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In the age of big data and increased computational capabilities, geographic information systems (GIS) 

has transformed the way in which new land development is planned or preexisting sites are chosen. In 

addition, GIS data is becoming more readily available online to the public to implement into suitability 

models which can cut out the traditional trial-and-error approach and most importantly cut down the 

time it takes to choose a site by eliminating ones that do not fit the requirements and statistically 

scoring and ranking the ones that are most suitable. These scores can then be sorted to narrow the 

focus of site selection down to a few rather than an overwhelming many. The average distance to road, 

railroads1, waterways2, populated areas3 as well as slope4, soil type5, and surrounding land cover are all 

important factors which may be considered when choosing an appropriate land site or facility site. There 

are twenty industrial property sites and 123,440 acres of reclaimed mountaintop removal sites in the 

VCEDA area used for the analyses. The industrial sites vary in size and water, electric, sewage capacity. 

Most preferred mountaintop removal sites based on the parameters can be found in figure X. The 

industrial sites were ranked by preference in figure X, where the larger green dots show sites which are 

most preferred and the smaller red sites are least preferred. A further analysis may be conducted to 

determine if specific agricultural industry requirements are met for existing industrial sites.  

A specific site analysis was conducted to determine greenhouse site suitability after determining 

suitability from general site parameters listed above. From the original twenty sites, ten were excluded 

because they did not meet specific site needs for greenhouses which is approximately 0.3 gallons/sq. 

ft.6. Slope orientation was specifically considered for greenhouses as it may improve or hinder a sites 

total amount of annual sunlight, thus altering the site’s greenhouse seasonality. For instance, southern 

facing slopes may be more suitable for year-round production whereas eastern/western are limited to 

the winter months. Table X shows the top three sites with the highest value from the combined model 

layers for year-round and winter which can be matched to the labels in figure X.  

Rank Year Round        Winter 
1 Summit Property 4     Russell Regional Business Technology Park 
2 Russell County Industrial Park 5     Wise County Industrial Park 
3 Simmons Development Claypool Hill 6     Scott County Regional Business and Technology Park 

                                                           
1 Derived from U.S. Department of Commerce, U.S. Census Bureau, Geography Division. TIGER 2015 Roads/Railroads 
2 Derived from U.S. Geological Survey (USGS), EROS Data Center. National Hydrography Dataset (NHD) 1:24,000 
3 Derived from U.S. Department of Commerce, Bureau of the Census. TIGER 2017 Block Population Estimates 
4 Derived from Virginia Department of Mines Minerals & Energy 
5 Derived from U.S. Geological Survey (USGS), SSURGO Dataset 
6 https://ag.umass.edu/greenhouse-floriculture/greenhouse-best-management-practices-bmp-manual/water-supply-sources  
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https://ag.umass.edu/greenhouse-floriculture/greenhouse-best-management-practices-bmp-manual/water-supply-sources


For agricultural GIS analysis, many important variables may be considered when choosing an 
appropriate land site or facility. Hydrography data can be used to make create a layer like in figure X 
below showing the geographic locations of rivers, streams, and creeks. This layer can also include 
oxygen level and other characteristics such as pH to improve the model if necessary. Roads and rail 
roads may be used to show accessibility (for workers and commerce) to specific sites. Distance data can 
be derived from road and railroad data to show the distance to transportation infrastructure in a given 
area by overlaying the industrial sites to 30 by 30 meter cells. For example, after running the Euclidean 
distance tool, cells located where a major road exists will have a value of zero because it is zero meters 
away from an existing major road. However, cells that are geographically furthest away from the feature 
will have the largest values and are least favorable. Population density data may be used to choose a 
site which is closer or further away from densely populated areas. For instance, confined animal feeding 
operations must typically meet zoning setbacks and therefore sparsely populated rural areas are 
preferred. Slope is important, in that flat land is preferred as it reduces the amount of grading needed 
for site preparation. Slope orientation, can be used for agricultural purposes by estimating sunlight 
availability that changes seasonally. All of these characteristics ultimately save the developer money by 
reducing shipping costs, land grading, piping from a water source, etc. These variables or layers can be 
seen in the graphic below.  

 

 

 

Data Layers Used in Site Analysis 



Site Analyses 
There are twenty industrial property sites and 123,440 acres of reclaimed mountaintop removal sites in 

the VCEDA area used for the analyses. The industrial sites vary in size and water, electric, sewage 

capacity. A preliminary analysis was conducted to determine if general agricultural industry 

requirements were met for both existing industrial sites and mountaintop removal sites. The analysis 

looked at qualities for slope, aspect, proximity to population, water, roads, etc. Industrial sites that do 

not meet the specific site requirements pertaining to water and electrical capacity would be excluded in 

the future when determining the best site locations. The vacant mountaintop removal sites were 

analyzed solely on the general site requirements of slope, access to population, proximity to water, 

roads, and railroads. The model is outlined below, but illustrates potential sites for VCEDA to consider 

when developing agricultural industries.  

The geographic model took all the layers shown in figure X and normalized them to the same scale. For 

example, the road distance layer was rescaled so that the furthest distance was reclassified to zero and 

the shortest distance was rescaled to 100. When a site is added, the closer a site is to roads the higher 

value it would receive after adding or subtracting all of the rescaled data layers. Different weights were 

used based on importance to general agricultural industrial needs. Slope7 was multiplied by 0.25, 

distance to creeks and rivers8 by 0.2, streams by 0.15, population density9 by 0.15, distance to roads10 by 

0.15, and distance to railroads11 by 0.1. These could easily be changed based on the specific agricultural 

industry that VCEDA is seeking to develop. For instance industries like meat processing may require for 

more sparsely populated areas, and could be subtracted rather than added, to favor low population 

density areas.  

Figure X below shows the combined layers using the weights mentioned. The industrial sites in the 

VCEDA region were ranked by preference where the larger purple dots show sites which are most 

preferred and the smaller blue sites are least preferred based on the combination of the layers shown in 

figure X. Figure X shows the mountaintop removal sites which were clipped from the model output from 

figure X and were then ranked based on those with the highest overall score. 

                                                           
7 Derived from Virginia Department of Mines Minerals & Energy 
8 Derived from U.S. Geological Survey (USGS), EROS Data Center. National Hydrography Dataset (NHD) 1:24,000 
9 Derived from U.S. Department of Commerce, Bureau of the Census. TIGER 2017 Block Population Estimates 
10 Derived from U.S. Department of Commerce, U.S. Census Bureau, Geography Division. TIGER 2015 Roads 
11 Derived from U.S. Department of Commerce, U.S. Census Bureau, Geography Division. TIGER 2015 US Railroads 



 

 

 

Specific Ag-Related Industry Site Requirements: 
Water capacity required for an industry is generally defined as the amount of total water available at a 

specific flow rate. This is determined by the engineered specifications of the pipe and the pump being 

used at each site. VCEDA industrial site details are limited for the public making it difficult to assess the 

water and electrical capacity. Business owners would like to know that x amount of water is available for 

a given size industrial parcel for an average amount of time based on the pipes specifications to 

determine if the site can accommodate to their sprinkler systems or fermenting tanks needs in terms of 

gallons per minute.  

 

Most Preferred Industrial Sites based on Model Output 

Most Preferred Mountaintop Removal Sites based on Model Output 



Greenhouses 
Greenhouses need approximately 0.3 gallons/sq. ft.12 to compare to available water capacity for each 

site.  The largest continuous parcel was converted to square feet and then multiplied by 0.3 to estimate 

the amount of water in gallons needed per day for that property. Once the water need was estimated, 

the figure was compared to each industrial sites’ water capacity, to determine if the current water lines 

could meet the demand for a greenhouse. Slope orientation was also considered as it may improve or 

hinder a sites total amount of annual sunlight, thus altering the site’s greenhouse seasonality. For 

instance, southern facing slopes may be more suitable for year-round production whereas 

eastern/western are limited to the winter months. The following table shows the top three sites with 

the highest value from the combined model layers for year-round and winter production.  

Aquaculture & Aquaponics: 
Aquaculture and aquaponics facilities typically require water flow rates between 25 - 40 gallons per 

minute (for every surface acre of pond) or about 0.1g/sf.13 Other preferred water characteristics 

suggested are pH to be between 6.5 and 9.014, alkalinity between 75 and 250 mg/l, water hardness 

between 75 and 250 mg/l, and soil (if constructing a pond) greater than > 20% of clay.15 

Food & Beverage Manufacturing: Meat Processing/Breweries/etc. 
Breweries are an example of a food and beverage manufacturing facility. They typically require a water 

supply of 60 psi at 25-30 gallons per minute or about 0.1g/sf. Size (not including parking) varies based on 

the number of barrels used; a 3 to 5 barrel system requires approximately 300 to 500 sq. ft. and a 7 to 

15 barrel system approximately 555 to 1200 sq. ft. As for electricity sites need at a minimum around 200 

amps of electrical capacity to house a brewery.16 

Limitations 
One limitation in doing a soil analysis of mountaintop removal sites is that the soil data is based on data 

surveyed for the site prior to the mountaintop removal. This is also the case for elevation data therefore 

an accurate slope assessment is difficult. Both water and soil testing is needed at each mountaintop 

removal site to determine the viability of developing the site for agricultural production. Another 

limitation for this model is the lack of site data to determine whether the sites that meet the specific 

industry requirements pertaining to both water and electricity. VCEDA has available space to develop for 

agriculture industries, our preliminary analysis highlights the most suitable sites for these industries. 

VCEDA could update the information on available sites (industrial space and reclaimed mountaintop) 

and re-run a GIS model for each specific agriculture industry. 

                                                           
12 https://ag.umass.edu/greenhouse-floriculture/greenhouse-best-management-practices-bmp-manual/water-supply-sources  
13 http://aqua.ucdavis.edu/Calculations/Flow_Rate.htm  
14 http://articles.extension.org/pages/58707/water-quality-in-aquaculture  
15 http://www2.ca.uky.edu/wkrec/AquacultureSiteSelection.htm 
16 https://specificmechanical.com/brewing-systems/brewery-building-requirements/ 
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https://specificmechanical.com/brewing-systems/brewery-building-requirements/

