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Abstract 

Increasing demands on our natural resources require unique solutions. Our design 

combines an aquaculture subsystem with a hydroponics subsystem to maximize efficiency and 

fully utilize all resources with minimal waste and environmental impact. Current aquaponics 

designs use either rectangular raceways or circular tanks for the aquaculture subsystem. Circular 

tanks are very common and offer the advantage of efficient solid waste removal. Solids can be 

pushed down towards a center drain and flushed out of the system easily with rotational flow 

within the tank. Raceway designs are also used extensively and offer the advantage of better 

utilization of floor space. Our design brings these two configurations together by creating 

circular flow in 3 hydraulically separate units within one rectangular raceway.  In this way, 

solids removal is maximized and floor space is utilized fully.  Our system is also designed to be 

fully portable on a flatbed trailer so that it can be used as an education exhibit around the region. 
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Executive Summary  

 This report will outline the design of a portable aquaponics system. More specifically, the 

report will summarize the accomplishments that have been made over the course of two 

semesters in terms of design, construction, and evaluation.  Over the course of the past eight 

months the design team has spent their time researching the dynamics of aquaponics systems, 

coming to a final design proposal, constructing, calibrating and evaluating the system based on 

the design constraints presented. With input from the team mentor and sponsor, a suitable design 

layout was determined, the system was constructed and evaluations show system performance is 

in line with design expectations.  

 The system, as it is constructed, is fully portable and capable of supporting a maximum 

fish density of 40 kg/m3 based on system recirculation and 8 kg/m3 based on biofiltration 

capacity. The system has been designed to be easily scalable and will certainly meet the 

requirements of any application it may be used for following the conclusion of the senior design 

process. Overall system performance can be increased with the addition of a pump capable of 

greater flow rates and additional biofiltration volume.  

 The portable aquaponics system’s intended use is as an educational exhibit and as such 

the system serves as a valuable tool to inform the general public of the simplicity and scalability 

of aquaculture and aquaponics. The system is designed and constructed using easily attainable 

plumbing and lumber to show the design’s practical and economic feasibility for residential or 

community applications. With society turning more towards sustainable and environmentally 

sound practices, a system like portable aquaponics will serve as an excellent illustration of the 

viability of small-scale aquaponics systems.  
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INTRODUCTION 

Statement of Problem 

Our design is intended to address deficiencies found in current aquaculture and 

aquaponics strategies. Two major configurations are prevalent in current aquaculture designs: 

raceway configuration and traditional circular tank designs. Both options have advantages, but 

both designs are also imperfect in many ways. Our sponsor wishes for us to design an 

aquaponics system that takes the positive components of both designs and eliminates the 

negative aspects that impact efficiency. 

Background 

Aquaponics is the marriage of aquaculture and hydroponics. The two subsystems work 

together to ensure water quality requirements for the fish and nutrient requirements for the crop 

chosen.  Using a biolfilter, the fish waste is processed to convert ammonia to nitrite and 

eventually nitrate that can be used by plants. The water is then returned back to the fish tank to 

restart the entire cycle. The design involved in this process is ensuring proper recirculation to 

meet water qualtiy requirements and ensure livelihood of the fish cohort.  

From our research, we have found that two current layouts are typically used in the 

design of the aquaculture portion of the aquaponics system. Circular tanks are very common and 

offer the advantage of efficient solid waste removal. Solids can be pushed down towards a center 

drain and flushed out of the system easily with rotational flow within the tank. Raceway designs 

are also used extensively and offer the advantage of better utilization of floor space. Our sponsor 

proposed a hybrid of the two typical layouts by designing the aquaculture tank in a raceway 

configuration, but orienting jets within the tank to create rotational flow in three segments with 



opposing flows. This system layout takes the best of both types of systems and avoids their 

disadvantages. The report to follow will outline the design of a portable aquaponics system based 

on this premise (Ebeling, 2010). 

 

Figure 1-Raceway configuration 

 

Figure 2-Circular Tank Configuration 



Purpose of Project and Overview of Project Report

The purpose of this project is to design an efficient aquaponics system that maximizes 

use of floor space while providing effective waste removal and recirculation. The balance of this 

report will summarize the design constraints set out as the foundation of our system, the methods 

used in the development of our design, and a detailed explanation 

expected performance and actual system data. We will include technical descriptions of the 

design, its use, operation, specifications and external constraints effecting our design decisions. 

METHODS AND DESIGN APPROACH 

To approach the problem systematically we followed the steps of the engineering design 

process required by ABET shown in figure 1

 

Figure 3 Engineering Design Process 
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The purpose of this project is to design an efficient aquaponics system that maximizes 

floor space while providing effective waste removal and recirculation. The balance of this 

report will summarize the design constraints set out as the foundation of our system, the methods 

of the actual design including 

expected performance and actual system data. We will include technical descriptions of the 

design, its use, operation, specifications and external constraints effecting our design decisions.  

pproach the problem systematically we followed the steps of the engineering design 

 



Identifying the need 

 Our first step in the design process was to gain an understanding of why it was important 

to the field of aquaponics. As previously noted, the current design options being used extensively 

in this field either do not use floor space efficiently or do not offer effective removal of waste 

material required for a fully recirculating system. If our design can incorporate the advantages 

and eliminate the detriments of these two systems, it would clearly create an economic 

advantage.  

Define the Problem 

 Once we understood why our design was important, we had to clearly define the design 

problem that we were faced with. The problem is to design a recirculating aquaponics system 

that makes efficient use of floor space, offers effective waste removal, and limits stress on fish 

during harvesting. This straightforward problem statement neatly disguises the intricacies 

involved in the process. An effective design solution would have to consider many aspects 

including the biological needs of both the lettuce and the tilapia, water quality parameters, 

hydraulic efficiency, adequate solid waste removal, and effective use of space.  

Conduct Research 

 At this stage in our design, we attempted to collect as much information on all aspects of 

the design as possible. Our primary source of research is the text produced by James Ebeling and 

his colleague M.B. Timmons, “Recirculating Aquaculture.” This so-called “bible” of aquaculture 

offers a wealth of information pertinent to our system design. We also consulted the short course 

PowerPoint presentation provided by our client and developed by the authors of our primary 



source. This source offers a vast array of information regarding many types of aquaculture 

designs, not just specifically the mixed-cell raceway design.  

 We also visited a fully operating aquaponics system at the Campus Agricultural Center. 

Eric Highfield, a graduate student at University of Arizona, provided a full tour of his research 

facility including his personal experiences with design parameters that created problems in the 

operation of the system he was using. This first-hand visual experience was extremely valuable 

in our overall understanding of the intensive hydraulic network we would need to design as well 

as the delicate balance that must be achieved throughout the system for efficiency.  

Finally, we consulted outside sources for further information regarding several of the 

components of our system design including the hydraulic calculations required for the extensive 

amount of water being recirculated throughout the system, information on the biological needs of 

tilapia, pump requirements, bio-filtration processes, and alternative design options for 

aquaponics in general.  

Narrow Research 

 Once we completed extensive research on the basic concepts involved, we further 

narrowed our research efforts to the operation of a mixed-cell raceway. Unique to this concept 

are the hydraulic considerations, which we made our first priority. The system, outside of the 

tank itself, is very much similar to many other aquaponics designs. Beyond our primary research, 

we had to understand the specific calculations and parameters required within the mixed-cell 

concept. We mainly consulted the Ebeling, Timmons sources as our guide through this process. 

It was not only important to ensure the proper recirculation of the entire system, but also to 



design the internal tank fluid dynamics specifically considering the rotational velocity that would 

be optimal for tilapia.  

Analyze Set Criteria 

 The requirements of our system are that it makes maximum use of floor space on a trailer 

so that it is portable, offers adequate suspended solid removal, and provides for recirculation. 

Reconciling the research, we have conducted with these constraints emphasized for our team the 

importance of making accurate calculations concerning water quality parameters, hydraulic 

design, drainage design, and overall layout of our system to optimize floor space usage.  

Find Alternative Solutions/Analyze Alternative Solutions 

This was the most intriguing part of the design process for our team. Our system design 

has changed quite dramatically since the original concept proposed by our client. The 12’ x 36’ 

design we had initially envisioned slowly morphed into a much smaller design, that is now fully 

portable and will no longer serve as a harvesting tank but as a growout tank for tilapia fingerling.  

Within a week of our clients design pitch, we determined that it would be practical to 

build a smaller model of the larger design concept in consideration of design day logistics. The 

entire project is quite easily scalable up and down, and our smaller design would illustrate the 

idea that this design can be used for aquaponics applications from small backyard designs to 

large commercial treatments.  

The next evolution of our design came following a visit to the Eric Highfield’s 

aquaponics system. After seeing the intricacy of the system and the extensive amount of 

plumbing required, we rethought the concept of scaling the design down for the sake of stability. 



This idea was however, short-lived. We spoke to James Ebeling via Skype the following week 

and he thought the smaller scale idea was ideally suitable for a growout tank for tilapia 

fingerling, a thought he had not considered before. Following this conversation, we decided we 

would again pursue the smaller-scale version.  

At this point, our client suggested that we make the entire system portable so that it could 

be used in an educational format. It could be used as a travelling show-and-tell of sorts. This 

solidified the idea of the small-scale design and introduced some new system dynamics that 

would require consideration. Specifically, our initial concept relied heavily on gravity for flow 

propagation. This could also be the case with the portable design, but required that we carefully 

configure the layout of the travel trailer proposed as the means of transportation.  

Make a Decision 

Following these many iterations of concept and rejection, we settled on the portable 

design. This decision required further development of alternative designs considering the trailer 

layout. Our main consideration was centered on the dimensions of the trailer we would obtain for 

transporting the system. With the possibility of different size trailers, we had to develop several 

different layout options that would adequately utilize the limited floor space present, take full 

advantage of gravity for flow to increase efficiency, and still provide adequate removal and 

treatment of suspended solids within the system.  

Present/Communicate the Design 

 We presented our portable aquaponics design concept at the end of the Fall 2011 

semester to our client/mentor, Peter Livingston as well as the rest of the senior design class. The 

major concerns at that time were the overall weight of the system and the difficulties that would 



be faced when transporting such a large volume of water. We took these questions under 

consideration and determined that it would be necessary to decrease the volume of the water in 

the tank prior to transport to meet the rated weight of the trailer. We also found that it would be 

necessary to design and build a system of baffles to lessen the impact of the movement of such a 

large volume of water during transport.  

RESULTS 

The following section will outline the results of the design process including system 

specifications, construction methods, operation, testing and calibration and external constraints.  

Technical Description of Mixed-Cell Raceway Aquaponics System 

System 

 The overall system consists of the mixed-cell raceway, biofilter, sump pump, and 

hydroponics segment. The raceway serves as a growout tank to house tilapia fingerlings in 1 

meter of water. Center drains in each of the three counter-rotating cells within the raceway 

provide solid removal that is fed into a biofilter and then to a sump. The effluent is then pumped 

to the hydroponics segment that is postured just above the aquaculture raceway. Filtered water 

drains from the hydroponics segment through a weir structure and will trickle down to the 

growout tank to begin the cycle again. The following discussion will provide detail for each of 

the subsystems.   

Mixed-Cell Raceway 

The mixed-cell raceway has dimensions of 1.22 meters wide, 3.66 meters long and 1.22 

meters deep. The maximum water depth that will be held in the tank is 1 meter bringing the total 

volume to 5.45 cubic meters that equates to approximately 5450 liters of water capacity. The 



raceway itself is comprised of three hydraulically separate sections. This separation is achieved 

through the orientation of eight down legs within the tank. As can be seen in figure 4 these eight 

down legs orient the flow of water returning from the biofilter tangentially to the sides of the 

tank creating the circular motion critical to the self-cleaning aspect of circular tanks that we will 

create in our rectangular tank. The two sections on each end of the tank flow in one direction 

while the middle section flows in the opposite direction.  

 

Figure 4 -Initial Design Concept-Mixed-Cell Raceway (Ebeling, 2010).  

The tank is supported 15.2 centimeters above the floor of the trailer to allow for the 

drainage plumbing to be routed underneath the system. This support eliminated the need to 

create holes in the trailer floor to allow for drainage via gravity flow. Each of the three sections 

within the tank has a center drain that routes effluent from the tank when the height of water 

exceeds 1 meter. This effluent is drained to the biofilter system that will be discussed next. The 

drainage system utilizes standpipes with PVC sleeves to better facilitate solids removal. This 

mechanism will be discussed in greater detail in the construction methods section of this report.  

 

 



Bio-Filter 

The bio-filtration portion of our design is critical to the overall success of both the tilapia 

and the lettuce. Several design options for this portion of the system are available. Full bio-

filtration systems are available commercial, but their expense does not fit into the design budget 

for this system. Alternatively, many less expensive options are available including several bio-

filtration media available from most aquaculture companies. These are typically also quite 

expensive, leading us to a much more simple and inexpensive design option.  

Our system utilizes a trickling tower Biofiltration unit. We acquired biofiltration material 

with a high surface area and placed it in a barrel. Effluent is fed into the system using a trickle 

method accomplished by creating small diameter holes in a t shaped pipe from the system center 

drains. This can be seen in figure 5. Due to the constraints of the trailer height, the barrel had to 

be cut down to a height of 0.76 m to facilitate gravity flow to the sump. Given the low loading 

rate of our system this filtration will be adequate, however if the system is used to its full 

capacity the biofilter will have to be scaled up using more water drums and more biofiltration 

media. 



  

Figure 5 biofilter and sump configuration 

Pump 

 Our  mentor acquired a pump rated for 132 liters per minute at 3 meters of head. This is a 

sump pump and is set to the side of the trailer to receive effluent from the biofilter. This can also 

be seen in figure 3. We purchased and customized a rubber tub to act as the sump basin and 

connected the pump to our plumbing system using flexible tubing to ensure adequate flexibility 

in system layout given the portable nature of the entire system. Effluent from the pump is sent to 

two separate plumbing structures. The majority of the effluent is sent back into the aquaculture 

system via the down leg jet structure while a minority of the effluent is split from the major 

plumbing structure and routed to the hydroponics segment of the system.  

 

 



Hydroponics Segment 

 The hydroponics segment of the system consists of a row of six troughs suspended above 

the aquaculture segment. The troughs are constructed from gutters and are filled with 

biofiltration material in which the lettuce seedlings are planted. A weir structure at the distal end 

of the gutter layout ensures adequate water depth is maintained within the hydroponics segment 

while allowing filtered water to return to the aquaculture tank at a steady rate.  

 

Figure 6- Hydroponics Configuration 

 Specifications 

The following segment provides an outline of the theoretical performance of the portable 

aquaponics system. This will be compared to actual performance in the testing and calibration 

segment of the report.  

 Water quality 

The most important aspect of our design is maintaining appropriate water quality 

conditions. These parameters ultimately affect the balance of the system by placing limitations 

on the system flow requirements. The four parameters we will most greatly be concerned with 



are dissolved oxygen, total suspended solids, total ammonia nitrate, and carbon dioxide. Table 1 

highlights pertinent water quality parameters and the acceptable range reported in Recirculating 

Aquaculture.  

Table 1 Water quality requirements (Ebeling, 2010).  

Parameter Acceptable Level for Tilapia 

Temperature 28-32 °C 

Dissolved Oxygen 4-6 mg/L 

pH 6.5-9.0 

Salinity 4-5ppm 

Suspended Solids 80mg/L 

NH3` <0.05mg/L 

TAN 1.0 mg/L 

CO2 30-50 mg/L 

TSS <20 mg/L 

 

Loading Rates 

Our entire system can be treated as a control volume and from that concept, many of the 

mass balances required become straightforward. All calculations in this section of the report are 

carried out using equations provided in Recirculating Aquaculture and can be found in Appendix 

A. The first determination that must be made in order to determine the acceptable loading rate of 

the tank is initial size of tilapia. For the purpose of design these calculations have been carried 

out on a theoretical basis assuming an initial mass of 50 g. Given the limiting constraint of not 

having a greenhouse facility, our tank will not hold tilapia until the day of presentation. However 

the future use of the system as a growout tank has been the driving force behind all theoretical 

calculations and design decisions. All calculations are carried out in spreadsheet format and 

changes to the initial weight of the fish can be handled quickly. In addition, overestimating the 



initial weight of the fish will not be detrimental to the system operation. The result would be 

increased flow throughout the system providing greater recirculation which would benefit, not 

harm, the tilapia (Ebeling, 2010).  

Fish Growth 

 Following determination of the initial weight of the fish, equation 1 is used to determine 

the length of the fish based on a correlation between length and mass. Once this is achieved, the 

initial length and the length at 1 month can be used to determine amount of fish growth per 

month that can then be converted back to mass using the same equation. The initial weight and 

weight at one month indicate the change in mass of an individual fish per month (Ebeling, 2010).  

Feed Calculations 

The change in mass can then be used in conjunction with the food conversion ratio 

specific for tilapia, to determine the amount of food required per month. This can be easily 

converted to food requirements per day per tank through unit conversions (Ebeling, 2010). 

Stocking Density 

All of this information can then be used to determine exactly how many fish the system 

can support. Using a tilapia specific density coefficient, the fish length is used to determine to 

determine ideal tank density. It follows that using tank volume and fish mass the amount of fish 

recommended per tank can be found. Equation 8 covers these calculations and can be found in 

Appendix A.  

Table 2 shows the design calculations found for our specific tank. The results of greatest 

importance are the feeding rate which is roughly 8kg/day and the design tank density of 55kg/m3. 



On the recommendation of James Ebeling we will be stocking our tank to a density of 20 kg/m3 

which will affect the feeding rate as well as the total number of fish we will have in our tank. At 

20 kg/m3 we will have nearly 1600 fish per tank and a feeding rate of 1.3 kg/day. Once again 

planning for a greater tank density will ensure that our system will have more than adequate flow 

that will be essential as the design is implemented and changes must be made.  

Table 2 Design Calculations-Fish 

Design Calculations   

Fish Length 13.40 cm 

Growth Rate 2.35 cm/month 

Weight  50.00 g 

Weight (1 month) 81.16 g 

Weight Gain (month) 31.16 g 

daily gain 1.02 g/day 

Tank feed/day 1.83 kg/day 

Tank Density 20 kg/m^3 

Total Fish 1631 fish 

 

Required Flow Rate 

The flow rate of the entire system is almost exclusively a function of the required water 

quality parameters. Table 3 highlights some basic mass balance relationships for the four 

parameters of greatest concern to our system. Using these relationships along with equation 9 

and the assumed efficiencies found in table 9 we can calculate the flow rate required to maintain 



acceptable levels for each parameter. The results of these calculations are presented in table 4. 

Once the flow rates are found, the parameter requiring the highest flow rate can be determined to 

be the system limiting parameter and the flow rate of the system must be designed to meet this 

requirement.  From the calculations, we can see that we require a flow rate equal to or greater 

than 64 LPM and that dissolved oxygen will be our limiting factor (Ebeling, 2010). 

Table 3 Mass Balance Relationships 

Mass Balance Relationships (per 1 Kg feed) 

Demands 

Oxygen 0.25-1.0 Kg 

Production 

Carbon Dioxide 0.25-1.0 Kg 

Suspended Solids 0.25-0.5 Kg 

Ammonia 0.02-0.04 kg 

Table 4 Limiting Flow Rates (LPM) 

 T Cin Cbest Cout P Q 

Oxygen 0.9 5 16 14.9 916568.2 64 

TAN 0.35 2 0 1.3 59026.99 59 

Co2 0.7 20 0.5 6.35 1260281 64 

TSS 0.75 10 0 2.5 458284.1 42 

 

 

 



Tank Rotational Water Velocity 

Timmons and Ebeling report that a tank velocity of 15-30 cm/s is required to push settable solids 

to the center drains and that for tilapia a maximum desirable current is 20-30 cm/s. With these 

suggestions, we designed our tank with a rotational flow velocity of 20 cm/s. These suggestions can also 

be calculated using equation 10 in Appendix A. Further, the safe rotational velocity for fish can be 

correlated to 1-2 times body length per second. Given the range of sizes proposed for this system the safe 

rotational velocity will be between 22cm/s and 30 cm/s (Ebeling, 2010).   

Tank rotational velocity is accomplished through proper sizing of the jet orifices located in the 

four corners of each rotation segment. This can be designed also using equation 10 where the rotational 

velocity is proportional via a constant to the orifice velocity.  Orifice size is easily calculated using the 

continuity equation. We found for a jet velocity of 1.52 m/s and a flow rate of 132 LPM per minute our 

jet orifices should be 3/16”.  This will result in a tank rotational velocity of 30 cm/s under ideal 

conditions. However, given the restraints of our pump this velocity will likely be lower given the reduced 

flow rate from the pump. Figure 4 shows the correlation between jet velocity, nozzle diameter and tank 

velocity. 

 

Figure 7-jet velocity correlation to tank velocity 

 



Hydraulic Calculations 

 Given these new flow rates and desired tank rotational velocities, the next step is 

designing the hydraulic system to support recirculation. Based on recommendations from James 

Ebeling, we have limited our tank density as previously mentioned and we have designed for 

recirculation every 30 minutes. This eliminates DO as the limiting factor and raises the required 

flow rate to 132 LPM. Using this information and the Hazen William equation, we found the 

head loss throughout the system that provides the required information for our pump purchase. 

Based on system flow rate and head loss calculations we have decided to use 2-inch PVC pipe 

throughout the system.  

Table 5 Basic Tank Design Parameters 

Basic Design Considerations 

Tank Dimensions     

depth 1 m   

width 1 m   

length 4 m   

Tank Volume 4 m^3   

Tank Capacity 80 kg based on 20 kg/m^3 recommendation 

Depth : Diameter 4.67  recommended 1:3-5 

Tank Exchange  20-30 minutes   

Flow for 20 minutes 200 LPM 52.84 gpm 

Flow for 30 Minutes 133.33 LPM 35.22667 gpm 

 



 

 

Hazen Williams-Head Loss   

Pipe Diameter  55 mm 

Pipe Length 21 m 

PVC Coefficient 150  

Flow Rate  200 LPM 

Convert Flow Rate 12.00 M^3/h 

Head Loss 0.035 m water/m 

Pipe Loss (21 m of pipe) 0.738 m  

Fitting Losses 0.704 m  

Total Loss 1.4 m  

 

 Hydroponics 

The aquaculture system has a greater potential for a hydroponic system but our system is 

constrained by size. The whole system has to fit on a trailer to make it mobile thus; the 

hydroponics segment is contained within 6 troughs 1 meter in length and 10 centimeters deep. 

Lettuce is seeded into the biofiltration material to allow secondary filtration as well as a stable 

growth medium. Plumbing from the pump is routed to a series of drip tubes that are fixed to an 

elevated end of the trough. The trough is slanted slightly toward the distal end to allow gravity 

flow through the growth bed and eventual effluent flow back to the aquaculture tank.  



 The plants will need macro and micro nutrients shown in table 6 and our system is using 

tap water which has some nutrients as Magnesium (8.13mg/L), Calcium (61.67mg/L), and 

potassium (2.3mg/L). (Magnesium Online Library, 2011).  Those nutrients are going to be 

subtracted from the required nutrients and we assumed that the system is going to produce 

sufficient phosphorus and nitrates as well. Table 1.2 shows the amount of macro and micro-

nutrients needed for our system, and because the system is not very large the nutrients will be 

mixed by hand and applied directly to the hydroponic system. After each application, we are 

going to give the system time to circulate and mix all the nutrients before placing the lettuce.  

Table 6- Hydroponics Requirements 

 

The lettuce we choose is from Burpee called Green Ice because it was cost efficient, took 

less days to harvest, and had great reviews. The lettuce takes about 55 days to harvest after 

germination and will be transplanted about 10 days after germination. Also, we are going to 

overlap the crops by having transplant ready when harvesting and this will allow us to have 8 

crops a year for a total of 576 heads of lettuce per year. 

Construction Methods 

 The following section discusses the actual construction methods used to bring the 

conceptual design to reality. All dimensions in this section are reported in English units as that is 

the prevailing system used for construction materials.  



Tank 

The first step in constructing the tank structure required building a sturdy frame. Figure 8 

illustrates the construction methods used for the frame. 2”x 4” lumber is used for the outer frame 

and is also located every 2 feet along the length of the tank structure. 4’x8’x3/4” plywood is then 

attached to the inner portion of the frame. The frame was built in 4 sections and then assembled. 

Each of these sections is attached to a piece of 4”x4” lumber with 3 lag bolts on each side to add 

stability.   

 

Figure 8-Tank frame 



 Once the tank was assembled into one piece, steel reinforcing straps were triangulated 

along the length of the sides and the ends to ensure adequate support during tank transport.  In 

addition, 2”x4” lumber as well as cargo straps run through the raised bottom to ensure the 

bottom of the tank can withstand the pressure generated by the large volume of water it will hold.  

 One particularly troubling portion of the construction process involved elevating the tank 

frame 6” above the floor of the trailer to allow for the routing of drainage plumbing. Initially, the 

idea was to elevate the tank using foam boards and cutting out routing channels for the 

plumbing. However, this was found to be an unacceptable idea given that the foam would not 

provide the strength or stability needed to ensure the tank did not move from its position during 

transport. The final design was accomplished using lumber along the edges of the tank and 

support lumber located throughout the void space to ensure adequate support for the floor which 

is constructed of 4’x 8’x 3/4” plywood. This also provides the necessary clearance to allow for 

removal of the tank from the trailer using a standard forklift.  

Further concern for the integrity of the liner required that the joints between the floor and 

the interior wall be covered. The concern was that the weight of the volume of water being held 

by the floor would cause the liner to be pinched between the wall and the floor leading to 

possible tears or rips. This was accomplished by lining the perimeter of the floor with 2”x4” 

lumber wrapped in spare liner material.  

Plumbing-Drainage 

The layout and construction of the drainage piping was likely one of the greatest 

challenges given the space constraints of the trailer-bound tank.  Before the floor was installed in 

the tank, the plumbing was routed down the centerline of the tank. Each of the three rotational 



segments was outfitted with a bulkhead fitting that fit into a hole in the floor plywood. This 

bulkhead was then attached to a PVC elbow and routed to the distant end of the tank. Each 

sections drainage plumbing was routed independently to avoid any problems with backwash if 

plumbing clogs occurred within the drainage system. These drainage pipes are then connected at 

the end of the drain line into one pipe that is routed to the biofilter and can be controlled with a 

ball valve.  

Above the floor in the tank, the bulkhead is connected to a 3 foot long 1.5” PVC pipe. 

This acts as a standpipe to control the height of the water within the tank. A 3” PVC pipe 3.5’ in 

length surrounds the standpipe. Small oblong holes were machined into the 3” PVC on the end 

that would be in the water. These slots allow for solids to be funneled up to the top of the 

standpipe increasing solid removal efficiency and decreasing the likelihood of fish being trapped 

in the drainage tubing.  

The bulkhead fittings are the greatest point of failure regarding tank water integrity. 

Given this, the entire area around the fitting was covered with silicon to create a water tight seal. 

Additionally, the standpipes are connected to the top portion of the bulkhead with screwed 

fittings with Teflon tape to prevent leaks.  



 

Figure 9-standpipe configuration 

Plumbing-Return Flow 

Once the tank effluent has passed through the biofilter and sump, it is pumped back to the 

tank and the hydroponics segment. The pump is connected to flexible tubing to allow adequate 

flexibility for tank operation given its portable nature. This tubing is then connected to a 

distribution network. Flow first enters a T fitting which splits the flow between the tank return 

flow and the hydroponics flow.  

 

Figure 10-Jet Nozzles (3/16") 



The tank flow is controlled by a ball valve and is routed to two 12’ long 2” PVC sections 

reaching the distant end of the tank. Along each of the 12’ sections, four down legs are located at 

a distance of 4’ apart. These were connected using T fittings. Each of these down legs is 

constructed of 2” PVC, machined with four 3/16” diameter jet nozzles, and outfitted with an end 

cap. Two of the jets have eight nozzles to accommodate the counter rotating design within the 

three segments.  

 

Figure 11- Return Flow Distribution 

The hydroponics segment is also controlled with a ball valve and is constructed of ¾” 

PVC given that the required flow is less than that to the tank itself. The piping is routed to the 

center of the length of the tank and is connected to a drip tubing distribution component. This 



component has six independently valved drip tubes that are routed to the six hydroponics troughs 

and affixed to the end having a higher elevation.  

Biofilter 

The biofilter is designed as a trickling tower and constructed out of a 50 gallon barrel cut 

down to 2.5’ to allow adequate height at the side of the trailer for gravity flow from the tank and 

on to the sump. A 1.5” diameter hole was cut into the side of the biofilter at a height of 1’ from 

the bottom of the barrel. A ball valve attached to 1.5” PVC is routed through the hole and 

secured with a flange on either side. This valve allows the operator to control the outflow from 

the biofilter to ensure adequate water height in the sump.  

The 55 gallon barrel is filled with porous biofiltration media with a high surface area that 

allows for the proper filtration and processing of the tank effluent. The lower portion of the 

barrel below the spout will serve as a solids collection area and will require periodic cleaning.  

Sump 

The sump is constructed out of a rubber tub with a notch cut in the top to allow for 

insertion of the biofilter drainage spout. The pump requires at least a 0.45 meters diameter basin 

with at least 0.6 meters of water depth to prevent damage to the pump. The pump is located in 

the center of the sump and can be easily removed for travel.  



 

Figure 12-sump configuration 

 

Bulkheads 

The bulkheads are also constructed out of lumber. Two 4”x6”x12’ pieces of lumber run 

the length of the tank. Deep notches are cut into the lumber to separate it into thirds. Two pieces 

of ½” plywood 2’ in height are then inserted into these notches. The plywood also has 1’ 

diameter holes cut through the board to act as baffles and reduce the chance of failure during 

transport. This system is removed upon completion of travel and is outfitted with wheels on one 

end of each of the two 4”x6”x12’ to allow for easy insertion and removal as well as to protect the 

liner.  

Operation 

 The operation of the aquaponics system is straightforward. Water from the growout tank 

drains once the water depth exceeds 1 meter and tops the 3 center drain tubes. The effluent is 

routed through drainage pipes to the one end of the tank where the three drain tubes come 



together and flow to the trickling tower biofilter. Once the water passes through the biofilter it is 

drained to the sump. At this point a ¼ horsepower 115 volt sump pump pumps the water to the 

distribution network via flexible tubing. The distribution network then splits the return flow 

between the hydroponics segment and the aquaculture tank segment to be routed to the jet 

nozzles. Effluent is returned to the aquaculture tank from the hydroponics segment through 

gravity flow and when the depth of water exceeds the height of the drainage tubes the cycle 

begins again.  

  

Figure 13- system process diagram 

From an end-user standpoint, the main areas of focus are the plumbing ball valves that 

control flow to the different portions of the system and the pump. Each portion of the system can 

be independently controlled with the 4 ball valves present in the system. The first controls the 

flow to the biofilter, the second controls flow out of the biofilter, the third and fourth control the 
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flow to the jet nozzles and hydroponics segment. System operation can be optimized by 

manually controlling these valves as necessary to control flow throughout the system.   

 Testing and Calibration 

System testing was focused on ensuring that actual system performance was adequate to 

meet water quality requirements set forth at the beginning of the design process. Water quality 

throughout the system is a function of both system recirculation and flow rates as well as 

biofilter performance. Adequate recirculation is required to ensure that the four system water 

quality parameters of greatest interest, Oxygen, CO2, TAN and TSS are maintained at 

appropriate levels. Additionally, tank rotational velocity is a function of system flow rate and is 

critical to ensuring proper environmental conditions for the tilapia. Biofilter performance is 

critical for the overall health of the system as it ensures proper conversion and treatment of 

system effluent.  

System flow rates were evaluated using a simple flow test. Each of the jet nozzles 

throughout the system was tested using a 250 ml container and a stopwatch. The time required to 

fill the container was recorded and converted into an individual jet flow rate. The sum of all the 

jets was taken to determine the return flow rate from the pump. Then, using the known area of 

the jet orifice the jet velocity was calculated. Outflow to the biofilter was also measured to 

determine system recirculation and to ensure agreement between inflow and outflow that is 

critical to maintaining proper sump operation.  

The results of these flow tests are shown in the graphs and tables that follow. Average 

velocity measurements were taken for two conditions. The first shown in figure 14 shows the 

variation of jet velocity along the length of 3.66 meter tank. Position 1 correlates to the down 



legs furthest from the pump. As is expected the farther from the pump the lower the velocity 

reading. The second measurement was the average velocity within the down legs themselves. 

Each down leg is machined with 4 nozzles. The average velocity for each jet position was taken 

across the entire system, and also as expected, the velocity is greatest at the lowest nozzle since 

the pressure is greater.  

 

Figure 14- Jet Velocity Variation along Tank Length 
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Figure 15- Jet Velocity Variation within Down legs 

 

With these calculations and average system jet velocity was found to be 2.13 m/s. If this 

is correlated to system flow rate using equation 10 in Appendix A the tank rotational velocity is 

found to be 32 cm/s. As previously stated, recommended tank rotational velocity is a function of 

fish length (2xlength). Also, recommended cleaning velocities required to push solids to the 

center drains are set at 20-30 cm/s. Given this, it can be seen that our system velocity is slightly 

above the recommended limits. However, these calculations were based on a mean jet velocity. 

The greatest velocity will actually be at the bottom of the tank and decrease with depth 

decreasing depth of water below the surface. Timmons and Ebeling have reported that fish are 

often found to dwell in the upper 2/3 of the tank. With this as the case, the fish would be 

subjected to lower velocities. Additionally, the length of fish used in this calculation is the 

smallest mass that would be supported by this system. Larger fish would be able to withstand the 

faster current found in the system.  
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The jet flow rates were also summed to determine the full system return rate from the 

sump pump. It was found that the system was operating at a flow rate of nearly 95 LPM. At this 

flow rate tank recirculation occurs roughly every 45 minutes. While this deviates slightly from 

the initial system design, it does not actually have a negative impact on the system’s ability to 

support the required density of 20 kg/m3. Table 7 indicates the water quality parameters that 

were used for system evaluation. Table 8 shows that with a flow rate of 95 LPM the system can 

actually support around 40 kg/m3 while still meeting quality requirements. Additionally, table 9 

shows that at the recommended density, the system will far out-perform the required quality 

parameters.  

Table 7-Water Quality Targets 

Water Quality Targets  

Oxygen  5 mg/L  

TAN  3 mg/L  

CO2  40 mg/L  

TSS  20 mg/L  

 

 

 

 



Table 8-Tank Performance at 25 GPM Flow Rate 

Capacity at Flow Rate=25 GPM 

Fish Density  40  kg/m
3 

 

Number of Fish  3262  50g juvenile  

 

Table 9- System Performance at Recommended Density 

At 20 kg/m
3
-Tank Density 

Number of Fish  1631  50g juvenile  

Oxygen  14.9  mg/L  

TAN  1.3  mg/L  

CO2  6.35  mg/L  

TSS  2.5  mg/L  

 

Biofilter performance was calculated on a theoretical basis using the known volume of 

biofiltration the system has available and the specific surface area (SSA) of the biofiltration 

material. Given that the biofiltration height is limited by the trailer height and need to ensure 

adequate gravity flow to the sump, increasing the ability of the biofilter will require addition of 

biofilters in parallel with the current configuration described previously.  

For a Tank Density of 20 kg/m3The volume of filtration material required is 0.45 m3. 

Under the current configuration the available volume is 0.2 m3 which is capable of supporting a 

system density of 8 kg/m3 which equates to 650 fish.  However, adding biofilters in parallel 

would greatly increase the capacity of the system. The addition of a second filter would increase 

capacity to 15 kg/m3. Also, the addition of 6 hydroponics segments would increase to 18 kg/m3  

which is very nearly the density the system is designed for.  



The performance tests validated that our system was capable of meeting and even 

exceeding the design capabilities. The biofiltration is the limiting factor within the system, but its 

limitations can be easily overcome with the use of higher SSA bio material and greater volumes 

of filtration media available.  

 External Constraints 

The major external constraint that we have to consider is environmental. The EPA has set 

standards regarding the treatment of aquaculture effluent. While our system is small and falls 

outside the yield range targeted by the EPA, it will still be wise to find a responsible manner for 

managing waste from the system. Since we will not be filtering and recirculating the solid waste 

effluent from the aquaculture tank, we will compost the waste that we remove.  

Financial considerations are also key since the efficiency of the system weighs heavily on 

its overall profitability. Further, a faulty design could lead to the loss of an entire cohort of 

tilapia, which is by far the most expensive component in the system. 

Some external constraints that affected the outcome of the entire design process were the 

availability of greenhouse space and the requirement for the system to be portable. The trailer 

acquired for use with the system had to be quite sturdy to carry the proposed water weight of the 

tank. Given the large size of the trailer, the system and trailer combined ended up being too tall 

to fit into any greenhouse door on campus. With this as the case, many of the plans to investigate 

the ability of the system to perform as a balanced biological system had to be set aside. The 

focus of the design process was turned to ensuring that the system is capable of supporting the 

required fish density.  



The required portability of the system also increased many of the construction demands. 

Given that the system would be transported by a trailer, many additional reinforcements had to 

be incorporated into the tank design to ensure adequate strength during the transport process. The 

portability also placed some constraints on the plumbing of the system and the placement and 

size of biofiltration.   

CONCLUSIONS 

At the conclusion of the design process, the team feels as though we have built a reliable 

system that meets the specified design requirements set out at the beginning of the process. Our 

system is capable of handling the required density of fish and maintaining desired water quality 

requirements to support fish health and livelihood. Given the many setbacks faced throughout the 

process, we are proud to have completed the construction and testing of our final product. Even 

though we could not secure greenhouse space to allow for biological balancing of the system, we 

are confident in the theoretical abilities of the system and its capabilities. Further, the system has 

been designed to be easily scalable. This ensures that whatever use the system may find 

following the conclusion of this semester, the system is fully capable of adapting to the needs of 

a variety of different applications.  

RECOMMENDATIONS 

 The design team recommends that this system, while designed and validated to meet 

specific portability requirements, should be put to use as a stationary system. The concept of a 

portable aquaponics system is unique and would be quite valuable to community education on 

the benefits and ease with which an aquaponics system can be developed. However, the 

incorporation of the mixed-cell raceway concept with portability creates some issues making 

operation and transportation quite difficult. The chief concern is the inherent risk involved in 



transporting such a large volume of water in a tank made of lumber. A portable aquaponics 

system to be used for education could easily be designed and constructed using a smaller tank 

that is more suited for transportation on a trailer.  

While we feel confident in the design and construction of this project, system degradation 

is the main concern especially given the harsh climate in southern Arizona. Any loss of stability 

in the lumber would easily become catastrophic during transport and this creates an unsafe 

situation as well as the possibility of a significant financial loss. With this, we would recommend 

that the tank we designed and constructed be taken off the trailer it is currently on and situated in 

a greenhouse as a stationary unit. This would require some re-working of the drainage plumbing, 

but in the end would prove to be a more sustainable option.  
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Appendix A - Detailed technical documentation 
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Equation 1 Fish length 
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Equation 2 Fish Growth Rate (cm/month) 

Table 10 Temperature Growth Units (Timmons &Ebeling) 

Tilapia Growth Unit (C°) 

Tbase 18.3 

TUbase 3.28 

Tmax 29.5 
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Equation 3 Fish Weight 

Table 11 condition factor and n value for weight gain 

Tilapia K and n values  

K 2.08-2.51 

K for tilapia<100 g 1.39 

n 3.0 

 

 !" = #��$
�%� 

Equation 4 Feed Conversion Ratio 



 

Table 12 Reported Feed Conversion Ratio 

Tilapia FCR  

<100g 0.7-0.9 

> 100 g 0.7-0.9 
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Equation 5 Monthly Feed Requirement 
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Equation 7 Daily Feed Requirement 
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Equation 8 Tank Stocking Density 

 



Table 13 Efficiency Of Treatment Devices 

Assumed Efficiency for 

Treatment Devices 

 

O2 Transfer 90% 

TAN removal 35% 

TSS removal 90% 

CO2 stripping 60% 
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Equation 9 Tank Overall Mass Balance 

 

01234 <
5.25

89.:;
 

0<=>2>?=@2A = B ∗ 0=<?3?C4 

Equation 10 Tank Velocity 

α=0.04-0.20 
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41 S. Shannon Rd. Apt. 7205 
Tucson, Az 85745 

Phone (928) 257-6633 
E-mail mdg3@email.arizona.edu 

Maria De Los Angeles Guzman 

Objective Finish a Bachelor in Biosystems Engineering and work in the agricultural industry. 

Education 

Jan. 2009 to May 2012         University of Arizona Tucson, AZ 

Bachelor of Science in Biosystems Engineering  
Expected Graduation May 2012 

Aug. 2006 to Dec. 2008         Arizona Western College Yuma, AZ 

AAS in Engineering  

Graduated Dec. 2008 

Skills 

Bilingual and fluent in English and Spanish, Microsoft Office, SolidWorks, and AutoCAD 
proficiency, and excellent math, Organizational, and clerical skills. 

Work experience Oct. 2009 to present U of A Think Tank                         Tucson, Az 

Math Tutor 

Tutor Algebra, Calculus I and II 

Aug. 2007 to May 2009 AWC TRIO program Yuma, AZ 

Math Tutor 

Tutor Algebra 

Sept. 2006 to Aug. 2009 AWC Agricultural Dept. Yuma, AZ 

Ambassador 

Market Agriculture program on the AWC campus and within the community. In the class 
room, I helped professors prepare their classes and manage entire greenhouse, land lab, and 
drive a tractor. 

Internships Feb. 2012 U of A Dept. of Engineering Tucson, AZ 

 VBA Irrigation Program 

• Optimize an automatic irrigation program that calculates the watering interval using daily weather 
updates. A web site will be available to enter location, zones, types of plants, and nozzles. This 
program is totally automated and will irrigate appropriately daily, saving water while having thriving 
plants, and is intended for public use. 

References Dr. Donald Slack   520-621-7230       
U of A Professor                       U of A 

Laura Everett             520-626-1923       
Tutoring Services Coordinator U of A 
 
Jim Williams            928-344-7562 
Agriculture Professor                  AWC 



Sarah Ann Cook 

  
228 E. Adams St. Unit 1  
Tucson, Arizona 85705  

520-762-1219
sacook@email.arizona.edu

  

   

Education 

University of Arizona, Tucson, Arizona August 2009 - Present
Bachelor of Science, Biosystems Engineering, 3.78 
Minor, Mechanical Engineering 
Honors College 
  

Jones International University, Centennial, Colorado November 2008 - October 2010
Bachelor of Arts, Business Communication, 4.0 
Specialization in Sales and Marketing 
Summa cum Laude  
  

Community College of the Air Force, Maxwell, Alabama October 2005 - October 2011
Associate of Applied Science, Emergency Management  
Associate of Applied Science, Electronic Systems Technology 
   

Professional Experience 

Air National Guard, Tucson, Arizona & MacDill Air Force Base, Florida August 2005 - Present
Emergency Management  & Satellite, Wideband, and Telemetry Journeyman  
� Coordinate and conduct chemical and biological warfare training for 1500 member fighter wing  
� Maintain proficiency employing and troubleshooting chemical and biological agent detection equipment 
� Analyze emergency situations methodically to provide recommended course of action to leadership 
� Selected as part of a team to develop operating procedures for newly adopted communications system 
� Demonstrated ability to solve time-sensitive technical problems using systematic approach 

 
University of Arizona, Tucson, Arizona January 2011 – May 2011
Grader & Lab Monitor, Biosystems Engineering Analytical Skills  

� Provided Visual Basic and MATLAB instruction during two lab sessions weekly 
� Evaluated assignments and provided grades with comments for 50 students’ weekly assignments 
� Developed five comprehensive video tutorials for introductory MATLAB topics  

  

University of Maryland University College, Mildenhall, England ; Sinai, Egypt August 2003 - February 2005
Field Representative 

� Executed research and marketing efforts for university courses and programs 
� Served as single point of contact for more than 500 military service members’ education needs 
� Worked autonomously to develop feasible course schedules and offerings to serve military students in deployed environment   

Internship 

Southern Data Stream, Labelle, Florida May 2011- August 2011
Life Cycle Assessment Research Assistant-Sustainable Sugarcane Farming  
� Investigated sustainability of sugarcane as a biomass feedstock option under $1 million Department of Energy funded grant 
� Lead team of four students conducting life cycle assessment of sugarcane farming systems for biofuel applications  
� Coordinated collection and synthesis of regionally specific emissions, resource depletion and degradation, and yield data 
� Presented results of research in a one hour seminar to local center for public policy 

Technical Skills 

� Proficient in entire Microsoft Office suite-advanced skill with Microsoft Excel to include Visual Basic programming 
� Experienced with use of AutoCAD and SolidWorks 
� Skilled in use of MATLAB for engineering applications 

 

Activities/Honors 

� President, Biosystems Engineering Student Club 
� Member, Tau Beta Pi Engineering Honors Society 
� Member, Tau Sigma & Phi Theta Kappa National Honors Societies 

 
 



 Jonathan LePage 

1351 N Camino Seco 

Tucson, AZ 85715 

jlepage@email.arizona.edu 

 

EMPLOYMENT HISTORY: 

 

1) Capital Connect 

a. Dates Worked: 03/11 – Present 

b. Lead Technician 

c. 520-209-2525 

 

2) The University of Arizona Bookstores 

a. Dates Worked: 12/08 – 12/09 

b. Description: Sales associate who helped customers, stocked shelves, and 

processed paperwork.  

c. 520-571-6919 

 

3) Premiere Property Maintenance  

a. Dates Worked: 6/08 – 8/08 

b. Description: I worked doing different house repairs and installs such as painting, 

drywall work, tiling, cabinetry, and minor plumbing.  

c. 520-664-4989 

 

EDUCATION INFORMATION: 

 

University of Arizona 

2008-2012, 3.0 GPA 

Biosystems Engineering Degree 

 

 University High School 

2004-2008 

3.7 GPA, 8 AP Courses 

 

COMMUNITY INFORMATION: 

 

Volunteer Coaching- 

 Freshman Football at Catalina Foothills High School – 2008 

 Junior Varsity Football at Rincon High School - 2011 

  

 

 


