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ABSTRACT 

As the United States shifts to a greener mindset, going away from fossil fuel 

power has been an increasingly popular choice to cut down on greenhouse gas 

emissions. One method that provides more power and efficiency on a larger scale is 

nuclear. As technology has evolved and improved nuclear power, these power plants 

can be built smaller and are more efficient than the nuclear power plants built 20-40 

years ago. In this study, GIS analyses were used to find suitable areas in the Western 

U.S. for siting a new nuclear power plant. This will produce a map including rankings of 

most suitable, suitable, and not suitable sites. The most suitable areas will contain no 

geological hazards, population density of less than 500 persons per square mile, and 

within a mile of perennial bodies of water. The ranking of suitable will include areas that 

contain everything in the most suitable ranking except no bodies of water. The not 

suitable areas contain geohazards, a population density of more than 500 person per 

square mile and have no water. The resulting percentages are the most suitable areas 

account for 1.17% of the study area, the suitable areas account for 22.45% of the study 

area, and the not suitable areas make up 76.38% of the study area.  

Keywords: siting power plants, nuclear, climate change, greenhouse gas emissions, 

Western United States 
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ETHICS STATEMENT 

Ethics in GIS is an important aspect in order to make maps in a responsible way. 

As a GIS professional, you are to make sure the privacy of others is maintained, the 

data used is credited to the original source, and the maps created are not distorted, so 

that it does not lie to the reader. When creating maps there are many items to keep in 

mind, you want to make sure data is accurate, there are so many sources today that it 

can be easy to obtain data that is not accurate. If data is accurate and from a credited 

source, you want to make sure that data is used properly as well as giving credit and 

citing the data that you use. The privacy of others should be maintained in your map. Do 

not use anyone’s information such as addresses and name, these items should not be 

displayed in your map, even though these items are so easily accessible today. Your 

map should be able to tell a story that is accurate and that can be produced by another 

professional with the same data you had used. If you are responsible and honest of how 

your data was obtained and how your analyses were completed, this will be an easy 

task for other GIS professionals. Be professional and respectful no matter the situation 

and reason for creating a map.  

For this project some ethical concerns were obtaining data from reliable sources 

and displaying the data in maps, so it is not distorted to the reader. This project centers 

around nuclear power plants and can be a sensitive topic, as there has been past 

failures of nuclear power plants that have caused negative imparts to people and our 

planet. It was important to use reliable resources for data and to cite all sources for data 

and the use of GIS analyses from similar GIS papers. No private information was used, 

and all information and data used in this project are public. The resulting maps are not 



 

7 

to distort the reader but provided information in regards to the western United States 

and the potential areas for siting a new nuclear power plant.  
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CHAPTER 1 
INTRODUCTION 

Nuclear power is thought of as a more efficient way to generate power than other 

clean energy sources. It is considered as green, since it does not emit any greenhouse 

gases that fossil fuel power emits. Biden’s green energy plan aims to lower the amount 

of fossil fuels used and make a push to use renewable and sustainable resources. 

Nuclear is difficult to get behind as nuclear disaster and nuclear waste have been part 

of a couple well known historic events. These events have been a learning lesson for 

this industry and there have been many improvements over the years. There is still 

more research occurring as the nuclear industry is improving the process and hoping to 

have even smaller nuclear power plants to be more efficient and use less land and 

water (Blum, 2021). Most of the nuclear power plants you see in the US today have an 

average age of 39 years old (EIA, 2021). There are many improvements and now 

smaller nuclear power plants use less land, with about 50 acres needed for a new small 

nuclear power plant (Omitaomu et al., 2012).  

This project will be reviewing the western side the U.S. and looking to suitable 

areas for siting nuclear power plants using different GIS analyses. There are a couple of 

states in the western side, specifically Oregon and California, that do not allow anymore 

siting for nuclear power plants (States Restrictions on New Nuclear Power Facility 

Construction, 2021). The remaining states will be reviewed, including Washington, 

Idaho, Montana, Wyoming, Nevada, Utah, Colorado, Arizona and New Mexico. The 

western United States was chosen as most of these states contain cities that have seen 

a significant amount in growth in the past few years (US Census Bureau, 2021). 
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Currently in the study area are two active nuclear power plants in Washington and 

Arizona. These two power plants will be considered in this project as well.  

Other items that will be considered for this project are geological hazards, cities’ 

population densities and water. The geological hazards that will be considered in this 

project are current faults, volcanoes, significant earthquakes, and landslides. Water 

plays a large part with running nuclear power plants. Water is a very important necessity 

to nuclear power plants, as it is needed to transfer heat and to cool reactors (Energy, 

2014). When siting areas for a new nuclear power plant, placing the plant near water 

has a convenience factor. Since water is important, it does make it easier to have 

nearby natural water. However, nearby water is not necessarily an essential as 

reservoirs can be built, which is how Palo Verde works in Arizona. Reservoirs can be a 

favorable option as nuclear power plants recycle water back to the source and when it 

re-enters lakes, rivers or oceans it will be a higher temperature which can have negative 

impacts on the water’s ecosystem (World Nuclear Association, 2020). Population sizes 

will be considered as per US Nuclear regulation, a nuclear power plant cannot be 

placed in an area that has a population density larger than 500 person per square mile 

and need to be at least 20-miles away (United States Nuclear Regulatory Commission, 

2022).  
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CHAPTER 2 
METHODS AND DATA 

The study area for this project includes states in the western region of the United 

States that do not have any restrictions or policies in place about siting Nuclear Power 

Plants as show in Figure 2-1. The study area was defined further using a 10-mile buffer 

with the state lines to prevent any crossing of state lines as states have different 

regulations of cost, safety, and reliability for nuclear power plants.  

 

Figure 2-1. Study area for this project.  

Within this study area potential geohazards such as landslides, active volcanoes, 

significant earthquakes, and active faults were reviewed to remove any areas that will 

not be suitable for siting a nuclear plant. All the geohazard data was pulled from 
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ScienceBase.gov as shown in Figures 2-2, 2-3, 2-4 and 2-5. For landslide data, all data 

that is categorized as low or no data provided was removed from the landslide data set 

and clipped to fit into the study area as shown in Figure 2-2. Any areas that contain 

landslides that ranked as high, susceptible high, moderate or susceptible moderate 

considered as not suitable. 
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Figure 2-2. Landslides in the study area that are ranked as high or moderate.  
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For the volcanic geohazard data, all volcanoes considered active were reviewed 

for this project. If a volcano has erupted at least once in the past 10,000 years, it is 

considered active (phys.org). All volcanoes considered as active were clipped to the 

study area as shown in Figure 2-3. To account for any potential eruptions, a 30-mile 

buffer was created for all the volcanoes in the study area. This buffer is to cover ash, 

debris and lava flows. However, this buffer distance might be an overshot or not enough 

as every volcano can produce different types of lava flows and might be either very 

explosive or have minimum expositions. Depending on the volcano, ash can move 

100’s or 1000’s of miles away from the volcano and some lava flows have traveled 

about 100 miles away from a volcano (How High Can Explosive Eruptions Go and How 

Far Can the Debris And, 2018 and How Far Can Lava Flow?, 2018). Since there is a 

time constraint and lack of manpower, all volcano hazards will be treated the same, and 

have a buffer of 30 miles. Any areas that are within the 30-mile buffer will be considered 

not suitable.  
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Figure 2-3. Active volcanoes in the study area.  
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Figure 2-4. Active Faults in the study area.  
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For active faults as shown in Figure 2-4, these include faults that have produced 

earthquakes with a magnitude of 6 or greater and are within the quaternary period. A 

buffer of 10 miles from the fault line was created and any areas within the buffer is 

considered as a not suitable area. Again, due to time constraints for this project a 

standard 10-mile buffer was created for all faults, per US NRC, there are different safe 

distances a nuclear power plant must be from an active fault depending how long the 

fault line is (PART 100 REACTOR SITE CRITERIA, 2020). The last geohazard data that 

will be reviewed is significant earthquakes, shown in Figure 2-5. These are earthquakes 

that have caused damages and deaths in the United States of America. Any areas that 

contain any significant earthquakes will be considered not suitable.  
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Figure 2-5. Significant earthquakes in the study area. 
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Other criteria that will be considered in this project are water, current nuclear 

power plants, and the population size in the study area. Currently in the study area are 

two nuclear power plants, shown in Figure 2-6. This information was pulled from the US 

Energy Information Administration for this project. Only current nuclear power plants will 

be reviewed. Other power plants that use other sources will not be considered in this 

project.  A buffer of 150 miles will be around the current nuclear power plants, though 

there is no exact criteria in the US NRC of how far nuclear power plants should be from 

each other, but they should be considered as a man-related hazard (PART 100 

REACTOR SITE CRITERIA, 2020). However, to cover distance and not place a new 

nuclear power plant too close to an already established nuclear power plant and provide 

power to more area in the United States, a 150-mile buffer was created.  
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Figure 2-6. Current Nuclear Power Plants in the study area.  
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Water will be considered for this project, but it is not a necessity as reservoirs 

can be built if a location does not contain any water. For this project, areas that are 

considered most suitable will be able to use natural water and not have to build a 

reservoir. The waters that will be considered are perennial rivers and lakes. There are 

more criteria for using natural water for cooling, as there are time constraints for 

obtaining this data. The minimum requirement for most suitable areas are 2 miles away 

from a lake or river that is considered as perennial. The National Hydrography Dataset 

was used to obtain the water data from Sciencebase.org provided by USGS. Any water 

that was not a river/stream or lake/pond were removed and any water not considered as 

perennial were also removed from the study area. However, all areas that do contain 

some type of water were removed from the study area to prevent any potential suitable 

areas being on top of a small stream or pond and are considered as not suitable. The 

water data was cleaned up even more to remove any lakes or rivers that were too small 

in square footage. Water data is shown in Figure 2-7.  
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Figure 2-7. Perennial lakes and rivers in the study area.  
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For population density, census data was used for both city limits and population. 

Population density of the city limits were calculated by applying city populations to city 

limits data and taking city population and dividing the addition of areas of land and water 

for the city limits. Per US NRC regulations, nuclear power plants cannot be placed 

around areas that have a population density of 500 persons per square mile and must 

be at least 20 miles away from areas reaching that density. Only cities with 500 persons 

per square mile or more, shown in Figure 2-8, were considered for this project. Buffer of 

20-miles will be placed around city limits and any of these areas will be considered as 

not suitable.  
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Figure 2-8. City limits that have a population density of 500 person per square mile or 
more.  
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Table 2-1.  Data sets for criteria for siting Nuclear Power Plant.   
 
 
Name of data set 

 
 
Year of 

Publication 

 
 
URL 

 
 
Description 

 
 
Type of 

geometry 

National 
Hydrography 
Dataset 

2018 https://www.scie
ncebase.g
ov/catalog/i
tem/51360
12ce4b03b
8ec4025bf
7 

Lakes and 
Rivers were 
pulled from 
this data 

Polygons 

Volcanoes 2005 https://www.scie
ncebase.g
ov/catalog/i
tem/4f4e4a
c9e4b07f0
2db67c967 

Active 
Volcanoes 

Points 

Significant 
Earthquakes 

2010 https://www.scie
ncebase.g
ov/catalog/i
tem/4f4e4a
c9e4b07f0
2db67c976 

Earthquakes 
that caused 
deaths and 
property 
damage 

Points 

Landslides 2001 https://www.scie
ncebase.g
ov/catalog/i
tem/4f4e4a
d5e4b07f0
2db6838e7 

Areas 
suspectable 
to landslides 

Polygons 

Fault Lines 2005 https://www.scie
ncebase.g
ov/catalog/i
tem/4f4e4a
d5e4b07f0
2db6838fb 

Faults that had 
earthquakes 
with a 
magnitude of 
6 or greater 

Lines 

States 2020 https://www.cens
us.gov/geo
graphies/m
apping-

State boarders Polygons 
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files/time-
series/geo/
cartographi
c-
boundary.h
tml 

Population 2020 https://data.cens
us.gov/ced
sci/table?t=
Population
s%20and%
20People&
g=0100000
US%24160
0000&y=20
20&tid=DE
CENNIALP
L2020.P1 

US population 
sizes 

 

     
Current Nuclear 

Power Plants 
2020 https://www.eia.

gov/maps/l
ayer_info-
m.php 

Active Nuclear 
Power Plants 

Points 

 

In order to find suitable areas in the western U.S., the study area was broken up 

into 50-acre squares, about the size of a smaller nuclear power plant (Omitaomu at al., 

year). Different tools were used in ArcGIS pro such as fishnet, clip, erase and merge to 

process different analyses to categorize the 50-acre squares in the study area into three 

categories. The overview of the workflow is shown in Figure 2-9.  
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Figure 2-9. Workflow that was processed in ArcGIS Pro.  

After completing all of data analyses, the areas will be placed into 1 of the 3 

categories of most suitable, suitable or not suitable. Areas that will be deemed the most 

suitable will not contain landslides or earthquakes, is not near a volcano or fault, not 

within in 120 miles from a current nuclear power plant, not within 20-miles from a city 

that has a 500 persons per sq mile population density, and within 2 miles of natural 

water. Areas that are considered as suitable will have the same criteria as most suitable 

except these areas will not be within 2-miles of natural water. All areas that do contain 

all geohazards and city limits with a population density of 500 person per sq mile will be 

deemed not suitable.  
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CHAPTER 3 
RESULTS 

 
This project aims to find the most suitable areas for siting a nuclear power plant 

in the western United States. The study area, Figure 2-1, was categorized into 3 

categories of most suitable, suitable and not suitable. Shown in figure 3-1, most suitable 

is in dark purple, suitable is in light purple, and not suitable is in a light blue. The areas 

that are considered suitable and most suitable are in 50-acre squares as this is the 

minimum land requirement for smaller nuclear power plants. If more land is needed, 

surrounding eligible squares can be used. The areas categorized as not suitable contain 

geohazards of significant earthquakes, landslides, and volcanoes, and are within 20 

miles of cities that have a population density of 500 persons per square mile. The 

suitable areas do not contain any of the geological hazards nor any cities that contain a 

population density of 500 persons per square mile. However, these areas do not have 

water within a 2-mile distance. Nuclear power plants do not necessarily need to have a 

natural water source, but it can be costly to build a water reservoir. The most suitable 

areas have the same criteria as suitable except these areas are within a 2-mile radius 

distance from large natural water sources and water is easily available for use. This 

resulted in 1.17% or 11,139,450 acres of the study areas considered as most suitable, 

22.45% or 213,174,350 acres is considered as suitable and 76.38% or 725,363,100 

acres is considered not suitable. Results of counts are show in Figure 3-2. 
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Figure 3-1. Results, Suitability of areas for siting a nuclear power plant. 
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A few of the states are mostly covered in not suitable able areas due to the large 

number of geohazards. For Nevada, most of the state in covered in active faults, and with 

a buffer of 10 miles on all the faults, it resulted in most of the state being categorized as 

not suitable. For Washington, this state contains several active volcanoes and have 

significant earthquakes due the western side of the state being located on a major fault 

line of two tectonic plates of North American Plate and Pacific Plate, along with containing 

an active nuclear power plant. Thus, most of the state is not suitable as well. For 

Colorado, most of the western side of the state contains landslides and makes most of 

the state not suitable as well. Idaho, Montana, and Wyoming contain most of the areas 

identified as most suitable and this is due to more natural waters and smaller cities in 

these states.  

For this project not all criteria for siting a nuclear power plant were used following 

United States Nuclear Regulatory Commission’s requirements. Due to the time and size 

of this projects some items were out of scope. The items not considered were protected 

lands and waters, any potential effects of ecosystems using natural waters for cooling of 

nuclear power plants, where there are current or future electric lines to residents’ 

homes, future population growth, and slope of land. With those out-of-scope items, 

there could be even more area that could be considered as not suitable. Due to the size 

of this project being smaller and with time constraints, water criteria were just narrowed 

down to either a lake or river and is considered as perennial. These could have resulted 

with more areas that were categorized as most suitable.   

The results that were obtained are a great starting point into siting areas for a 

new nuclear power plant. This project has the foundation of using GIS analysis that can 
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be modified or built upon with adding new criteria and more recent data to siting areas 

for a nuclear power plant.  

 
 

 
 
Figure 3-2. This chart shows the total acres for each category of suitability in the study 

area. 
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CHAPTER 4 
CONCLUSION 

For this project the focus was finding suitable areas for siting nuclear power 

plants in the western side of the US. Nuclear is considered as a “clean” energy source, 

due to nuclear power plants not producing any greenhouse gases and that is why 

creating and adding more power generated by nuclear power plants is in Biden’s Green 

Plan. In order to find suitable areas, GIS analyses were used on geospatial data to find 

these potential areas. ArcGIS Pro was used to locate areas that did not contain 

earthquakes, landslides, areas within 30 miles of a volcano, areas within 10 miles of an 

active fault, locations within 20 miles of cities with a population density of 500 persons 

per square mile, and the places within 2 miles of natural water. The areas that met 

those criteria were deemed as most suitable, either due to not having geological 

hazards, not close to large populations, or already be near a water source for cooling 

purposes. This project had two more categorizes of suitable and not suitable. Suitable 

areas had all the same criteria as most suitable except for water. Since nuclear power 

plants can build reservoirs, this can be an option if the plant is in an area that does not 

contain readily available natural water. Reservoirs can be favorable because 

ecosystems in natural waters would remain undisturbed. Not suitable areas contained 

geohazards, large populations and had no nearby water.  

This process is a great starting point to find potential areas in the western United 

States. The study area did only contain two active nuclear power plants; Palo Verde, 

which provides power to Arizona, California, New Mexico and Texas. (Palo Verde 

Generating Station | Maricopa County, AZ, n.d.). Then in Washington State, Columbia 

Generating Station and it is the 3rd largest power provider to Washington state. 
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(Columbia Generating Station, 2022). The sources of power in the study area are a mix 

of renewable energy such as hydropower, wind, and solar, and fossil fuels such as coal 

and natural gas (United States - U.S. Energy Information Administration (EIA), 2019). 

There is still a heavy use of fossil fuels in some of the states in the study area per the 

U.S. Energy Information Administration. Part of the green plan is to step away from 

using fossil fuels. The use of GIS in this project and the other studies that this project 

references is a great foundation for finding potential areas that could benefit by 

replacing fossil fuels and using nuclear as their power source. If this project was to be 

done all over again, this focus of what sources of powers that each state heavily relies 

on would be beneficial in knowing what areas could start replacing fossil fuels with more 

clean energy sources such as nuclear.   

Some of the ideas and data that were used in “Adapting a GIS-based multicriteria 

decision analysis approach for evaluating new power generating sites” were adapted in 

this project, reviewing geospatial data for geological hazards, reviewing population 

density, and water. However, some items were changed to accommodate for a shorter 

time frame and less individuals as well as only looking at potential siting for nuclear 

power plants rather than all types of power plants. This paper assisted more of the type 

of criteria for siting nuclear power plants in the US. The tools that were used to process 

the different analyses in ArcGIS Pro for this project were from “Investigation of the siting 

process of Swedish nuclear power plants using GIS”. As their paper focused more on 

Swedish nuclear power plants not all data or criteria could be the same. Using a 

combination of both data and tools from those two papers assisted with the start of 
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looking for potential areas of siting NPP and simplified the process without 

overwhelming with even more data.  

Some next steps would be reviewing the most suitable areas, as well as suitable 

areas, for further qualifications. These qualifications are population growth, the amount 

of water that follows into the rivers and lakes, slope of the land, protected lands, and 

man-related hazards such as airports and military bases. This project was a great 

steppingstone of reviewing most geologic hazards as well as current population 

densities and refined the western US into smaller areas that could be reviewed even 

further.  
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