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At the Freshwater Institute, a program of the Conservation Fund, 

we develop technologies and practices that allow the use of water for 

human purposes, particularly in agriculture, in a manner that conserves 

and protects our water resources. The aquaculture technologies and 

practices that we have developed are beneficial for the environment, 

consumers, and American business alike.

By Steven Summerfelt* and Christopher Good*

 R&D CenteRs

Aquaculture Research at 

The 
Conservation 
FUND’S 
Freshwater 
Institute

As a global leader in re-
search and development 
of  land-based closed-
containment aquaculture 

systems, the Freshwater Institute has 
pioneered recirculating aquaculture 
system (RAS) technologies that help 
overcome barriers to domestic aqua-
culture expansion, as well as enhance 
the sustainability and reduce the en-
vironmental impacts of  the modern 
aquaculture industry. Our scientists 
have combined engineering, chemis-
try, and biology to increase farmed 
fish production in environmentally-
friendly and profitable businesses.

With RAS, fish farm expansion is 
no longer highly constrained by com-
petition for limited water resources, 
fish farm sites, or strict regulations 

on pollution discharge. In addition, 
nutrients can be reclaimed, fish es-
cape can be prevented, and disease 
interaction between farmed and wild 
fish can be minimized. However, 
relatively high capital and operating 
costs present barriers to the wide-
spread implementation of  this pro-
duction model. Working closely with 
industry, scientists at The Freshwater 
Institute have helped to move RAS 
from a biologically, technically, and 
economically feasible concept, to a 
demonstrably commercially success-
ful business model. Currently, RAS 
facilities are commercially producing 
food-size Atlantic salmon, rainbow 
trout, sturgeon and their caviar, pike 
perch, catfish, barramundi, tilapia, 
and other species. 

History
From 1986 to 1988, the concept of  a 
total aquaculture project linking RAS 
with a hydroponic plant production 
system was discussed and developed 
by The Freshwater Institute.  The U.S. 
Department of  Agriculture’s Agricul-
tural Research Service (USDA-ARS) 
approved a funding request and the 
first project was initiated in 1989. Over 
a half  dozen projects later, the USDA-
ARS continues to support the Fresh-
water Institute. A hallmark of  ARS 
support has been a two-fold responsi-
bility: (1) identify problems and devel-
op effective solutions ahead of  indus-
try needs, and (2) publish high-quality 
scientific studies. Additional research 
has been supported by industry, the 
Gordon and Betty Moore Foundation, 
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the Herrick Foundation, the Atlantic 
Salmon Federation, and Tides Canada.

Physical and Human Resources 
The Freshwater Institute is located on 
a 40+ hectare (100+ acre) farm just out-
side of  Shepherdstown, West Virginia. 
The campus contains an integrated se-
ries of  buildings and greenhouses con-
nected by water lines and communica-
tion capabilities. The interconnection 
allows research and demonstration for 
water influent, production and effluent 
technologies while maintaining bios-
ecurity and flexibility. The laboratory 
building features a wet laboratory, a 
mixed office area and laboratories for 
pathology and water chemistry. Our 
campus also includes an aquaculture 
tank pad, a greenhouse, and a coldwa-
ter spring that produces 2,000-5,000 

L/min of  12.5-13ºC groundwater year 
round. 

Four systems are used to assess 
continuous production within a one-
tenth commercial scale research facil-
ity capable of  producing 20-40 metric 
tons (MT) of  finfish annually, i.e.,
1. A chilled RAS to hatch eyed eggs, 
2. A single-pass system with twelve 600 
L tanks to raise the first-feeding fry to 
fingerling/parr/smolt, 
3. A partial-reuse system with three 10 
m3 culture tanks to raise fingerling/
parr/smolt to an advanced fingerling 
or post-smolt, and 
4. A RAS with a single 150 m3 tank to 
produce market-size fish. 

The tank pad facility incorporates 
six identical 9.5 m3 RAS, which are 
operated at a total recirculating flow 
of  390 L/min. These systems were 

installed in 2007 to assess interactions 
between process design, water quality 
and fish performance, health and wel-
fare. Each system uses the unit process 
(i.e., a microscreen drum filter, fluid-
ized sand biofilter, forced ventilated 
cascade aeration column, low head 
oxygenator, dual-drain circular culture 
tank, and radial flow settler) built as a 
1:12 scale model of  The Freshwater 
Institute’s single growout system. Low-
through and partial-reuse systems are 
also available, supplied with constant 
12.5-15ºC water, and used for repli-
cated research or pilot-scale evalua-
tions. The tank pad facility is about to 
be completely rebuilt, with expected 
completion by early 2017. 

Several waste management tech-
nologies are also installed in the green-
house, including three full-scale bio-

Recirculating Aquaculture System to produce market-size fish.
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solids capture and thickening cones, a 
commercial belt filter system for bio-
solids dewatering, a microscreen drum 
filter for treating the entire wet labo-
ratory discharge, five fluidized-media 
(sand or sulfur) biofilters for nitrifica-
tion and denitrification research, four 
woodchip bioreactors, and a commer-
cial pilot-plant membrane biological 
treatment system for backwash treat-
ment.  These technologies will allow 
more cost effective and efficient re-
moval of  nitrates and production of  
clean filtrate for reuse in RAS, practi-
cally eliminating makeup water needs 
and point-source discharge.

The Freshwater Institute is ar-
ranged in three basic groups – Re-
search, Operations, and Engineering 
Services. Our staff  includes engi-
neers, biologists, and an aquatic vet-
erinarian; and we wouldn’t get the 
job done without the collaboration 
of  our certified electrician, master 
plumber and network and telecom-
munications specialist.

Aquaculture Research Focus
Our research continues to focus on 
developing technologies for sustain-
able production systems, alternative 
protein sources in fish feeds, and 
disease prevention in the production 
environment. Optimal utilization of  
RAS requires knowledge of  the in-
teractions between inputs/outputs, 
cultured species, the production en-
vironment and economics.

The impacts of  improved wa-
ter treatment technology can be 
profound. Because the fish can be 

raised anywhere, RAS makes it pos-
sible for fish like salmon to be local 
“farm to table” options on menus 
and store shelves. Farming fish local 
to the market also requires a smaller 
carbon footprint (because the fish 
travels much less of  a distance to the 
consumer), improves traceability and 
product freshness, and it supports the 
economy in these communities. 

Our engineers have been focused 
on a number of  topics including:
• developing more energy efficient 
and cost-effective carbon dioxide 
stripping technologies, 
• biofiltration and ozonation applica-
tions, 
• hydrodynamics in the dual-drain 
culture environment, and 

• biosolids capture and dewatering 
technologies. 

Technologies for removing mortal-
ities from culture tanks and transfer-
ring, harvesting, and humane slaugh-
ter have also been developed, assessed, 
and optimized.

We are also developing new tools 
and practices for removing/reduc-
ing off-flavor compounds in RAS, si-
multaneously improving water quality 
monitoring and process control tech-
nology for fish production. In addi-
tion, research to better achieve econo-
mies of  scale to reduce capital costs of  
RAS has been critical to the advance-
ment of  commercial facilities. Scale 
of  economy savings can come from 
various aspects of  a business includ-
ing capital costs for facilities, operat-
ing costs, and lower distribution and 
marketing costs. Refinements in water 
treatment process design and econo-
mies of  scale are reducing capital costs 
and increasing economic performance 
for a variety of  fish species in RAS fa-
cilities.

To assist in improving the econom-
ic viability of  RAS, the Freshwater In-
stitute works to develop strategies to 
promote fish population health and to 
minimize losses to disease. New state-
of-the-art RAS, when designed and 

Vision of outcomes from The Freshwater Institute’s research.

Six replicated water recirculating systems, each with a 5 m3 tank, at the CFFI.
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operated effectively, provide critical barriers to the intro-
duction of  obligate fish pathogens; however, opportunis-
tic pathogens will always be present, and will occasionally 
cause disease when conditions favor the disease agent and/
or reduce the immune capacity of  the host population. The 
Freshwater Institute focuses on developing and promoting 
biosecurity strategies to minimize introduction of  obligate 
pathogens into fish farms, and methods to treat some op-
portunistic pathogens as Flavobacteria spp., are being devel-
oped. 

Another goal has been to assess the performance of  
rainbow trout and Atlantic salmon under different envi-
ronmental conditions in RAS in order to optimize growth, 
survival, and welfare. Although rainbow trout have been 
studied in RAS for over two decades, since 2009 we have 
focused on the biological, technical, and economic aspects 
of  growing Atlantic salmon to market size in land-based 
systems. We are also working with Norwegian scientists 
and several of  the largest salmon farming companies to 
improve closed-containment technologies for producing 
larger salmon (post-smolt and potentially market-size fish 
production).

Likewise, pressing social concerns about the sustainabil-
ity of  fish feed and the rising cost of  fish meal have provid-
ed the impetus to compare effects of  alternate protein and 

fishmeal-based feed formulations on trout, Atlantic salmon 
and walleye health and performance, waste production, and 
water quality. This research provides more detailed under-
standing of  how diets without fish meal interact with the 
RAS environment. 

Overall, our research is addressing several of  the largest 
technology challenges facing domestic RAS producers by 
aiming to: reduce capital costs, improve energy efficiency, 
reduce water requirements, increase nutrient removal, and 
improve salmonid performance, health, and welfare in 
land-based systems. 

Outreach and Technology Transfer
Scientists and engineers at The Freshwater Institute publish 
approximately 10 refereed papers and several trade press 
articles annually; we also provide dozens of  presentations 
at scientific conferences, workshops, or training events each 
year. The Freshwater Institute also teaches 2-3 short cours-
es annually on RAS, titled “Water Reuse for Intensive Fish 
Culture.” We communicate with and provide assistance to 
many of  the companies raising market-size fish, particu-
larly salmon and trout, in land-based closed containment 
systems. Scientists and engineers provide advice on system 
design, unit process technologies, farm management, sys-
tem operation, and fish health to stakeholders including 
fish producers, veterinarians, feed manufacturers, equip-
ment suppliers, technicians, NGOs and others.

The results obtained have provided measurable progress 
toward more sustainable and globally competitive aqua-
culture systems for fish farmers. Innovative research has 
provided the aquaculture industry with new technologies, 
systems, and practices that provide optimum culture condi-
tions and overcome limitations created by pathogens found 
in the environment, a lack of  high-quality water resources, 
or strict pollution discharge limits. Outcomes include in-

Freshwater Salmon Growout.
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creased capital investment in RAS for 
fish farming, minimization of  envi-
ronmental impacts, improvements in 
food security and safety, and develop-
ment of  best practices that allow for 
continued profitability while address-
ing social and environmental con-
cerns. Likewise, farmed fish perfor-
mance and health have been improved 
by emphasizing integrated aquatic ani-
mal health management and the inter-
relationship between physical system 
design, the aquatic environment, and 

the potential for disease in intensively 
cultured fish.

Numerous state and federal fish 
culture facilities have incorporated wa-
ter recirculating technologies that have 
been developed or optimized at The 
Freshwater Institute. Some examples 
include Alaska Department of  Fish 
and Game hatcheries, the USDA-ARS 
National Cold Water Marine Aqua-
culture Center in Franklin, Maine, the 
National Center for Cool and Cold 
Water Aquaculture in Leetown, West 

Virginia, and the Warm Water Aqua-
culture Research Unit in Stoneville, 
Mississippi. These full-scale technol-
ogy transfer outcomes have provided 
stakeholder feed-back that has helped 
our scientists identify new opportuni-
ties and challenges.

Conclusions
In conclusion, the ability to provide 
U.S. consumers with high-quality, 
sustainably-produced seafood under 
the resource limitations that we now 
face hinges upon research that sup-
ports increased domestic aquaculture 
production and the development of  
new and improved technologies. Thus, 
aquaculture research is “Conservation 
Working for America.” We believe 
that we can farm salmon and conserve 
our marine resources; we can maintain 
a healthy environment and create a vi-
brant economy. We don’t have to com-
promise. We can have both.

*The Conservation Fund Freshwater Institute, 1098 
Turner Road, Shepherdstown, West Virginia, 25443

Renovated tank pad building that is currently under construction with 22 flow-through tanks, 12 partial reuse 
system (each with a 5 m3 culture tank), and one larger (18 m3 culture tank) partial reuse system.
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