Lecture notes (3.3) Recirculating Aquaculture Systems (RAS)

Closed or recirculating aquaculture systems (RAS) provide a means for optimizing the use of one of the nation’s most important natural resources – water. RAS gain application in public aquaria, as seen at Disney’s EPCOT Center and the National Aquaria in Baltimore and New Orleans, in commercial production as seen at Blue Ridge Aquaculture’s tilapia plant, for research purposes as demonstrated by Virginia Tech’s Aquaculture Center and for classroom eduction, exemplified in Blacksburg Middle School. Many designs have been used for RAS but each system has at its heart a water treatment system akin to a sewerage treatment plant.

1. RAS components

a. Holding tank

b. Biological filters for nitrification

c. Protein skimmers/foam fractionators for removal of dissolved protein

d. Bead filters/screens/sedimentation tanks for solids removal

e. Aeration/oxygenation systems

f. CO2 removal (diffusers)

g. UV system for disinfections

h. Pump(s)

i. Heaters/coolers

j. Monitoring systems

2. Holding tanks

a. Round

i. Good water circulation

ii. Uniform water quality

iii. Reasonable sludge collection

iv. Difficult to capture fish

v. Poor use of footprint

b. Oval

i. Advantages similar to round tanks

ii. Often more expensive

iii. Hydrodynamic performance may be poor (dead spaces)

c. Rectangular

i. Good foot printing

ii. Easy to harvest fish

iii. Hydrodynamic (plug flow) proiblems

d. Square

i. Good foot print

ii. Easy to harvest animals

iii. Hydrodynamic performance may be questionable

e. Silo-like

i. Good foot print relative to round/oval

ii. Difficult to harvest fish

iii. Difficult to observe fish

iv. Tricky to clean tanks 

f. Hexagonal/Octagonal

i. Excellent use of floor space

ii. Easy to expand system size (modular designs available)

iii. Good hydrodynamic performance

iv. Reasonable collection of sludge

v. Expensive

3. Construction materials

a. Fiberglass

i. Light material

ii. Strong

iii. Shape adaptable

iv. Expensive

b. Plastic
i. Adaptable for forming

ii. Inert in freshwater and marine 

iii. Expensive

iv. Strength limited

c. Concrete

i. Durable

ii. Smooth

iii. Cheap

iv. Easy to form

v. Heavy

vi. Complex shaping difficult

d. Wood

i. Cheap

ii. Light

iii. Smooth

iv. Coatings may be expensive

v. Not particularly durable

vi. Complex shaping difficult

vii. May act to harbor pathogens

e. Steel

i. Smooth

ii. Strong

iii. Inert

iv. Heavy

v. Expensive

4. Biofiltration
Any filtration system that uses biological organisms (Nitrosomas/Nitrobacter spp.) to convert ammonia to nitrite.

a. Configurations

i. Submerged beds

ii. Fluidized beds

iii. Emerged beds

iv. Combinations

b. Ideal biofilter media characteristics

i. Large surface area to volume ratios

ii. High void fraction (volume voids/total volume)

iii. Stable and durable (water and time)

iv. Inexpensive

v. Light weight (need for support)

c. Commonly used media

i. Sand – cheap, high specific surface area, low void, heavy

ii. Gravel – cheap, low specific surface area, medium void, heavy

iii. Rock (limestone) – cheap, v. low specific surface area, low void, heavy

iv. Crushed oyster shell - cheap

v. Plastics (KMT, RBC) - expensive

5. Biofilter operation – start-up
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Maturation of biofilter may take > 22 days with clean filter material. 

Reduce with addition of bacteria (old media) 

Spike with ammonia (1-5 ppm) – Ammonium chloride, hydroxide or phosphate ~ 11 d maturation
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