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System design considerations:

e Almost no instances of unlimited resources
to start a program

e Design will be dictated by constraints
— Funding for equipment
— Funding for operations and utilities
— Space
— School schedule
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System design considerations:

e Design for certain species
— Flounder require shallow tanks
— All other species can use similar tanks
e Avalilable space is usually very limited
— Existing greenhouse, shop area, garage
e Available funding usually low
— Competition for funds by existing programs
e Combination with other programs
— Horticulture (aquaponics)
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Potential fish species to culture

e Criteria for selection
— Availability
— Hardiness
— Disease resistance
— Temperature requirements
— Disposition at harvest time
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Potential fish species to culture

e Tilapia

Hybrid striped bass
Southern flounder
Yellow perch
Ornamentals

— Goldfish

— Kol

— Guppies
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Waste Solids Removal

e Sedimentation
e Swirl separators
e Screen filtration
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Waste Solids Removal

e Bead or granular media
filtration

From: www.beadfilters.com
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Biological Nitrification
Why do we need It?

e FiIsh consume feed

e Feed contains protein

e Metabolic processes produce waste
— Solid waste (feces)
— Liquid waste (small amounts of urine)
— Excretion through gills (ammonia)

e \Waste products are toxic and must be
removed
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Types of Biofilters

e Trickling filters

e Submerged media filters
e Fluidized bed reactor

e Mixed bed reactor

e Rotating biological
contactors (RBC’s)

From: www.aquaticeco.com
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Suitable filters

e Bubble-washed Bead
filters

— Solids removal
— Biological nitrification
— Simple to operate
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BBF-XS8000
4 cu. Ft. of media
Source: Aquaculture Systems Technologies

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




Sizing the system

e Physical dimensions available
e Number of tanks

e Density in tanks
— Example:
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e Product size of 1.5 pounds

e 500 — gallon tank

e 0.25 pounds per gallon (with aeration)

e 0.50 pounds per gallon (with oxygenation)

e 500 gallons x 0.25 pounds per gallon = 125 pounds total
e 125 pounds + 1.5 pounds per fish = 83 fish to harvest

e 83 fish + 0.85 (85 percent survival) = 98 fish stocked




Sizing the biofilter

e Manufacturers of small biofilters.generally
will know the nitrification capacity ofithe
biofilters they sell

e X pounds of feed per cu. ft. of media

e 98 fish @ 1.5 pounds = 147 pounds of feed

— 1.5% of 147 pounds = 2.2 pounds of feed per day. |

— 2.2 pounds per tank x 2 tanks = 4.4 pounds of
feed per day to filter

BBF-XS8000
4 cu. Ft. of media
Source: Aquaculture Systems Technologies
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Selecting tanks

e Cost-effectiveness
e Ease of shipping
e Durable materials

e Self-cleaning
design

e |ank liners
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Small system

e Four tanks
— 450 gallons each
— 1,800 gallons total
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Aeration and Oxygenation

Most operations will only be able to.afford aeration
Maximum density limited to 1/4 pound per gallon
Aeration re-suspends solids

Use of supplemental oxygen is preferred, ut will
probably be cost prohibitive

Oxygenation will allow doubling of maximum
density
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Monitoring and backup systems

e Live animals require constant attention
e After hours on call

— evenings, weekends, holidays
e Summer vacations, winter holidays

e Liability of having students on premlses
unsupervised 20
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Recirculating Aquaculture Systems
Teacher's Resource Web Site

e Created and maintained by David Cline
— Extension Aquaculturist, Auburn University
— http://www.aces.edu/dept/fisheries/education/ras/indexshtm
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AugUEt 2005

SRAC Punilcation Mo, 4507

Southern
Regional
Aquaculture
Center

Constructing a Simple and Inexpensive
Recirculating Aquaculture System (RAS)
for Classroom Use

Many teachers would like to add
agquatic science andlar aquacul-
ture programs to their surricula,
Thess programs add a hands-on
=lement that can be integrated
with math, seience and a num-
ber of other disciplines [see Table
1). For exampls, students may
leam planning, finance, market-
ing and sales when studying
aquaculiure as a business.
Aquarulture’s relevance in histo-

David Clina™

1y and its potential to help feed
the earth's ever-growing peopoula-
tien link it to various social stud-
i=s. Teachers whao use aquatic
systems in their classrooms find
them highly effective in translat-
ing academic principles to practi-
cal applicaticns.

One of the simplest ways to miti-
ate a program of this nature is to
bring a recirculating aquaculture

Table 1. Subjects that can be taught using a recirculating aguacul-

turs systam.

Siclogy Chemiatry

Phiysics

Math Economics Plumkbing

Mechanical Systamza

Construction Sales

Marketing Hydraulica

Langusge Arta

Business Planning Finance

Home Econoemics

Food Sanitation & Safaty | Mutrition

Phiysiclogy

Morphology

Fish Health

Fish Reproduction

Genatica Art

History

Sociclogy Carpaniry

Maaonry

Hydroponics

Computer Technology | Public Relations

*Auburn University, Aubum, AL
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system (RAS) into the classroom.
An FAS maintains agquatic
species while filtering and
reusing the water. An RAS may
be as simple as a single small
aquarium or as complex as a
multi-unit production system. An
RAS suitable for a classroom is
simple and inexpensive to build.

‘While the greatest value of the
RAS is as a teaching tocl, the
experience of working with an
RAS can alss motivate students
to participate and develop new
life skills. Aquaculture projects
can encourags cocperative learn-
ing, bring together students of
diverse backgrounds, and link
seemingly disparate skills. Some
schools sell fish and plants to
generate revenue for their pro-
grams. This helps students leam
sales, marketing and other entre-
preneurial skills. Teachers often
report that students become so
engrossed in working with the
systems they forget that they are
studying science and math. The
students take a great deal of
pride in raising fish and they
leamn responsibility by working
with live ani L

System components

A simple FAS systen can be oon-
structed from items available at
nearly any home improvement
store. Step-by-step instructions
for buikling a system ar=
deseribed and illustrated below.
Thers are many other opticns
and variations one might uss, but
the system shown here has besn
classroom tested. Every RAS
must include compenents to

held the fish, remove the solid
wastes [mechanical filter),
remowe the dissolved nitrogenous
wastes [biclogical filter), circulats
the water, maintain the tempera-
ture, and asrate the water if nee-
essary. Figure 1 illustrates these
components and sheows the path
the water will follow as it travels
through the system. Photo 1
shows the completed system.

= 4
Pheto 1. Completed spstem.
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Figre 1. A simple RAS aystem illustra

ing the coomponents and showing the

path the water follows as it travels through the system.

The first component is the culture
wessel or fish barrel where the
fish are housed. The water is lift-
ed from the bottom of the fish
barrel {by the pump) to a plastic
bucket supparted by plywood on
the top of the filter barrel In this
bucket imechanical filter) the
water must pass through several
layers of filter material that cap-
ture the uneaten feed and solid
feces. Cmoes through the filter
pads, the water leaves the buclket
by going through holes in the bot-
temn of & S-inch pipe and then out
the stand pipe in the center of the
bucket. The water then travels to
the bottom of the filter barrel and
must pass though the bicfilter
media [to remove nitrogenous
wastes] before returning to the

fish barrel.

These are the tools required to
‘build the system:
* PV pipe cutter or hacksaw
Extension cord
Gaoggles or safety glasses
Saber saw or Sawzall®
Electric drill
Fuler or taps measure
Heale saw tocut 1 Yiand 1% inch
Dirill kits, Y-inch
Teflon® tape
Marlker
Sandpaper
Rublber glowves
Serewdriver (to match bolt
heads)
Fliers or s-inch ratchet




Table 2. Parte liet for a 2mall recirculating aguacultura system.

Size Description

55-gallon Plazstic barrals

S-galion Plaatic bucket

2-igot x 2-foot piace 1&-inch plywood

200 to 600 gallons par hour Water pump with %-inch outlat
(optional but desirabls) 2 outlets Dasp-water air pump

d. Using a 1 Yi-inch hele saw

3. Filter barrel assembly
{this is an attachment for an

4. Flace the S-gallon bucket

Instructions

1. Gather and organize necessary

I I I I )

1- to 2-inch

Airstonas

30 inche= long

Airlina tuking to fit pump and airstonss

tools and parts.

a. Gather necessary parts and
plumbing supplies. [se=
Table 2).

b Cut the pipes to the speci-

electric drill), cut a hols 1
inch back from the center
of the remaining half of the
barrel top (fish barrel). This
will help held the piping
that goes from the pump in
the bottem of the fish barrel

upside deswn in the center
of the 24oot x 2-foot pisos
of plyweed and trace
around the opening of the
buckst. This will be your
guide for cutting the hole in
the plywood. (Photo 3a)

fi=d length using PVC-pipe N
cutters or hack save to the filter barrel [Photo

22 inches 1-inch pve pipa — filter downspout Label the i 4 fitti Ze)
10 inches 1-inch pve pips — filter levsl contral pips & x::ith th;:ﬁﬁ;?; h r"‘?‘;s 3 Sn_uocvth rough cut edges
2 inchas 1-inch pyve pipa — bucket overflow female to down elbow ‘with sandpaper to remove

2. F ‘barrel
7 inchas 1-inch pue pips — bucket overflow downspout, water ratum r\:pﬁrc. e burs and sharp edges
a. Obtain barrels, preferably . Using a 1 Y¥winch hole saw,

Quantity Labal Langth Dazcription

27 inches ¥-inch pye pipe — pump horizonial

35 inches inch pyve pipe — pump vartical riser

3 inchas ch pve pipe — pump downsoout to filter

Y [y oy [y (Y] Y ey

| x{m|m|m|o|wl=

13 % inches 3-inch pve pipa — cuter sleave of filer level control pipe

from a foodd or drink proces-
sorfbattler, and rinse them
thoroughly. You may also
use soap barrels from a car-
wash. Do not use chemical
barrels as thers may be
residue that could be toxic

cut cne hole in each harrel
30 inches from the fleor.
Gently remove burrs and
smocth wery lightly with
sandpaper. Thess holes are
for the water return from
the filter barrel to the fish

Quantity Siza Dazcription

to the fish and/or humans barrel. (Photo 2f) Mote: If
censuming the fish. you use traditional bulkhead
4 1-inch Slinfthreaded female — filter bottom, overflow outside, inside water retumsa . gmst?ziﬁomctgtﬁ‘fgﬁm '?;;‘:?szpﬁ;? ;:;;Ee‘;.i::w
5 1-inch Sligfthreaded male — one at sach and of water raturn, fiker cverflow, filttar cne barrel filter barrel, leav-
botiom ing a i- to Zinch rim arcund
1-inch 90-dagres elbow — filter cverflow the top edge. The rim helps
1-inch Tee aliminators (from Aquatic Ecosyetems) to fit in 1 '&inch hola, or eguivalant maintain rigidity. (Photo 25)
oulkhead fittngs for 1-inch pipe
Y-inch Slipfthraaded femals — for pump outlst
Yi-inch O0-dagres slbows — pumpiwater tranafer fittings, water raturn dirsctional

Window (optional but desirabla)

Quantity Label Siza Dazcription
1 G-inch x 20-inch Piece of Y-inch Lexan® . Photo 2f
20 Ye-inch x Ye-inch Stainlass atesl bolta N

b. Using your traced circle as
a guids, cut 3% nch insids
the line using your saber
saw. Gently remove burrs
and smocth very lightly
with sandpaper. This will
ensure that the lower part
of your buckst fits snugly
inside the hole while allow-

20 He-inch Stamlaaa atss| nuis 2. Insert the tee eliminators

20

He-inch Stanless steesl washars

20

He-inch ‘Washarz

z

Tubes Plurmberz Gooo® contact adhesive and sealant

FPhoto 2b

c. Cut one-half of the top out

of the other barrel (fish bar-

L) inte the heles, The heles
need to be as unifcrm and
smocth as pessible to allow
the tee aliminators to seal
them properly. [Photo 2g)

ing it to be supported by
the structural ring on the
bucket. You can always
make the hole larger, but it
is difficult to make it small-
ar. (Pheto 3k

rel), leaving a 1 - to 2-inch
rim around the opening.
(Fhoto Ze)

Photo 2.
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Aquaculture and Hydroponics

e aquaculture + hydroponics = aguaponics
— culturing fish
— growing plants with effluent water
— composting of captured solid waste

e Vvegetables, flowers, foliage plants
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Aquaculture and Hydroponics
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Aquaculture and Hydroponics

Area required for fish will = e
be much smaller than that e | SREA

required for plants _ ew =

Recirculating Aquaculture Tank

In other words, a small Production Systems
amount Of fISh WIII Support Integrating Fish and Plant Culture
a large amount of plants

Probably not desirable to
return plant solution to fish

Supplemental nutrients
may be required

Beware the use of any
pesticides
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Sources of further information:
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e The National Council for Agriculture
Education

e NC Cooperative Extension Service
e Southern Regional Aquaculture Center

e NC Dept. of Agriculture & Consumer
Services

e Aquatic Eco-Systems
e R&B Agquatic Distribution



