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Hydropower—a consistent source of energy generating 
about 6 percent of US electricity—has the potential to 

play a key role in addressing the nation’s increasing
energy demands. To better understand environmental
impacts, researchers at Oak Ridge National Laboratory 
are using a novel approach to study aquatic species 

near hydropower facilities. Their findings may lead to 
smarter facility designs that support natural ecosystems 

while ensuring the reliability of the US power grid.

Beyond Conventional Biomonitoring
Conventional environmental impact surveys rely on time-consuming, costly and disruptive 
processes of physically catching fish at hydropower reservoirs to determine which species 
are present at the facilities and what characteristics they share. ORNL researchers have 
demonstrated that a better approach is possible, minimizing impacts to aquatic species 
while securing more precise data at a fraction of the cost of conventional field samples.

An Aquatic Census in a Drop
         Rather than collecting samples from fish, ORNL researchers collect
           environmental DNA, or eDNA, from water samples to determine
             which species are present and to estimate their
                numbers. This process is possible because 

fish and other organisms secrete
DNA into the water through waste, 

reproduction and decay.
Water samples can be filtered          
to capture eDNA, which       		

is then sequenced at the
lab and compared with a genetic database of 
known species to identify which organisms     
are present in the area.

Researchers at ORNL are also exploring the use 
of another molecule, environmental RNA (eRNA). 
The advantage of eRNA is that it is shed only by 
living creatures, and can provide a more accurate 
picture of the current populations in a body of 
water than eDNA, which can also emanate from     
dead organisms.
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Results
ORNL researchers conducted a pilot study at Melton Hill dam in East Tennessee over 
2020 and 2021 that confirmed the efficacy of eDNA sampling. With samples from four sites 
around the dam, the team was able to detect 65 fish species with eDNA, 14 of which had 
not been found by traditional survey methods. The results showed that combining eDNA 
sampling with conventional methods could offer a fuller picture of aquatic life in a 
hydropower reservoir.

In 2022, ORNL partnered with the Michigan Department of Natural Resources to test 
whether eDNA and eRNA could be collected from fast-moving water in fish ladders. 
Samples from two southern Michigan rivers showed that these tools could identify 
species and estimate fish passage in high-velocity environments.

In 2024, the team expanded testing to the Apalachia Dam on the Hiwassee River in 
western North Carolina, exploring the use of eDNA/eRNA to detect and count other 
organisms like mussels, amphibians, and aquatic plants.

In tandem with these experiments, the team also developed a remote, autonomous 
environmental DNA and RNA sampler and analyzer called “eDNAbot.” A patent for 
eDNAbot was issued in March 2025.

Impacts
The use of eDNA and eRNA surveys is a promising means of revealing changes in 
aquatic species, as well as the ecosystem changes that could lead to smarter,
more environmentally friendly facility designs and operations.

Additional Applications
• Rapidly measure biodiversity
• Detect invasive species
• Detect toxic algal blooms
• Sample difficult-to-assess environments
• Uncover pollutants
• Aid management of fisheries

What’s Next
In 2025, ORNL researchers will take the sum of their findings from previous iterations
of this project and test their methods on a system of greater scope, complexity and
dynamism in Washington State, at dams along the Columbia River and one of its key
reservoirs, Franklin D. Roosevelt Lake. The aim is to provide yet more foundational
information about how this revolutionary new method can be used.


