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ABSTRACT.
Rain water harvesting (RWH) is an excellent technique of water conservation for future needs

and also to recharge groundwater.

Surface water and municipal water has often been used in Aquaponics systems but due to the
presence of Total Dissolved Solids, TDS, Total suspended solids and Chlorine/Chloramines
respectively which whiz has been a distress to the fish growth in Aquaponics. Rain water turns
out to be the effective option for the Aquaponics system due to it purity and absence of

suspended and dissolved solids in it.

Aquaponics is an eco-friendly system for food production utilizing aquaculture and
hydroponics to cultivate fish and crop without soil. It is an inexpensive symbiotic cycle
between the fish and plant. In an aquaponic system, fish waste (ammonia) is fed into the plant
bed which acts as a bio-filter and takes the nitrate which is essential to grow vegetation. The
fresh new water is then returned to the fish enclosure to restart the cycle. A unique advantage
of an aquaponic system is conserving water more effectively compared to traditional irrigation
systems. Conservation of water is accomplished by recirculating water between the plant bed
and the fish habitat continuously. Organic fertilization of plants using dissolved fish waste is
the other benefit of aquaponics. Utilizing plants as a natural alternative to other filters, requires

less monitoring of water quality.

Here in our project, we are going to adopt the roof-top rainwater harvesting method and
implement it in the Aquaponics system. This project focuses on to design a structure for
rainwater harvesting and use it to establish a balanced ecosystem between the fish and the

plants.



DECLARATION
We the undersigned, declare that this project report is our original work, cxcept where due
acknowledgement has been made. We declare that this work has never been submitted to this

University or any other institution for funding/for partial fulfillment for any award.

Student Name: ONAPA RONALD RAPHAEL
Registration Number: BU/UP/2020/0335

Date: £4..049:.262L

Student Name: EKAPOLON EMMANUEL

Registration Numbggé !EU/UP/2020/0481
Signature: ....

-----------------

Date: lg/DS‘QD‘lLt-



SUPERVISOR APPROVAL
This research proposal submitted as a partial fulfillment for the award of Bachelor Degree in
Water Resources Engincering of Busitema University, with our approval as the academic

supervisor(s).

Name: DR. JOSEPH DDUMBA LWANYAGA

Department: DEPARTMENT OF WATER RESOURCES AND MINING
ENGINEERING

Faculty: FACULTY OF ENGINEERING

Signature: 57 e

Date: 9“'”0\16}0 y



ACKNOWLEDGEMENT
We thank the Almighty God for the far that he has guided us, for the gift of life, wisdom, hope
protection, faith, his blessings and his provision to me during and throughout the writing of this

project proposal.

We extend our sincere gratitude and indebtedness to our academic supervisor, Dr. DUMBA
JOSEPH for his kind attitude, patience, immense interest, guidance, inspiration and

encouragement which helped me throughout this project proposal.

We appreciate the entire staff of the department of Water Resources Engineering Busitema

University for providing all kind of possible assistances throughout this project proposal.

Special cordial thanks go to our parents, siblings for their unconditional love, care, guidance

and financial support.

Not forgetting our dear friends for the tireless support, encouragement and guidance given to

us during the writing of this proposal.

Lastly, we thank all those who were involved directly or indirectly during my project proposal

writing. May the almighty God bless you all



Table of Contents

ABSTRAC T ...ttt sttt e ettt et e et e te st e st e st eseessess e et essesseensesseenseseensensesseensessesnsensens i
DECLARATION.......ooiiiiiiiiiie st Error! Bookmark not defined.
SUPERVISOR APPROVAL ........cccooiniiiiiiiiiinicicccceens Error! Bookmark not defined.
ACKNOWLEDGEMENT .......ooiiiiiiiiiee ettt sttt st b e et e st bt et esbe e e e nbesaeeneeae iv
| 3 T o) 21 o) (OO PRSPPI viii
LSt OF FIGUIES ..cueetieiieie sttt sb et bt e r s et s b e s e nb e eme e nesre e e e e ix
CHAPTER ONE: INTRODUCTION ......coitittiiiitiiteriteit ettt sttt sttt sbe st sbeesae st sate b saeeeesbeeneas 1
1.1 BACKGROUND ..ottt sttt sttt sttt st b e st s bt et esb e ebt e besbeentesbesaeetesaeeneas 1
1.2 PROBLEM STATEMENT ...ttt ettt ettt e e st e e s svaee e s sbaeeessnsaeeesssaeeesssseaessnnes 3
L3 OBIECTIVES ...ttt sttt et e e e e sttt e e e s bte e e e sbteeeesabeeeeessbeeeeesnsaeeeesseneenanses 3
1.3.1 MAIN ODJECHIVES ..uveeueentiriieienieeie st ettt sttt eat et sb et s bt et s bt satesbesbe et e sbeemeenbesbeeneesneeaneneeeneens 3
1.3.2 SPECITIC ODJECTIVES ..ueeutieitieieeiteeiiee st et et ettt e sttt sae e st e e bt e s bt e sbeesaeesaeeeaseebeesbeesanesanenas 3

1.4 JUSTIFTCATION ...ttt ettt sttt st b e st e e sbe et e s beeatebesae et e nbesaeetesaeeneas 3
R T ) & SRR 3
1.5.7 THITIC SCOPE -vuveeurenreeueetiniietesteetesteeiteteste et e sbe st e st e sbeeabesbeeate bt eabe b e sbeebesbeemeenbesbeensesbesanensesnens 3
1.5.2 CONCEPIUAL SCOPE -.cnveurieuteeieeniteiite st et ettt et ste e st sae e st e bt e bt e sbeesbeesaeesateeabeenbeesbeesaeesanenas 3

S oY aTol=T ol AU F=1 e [T V= =Y o USSR 4
2.0 CHAPTER TWO: LITERATURE REVIEW. ...ttt ettt ettt e e e et e e e e e e 5
2.1 RaIN WatEr RATVESTING. ..eccvieteiteeriieneeieenie st et et e st esteesseesstesabessbeesseesseesseesanesssesnsesseesseesseesanenns 5
2.2 Methods 0f harvesting TAINWALET. .......evvireeriieriieesieeseesee e sreebesbeesseeseeeseeesaeesseesnsessseessessseessnenns 6
2.2.1 Surface RUNOfT Harvesting........cccvevvirieiiiniinieiiieccne et 6
2.2.2. Rooftop Rainwater Harvesting..........ccoueeiieeiiiiieiieiieeie ettt 6

2.3 Gravity flOW Water SYSLEIMS ...ccvevueerrirririenrinientisre ettt sttt sttt eesr s se e sr e nesr e s nne e 6
2.3.1 Advantages and disadvantages of gravity flow water SyStem. .......cccevveereeerieerrieerienseesieennenns 7

2.4 Water requirement fOr aqUAPOMICS .....ovververiierrieerieereesiestesre et eseesseesseeseeesseesseesnsessseessesssesssnesns 7
2.5 Aeration in an aqUAPONICS SYSLEIML. c...eerueerurerieeriteerteerteesttestestesbesteesseesseesseesueesssesseenseesseesseeseenas 8
2.6 Fish species in an aquapOniCs SYSTEIML. .......eeruerrueerrerreenieereerteeteeteesteesreesieesseessseenseesseesseesseesanesas 8
2.7 Response surface MethOd. .............occviiiiiiii i e et e e e eaae e 9
3.0 CHAPTER THREE: METHODOLOGY .......coitiiiiiiiiiitietei ittt e et e e e s s s ssireneeee e s e 11
3.1 To determine the symbiotic relationship between fish and plants.........cccccceevviieiiiicieeecicieenn. 11
3.1.1 Procedures for testing PhoSPhOrOUS.........cooiciiiii ettt e 11
3.1.2 AMMONia and NItrate LEVEIS.....c..eeiiiiiiiieeieeeee ettt 12
3.1.3 ANalysis Of the rESUILS ......eeii i e e e e e s e ta e e e e sareeas 13
3.1.4 Determining a suitable fish species to be reared..........ccoceeevieiiiiii e, 14



3.1.5 Selecting the crop variety to grow in the biofilter.........cccuvviiiiiiicici s 14

IR O =T Te I Y o T PSP PRTOPPTRTOPRTRPPRIOt 14
3.1.7 Fish StOCKING dENSITY. coeicrieeeiiiee e e e e e bre e e e bae e e e eabe e e e eeareeas 15
3.1.8 ROULINE MANAZEMEBNT...ccciieeeieeieeeeeeeeeeeeeeeeeee e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeeeaaeaeaeanns 16
3.1.9 Aeration of the aqUAPONICS SYSTEIML. ....eecveertieriieriiieieeteeteertee sttt ettt e s e saresre e b e nneenes 16
3.2 To monitor the performance of the system with time................cccoociiiiiiiiee, 18
3.2.1 MaAterial SEIECHION ..eoiueiieiiieeiee ettt et e e s e esare e snee e sreeeane 18
3.2.2 GIOW DEAS ..ttt et ettt ettt st et e b e b b e sneesaee et an 18
3.2.3 Procedure for making a grow bed..........c.ooiiiiiiii o 18
3.2.4 Fish StOCKING AeNSILY. ....veeiteeiiiiriiiieiieeieest ettt ettt st 19
3.2.5 Monitoring and recording of data........cccceeiieiiiiiciie 19
3.3 To design the SYSEEII.........cccoiiiiiiiiiiiiiieeeeeeeee et e 21
3.3.1 Design of roof proposed catchment area:...........ccocuereeriieriieeseenienie e 21
3.3.2 Determining CollECtION ATEa: ....cc.ueriieieieiieerieerieenite ettt ettt st sttt b e esbeesaeesaeeeneeas 22
3.3.3 Selecting Storage Tank:.......c.cooeeveeririerienieere ettt s s 22
3.3.4 Materials and EqQUIPINENL........cceeruertirierierieie st eeete st ettt st et st st e stesbeesbesbeeseenbesaeeneesreeanes 24
3.3.5 Procedure for Moulding and CUIINE ........coeevieriereereneeieneeeeie sttt 24
3.3.6 Design of transpOrtation SYSTEIML:....cc.ueeuerrveerteereereerteete et esteesieesieesaeesbeebeesbeesbeesbeesmeesaeeennens 25
3.2.4 Determination of the minimum pump head required to lift the water to the desired height
...................................................................................................................................................... 25
3.2.5 Frictional |0SSES iN PIPES. weeiiiiiiiiiiiiiie ettt ettt ettt e e e ebae e s e sbe e e s e beee e senbeeeeenneeas 25
3.2.6 Hydraulic ret@Nntion tIME ......cccueiei ettt e e tee e e e etee e e e eabe e e e e be e e e e entaee e enreeas 26
4.0 RESULTS AND DISCUSSIONS .......ooiiiiiiiiitiee ettt e e e e e ettt e e e e e e s s eabebee e e e e s s s snnbeeeeeeeeesannnreeeeeeas 27
o Y o Y=ol i ol o] o [ Yot 4 1Y/ <o o V=1 PRP 27
4.1.1 Characterization of the fish PONd.........oooiiii i 27
4.1.2 Statistical data @NalySiS ......ueeeieciieieciiee e e e e et e e e et re e e e erraeaeeanes 30
4.1.3 Effects of parameters on Optmization ..........coccuiiieiciiiie ettt e et e e e e earee e e eanes 32
Y A @ T'o] 10 41 1 4] o VNS 36
By Y=ol i Tol o] o [ Yot 41V <IN Y Vo TR SRR 39
4.2.1 Monitoring and recording of data........cccccuvii i 39
4.3 SPECIfiC ODJECTIVE LRI ... et tee e e abe e e e e abe e e e e enraeas 47
4.3.1 GrOW DS ...t e e an e s re e s ree e sree e 47
4.3.2 Procedure for making @ Grow bed..........cccvviiiiiiiii i 47
4.3.3 Fish StOCKING dENSILY. ..eevveiriiiriiriiiiieiteeseereeste st estessieeseeesseesbeeteesseesseesseesssesnsesssessseessnenns 50
4.3.4 Determining the volume/ discharge required. .........ccccoevevviiiieiieecieceeeceecre e 54
4.3.5 The CoNCrete SUMACte @r@a. «oo.ui ittt ettt ettt be s 61

Vi



4.3.6 Procedure for making the concrete mould..........ccueevieiiiccciiiieee e 61

(0] (6] 1 U ] [ ] PR 62
4.5 RECCOMENDATIONS ...ttt sttt ettt ettt ettt sttt ettt e bt e s bt e sheesate et e e beesbeesaeesanesabesabeenneennes 62
COBTTICIE cuntieeete ettt s Error! Bookmark not defined.
FIT STAISTICS 1.nnvviiiiiiiie e 67
Coefficients in Terms of Coded Factors (SUM CONTrasts) ......ccceceeerieeriieeiieeecee e e e eeeesvee e 67
L] 7= 1 1 oL PSPPSR 68
Coefficients in Terms of Coded Factors (SUM CONLrasts) ......ccccvvveereeeeiiiiiiureeeeeeeeeeiirreeeeeeeeeennnenns 68
FIT STAISTICS 1nnvviiiiitii e 69
Coefficients in Terms of Coded Factors (SUM CONtrasts) ......ccccvuveeeeeeeeiiiiiuneeeeeeeeeeiiireeeeeeeeeesnnenes 69
L] 7 1] 1 ot T PSP SPPPTPPP 70
Coefficients in Terms of Coded Factors (SUM CONTrasts) .......ccecvierieeiiieeeiieescee e e e e evreesvee s 70
[ s o o] oY o 11 13 PSP 70
FIT STAISTICS 1.t 70
Coefficients in Terms of Coded Factors (SUmM CONTrasts) .......ccecvievieeriiieeiieeeiee e sreeecvreesvee s 70

vii



List of Tables

Table 1: Advantages and Disadvantages of Gravity FIow Systems ........ccccoeceevieriirninieenenienienieeeen 7
Table 2:Target ranges for each water quality parameter for aquUaponics ........ccecvuveeevciiieeeccieee e 8
Table 3:Table Of fACTOIS ... e e e e e e st e e e e e e e e e abtbbeeeeeeeeenannnnes 13
B L1 LSl R - o] [l o A U1 PPN 13
B o] (=T L=< Te I 1 Lo TS UR U UPPURNt 15
Table 6: STOCKING AENSILY ..ccuviiii ittt e et e e et a e e e ssbeeeeessseeessnsseeesansreaeean 15
TaDIE 7:WEEKIY TESES ...evviii et e e e e et e e e s eaba e e e e atae e e e nsaeeeeantaeeeennraeeeans 20
Table 8: Common RUNOTF CoETfiCIENTS....cciiiiiiiieeee e e e et e e e e e e e ennenes 23
Table O:WEEK ONE MESUILS .....vviie et e e e e et e e et e e e et a e e e e aaaeeesnsaeeeeansseeesannreeenan 27
Table 10:WEEK TWO MESUILS ....viiiiiiiee ettt et e e e e et e e e et e e e e eaba e e e e aaaeeeensaeeeeansseeeeansreeenan 27
TaBIE LL:RUN FESUILS .. ieiitieeee ettt e ettt e e e e e e eerebr e e e eeeeeessetabasaeeeeeesaasssaaaeeseeeessssssaaeeeesesnnrrnes 29
Table 12:0ptimization SOIULIONS .......cccuuiiiiiiiie et e et e e e et e e e e b e e e e eeasaee e e anaeeeeas 38
Table 13:Fish WEISHE GAIN ....uiiiiiiiee e e e e st e e e saba e e e ssbbeeeesanaeaeeas 40
] o] (=R 7 B4 T o 1 =TT PO URU U UPPURRUPRt 41
Table 15:Table of DO concentration and death rate .......ccccoeeeeeciiiiecciiee e 43
Table 16:DESIZN PAIAMELEIS..ceeiiiii e cctireeeee e e eeccirree e e e e e eeeerreeeeeeeeessetbrraeeeeeeesasasssssaseseeessssssssaseeeeeesnnssnes 51
Table 17: Battery Charging rate ........oocciiie ittt e e e e e tae e e e ata e e e eabaeeeeasaeeeeennaeeeeas 53
Table 18:DiSChAIZING FAte......viiiiciiiee it e et e e et e e e s sabae e e sabaeeeensaeeeeansaeeeennsreaeens 55
Table 19:RUN Off COBTFICIENTS ..cciiiiiteeeee e e e e e e e e e e s babaeeeeeeeeennnanees 56
Table 20: Busia rainfall data ........c.eeeeieiiie e et e e e e e e e e e e areeaean 59

viii


file:///C:/Users/onapa%20ronald%20raphael/Desktop/NEW/BUSITEMA%20UNIVERSITY%20PRESENTATION%20REPORT.docx%23_Toc168413753

List of Figures

Figure 1: cONCEPLUAl dIiagIrami .. i ieeieiiiee ettt e e e ettt e e s st ee e e s s bte e e s sbeeeessbteeessastaeessnsreeessnnes 4
Figure 2:HYdrologiCal CYCIE ...uuiiiiieie ettt et e e et e e e et e e e et e e e e e bte e e e entaeeeentaeeesanes 5
Figure 3: Gravity flOW Water SYSTEM .. ....cii i e st e e s sbee e e s sbeeeeesanes 7
= U I G o VY o T =T o U 19
Figure 5: OptimiSation FaMPS. ...ttt e e e e e e e e e e eeeeseeeeeeeseeeteeeeeeeeeseeeeeeeseeeseeeeeseanaees 37



ACRONYMS
RWH-Rain Water Harvesting

TDS-Total Dissolved Solids
DO—Dissolved Oxygen
pH—potential of hydrogen
FAO—Food and Agriculture Organization
HRT—Hydraulic Retension Time
NH3—Ammonia

K--Potassium

NO2- --Nitrite

NO3- --Nitrate

P—Phosphorus

Q—flow rate

t—time

T--Temperature
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