (an increase of 13%) 

Current of plasma 15 mega-ampere 12 mega-ampere 3 mega-ampere 

Volume of plasma 700 m3 700 m3 - 

Fusion output (thermal) 500 megawatt 3000 megawatt 2500 megawatt 

Electricity output - 1080 megawatt 1080 megawatt 

 

2. European Fusion Power Plant: 

 During 3 years, European Fusion Power Plant Conceptual Study (PPCS) were performed from the middle 

of 2001 to the middle of 2004 for commercial fusion power plant conceptual study. These studies had focused 

on 4 models of power plants such as PPCS A, PPCS B, PPCS C, and PPCS D, indicating a wide range of 

capabilities (Table 2).  

 
Table 2: Comparing the Characteristics of Blanket and Divertor of ITER and the Models of European Fusion Power Plants (the author, 

based on EFDA 2005). 

 

 
Model 

Blanket Deviating 

 

Type 

Cooling  

Type 

 

Cooling Type Temperature 
(C0) 

Pressure 
(MPa) 

in out 

ITER copper alloy and stainless 

metal with Coated 
beryllium 

Water 100 150 4/2 Copper alloy with 

tungsten carbide 
coating 

Water 

PPCS A Lead-liquid lithium Water 285 325 15 Copper alloy with 

tungsten carbide 
coating 

Water 

PPCS B Lithium ortho-silicate and 

beryllium pieces 

Helium 300 500 8 Tungsten alloy Helium 

PPCS C Lead-lithium Helium and liquid 
metal of Pb-17Li 

480 700 8 Tungsten alloy Helium 

PPCS D Silicon carbide Lead-liquid lithium 700 1100  Silicon Carbide Lead-liquid 

lithium 

 

3. Systems: 

 Considering the experimental and research matter of ITER, an ITER-based commercial fusion power plant 

is divided into two general classes of systems including ITER-like systems (magnetic, vacuum vessel, divertor, 

additional heating and current drive, plasma diagnostic, vacuum pumping & fuelling, remote Handling, Tritium 

and cryoplant systems) required for generation, confinement and control of fusion energy and specific systems 
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which do not exist in ITER (such as energy conversion system) or are highly changed in relation with ITER 

(such as cooling water and electricity supply and distribution system). 

 

3-1. ITER-like Systems: 

 Magnets:   

 Plasma is confined and shaped with 3 combinations of toroidal and poloidal magnetic field and plasma 

flow. All magnetic coils are super conductive. These systems include 18 toroidal fields, 3 central coils, 6 

polodial coil, and 18 toroidal coils (Figure 1).  

 

 Vacuum vessel:  

 The main performance of vacuum vessel is to supply vacuum with high quality for plasma. Additionally, 

there are a buffer vessel for radioactive substances and a secondary buffer (after cryostat) for separating air from 

potential resources of generating hydrogen within the vessel. Vacuum vessel support components within the 

vessel and its loads during normal and abnormal exploitation and with other components within the vessel, 

provide a radiation shield, particularly for magnets and the opportunity to access cryostat and trapdoor’s 

connections (Figure 1). 

 

 Divertor:  

 The main function of divertor system is to take out a great part of an alpha particle’s power plus helium and 

impurities due to plasma. In the following, with respect to selecting model A of European fusion power plant, 

divertor is similar to ITER divertor including a structure (pipes) made of copper alloy with tungsten covering (in 

contact surface with plasma) with an acceptable divertor thermal flux of 15 MW/m
3
 and cooling water 

temperature of 150 C
0
 low temperature divertor) (Figure 1). 

 

 Additional heating and current drive:  

 Multiple roles and wide spectra of performance are assigned to additional heating and current drive systems 

in power plants. All key phases of reference scenario, the increase of plasma temperature, achieving stable 

combustion, neutralizing instabilities, and achieving mild end through entering additional heating and current 

drive are controlled and supplied by this system; they work with appropriate combination of neutron radiations 

and three radio frequency system (electron cyclotron, ionid cyclotron and weak compound frequency).  

 

 Plasma diagnostic system:  

 To supply the requirements of measuring the first wall and plasma, a wide diagnostic set of independent 

measurement is required for physics studies, controlling plasma and protecting equipment which all are done by 

plasma diagnostic system.  

 

 Vacuum pumping & fuelling:  

 Refuelling system includes a gas supply system and some distribution systems such as gas injection, pill 

injection system, topical gas supply system for neutron radiation injectors and detective neutron radiation, and 

extinguisher system of fusion force. Gas injection system is used for refuelling by plasma and delivering gases 

for preparing buffer. All gases are supplied from tritium factory.  

 

 Cryostat, vacuum vessel suppression system, and thermal shields:   

 Cryostat creates a vacuum environment to avoid convectional heat transfer to super conductive magnets and 

cool structures and shapes secondary vessel buffer for radioactive materials within the vacuum vessel (Figure 2). 

Thermal insulation system transfer thermal loads through radiation and thermal conductivity due to hot 

components to structures and decreases components. Cooling system of vacuum vessel pressure confines the 

internal pressure of vacuum vessel in an allowed amount during losing chiller obtained from the internal 

components. 

 

 Remote handling system:  

 Due to neutron activity, the internal components of the vessel should be repaired, inspected or kept from 

remote distance. Components of the first wall are within the vessel under plasma-buffer interactions, leading to 

weariness. Such a fact needs of various and regular reconstruction based on weariness; therefore, constitute may 

need to be replaced due to unexpected mistakes, causing specific and public remote handling of components 

within the vacuum vessel. 
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Fig. 2: Profile of ITER cryostat and its embedded systems (Alejaldre 2014: 2). 

 

 Tritium plant & detritiation:  

 Briefly, the functions of this plant include producing all tritiumized gaseous flows resulted by the resources 

within the plant to produce gaseous flows for refuelling, confining tritium with multiple buffers and removing 

tritium from the residuals of tritium consignment and polluted air of the room and removing tritium from the 

tritiumized residual water. 

 

 Cryoplant and cryodistribution:  

 One of the main requirements of cooling system is chilling in stable status, which is similar to great public 

cooling factories.  

 

3-2.   Specific systems:  

 Specific systems of a commercial fusion power plant include the main cooling systems, the systems of 

converting and supplying energy, and producing and distributing power which are absent in ITER.  

 

3-2-1. Cooling system: 

 As cooling system of power plant, model A of European fusion power plant is selected with respect to the 

local technology of nuclear power plants of PWR fission in the country (nuclear power plant of light water in 

Boushehr and Darkhovin). This model entails the blanket of lead-Lithium liquid with water cooling and cooling 

water: 

 

 Blanket:  

 The performance of the blanket system is to supply the main heat and protect against nuclear radiations for 

the vessel and the internal components of the machine. The blanket units are directly connected to the vacuum 

vessel and the pipes of supplying cooling water are installed on the vacuum vessel back of the units. The blanket 

is made of liquid Lead-Lithium with cooling water, Lithium is used as a Tritium-generating substance, and Lead 

is used as a neutron increasing to improve the efficiency of conversion. The fence within the vessel of metal 

cooled with water is similar to the vacuum vessel and in the blanket units, the mean of pressure and the 

temperature of cooling water are 15MPa and 300 
0
C, respectively, which is similar to the work of PWR fusion 

power plants (Figure 3). 

 

 Cooling water:  

 Cooling water includes the main cooling water systems; cooling water of Tokamak, cooling water of 

components, and cold water. 

 

3-2-2. Energy conversion system: 

 With respect to selecting the model A of European fusion power plant for the blanket system (cooling 

water) which is similar to the working conditions of PWR fusion power plants, energy conversion system of the 

model is selected based on the qualified technology of PWR that its overall thermodynamic efficiency is similar 

to PWR fusion power plant (Figure 4). Therefore, energy conversion system in a nuclear fusion power plant 
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includes the main steam-systems, condenser and feed water, chemical supplement, condenser treatment, and 

complementary steam (URD Rev. 8: 2.1-5). 

 

3-2-3. Power supply, generation and distribution system: 

 The system of supplying, generating and distributing power entails the systems of supplying power, 

complementary power distribution and the main power distribution work as follow: 

 

 Power supply system:  

 This system supplies the power of the power plant during construction and the primary set up which can be 

used through two independent systems out of the site via the national power grid (if possible) and/or an about 

100 Megawatt gas power plant specific of the own power plant.  

 

 Complementary power distribution system:  

 This system includes the necessary equipments of distributing power in systems and equipments required 

by the power plant in normal and abnormal exploitation conditions.  

 

 Main power generation and distribution system:  

 This system includes the main power generation as the resource of electrical power, connections and 

requirements required for delivering the generated power to the strong power grid of national power 

distribution. 

 

 
 

Fig. 4: Poloidal distribution of the blanket units (EFDA 2005: 10/14). 

 

 
Fig. 5: Energy conversion system of the model A of European fusion power plant (EFDA 2005: 13/14). 

 

4. Building Complexes: 

 The buildings of the power plant have the performance of embedding, supporting, controlling access, 

providing appropriate environmental conditions and providing services for systems, and equipments and its 

internal components. These buildings are classified into two main groups of radiological controlled buildings 

and public buildings. Radiological controlled buildings entail Tokamak buildings, Tritium, hot cell, low level 

residual, turbine, and personnel access control which are the center of power plant and designed beyond their 
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specific performance to complete protection from employees against radiations and contamination and to 

complete confining buffers confining the dissipation of contamination to the external environment in accidental 

conditions. Accordingly, these buildings are designed in such a way they supply appropriate protection against 

radiation, ventilation, drainage, and access control and they should have the conditions of resistance against 

earthquake SL-2 based on the nuclear safety regulations.  

 Building complexes of an ITER-based commercial fusion power plant (with respect to its research and 

experimental matter) are divided into ITER-like building complexes (hot cell and radwaste, pulsed power 

supply, steady-state power supply, cryoplant, control and utility tunnels, service structures and site 

development) and specific building complexes which or are absent in ITER (energy conversion complex) and/or 

are highly changed in relation with ITER (Tokamak complexes and power supply, generation and distribution 

areas).  

 

4-1. ITER-like building complexes:  

 Include the complexes of hot cell and radwaste, pulsed power supply, steady-state power supply, cryoplant 

and control. 

 

4-1-1. Hot cell and radwaste complex:  

 This complex include the hot cell, low level radwaste and personnel access control buildings.(Figure 7): 

 

 Hot cell building:  

 This building is placed near to Tokamak building to facilitate transferring pieces replaced from Tokamak. 

This building is a 2-story rectangular reinforced concrete in the size of about 55 m 45 m. In ground floor 

repairing components within the vessel, dusting, warehouse, repairing and replacing remote handling tools, 

producing residual, residual warehouse, transportation and warehouse, and receiving new parts are performed; 

in the second story, remote handling requirement test, Tritium removing and air confinement control are carried 

out.  

 

 Low-level radwaste building and personnel access control building:  

 This building is located near to the buildings of hot cell, Tritium and Tokamak to facilitate radiation 

exposure control management, employees’ health physics and decrease of the length of radioactive residual 

cleaning connections. The building of employees’ access control with rectangular metal structure is in the 2 

stories with the dimensions of about 36  24 m and the height of 8 m.  

 

4-1-2. Pulsed power supply complex:  

 This complex include magnet power supply switching network building, north and south magnet power 

conversion buildings, NB power supply building, pulsed power HV substation area, NB power supply area 

(Figure 7). 

 

 Magnet power supply switching network building:  

 The main function of this building is to maintain the connections of BUSBARs for entering direct-current 

electricity power from magnetic power conversion buildings, magnetic power switch grid, protective equipment 

of toroidal field circuit, and resistances warehouse. It also entails a precise tools room, employees ‘supportive 

facilities with public services such as air conditioning, light, power, wastewater discharge,  fluids, and lifting 

capacity. A compact air system and cooling water supply system are placed in the ground floor. This building is 

in the 2
nd

 floor (rectangular metal structure) in the dimensions of 46  70 m and the height of 14 m (in the levels 

of 0.00 and 7 m) in north south direction. This building has been within high safety fence of the power plant in 

the western side of Tokamak building due to the decrease of the length of magnetic power’s BUSBARs.  

 

 North and south magnet power conversion buildings:  

 These two buildings (in 2 stories) have been arranged in a relatively high and narrow form to supply enough 

internal space for the converging complexes and the related equipments; they also provide big external walls for 

the connections to the convertors.   

 

 NB power supply building: 

 This building provides enough space for the convertors of neutron radiation injection, control chamber and 

the inventers to supply plasma power, including a control room, employees’ supporting facilities with public 

services such as air conditioning, light, power, wastewater discharge, fluids, and lifting capacity. This building 

has been located within high safety fence of the power plant building in the northern side of Tokamak building, 

next to the bound of neutron radiation power supply encompassing power supply units and neutron radiation 
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injectors units. This building has the dimensions of about 15  45 m and the height of 11 m with 2 stories in the 

levels of 0.00 m and 6 m and the roof level of 11 m.  

 

 Pulsed power HV substation area:  

 This bound is an external yard switch and encompasses heating systems of plasma and magnetic.  

 

 NB power supply area:  

 The units of power supply injectors of neutron radiation are placed in the bound of neutron radiation power 

supply in the north and near to hot cell. This bound has a dimension of 100 80 and includes a structure (neutron 

radiation power supply building) encompassing static convertors and the reversers related to neutron radiation 

injectors’ power supply. 

 

4-1-3. Steady-state power supply complex:  

 This complex entails the emergency power supply building, alternating current distribution building, steady 

– state power HV substation area and 3.3 kV power supply structures (Figure 7): 

 

 Emergency power supply building: this building is a 3-story rectangular reinforced concrete with the 

dimensions of 36 m 44 m and the height of 15 m which has been located at the end of western high safety 

bound near to switch yard of stable state power supply. This building encompasses two sets of generator diesel 

with control and switching equipments to supply power of the power plant in emergency state.  

 

 Steady – state power HV substation area:  

 This bound is an external switchyard and entails the loads of cryoplant, cooling systems, hot cell systems, 

air conditioning and so forth.  

 

 Alternating current distribution building:  

 This building is a 2-story reinforced concrete structure. Due to the need of the room of a direct power 

battery for resisting against the applied feasible hydrogen explosion and heavy equipments in the ground floor.  

 

4-1-4. Cryoplant complex:  

 This complex includes Cryoplant coldbox building (and PF coil fabrication building 1), Cryoplant 

compressor building (and PF coil fabrication building 2) and Cryoplant storage tanks (Figure 7): 

 

 Cryoplant coldbox building (and PF coil fabrication building 1):  

 This building is implemented at the first stage of constructing power plant and it is firstly used to build 

poloidal field coil, which is a 1-story structure with free span. This building provides the space of the process 

equipments and is serviced by cranes, which are appropriate to repair, install and dismantle Helium coldboxes. 

 

 Cryoplant compressor building (and PF coil fabrication building 2):  

 Just like cold box building, cold box compressor building is implemented at the first stage of constructing 

power plant and it is firstly used to build poloidal field coil which is a 1-story structure with free span. This 

building provides the space of the process equipments and is serviced by cranes which are appropriate to repair, 

install and dismantle compressors.  

 

4-1-5. Control complex:  

 This complex includes control, laboratory/office buildings and the personnel and vehicle access control 

gatehouse (Figure 7):  

 

 Control building:  

 This building has been located in the south and east of Tokamak complex, within high safety fence of 

power plant. It has underground stories (machine room, load center, cable room, convertor room, library, 

meetings room, warehouse, and offices), ground floor (control room, computer room, dress changing bound, 

visitors’ room, offices). It has the dimensions 42 m 72 m and the height of 8 m. 

 

 Laboratory/office buildings:  

 The office building of power plant has been located outside high safety fence of power plant with a 5-story 

rectangular structure with an amphitheater.  
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4-1-6. Utility tunnels and service structures, and site improvements:  

 Underground tunnels between buildings provide a protected path for piping cooling water, cooling line 

piping, electrical power, communicative services, control wiring and instruments, optical fiber cables, and 

public utilities such as light, electricity and fluids. The tunnels are mostly used for piping of cooling system of 

power plant which comes from cooling tower pool to Tokamak building and it’s another main function is for 

electrical power.  

 

4-2.    Specific Buildings Complexes: 

  With respect to selecting energy conversion system of a PWR fusion power plant, Tokamak building 

should be designed in such a way that the main cooling system, steam generators and its related components can 

be located in the building. Therefore, Tokamak complex including Tokamak building has many differences with 

ITER Tokamak building. Due to its experimental and research nature, ITER power plant has not energy 

conversion systems (steam and electricity) and the bound of connecting to national power grid. Accordingly, 

energy conversion building complex and the bound of connecting to national power grid have not been 

considered for this power plant. As a result, specific building complexes include Tokamak complexes, energy 

conversion and supply, power generation and distribution.  

 

4-2-1. Tokamak complex:  

 This complex includes tokamak building, laydown, assembly, and RF heating building, tritium, vacuum, 

fuelling, and services building and diagnostic and TF coil fast discharge resistors and capacitors building which 

are integrated on a unique foundation. The main cause of establishing Tokamak buildings on a shared 

foundation is the decrease of the probabilities of handlings related to seismic events in many pipes and ducts 

between them (Figure 7): 

 

 Tokamak building:  

 This building provide the controlled space and air required for exploiting and installing power plant, 

additionally, due to its safety role, with respect to creating a biological fence made of  boron-doped concrete 

around  cryostat, the secondary chamber buffer,  pressure difference supplier in different regions around 

Tokamak is of importance. The arrangement of the building is in such a way that there is the opportunity of 

installing and working a Tokamak with 18 parts with radius valves in 3 vertical levels, at least 2 steam 

generators, main cooling pumps and  pressurizer in 3 main spaces of the well, corridors and salon of crane. 

Tokamak well is a space surrounded by cylinder bio-shield wells and cryostat, vacuum vessel, magnetic and 

embed all other parts within the vessel and cryostat. The structure of Tokamak well is in such a way that allows 

replacing central coil, replacing or repairing in each poloidal coil and various parts of machine (including the 40 

° part of vacuum vessel, thermal fences and 2 doughnut-like filed coil). The cryostat is placed on the foundation 

of Tokamak building. Enough access between bio-shield in the foundation level exists through the pieces which 

can be temporarily removed; therefore, it is possible to warp again in the place of lower poloidal field coil, if it 

is needed. The architecture and dimensions of Tokamak building are determined through a weighted complex 

between various structural and functional constraints such as the dimensions of equipments, service channels, 

internal handling, structural elements, fencing, repair obligations, and primary assembly. The height of rooms in 

the balance of valve has been determined with respect to the height required by dictated valve and the height of 

rooms in other stories with respect to the equipments in each story. The boxes of the terminal of doughnut-like 

magnetic field coil and lower and semi-lower magnetic field coils of the central cylinder coil have been placed 

in the balance of the foundation under the deviating valve. The height of Tokamak building is determined 

through 2 factors of the height of the well under the upper bio-shield and the height of high salon of bio-shield. 

Considering the characteristics of Westinghouse Company, a 1000 megawatt power plant has the dimensions of 

2 steam generator with the diameter of 5.5 m, the height of 24 m, and the weight of about 730 tone, and 4 main 

cooling pump, each of pumps with the diameter of 1.5m, the height of 7 m, the weight of about 91 tone, and a  

pressurizer of the main cooling circuit with the height of about 16 m, the diameter of 2.3 m and the weight of  88 

tone, causing many changes in the vertical plan and arrangement of Tokamak building relative to ITER (Figure 

5).  Furthermore, the plan and arrangement are principally determined with the spatial needs for cryostat that 

determines the internal diameter of biological fence well. The thickness of the biological fence well (2 m) 

provides the required structural resistance and radiation fence for valve cells. In the western side of the building, 

the well of crane’s leverage on the well of the internal corridor relying on the entrance of assembly process is 

placed on Tokamak well to increase the productivity of assembly salon and complete covering of the crane.  

 

 Laydown, assembly, and RF heating building:  

 This building is a big rectangular reinforced concrete building that has been placed in the southern side of 

developing Tokamak crane salon and embedded several vital functions. In the stage of machine assembly, 

building is applied for assembling the power plant’s machine and in this time, the building has only shield. The 
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area of the ground floor allows easy access to the materials and components within the bound with the capability 

of pre-assembly of two doughnut-like field coils with a 40 ° part of vacuum vessel and internal thermal fences 

using big pre-assembly tools required to replace these big and heavy components. Several hundred tones cranes 

have been used in this stage and the rails of the crane have been designed for slow transferring from Tokamak 

building to the building of assembly, establishment and radio frequency heating.  

 

 Tritium, vacuum, fuelling, and services building:  

 To decrease the length of process lines of Tritium and vacuum, this building should be necessarily 

connected to Tokamak building and constructed on a foundation shared with Tokamak building. This building 

has been constructed for maintaining the main systems in 7 stories. The height of the rooms in each story is 

determined through equipments established there.  

 

 Diagnostic and TF coil fast discharge resistors and capacitors building:  

 This building is a 4-story reinforced concrete on the ground and one underground story, including diagnosis 

equipments and systems of protected neutron test’s bound, chambers, spectrograms, reflection meter, pole 

detector, and doughnut-like interferometer. Additionally, this building encompasses capacitors and electrical 

resistances of doughnut-like coils’ rapid discharge and BUSBARs of supplying direct power flow for magnetic 

coils.  

 

 
Fig. 6: Steam generators, cooling pumps and pressurizer of a 1000AP power plant (Cummins, W.E et al., 2003). 

 

4-2-2. Energy conversion complex:  

 This complex entails the turbine building (converting heat to electricity), hot basin and cooling towers, 

cooling water pumping station and main power distribution area. 

 

 Turbine building:  

 The functions of this building include supporting and maintaining turbine- power generation and its 

complementary equipments such as lubricating oil, cooling system and hydrogen supply, stator cooling system, 

gasket oil system, hydraulic control system, power generation stimulus, steam gasket system as well as the 

equipments related to turbine- power generation such as condensers, feed water heaters, condenser pumps and 

feed water, condenser treatment system and other systems. 

 

 Hot basin and cooling towers:  

 Cooling system of power plant can be dry or wet with respect to climatic conditions and computations 

related to cooling powers. Cooling in dry mode is performed through air and it is carried out through water 

(river, sea and/or well) in wet mode.  

 

 Cooling water pump station:  

 The main station of cooling water has been placed in the eastern side of Tritium building to decrease the 

distance of cooling water. This station is connected to cold water pool through installation tunnels. The 

dimensions of this station’s structure is 18 m (eastern western), 50 m (northern southern) and the height of 14 m.  

 

4-2-3. Power supply, generation and distribution complex:  

 This complex includes a gas power plant about 100 megawatt for setting up the power plant (in case of lack 

of required power supply from national power grid), electricity residuals, electrical load centers, convertors, 

switch gears of connecting to the site and national high voltage power grid. 
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5. Site layout: 

 The site layout of power plant should be designed with respect the least area required by the stories, 

decreasing systematic interferences and minimizing the intervals by considering key strategies of 1) avoiding 

various systems interference such as electrical power, cooling water and residual handling, 2) site arrangement 

by considering the entrance of electrical systems from the west side, locating cooling systems in the east, the 

concentration of the functions related with employees in the south side, and the establishment of residual 

management functions in the north, 3) the possibility of developing the capacity of systems in the design of 

systems, buildings and sites.  

 The power plant’s site is surrounded with 2 sets of fences. The external fence surrounds the overall bound 

including whole bound under the control of operational institute of the power plant. The internal fence also 

surrounds a highly secured area, preventing the entrance of not allowed individuals and vehicles.  All the 

buildings and structures of ITER but cooling structure and pool, administrative building of laboratory and 

stable-state and pulse-like switch yard and the main power distribution are placed in the highly secured area. 

During constructing Tokamak, the primary access has been from the south but various accesses are possible 

from other points for the site during the construction. During exploitation, all accesses (employees and vehicles) 

are towards highly secured area of the power plant through access control of the entrance and guard placed in 

the south side of the site out of the safety fence. For the agent employees in the radiologically controlled 

buildings, the access id through employees’ access control building and this building has been connected to 

Tokamak complex, providing a controlled path and changes facilities for employees’ access to regions with 

pollution potential in the radiologically controlled buildings. 

 With respect to selecting cooling system of model A of European fusion power plant (similar to PWR 

nuclear power plant) as the base and accordingly, applying energy conversion system of an advanced PWR 

nuclear power plant, the arrangement of buildings related to energy conversion complex of an  advanced PWR 

nuclear power plant (Figure 6) including turbine, deaerator, electrical convertors; area, switch yard of power 

distribution and connection to national grid, cooling towers area, cooling water pump station in combination 

with ITER site arrangement (Figure 7) can be used in the design of power plant site and achieve the appropriate 

arrangement of a commercial power plant after creating necessary changes in Tokamak building design due to 

adding the main and secondary cooling system (which causes adding the main equipments and great steam 

generators, the main cooling pumps, and pressurizer). 

 

 
 

Fig. 6: An advanced PWR nuclear power plant site layout (URD Rev. 8: Appendix B). 

 

6. Conclusion: 

 Selecting water for the main cooling system (blanket) of a power plant with the temperature about 300°C 

and the pressure of 15 Mpa (Table 3) which ahs the nearest conditions to the model A of European fusion power 

plant conceptual studies allows applying energy conversion system and thermodynamic efficiency of an under 

pressure light water nuclear power plant for the power plant. The capacity of generating 1000 megawatt 

electricity of the power plant causes applying a Tokamak with the radius of 7 m (Table 4). In addition to an 

increase of 13% in the main radius of the proposed Tokamak relative to ITER, adding steam generators, cooling 

pumps and pressurizer of an advanced light water power plant under licenses of Westinghouse Company (Table 

5) will cause high changes in the dimensions compared with ITER Tokamak building. 
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Fig. 7: The ITER site layout (ITER 2001, 3-6:3). 

 
Table 3: The characteristics of the proposed blanket, divertor and energy convertor system of power plant (the authors). 

Blanket Divertor Energy conversion 
system  

Type 

Cooling  

Type 

 

Cooling Type Temperature (C0) pressure 

(MPa) Entrance Existence 

Lead-liquid 

lithium 

Water 185 325 15 Copper alloy with tungsten 

carbide coating 

Water Rankine 

 

Table 4: Characteristics of the proposed power plant’s Tokamak(the authors). 

Row Functional performance Radioactive of power plant 

1 The min radius of Plasma 7 m 

2 The current of Plasma 12 mega ampere 

3 The volume of Plasma 700 m3 

4 Fusion power (thermal) 3000 megawatt 

5 Electricity power output 1080 megawatt 

 
Table 5: The characteristics of Westinghouse Company’s equipment for an 1000 megawatt power plant (the authors). 

Row Equipments Diameter (m) Height (m) Weight (tone) Number 

1 Steam generator 5.5 24 730 2 

2 Cooling pump 1.5 7 91 4 

3 Pressurizer 2.3 16 88 1 

 
Table 6:  Buildings/ areas of the specific building complexes of a 1000-megawatt power plant (the authors). 

Specific building 

complexes 

Related systems Subset buildings/areas 

Tokamak magnetic, vacuum vessel,  cryostat, divertor, additional heating and current 
drive, plasma diagnostic system, vacuum pumping & fuelling, remote 

handling, cryostat, vacuum vessel suppression system, and thermal shields 

and cooling water 

 Tokamak 

 Laydown, assembly, and 
RF heating 

 Tritium, vacuum, 

fuelling, and services 

 Diagnostic and TF coil 

fast discharge resistors and 

capacitors 

Energy conversion The main steam, condenser and feed water, treatment, condenser regulation, 

and complementary steam 
 Turbine 

 Hot basin and cooling 
towers 

 Cooling water pump 
station 

Power supply, 

generation and 
distribution 

Power supply, complementary power distribution, the main power generation 

and distribution 
 Gas power plant/ the area 

of connection to power grid 

 Electrical centers 

 Convertors’ area 

 The area of connection to 
national power grid 
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 Dimensional changes of Tokamak building as well as adding energy conversion complex (particularly the 

4-story turbine building with the dimensions of 82 m 60 m and the height of 60 m) and the building of power 

supply, generation, distribution to ITER site cause some changes in the arrangement and dimensions of the 

proposed power plant’s site (particularly highly secured fence area). 

 Table 6 presents the systems and buildings/ areas of the specific building complexes of a 1000 megawatt 

power plant. Table 7 presents the systems and buildings/areas of the ITER-like1000 megawatt power plant. 

Table 8 shows the dimensions and the number of the stories, building/areas.  
 

Table 7: Systems and buildings/areas of the ITER-like1000 megawatt power plant (the authors). 

ITER-like building 

complexes 

Related systems Subset buildings/areas 

Hot cell and 

radwaste 

Liquid radwaste, radwaste processing, removing Tritium, hot 

cell, and remote handling system 
 Hot cell 

 Low-level radwaste building 

 Personnel access control building 

Pulsed power 

supply 

Supplying electricity power of magnetic fields, supplying the 

power of excessive heat and radio frequency power source 
 Magnet power supply switching 

network building 

 North and south magnet power 
conversion 

 NB power supply 

 Pulsed power HV substation area 

 NB power supply area 

Steady-state power 
supply 

Supplying the power of steady-state systems  Emergency power supply 

 Steady – state power HV substation 

area 

 Alternating current distribution 

 Electrical load centers 

Cryoplant Cryo generation and distribution  Cryoplant coldbox building (and PF 

coil fabrication building 1) 

 Cryoplant compressor building (and PF 

coil fabrication building 2) 

 Cryoplant storage tanks 

Supporting 

laboratory 

Helium staring  Site services 

 Gas storage area 

Control  Supervising input data 

 Supervising power plant’s controller 

 Control 

 Office/laboratory 

 personnel and vehicle access control 
gatehouse 

 

Table 8: Dimensions and the number of the stories of ITER’s buildings/areas (the authors). 

Building complexes Buildings/area Dimensions/stories 

Length 
(m) 

Width 
(m) 

Height 
(m) 

Story 

Tokamak Tokamak 80 70 70 6 

Laydown, assembly, and RF heating 84 52 - 3 

Tritium, vacuum, fuelling, and services 80 20 50 7 

Diagnostic and TF coil fast discharge resistors and 
capacitors 

92 22 - 4 

Hot cell and radwaste Hot cell 55 45 - 2 

Low-level radwaste 50 12 - - 

personnel access control 36 24 8 2 

Pulsed power supply Magnet power supply switching network 70 46 14 2 

North magnet power conversion 120 30 - 2 

South magnet power conversion 120 30 - 2 

NB power supply 45 15 11 2 

Pulsed power HV substation area 145 130 - - 

NB power supply area 100 80 - - 

Steady-state power 
supply 

Emergency power supply 44 36 15 3 

Steady – state power HV substation area 115 100 - - 

Alternating current distribution 30 18 - 2 

3.3 kV power supply structures 35 10 - - 

Cryoplant Cryoplant coldbox 12 40 - 1 

Cryoplant compressor 120 40 - 1 

Cryoplant storage tanks area 100 22 - - 

Supporting laboratory Site services 75 40 - - 

Gas storage area 32 20 - - 

Hot basin and cooling tower 100 86 - - 

Cooling water pump station 50 18 - 14 

Control Control 72 42 8 2 

Laboratory/office 65 65 - 5 

personnel and vehicle access control gatehouse 30 10 - - 
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