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ABSTRACT. As an emerging means of energy supply, small modular reactors (SMRs) are considered as a promising option for relieving 

environmental pressure caused by increasing fossil fuel consumption. Since SMRs are at an early stage of development, in-depth analysis 

on the necessity and feasibility of their deployment is essential. The site selection of SMRs, which is a multifaceted process and should 

be guided by a clearly established set of criteria, is a crucial step. To propose comprehensive recommendations for SMR site selection, 

a review is provided in this study. The review involves development process, technical characteristics and potential applications of SMRs, 

research status of SMR site selection, and criteria for site selection of nuclear power plants (NPPs). Different considerations of siting 

criteria between SMRs and NPPs are analyzed. Based on the review and analyses, perspectives and targeted suggestions on SMR site 

selection are provided. 
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1. Introduction 

Nuclear energy, as a carbon-free energy source, plays a 

crucial role for meeting the world’s increasing energy demands, 

and for relieving environmental pressure caused by increasing 

fossil fuel consumption. Since nuclear power generation has 

become established in the 1950s, the size of reactor units has 

grown from 60 MWe to over 1600 MWe (Kim et al., 2014). 

Today, due to the high capital input of traditional large power 

reactors and the need to supply electricity to small grids, there 

is a trend to develop smaller units of nuclear reactors.  

Compared with NPPs, small modular reactors (SMRs) are 

considered safer, more cost effective, and more flexible, re-

quireing smaller capital input and having shorter construction 

periods (Vujić et al., 2012). Specifically, SMRs (1) have small-

er generation capacities that can better fit for smaller electricity 

grids and facilitate gradual connection to the grids (Locatelli 

and Mancini, 2012; Black et al., 2015); (2) require lower up-

front capital costs, which can reduce financial risks and would 

be attractive to private investors even without government 

intervention (Spencer and Loris, 2011); (3) are factory fabri-

cation which makes the transportation and assembly much easi-

er and can shorten the on-site construction periods (Devanand 

et al., 2019); (4) have enhanced safety features that make the 

safe nuclear power technology even safer (Vujić et al., 2012;  
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Buchholz et al., 2015; Butt et al., 2016). There are a number of 

benefits by developing SMRs. For example, they could help 

achieve reduction targets of greenhouse gas emissions by repla-

cing fossil fuel-fired power plants; they could provide an effec-

tive alternative against future carbon taxes; they could supply 

heat and power for resource extraction and heavy industry; they 

could improve the quality of life for people live in remote com-

munities.  

However, since SMRs are at an early stage of development, 

many concerns still need to be addressed. The selection of suit-

able sites, which is a multifaceted process and includes multi-

ple considerations such as natural conditions, land use, public 

acceptance and environmental impacts, is a crucial step for its 

development. Scientific site selection process must be guided 

by a clearly established set of criteria, with consideration of 

various attributes. The outcome of the results can in turn signi- 

ficantly affect the construction costs, surrounding environ-

ments, public safety and some other aspects over its operating 

lifetime. At present, the relevant research is limited, which 

cannot provide a sufficient basis for SMR site selection.  

In order to propose comprehensive recommendations for 

SMR site selection, this paper (1) summerizes the development 

process, technical characteristics and potential applications of 

SMRs; (2) reviews the factors for site selection that used in 

previous studies for nuclear power plant (NPP) site selection in 

four respects (i.e., natural, socio-economic, environmental and 

safety factors); (3) analyzes different considerations between 

SMRs and NPPs when conducting site selection; (4) provides  

perspectives and targeted suggestions towards each factor for 

SMR site selection. 
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2. Development of SMRs 

SMRs are generally defined as having electric generating 

capacity of 300 megawatts (MWe) or less (Egan, 1984) (Figure 

1). Several possible applications of SMRs are demonstrated by 

many researchers. Basically, an SMR from 150 to 300 MWe 

can be implemented for on- and off-grid power generation to 

reduce the reliance on fossil fuels, and a smaller one (from 10 

to 50 MWe) is capable of providing heat and power for heavy 

industry such as resource extraction (Black et al., 2015; Carless 

et al., 2016; Värri and Syri, 2019). To be specific, due to the 

potential for facilitating carbon reduction, SMRs have been 

recognized as an emerging source to provide small-scale high-

reliability power which can help many regions, especially de-

veloping counties, to meet the growing demand for carbon-free 

energy and promote sustainable economic growth (Terrapon 

Pfaff et al., 2014). SMRs can also produce high-temperature 

steam for the industry processes (e.g., for hydrogen production 

and desalination) (Naterer et al., 2013; Ingersoll et al., 2014; 

Lindroos et al., 2019). 

The development of SMRs can be traced back to nearly 

the start of nuclear age. The International Reactor Innovative 

and Secure (IRIS) program (1997 ~ 2009) made the first effort 

to design a compact and integral Pressurized Water Reactors 

(iPWR). The IRIS project attempted to integrate the separate 

parts of reactors, like reactor cores, control rods and pressurizer, 

into a single and compact module (Khan et al., 2010; Ho et al., 

2019). Based on the findings of IRIS program, the U.S. Depart-

ment of Energy provided funds for two i-PWR designs. Bab-

cock and Wilcox received one of the funds and designed m-

Power (160 MW), while NuScale Power received the another 

one and developed NuScale Reactor (60 MW) (Buchholz et al., 

2015; Carelli, 2015). Many other projects of SMRs have also 

been developed in various countries around the world, such as 

SMART (100 MWe) in South Korea (Park, 2011; Hong and 

Brook, 2018), ACP-100 (100 MWe) in China (Ramana et al., 

2013) and KLT-40S (two units of 35 MWe) in Russia (Nian and 

Zhong, 2020). 

 

 
 

Figure 1. Size of reactor units and definition of SMR. 

 

The design of SMRs are corresponded to all the main reac-

tor categories which include water-cooled reactors, high-tem-

perature gas-cooled reactor, liquid-metal, sodium and gas-cool-

ed reactors with fast neutron spectrum, and molten salt reactors 

(Locatelli et al., 2013; International Atomic Energy Agency, 

2014). From the application point of view, SMRs can also be 

divided into land-based, immersed and floating reactors. As 

this emerging technology matures, SMRs have attracted more 

and more countries’ attention, including Argentina, Brazil, 

Canada, China, France, India, Japan, Republic of Korea, Rus-

sian Federation, South Africa , USA, etc. (International Atomic 

Energy Agency, 2014). There have been more than 40 concepts 

of SMRs being developed at various stages from conceptual 

design to prototype construction around the world. A report 

published by IAEA summarized that the SMRs based on light 

water reactor were recognized as the most mature technology 

with lowest risk for the moment (Hong and Brook, 2018; Siegel 

et al., 2018).  

The evolutionary of SMRs could be generally summarize 

as two aspects: more cost-effective and more secure (Liu and 

Fan, 2014). A number of institutes and companies were concen-

trated on how to keep a balance of tradition and innovation to 

minimize power grade and configuration size of SMRs for less 

generation and operation cost. For example, Gas Turbine Mod-

ular Helium Reactor (GT-MHR) proposed by General Atomics 

has a 285 MWe capacity, covered by graphite reflector blocks 

both inside and outside, which can be resistant to the harsh en-

vironment and lead to high temperature operating conditions, 

with 50% increase of efficiency (Kiryushin et al., 1997). Subse-

quently, General Atomics developed a smaller version of the 

GT-MHR with the capacity from 10 to 25 MWe named Re-

mote-Site Modular Helium Reactor (RS-MHR), which could 

reduce the operation cost and was applicable for remote area 

(Baldwin et al., 2008). In 2012, Areva developed a new design 

of reactor called ANTARES (A New Technology Advanced 

Reactor Energy System) with a 285 MWe prismatic helium 

cooled design for further reducing the operation cost (Lommers 

et al., 2012).  

In consideration of safety, the elimination of accident initi-

ators and prevention of accident consequences are the main 

purposes. Various measures were undertaken to improve safety 

features of SMRs, such as relatively smaller core sizes, larger 

reactor surface-to-volume ratios and lower core power den-

sities (Liu and Fan, 2014). For example, the NuScale, mPower 

and Westinghouse-SMR employed iPWR technology to reduce 

the number and size of penetrations and welding links through 

the reactor pressure vessel, eradicating the high-consequence 

risk of a large pipe-break (Buchhol et al., 2015). Some other 

concepts under test (e.g., ABV-6M and CAREM) are expected 

to work with natural flow in the fundamental loop, aiming to 

exclude the failure of the primary cooling pump and pump shift 

(Dixit et al., 2013; Nian, 2017). 

3. Reviews on NPP Site Selection 

To deploy SMRs as a potential power generation techno-

logy, in-depth analyses of its necessity and feasibility is essen-

tial. Site selection, which includes multiple considerations such 

as natural conditions, land use, public acceptance and environ-

mental impacts, is a crucial step. This process will have a signi-

ficant impact on construction cost, environmental health, pub-

lic safety and other aspects over its operating lifetime, and the 

outcome of the results will even affect the success of the whole 

project. Therefore, it is necessary to conduct a comprehensive 

and in-depth study on SMR site selection. At present, the 

research on SMR site selection is limited, which cannot provide 

a comprehensive and sufficient basis for siting SMRs. However,  
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Table 1. Siting Factors Considered in Previous Studies 

Attribute Criteria Attribute Criteria 

Natural factors 

 
 Geographical and geological factors Environmental 

factors 

 

 Radiological related 

Earthquakes/seismicity Terrestrial ecosystem 

Volcanism Aquatic ecosystem 

Cooling water availability Human health 

Characteristics of subsurface material  Non-radiological related 

Properties of subsurface strata/depth Terrestrial ecosystem 

Topography and slope Aquatic ecosystem 

Inland and coastal location Human health 

 Meteorological factors Environmental sensitivity 

Wind Natural reserves 

Temperature Agriculture and farming/land use 

Precipitation Drinking water source 

Atmospheric stability Pollutant emission reduction benefits 

Hydrology Distance from water body 

Extreme events Thermal pollution 

Socio-economic 

factors 

 Social factors Safety factors  Proximity to hazardous facilities 

Public acceptance Airports 

Population distribution Military installations 

Energy demand Chemical plants 

Proximity to national borders Mining 

Tourism and recreation Gas pipeline 

 Economic factors Wastewater treatment plant 

Construction cost Industry 

Availability of the land External human accidents 

Proximity to electrical grid Constructions 

Regional development incentives  Safety of surroundings 

Proximity to major load center Dispersion of radioactive material 

Distance from industry center Evacuation routes and access routes 

Financial risks Spent nuclear fuel 

 

there have been many studies on other types of nuclear in- 

stallations, such as underground nuclear facilities (Watson et al., 

1975; Kroger, 1976), offshore nuclear facilities (Klepper and 

Anderson, 1974; Kindt, 1980), nuclear waste storage (Hatch, 

1992; McCreath and Diederichs, 1994) and traditional NPPs 

(Salih et al., 2018; Tromans et al., 2019), which can serve as 

references. Since the reactors in traditional NPPs has the high- 

est similarity with SMRs in terms of designs and applications, 

NPP-siting related studies can serve as key references for SMR 

siting. In this study, the factors considered in previous studies 

for NPP site selection are reviewed comprehensively. These 

factors can be divided into four groups, which are natural, 

socio-economic, environmental and safety factors. Eighty eight 

related papers were reviewed. The siting factors considered in 

previous studies and their distributions are presented in Table 1 

and Figure 2.  

 

3.1. Natural Factors 

When conducting NPP siting, natural factors, which is 

related to the safety, cost and feasibility of the NPP installation 

and operation, are inevitable to be considered. For instance, the 

natural factors which are commonly considered as safety crite-

ria for NPP siting include earthquakes, temperature, precipita-

tion, flooding, volcanism, etc. 

In general, natural factors include geographical and geo-

logical factors, as well as meteorological factors. Among the 

geographical and geological factors, one of the most significant 

features in NPP site selection is to avoid areas of tectonic dis-

turbances caused by seismic activities (e.g., faults, fractures, 

crustal movements and strike) (Keeney and Nair, 1977). Par-

ticularly, Adam and Vero (1990) proposed a telluric-based 

magnetotelluric soundings approach to deal with the localiza-

tion of tectonic disturbances based on experimental and model-

ing analysis, the application of which was utilized in NPP site 

selection. Kutbi (1987) took seismology factors (i.e., position 

of conceivable epicenters, the depth of the seismic focus, the 

energy of the anticipated seismic incidents and their relation-

ship with the active tectonics) as basic criteria of NPP siting in 

Saudi Arab and examined two potential siting areas (i.e., Jed-

dah region and Dhahram region). In addition to the factors 

mentioned above, other geographical and geological factors, 

such as distance from volcanism activate areas, access to avail-

able cooling water, characteristics of subsurface material, pro-

perties of subsurface strata, depth and type of bed rock, topo-

graphy and slope, inland and coastal location, have also been 

evaluated (Rouhiainen, 1987; Yu et al., 2011; Bo et al., 2013; 

Abudeif et al., 2015; Basri et al., 2016; Wu et al., 2020). For 



X. Y. Zhang et al. / Journal of Environmental Informatics Letters 3(1) 39-48 (2020) 

42 

 

example, enough water resources must be provided for the 

cooling systems of the NPP during both the operation period 

and shutdown (Wu et al., 2020). Ahmed et al. (1979) consi-

dered different characteristics of cooling water, which include 

sources, availability, distance and incremental water tempera-

ture.  

 

 
 

Figure 2. Distribution of siting factors considered in previous 

studies. 

 

From the perspective of meteorology, a number of other 

factors, including temperature, wind speed, rainfall, humidity, 

atmospheric stability and extreme events, should be considered 

for NPP siting (Hu et al., 1998; Karameldin and Mekhemar, 

2001; Basu, 2019). For instance, Ahmed et al. (1979) proposed 

a methodology to facilitate the selection of the optimal sites 

among alternate suitable sites for a nuclear power station, tak-

ing flooding risks into account. Karameldin and Mekhemar 

(2001) carried out detailed research towards average tempera-

ture, wind speed, rainfall and humidity for four potential sites 

and provided recommendations for each factor. Additionally, 

the severity influenced by the extreme meteorological phenom-

enon such as hurricane, hail and extreme precipitation also 

need to be considered as NPP siting criteria. The location that 

influenced less by the extreme climate events will be given 

higher priority (Bo et al., 2013; Basu, 2019). 

 

3.2. Socio-Economic Factors 

Socio-economic factors play important roles in harmoni-

ous development of a region. Thus, when siting NPP, socio-

economic factors such as public acceptance, population density, 

construction cost, transmission cost and transportation cost 

should be considered. 

The public acceptance of nuclear power exists ongoing 

controversy over the world (Tanaka, 2004). There are serious 

social problems due to lack of public acceptance for nuclear 

power in many countries (Clark et al., 1997; GlobeScan, 2005; 

Macintosh, 2007; Greenberg, 2009), and public opposition is a 

major obstacle to the construction of NPP (Sun et al., 2014; Wu 

et al., 2020). Therefore, it is critical to know the public prefer-

ences and to understand the reasons. Generally, the candidate 

NPP site with higher public acceptance is more suitable. Nu-

merous surveys related to public preferences for nuclear power 

have been conducted (Ahmed et al., 1979; Karameldin and 

Mekhemar, 2001; Tanaka, 2004; Macintosh, 2007; Greenberg, 

2009; Wu et al., 2020). For example, Tanaka (2004) conducted 

a survey with 1000 randomly selected adults in Japan for 

studying public acceptance in regard to the siting of NPP. 

Greenberg (2009) conducted a survey involving 2101 adults 

who lived within 50 miles of 11 existing major NPP sites and 

600 adults who lived elsewhere in the U.S. for investigating the 

public attitudes in selecting the NPP sites. 

The site evaluation of the NPPs should consider the distri-

bution and characteristics of regional population density. Gen-

erally, NPP sites should be located away from densely popu-

lated centers for preventing any radioactive hazard to humans 

(Commission, 1975; Agency, 2002; Basri et al., 2016; Da- 

moom et al., 2019; Wu et al., 2020). Considering this reason, 

NPP-site areas are divided into exclusion zone and low popu- 

lation zone (i.e., immediate neighborhood of the exclusion zone) 

(Turner, 2002; Damoom et al., 2019). According to the research 

associated with the selection of NPP sites conduced by 

Damoom et al. (2019), the population density of the areas for 

NPP sites should below 193 people per square kilometer. 

Construction or engineering cost related to the NPP siting 

has also been taken into consideration in many researches 

(Wang et al., 2013; Abudeif et al., 2015; Wu et al., 2020). 

Among them, Wu et al. (2020) emphasized that the construc-

tion cost is mostly with respect to land, material, labor, and 

other related costs, which vary from location to location; candi-

date NPP sites with a lower cost are more desired. Wang et al. 

(2013) suggested that the engineering cost, such as land expro-

priation compensation, immigrants and remove, resulting from 

the site characteristics should be considered in selecting the 

candidate sites. 

Transmission cost is another economic factor that is usual-

ly considered, which includes not only the cost of supporting 

facilities for transmission, but also the cost from power loss in 

the transmission. This is a key factor that has been considered 

by many researchers when selecting the NPP sites (Wang et al., 

2013; Abudeif et al., 2015; Baskurt and Aydin, 2018; Wu et al., 

2020). For instance, Baskurt and Aydin (2018) thought it would 

be costly and time-consuming to establish a new transmission 

grid for building NPP in Edirne, Turkey, and suggested that sit-

ing NPP near the existing transmission grid would have a 

practical benefit; Wang et al. (2013) recommended that, in ad-

dition to close to power grid and load center, being compatible 

with the connecting grid in order to ensure the operational sta-

bility under different conditions would be necessary.  

The transportation cost should not be ignored during the 

selection of NPP sites. This factor is primarily affected by 

transportation routes, especially in transporting the heavy equip-

ment and nuclear fuel to the plant, and conveying the solid 

waste to the storage sites (Huang et al., 1997; Wang et al., 2013; 

Baskurt and Aydin, 2018; Wu et al., 2020). Wang et al. (2013) 

proposed that the cost related to the transportation of spent 
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nuclear fuel and solid waste should be estimated in selecting 

candidate NPP sites. Wu et al. (2020) considered the transporta-

tion cost of nuclear fuel supply and advised that the candidate 

NPP sites with convenient nuclear supply should have higher 

priorities.  

 

3.3. Environmental Factors 

In the site selection for NPPs, the environmental compati-

bility is a significant factor, which includes the radiological and 

non-radiological impacts to the surrounding environmental 

conditions (e.g., human health, terrestrial ecosystem, aquatic 

ecosystem and natural reserves) (IAEA, 2012). The environ-

mental conditions should meet the construction and operation 

requirements for processing the plant, and the potential short- 

and long-term impacts on surrounding environments should al-

so be considered at NPP siting stage. Usually, the environment-

tal factors entails the feature of atmospheric diffusion condi-

tions, water diffusion conditions, population distributions, land-

use situations, etc. (Watson and Gamertsfelder, 1963; Wang et 

al., 2013).  

Radioactive impacts of the operation of NPPs and treat-

ment of spared wastes are key factors considered in site selec-

tions. Radiological contamination is the deposition of, or pre-

sence of radioactive substances on surfaces or within solids, 

liquids or gases (including the human being), where their pre-

sence is unintended or undesirable. Airborne radioactive parti-

cles may emit alpha, beta, gamma or neutron radiation, depend-

ing on the radioisotope present (Zhang et al., 2014). Margulies 

(2004) studied the perceived radiological risks in additional nu-

clear units primarily in the middle Atlantic and northeastern 

United States of American. Atmospheric diffusion conditions 

should be considered and compared based on the wind direc-

tions and atmospheric characteristics. Radiological air contam-

ination were assessed for selected places at Al-Tuwaitha nu-

clear site during winter and spring (Salih et al., 2018). The col-

lected samples were analyzed for gross alpha/beta radioactivity 

using Ludlum model 3030 and measurement particles activeity 

in Al Tuwaitha nuclear site and the surrounding areas. Water 

diffusion condition will also be taken into account, which in-

cludes surface water and underground water conditions (Maq-

sood et al., 2005; Tan et al., 2011). Affecting upstream of 

drinking water sources should be avoided under both normal 

circumstances and accidents. The tritium concentrations were 

measured in drainage systems at Tokaimura NPP in Japan by 

Miyamoto et al., (2002). Basri et al., (2016) investigated the 

dispersion and dilution capabilities and potential contamination 

pathways of the groundwater environment under operating and 

accident conditions with respect to present and future uses of 

water sources. 

The nonradioactive influences, such as the influences by 

the construction and operation of NPPs on aquatic ecosystem, 

terrestrial ecosystem, human health, and the climate or micro-

climate affected by the cooling tower to surrounding region 

(i.e., humidity, flood and mist, freezing, visibility and diffu-

sions, etc.) are other kinds of environmental factors that need 

to be considered. In general, the environmental risks were used 

as constraints and provide an inherent optimized safety margin 

in the selection of sites. The land-use types, such as farmland, 

natural reserves, tourist zone, as well as future development of 

regional planning should be considered as well (Weng et al., 

2010). Barzehkar et al. (2016) focuses on environmental capa-

bility evaluation for the NPP site selection in the coastal area 

of Gilan Province (Sahar Khiz), Iran. Multiple environmental 

parameters (e.g., physical factors: slop, distance from fault, 

flooding, distance from water resources, distance from sea; and 

biological factors: distance from protected areas, land use) have 

been considered, and Boolean logic and fuzzy logic based on 

WLC were used to identify four sites in the coastal areas of 

Egypt (Huang et al., 1996; Cai et al., 2007; Li et al., 2010). 

NPPs require enormous cooling water, which is discharged into 

the terrestrial and aquatic environments routinely. Although it 

is pointed out that the discharge limit for NPP was stringent 

enough to not harm the quartic and terrestrial environment 

(Khattak et al., 2017), radiological related factors should also 

be taken into account when siting NPPs. Hartog et al. (1989) 

considered consequences for the environment of water systems 

as a criteria to locate nine alternative sites in Netherlands based 

on Advisory Council for Physical Planning (RARO). 

 

3.4. Safety Factors 

Due to the large amount of nuclear fuel and highly radio-

active sources involved, the safety of NPPs is always a contro-

versial and crucial issue (Basri et al., 2016). To improve the 

safety of NPPs, site location can be readily manipulated and is 

under the direct control of the safety authorities and the reactor 

operator (Openshaw, 1984). Therefore, when selecting the lo-

cation of NPPs, safety related criteria are widely adopted as ei-

ther rejection criteria or selection criteria. The fundamental safe-

ty objective can be divided into two perspectives: (1) to protect 

individuals, public, and the surroundings against the harmful 

effects of radiation (IAEA, 2006); and (2) to protect NPPs from 

the potential hazardous facilities (IAEA, 2006). 

According to the standards and guidelines documented by 

IAEA, assessments of radiological hazards from the plant to the 

surroundings during normal operation and in abnormal condi-

tions were necessary. It is illustrated that both immediate and 

long-term radiological effects from various radiological scenar-

ios should be taken into account (IAEA, 2006). For example, 

Keeney and Nair considered radiation exposure by measuring 

the distance from populated areas (Keeney and Nair, 1977). 

When screening potential sites, areas should be more than 3 

miles from populated places that have more than 2500 people 

and 1 mile from populated places that have less than 2500 peo-

ple. In the UK, both the Central Electricity Generating Board 

(CEGB) and the Health and Safety Executive (HSE) shared a 

common safety philosophy to minimize the radiological conse-

quences of any accident through taking all reasonably practica-

ble actions (HSE, 1979). In Switzerland, the environs of the nu-

clear facilities were constantly monitored by local networks of 

ground radiation detectors and thermoluminescence dose de-

tectors. Moreover, the surrounding regions were surveyed bian-

nually to detect any releases, to establish baseline information, 



X. Y. Zhang et al. / Journal of Environmental Informatics Letters 3(1) 39-48 (2020) 

44 

 

to monitor the doserate distribution and to determine the varia-

tion of natural radiation (Rybach et al., 2001). Specially, emer-

gency plans or evacuation plans are required to provide protec-

tion and countermeasures in case of accidents or radiological 

events in NPPs. The emergency plan in the plant must be com-

patible with the emergency plan outside of the plant in order to 

ensure optimum protection for the public and the environment 

(IAEA, 2006). For example, the development of nuclear power 

was expected to increase due to the increasing demand of elec-

trical energy. Sites where emergency plans were not feasible 

would be rejected in the first round selection (Abudeif et al., 

2015). Moreover, under the changing climatic conditions, sev-

eral safety problems were proposed, including loss of off-site 

power, communication failure, restriction of evacuation routes, 

equipment malfunction, and Unplanned shutdowns (Kopytko 

and Perkins, 2011). In the future, how to consider the above-

mentioned climate change related safety issues in the site selec-

tion of NPPs deserves further investigations.  

To protect NPPs from the potential hazardous facilities 

(e.g., airports, military installations, refineries, chemical plants 

and petroleum product storage installations) is another key per-

spective (International Atomic Energy Agency, 2002). Poten-

tial accidents could create dangerous substances, which endan-

ger the safety of NPPs (Ahme et al., 1979; Wu et al., 2020). 

The IAEA has set specific buffer zones for the potential 

hazardous facilities. The NPP should be 16 km away from 

airports and 5 km away from petrochemicals (International 

Atomic Energy Agency, 2015). According to the specific study 

region, differ-ent hazardous facilities have been considered in 

the previous studies. For example, Baskurt and Aydin 

developed an ap-proach to reveal suitable areas in Edirne, 

Turkey with a consi-deration of pipelines, roads, railways, 

airports and other indus-trial investments (Baskurt and Aydin, 

2018). In Israel, nuclear power was considered as one of the 

possible energy resources capable of solving the energy 

shortage problem. In the study of NPP site selection, small to 

medium size military bases were excluded as the limitation 

zones (Yaar et al., 2016). In the study of Sahar Khiz Region in 

Gilan Province, Iran, the NPPs were selected by taking gas 

pipeline, wastewater treatment, industry, and mine into 

consideration. Also, the distance from these faci-lities were set 

as 8 km (Barzehkar et al., 2016). Besides the in-dustrial 

facilities, external human accidents have great impacts on the 

safety of NPPs. In the regional analysis, the site near to large 

dangerous facilities, huge airport, or transporttation routes for 

mass dangerous materials should be negated (Wang et al., 

2013). 

4. Suggestions on SMR Site Selection 

As mentioned above, the research on SMR site selection 

is very limited, and most of the research is conducted from 

specific aspects, such as geographical structure, cost effective-

ness, public acceptance and power grid stability. For example, 

Carl and James (2012) recommended that the nuclear facility 

should be built on bedrock, taking the advantage of favorable 

geotechnical properties. Kessides (2012) and Kunz et al. (2012) 

considered natural disasters (i.e., earthquake and tsunami) and 

explored the corresponding possible impacts on the surround-

ing environments. Shrestha et al. (2018) studied the appropriate 

siting location by considering electric and non-electric loads, 

existing and decommisioned generation, transmission lines and 

switching stations. Poudel et al. (2018) suggested that when 

considering the feasibility of nuclear reactors, the government's 

fiscal capacity and power grid capacity policies also need to be 

considered, and the location of reactors could be determined 

through social surveys and analysis of existing policies. 

Almalki et al. (2019) gave SMR siting recommendations based 

on geographical considerations. In this section, the different 

considerations of siting criteria between SMRs and NPPs are 

analyzed and targeted suggestions towards each factor for SMR 

site selection are provided. 

In terms of natural factors, all the nuclear installations are 

vulnerable to the abovementioned geographical, geological and 

meteorological criteria, SMRs are no exception (Reyes, 2012). 

However, with its advanced structural designs and enhanced 

safety features (Harman et al., 2011; Reyes, 2012; Kim et al., 

2016; Ford et al., 2017; Udiyani et al., 2018), SMRs are likely 

to be safer and more reliable compared with traditional NPPs. 

A quantity of researches have been conducted to study its safety 

features in response to potential disasters, the aim of which is 

to ensure a high level of safety and security for SMR designs 

(Reyes, 2012; Butt et al., 2016; Liao et al., 2016). For example, 

the reduced pipelines in SMR systems can prevent several 

design-basis accidents such as loss-of-coolant-accident (Kim et 

al., 2016). The NuScale design used advanced passive safety 

systems to provide long-term cooling for the case of a complete 

station blackout that caused by extreme events (Reyes, 2012). 

Nevertheless, because of the potential hazards for all kinds of 

nuclear installations, geological factors such as seismicity and 

volcanism, and meteorological factors such as tornadoes, tsu-

namis and flooding also need to be considered when siting 

SMRs. Thus, it is suggested to follow the same standards as 

NPPs for this kind of factors when conducting site selection for 

SMRs. 

As for socio-economic factors, the abovementioned fac-

tors should also be taken into account when siting SMRs. To be 

specific, one of the potential applications for SMRs is for re-

mote or less developed communities where large electricity ca-

pacities are not necessary, such as for the Arctic regions in Can-

ada, the U.S. and Russia (Lokhov et al., 2013). The acceptance 

of these areas is crucial. However, according to Sam-Aggrey 

(2016), aboriginals, who live in northern Canada, are more 

likely than other Canadians to have a negative perception for 

developing SMRs. Thus, it is suggested that science promotion 

activities should be carried out in remote areas to promote the 

benefits and advantages of developing SMRs. In addition, as 

for the factor of population density, high-density population 

should also be avoided in comparing and selecting candidate 

sites. However, SMRs can be built relatively close to popular-

tion areas to minimize the cost of service transmission due to 

its lower radiation and explosion risks compared with NPPs 

(Lyman, 2013; Almalk et al., 2019). In terms of economic fac-

tors, when siting SMRs, costs such as the capital cost and trans-
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mission cost will also need to be evaluated (Boarin and Ricotti, 

2014; Shrestha et al., 2018; Almalki et al., 2019). According to 

Lokhov et al. (2013), compared with traditional NPPs, twenty 

percent of the capital cost of SMRs will be saved because of 

the shorter construction period. As a result, SMRs are suitable 

to be introduced into the economically less developed areas. 

Moreover, SMR locations have relatively low requirements for 

transportation, because SMRs are factory fabrication and there 

is no need to convey the heavy materials during the construc-

tion period (Devanand et al., 2019).  

In addition, considerable efforts have been done in ex-

amining the environmental threats introduced by the construc-

tion and operation of NPPs. These threats can be divided into 

two aspects (i.e., radiological related impacts and non-radio-

logical impacts) and can not be overlooked when conducting 

site selection for NPPs. As for SMRs, a number of studies were 

concerned with such issues. For example, Shirvan et al. (2016) 

compared five nuclear power technologies, giving more focus 

to iPWR, in terms of their environmental performance. Carless 

et al. (2019) adopted nuclear containment decontamination 

factors to estimate radioactivity in the environment to help de-

termine the size of emergency planning zones for SMRs. How-

ever, there is lack of comprehensive and quantified compari-

sons between traditional NPPs and SMRs in the respect of en-

vironmental impacts. Thus, when siting SMRs, the radiological 

related impacts on terrestrial ecosystem, aquatic ecosystem and 

human health, and non-radiological impacts on the surrounding 

environments should be emphasized as well. In addition, the 

land use of a power plant is related to its type and capacity (De-

vanand et al., 2019). According to Devanand et al. (2019), a 

single unit of SMR with 100 MWe and 225 MWe capacity 

require about 21000 and 61000 m2, respectively. Other studies 

also pointed out that SMRs needed less area than NPPs because 

of its smaller size (Alonso et al., 2016; Vegel and Quinn, 2017; 

Mignacca et al., 2018). This feature has a direct effect on the 

site selection of SMRs since the smaller footprints of it can 

open up more potential suitable sites (Almalk et al., 2019). 

Last but not least, the safety factor is also one of the most 

important indicators that must be considered when choosing 

suitable sites for SMRs. Due to the compact size, small capa-

city and passive safety design of commercial SMRs (Kim et al., 

2016; Liao et al., 2016), the potential radiation hazard of SMRs 

is relatively lower than that of NPPs. The negative effects of 

potential hazardous facilities on SMRs are also low. Moreover, 

SMRs are currently in the development stage, and many studies 

evaluated the safety of SMRs through modelling or experi-

mental methods. For example, the postulated large break loss-

of-coolant accident (LOCA) safety of the Westinghouse-SMR 

was examined by an evaluation model, and the results showed 

that small break LOCA was the most limiting design basis 

accident (Liao et al., 2016). The passive safety systems of mul-

ti-application small light water reactor (MASLWR) have been 

assessed through the RELAP5 Mod 4.0 system analysis code 

by Butt et al. (2016). However, the existing studies mainly fo-

cus on the passive safety design of SMRs when studying its 

safety and few works studied the relationship between these 

safety features and the site selection preference. Since safety is 

of great importance for all kinds of nuclear installations, the 

standard for SMR siting in this respect is recommended to be 

the same as that of regular NPPs.  

5. Conclusion 

Site selection is a crucial step for introducing SMRs into a 

regional energy system. This process includes several steps, 

among which the identification of dominant factors is of great 

significance and is mainly reviewed in this paper. To be specific, 

in this study: the development process, technical characteristics 

and potential applications of SMRs are summarized; dominant 

factors that considered in previous studies for NPP site selec-

tion in four respects are reviewed; the differences between 

SMRs and NPPs are analyzed; perspectives and targeted sug-

gestions on SMR site selection are provided. 

However, many of the SMRs are at the early design stage 

and full data needed for guiding site selection are still unavail-

able. As a result, all the factors analyzed in this study are des-

cribed qualitatively. In present period, to obtain more detailed 

numerical values of each specific factor, more targeted research 

such as the amount of radioactivity being released into the en-

vironment and cooling water consumption per unit of power 

generation should be studied. In addition, as mentioned above, 

there are more than 40 designs of SMRs being developed at 

various stages around the world with multiple potential appli-

cations. Thus, by taking the factors summarized in this study 

into consideration, decisions should be made according to each 

specific matter when siting SMRs. 
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