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AI for Groundwater Exploration & Management 
Water: A Limited Natural Resource 
As global population continues to grow, and climate change 
stresses existing demands on groundwater availability for key 
industries such as agriculture, the world is being forced to re-
evaluate the assumed abundance of freshwater resources. 
Whether on a global, national, or local scale, the discovery and 
management of accessible water resources is rapidly becoming a 
relevant concern with significant implications world-wide. 
 
The discovery of a sizeable water resource can have dramatic 
ramifications for the economic, geopolitical, and sustainable 
viability of a region or project. For example, the discovery of the 
Nubian Sandstone Aquifer System (NSAS), located in the eastern 
end of the Sahara Desert, highlights the impact a large aquifer can 
have on a global scale. Containing approximately 150,000 km3 of 
groundwater, the significance of the NSAS as a potential water 
source for local arid countries is extraordinary. 

Despite the existence of large-scale structural mapping of known 
aquifers, the majority of such studies tend to produce coarse 
regional maps, are focused on known identified water systems, and 
are conducted in a traditional manner of manual interpretation. 

New Exploration Paradigm 
Exploration for such aquifers has typically been conducted by 
hydrogeologists and hydro-geophysicists via visual interpretation of 
available datasets such as geologic, topographic, and surface water 
flow maps using expert interpretation to infer prospective targets. 
This methodology may miss subtle relationships in large datasets 
and is not scalable due to the manual nature of the expert 
interpretation. 
 
Due to the abundant availability of remote sensing data, including 
geophysical surveying and satellite imagery, Computational 
Geosciences Inc (CGI) identified an opportunity to deploy powerful 
new artificial intelligence (AI) techniques to augment traditional 
aquifer exploration techniques and methodologies with a data-
driven approach. Such techniques can be leveraged to identify new 
deeply buried aquifers in remote regions, and to manage existing 
districts and optimize the extraction of additional water resources. 
 

CGI is ideally positioned to tackle these challenges, having decades 
of experience in natural resource exploration. CGI’s expert 
multidisciplinary team of geophysicists & data scientists have 
developed cutting-edge exploration data processing, inversion, and 
management tools for country-scale, local-scale, and well-scale 
projects.  CGI is developing new AI algorithms for a broad suite of 
geoscience problems, including exploration for groundwater 
resources. 

 
CGI’s AI algorithms can be trained to identify subtle patterns in a 
multidisciplinary dataset to highlight new prospective areas. The 
technique is fully scalable, and can rapidly be deployed to large 
regional datasets. CGI has applied this methodology, termed 
prospectivity mapping, to two large regions, Australia’s Northern 
Territory and the state of California, to demonstrate the power of 
the method and validate the approach as a valuable component of 
a groundwater exploration program.  

Delineating New Aquifers 
To demonstrate the scalability and power of CGI’s new AI 
methodology, a number of public regional datasets, including 
magnetic, gravity, topography and geology were used as inputs to 
map out the large-scale aquifers of Australia’s Northern Territory. A 
map of the known aquifer extents was used to validate the results. 

 

The data were processed at CGI and used to train our proprietary 
VNet AI algorithm, using only 1% of the known aquifer map as 
training targets. The algorithm is a purpose built deep neural 
network for geoscientific artificial intelligence. Using the training 
targets, it learns to integrate the geoscience data inputs to 
optimally reproduce the aquifer map. 
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Using CGI’s AI methodology in combination with the geoscience 
datasets we were successfully able to reproduce the known aquifer 
map for the Northern Territory, demonstrating the ability of AI to 
rapidly integrate and interpret spatially extensive datasets to 
identify large regional targets, and potentially to delineate new 
unidentified aquifers previously hidden in complex datasets. 

 

Maximizing Value of Existing Aquifers 
For established regions of water resources, maximizing the value of 
the aquifer is of utmost importance. This can mean identifying new 
drill locations for additional wells, or monitoring existing wells and 
aquifers for recharge, extraction rates and threat of contamination. 

In such environments, locations of water wells can be used as  
training labels, with probabilities assigned to their locations 
proportional to the water level so as to favour the richest resource 
locations.  

CGI trained our V-Net using topographic, surface geologic, and 
average precipitation data to predict the probability of 
groundwater over the entire state of California. Using only a small 

number of well locations as training targets, the algorithm was able 
to successfully learn to integrate the aforementioned geoscience 
data inputs to produce results that corroborate with the known 
California water basin map. 

 
 

Prospectivity maps such as this can be used to focus further 
exploration efforts to identify local scale areas with potential for 
productive water sources. Applying AI to large regions such as this 
is a cost effective way to maximize the value of regional 
geoscientific datasets, and rapidly integrate geospatial 
information.  
 

 

A Complete Solution 
As datasets continue to grow in size and number, and water sources 
become more difficult to discover, new technologies such as AI will 
be instrumental in integrating multi-disciplinary datasets to 
identify new aquifers and optimize the management of existing 
water resources.  
 
Combined with CGI’s industry leading subsurface modeling 
technologies, we offer a complete solution to assist your 
groundwater exploration efforts, whether for new aquifers, 
extension of existing resources, or monitoring of active wells. 


