
Classroom Size System Design Classroom Size System Design 
and Componentsand Components

Dennis P. DeLongDennis P. DeLong
Extension Aquaculture SpecialistExtension Aquaculture Specialist

Dept. of Bio. & Ag. EngineeringDept. of Bio. & Ag. Engineering
College of Agriculture and Life SciencesCollege of Agriculture and Life Sciences

North Carolina State UniversityNorth Carolina State University
Raleigh, North CarolinaRaleigh, North Carolina



System design considerations:System design considerations:

Almost no instances of unlimited resources Almost no instances of unlimited resources 
to start a programto start a program
Design will be dictated by constraintsDesign will be dictated by constraints
–– Funding for equipmentFunding for equipment
–– Funding for operations and utilitiesFunding for operations and utilities
–– SpaceSpace
–– School scheduleSchool schedule



System design considerations:System design considerations:
Design for certain speciesDesign for certain species
–– Flounder require shallow tanksFlounder require shallow tanks
–– All other species can use similar tanksAll other species can use similar tanks

Available space is usually very limitedAvailable space is usually very limited
–– Existing greenhouse, shop area, garageExisting greenhouse, shop area, garage

Available funding usually lowAvailable funding usually low
–– Competition for funds by existing programsCompetition for funds by existing programs

Combination with other programsCombination with other programs
–– Horticulture (Horticulture (aquaponicsaquaponics))



Potential fish species to culture Potential fish species to culture 

Criteria for selectionCriteria for selection
–– AvailabilityAvailability
–– HardinessHardiness
–– Disease resistanceDisease resistance
–– Temperature requirementsTemperature requirements
–– Disposition at harvest timeDisposition at harvest time



Potential fish species to culture Potential fish species to culture 

TilapiaTilapia
Hybrid striped bassHybrid striped bass
Southern flounderSouthern flounder
Yellow perchYellow perch
OrnamentalsOrnamentals
–– GoldfishGoldfish
–– KoiKoi
–– GuppiesGuppies



Required Unit ProcessesRequired Unit Processes

Waste Solids Removal
Sedimentation
Swirl Separators
Screen Filters
Bead Filters
Double Drain

Aeration or
Oxygenation

Air Stone Diffuser
Packed Column
Down-flow Contactor
Low Head Oxygenator
U-tube

Fine & Dissolved
Solids Removal

Foam Fractionation

Carbon Dioxide
Removal

Air Stone Diffuser
Packed Column

Fish Culture Tank

Round, Octagonal
Rectangular or 
D-ended

Biological Filtration
(Nitrification)
Fluidized Bed Filters
Mixed Bed Filters
Trickling Filters
Rotating Bio-Contactors

Disinfection

Ultraviolet Light
Ozone Contact



Waste Solids RemovalWaste Solids Removal

SedimentationSedimentation
Swirl separatorsSwirl separators
Screen filtrationScreen filtration



Waste Solids RemovalWaste Solids Removal

Bead or granular media Bead or granular media 
filtrationfiltration

From:  From:  www.beadfilters.comwww.beadfilters.com
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Biological NitrificationBiological Nitrification
Why do we need it?Why do we need it?

Fish consume feedFish consume feed
Feed contains proteinFeed contains protein
Metabolic processes produce wasteMetabolic processes produce waste
–– Solid waste (feces)Solid waste (feces)
–– Liquid waste (small amounts of urine)Liquid waste (small amounts of urine)
–– Excretion through gills (ammonia)Excretion through gills (ammonia)

Waste products are toxic and must be Waste products are toxic and must be 
removedremoved



Types of BiofiltersTypes of Biofilters

Trickling filtersTrickling filters
Submerged media filtersSubmerged media filters
Fluidized bed reactorFluidized bed reactor
Mixed bed reactorMixed bed reactor
Rotating biological Rotating biological 
contactors (contactors (RBCRBC’’ss))

From:  From:  www.marinebiotech.comwww.marinebiotech.com

From:  From:  www.aquaticeco.comwww.aquaticeco.com



Suitable filtersSuitable filters

BubbleBubble--washed Bead washed Bead 
filtersfilters
–– Solids removalSolids removal
–– Biological nitrificationBiological nitrification
–– Simple to operateSimple to operate

BBF-XS8000

4 cu. Ft. of media

Source:  Aquaculture Systems Technologies

http://aquaculture.ctpllc.com/index.php



Sizing the systemSizing the system

Physical dimensions availablePhysical dimensions available
Number of tanksNumber of tanks
Density in tanksDensity in tanks
–– Example:Example:

Product size of 1.5 poundsProduct size of 1.5 pounds
500 500 –– gallon tankgallon tank
0.25 pounds per gallon (with aeration)0.25 pounds per gallon (with aeration)
0.50 pounds per gallon (with oxygenation)0.50 pounds per gallon (with oxygenation)
500 gallons 500 gallons ×× 0.25 pounds per gallon = 125 pounds total0.25 pounds per gallon = 125 pounds total
125 pounds 125 pounds ÷÷ 1.5 pounds per fish = 83 fish to harvest1.5 pounds per fish = 83 fish to harvest
83 fish 83 fish ÷÷ 0.85 (85 percent survival) = 98 fish stocked 0.85 (85 percent survival) = 98 fish stocked 



Sizing the biofilterSizing the biofilter

Manufacturers of small biofilters generally Manufacturers of small biofilters generally 
will know the nitrification capacity of the will know the nitrification capacity of the 
biofilters they sellbiofilters they sell
X pounds of feed per cu. ft. of mediaX pounds of feed per cu. ft. of media
98 fish @ 1.5 pounds = 147 pounds of feed98 fish @ 1.5 pounds = 147 pounds of feed
–– 1.5% of 147 pounds = 2.2 pounds of feed per day1.5% of 147 pounds = 2.2 pounds of feed per day
–– 2.2 pounds per tank 2.2 pounds per tank ×× 2 tanks = 4.4 pounds of 2 tanks = 4.4 pounds of 

feed per day to filter feed per day to filter 
BBF-XS8000

4 cu. Ft. of media

Source:  Aquaculture Systems Technologies

http://aquaculture.ctpllc.com/index.php



Selecting tanksSelecting tanks

CostCost--effectivenesseffectiveness
Ease of shippingEase of shipping
Durable materialsDurable materials
SelfSelf--cleaning cleaning 
designdesign
Tank linersTank liners



Small systemSmall system

Four tanksFour tanks
–– 450 gallons each450 gallons each
–– 1,800 gallons total1,800 gallons total



Aeration and OxygenationAeration and Oxygenation

Most operations will only be able to afford aerationMost operations will only be able to afford aeration
Maximum density limited to 1/4 pound per gallonMaximum density limited to 1/4 pound per gallon
Aeration reAeration re--suspends solidssuspends solids
Use of supplemental oxygen is preferred, but will Use of supplemental oxygen is preferred, but will 
probably be cost prohibitiveprobably be cost prohibitive
Oxygenation will allow doubling of maximum Oxygenation will allow doubling of maximum 
densitydensity



Monitoring and backup systemsMonitoring and backup systems

Live animals require constant attentionLive animals require constant attention
After hours on callAfter hours on call
–– evenings, weekends, holidaysevenings, weekends, holidays

Summer vacations, winter holidaysSummer vacations, winter holidays
Liability of having students on premises Liability of having students on premises 
unsupervisedunsupervised



Recirculating Aquaculture SystemsRecirculating Aquaculture Systems
Teacher's Resource Web SiteTeacher's Resource Web Site

Created and maintained by David Cline Created and maintained by David Cline 
–– Extension Extension AquaculturistAquaculturist, Auburn University , Auburn University 
–– http://http://www.aces.edu/dept/fisheries/education/ras/index.htmwww.aces.edu/dept/fisheries/education/ras/index.htm













Aquaculture and HydroponicsAquaculture and Hydroponics

aquaculture  + hydroponics = aquaculture  + hydroponics = aquaponicsaquaponics
–– culturing fishculturing fish
–– growing plants with effluent watergrowing plants with effluent water
–– composting of captured solid wastecomposting of captured solid waste

vegetables, flowers, foliage plantsvegetables, flowers, foliage plants



Aquaculture and HydroponicsAquaculture and Hydroponics



Aquaculture and HydroponicsAquaculture and Hydroponics
Area required for fish will Area required for fish will 
be much smaller than that be much smaller than that 
required for plantsrequired for plants
In other words, a small In other words, a small 
amount of fish will support amount of fish will support 
a large amount of plantsa large amount of plants
Probably not desirable to Probably not desirable to 
return plant solution to fishreturn plant solution to fish
Supplemental nutrients Supplemental nutrients 
may be requiredmay be required
Beware the use of any Beware the use of any 
pesticidespesticides



Sources of further information:Sources of further information:

The National Council for Agriculture The National Council for Agriculture 
EducationEducation
NC Cooperative Extension ServiceNC Cooperative Extension Service
Southern Regional Aquaculture CenterSouthern Regional Aquaculture Center
NC Dept. of Agriculture & Consumer NC Dept. of Agriculture & Consumer 
ServicesServices
Aquatic EcoAquatic Eco--SystemsSystems
R&B Aquatic DistributionR&B Aquatic Distribution


