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ABSTRACT

This report addresses the challenges faced by the Tororo Golf course due to the UN reliable rainfall
pattetns that-are UN evenly distributed through the year affecting the normal growth of the grass
on the golf course more especially on the Putting Greens since they rely on rainfall alone and this

affects the consistency of the game.

Irrigation which is the artificial application of water to planis is the best insurance against such
unpredictable weather changes hence design of a lawn sprinkler irrigation system with measures

to apply correct amounts of water to the grass plant was considered and designed.

Climatic data, soil data, water data and other data collected were analyzed in order to get a well
representative value to use during designing work. Resuilts were adjusted to meet critical situations.
Among the tools used during data analysis includes Microsoft EXCEL sheet, Microsoft office
2010 package and CROPWAT 8.0, CLIMWAT2.0 irrigation software, AutoCAD 2016 and Arc

Gis software and this data was presented in form of tables, graphs etc.

From the determined infiltration rate of the soil i.e. 11.2mm/hr. and from Table 5000/5000 plus.
series nozzles performance from Rain bird, a rotor pop up sprinkler was selected and it was
characterised with a working pressure of 3.5bars, a Nozzle size 3.0mm, Radius of throw 12,20m,
flow rate of 0.74m’/hr. and a precipitation rate of 10mm/hr. for a triangular spacing based on a
62% diameter of throw. And this type of sprinkler could be employed satisfactory without any
Runoff.

A rolor popup sprinkler hrigation was designed with measure to control the flow of water within
the golf course, and also the fluctuating climate effect will be reduced by having water through the
year. If the designed project is implemented, it will adequately supply water to the greens and keap
the turf healthy on the course, also, it will not only eliminate wasteful over watering of the golf
course but also lowering the ongoing repair and maintenance costs especially on the bare areas as
a result of the lawn death ‘within the course. Since modern irrigation practices have not been

common in Uganda due to overreliance on rainfall yet not reliable any more in this centary fiill off

greenhouse effects like global warming.



DECLARATION
I, Chelengati Andrew, declare that the content of this report is my own original work and it has
never been submitted wholly or partially to any University or institution of higher learning for any

academic award.
Mt 25" o5/ 20/
S

CHELENGATI ANDREW DATE




APPROVAL
This project report under the title “’Design of a lawn sprinkler irrigation system for Tororo golf
course’’ was under supervision and is hereby approved in.partial fulfillmerit of the réquirements

for the award of a Bachelor’s Degree of science in Water Resources Engineering.

Supervisor It oo ereaien e PO rrrrrevasesens comnns e .

MR. MUGISHA MOSES DATE

Supervisor 2: ._......... aeeeeiteseannes reaeaetmantemesaaneanas eaanann

'MRS. NAKABUYE NJUKI HOPE DATE




ACKNOWLEDGEMENT
I do give a great gratitude to my supervisors who worked tirelesslyto see that my final year project

becomes successful, may God bless you abundantly as we continue to pursue excellence.



DEDICATION
I dedicate this repert to more importantly my parents and all individuals who have in one way or

the other helped me reach this academic level.



TABLE OF CONTENTS

DECLARATION ..c.veiirriiennninrenns S——

ACKMNOWLEDGEMENT ...t ccitinterriessimansavasssramnsnsrrsarass rembereseanans :
DED|CA‘|’]0N...‘,....... eertshesssmaseesantensesiseavsssranrabaesrnretinis

LIST OF FIGURES soeseereernenerarsserene

LIST OF ACRONYMS/ABBREVIATION. ereeremrmenivarrac

CHAPTER ONE: INTRODUCTION.............

1.1 BAGKGROUND...oceiiomrerenocensens N

1.2  PROBLEM STATEMENT.......cccon.e.
1.3 JUSTIFICATION ...

1.4 PURPOSE OF THE STUDY coovcecrnnrenmuansenssesssernans eeeesuerasearr R sa s as sty rnreratenae ceerervsssessessanernrns 3

1.5  OBIECTIVIES OF THESTUDY.......ccoone.

1.5.1 VBTN OBJECEIVE cviinureciursrnesiressvesnt raninsresrans sevsmsrs smasas eses srathiesrathenss auns ih R saER Re s e nm AT Peesmnibedninen

152 SPEGIfic ODJECLIVES .. e s s eeeererra e aanra et et e behre e 4

1.6  SCOPEAND LIMITATIONS ..ttt sinaarsstnn s e s v s s i b rr e e v g me s et a s aen st e e

CHAPTER TWO: HITERATURE REVIEW. (..t mnisinasns atsrateesistmisssasavessEusbennsraseeanannassrsreanseann fmerionevns 5

2.1 INTRODUCTION ..ot iremermenermieevonnnnns ermrebérensasesbnernr cebamhesyserrmey ceanre beabonte iR s ns Letrssms e 5

2.2 Water resourcesin Uganda ........... Amvaterenesbarerataesnns varas S eexnavesesseessssaviestasanicientersesaresieasansrnsnne: 5

2.3 The golf coutse as & field of the game oF golf ... vcccnnienecnrcrnenee emrrrreras v rerenneisnin e

2.3.1 Description of each feature on the GOIf COUMSE i i et

2.3.2 Fairway and roUugh .c...eive i E P eraraare ey renee goeeamrenminars ereees 1

2.3.3 The history of golf COUrse IMfZation .. s rrasbei e s aaes R |

234  Photo of Tororo Golf course ..o etbesie b ease st s bR bR R ad SRR A st st . 8

2.3.5 Golf course irrigation system dasiBN..... i i it e et am s bt nr e

2.3.6 [rrigation Water SOUNTeS oo siess e s ennans TS - 9

24 T E TGO SYSTERIMIS. 1neriiar st ver s st ac et snas s e a s con rrasan s s srrans Sayoa i srrasvamns e pemanns srasanvrre

2.4.1  Necessity of Irrigation ...t eenveebnots b et i s sttt eisn e et s nsssisnses 10

24.2 lerigation schemes i UZBNAA . rercarrrrrre e stbanm s e reme s s st sa st sm sasassastasmavessvnans |

vi




CHAPTER THREE: METHODOLOGY ... ceviiiens —— S— SRR :

3

243 irrigation methads and sglection......coeersremenne

244 Advantages-of sprinkler irrigation in comparison with other irrigation methods..............

2.4.5 LEPATEEEIONS vev e eeneerennaraensenssensonscsrenesssmenns e b bt s et t st er bt et et bt reem e mee e ee st e nnesrrenes

2.4.6 Selecting'sprinklers and 5PACing FANEES.ouvemverirntmiirsssnrars s e reasaias ot mrateremsssansacs anenssriesnan

2.4.7 Types of heads and Nozzles used on the sprinklers

2.5 Crop water requirement ... cooeeiseersecrcageenses e birecesaneessiseseTvaeerenereinseaTTas insnnrrararan e sas rsesanen :

251 E\faporation O TP,

252 T E RSP FALION ot e cerritie s rre i reesass s e anirnr i sne nessaadses samne s saaes e snabrsanssnes st aden fasesans shrnsmtassinbnsnes

2.53 Evapotranspiration........... O USRSV D IOPOON rreemnienesas .

2.5.4 Determination of the Reference crop evapotranspiration {(ETo}

........................................

255 Determination of the Effective rainfall ... s ira et e nes

256  Calculating the water need.......... hebaRue e 433 LA A A Aba b neeR s SR S EnEA AR RRER R SRR AR RS e

26 Design of the SPrinkler irigation SYSEEM ... et irencsstres s rieetreese s sessresess sassssapssesnssseses

28,1 DESHER PrOCEAUIES coeviesceesseress et sremeciereesosrerertssesssassssssessrsssagsesesssrassasssoetssasa st sees e ssasesaseen

2.62 Effects of Improper Irrigation Design......o... ereeenetientran temnnteiasenn S rasvaregareessrraeras

263 IFFTEALION PIDES covviirereessantesiisise s ias b s s b st e b bas 20 e remt e bed s rern brbandonpand e srnsannsrsarsares’

2.7 ECONOITUC BNAIYSES 1rvrsaerersisesercesssosossesessasesssressssreesesusesssadtse resemsasesessases esssssesssrurisesnssnissssn sessecode

271 FINancial ANalysis TeChNIfUES vt iress e e s ressian i s e sa s sad s sebai s e e s eme bbb st damraines

METHODOLOGY ..veevivvnsracrcinrsnne RSN SRR erestememeeenaeerrsbnmrrreterererrann ivsrmersevareaniien et ans

3.1 Preamble. ..o i s atrriesteseasnenanaead ovevae L eeeerbestsvabnineasasnresEesrereTETESSreneebeentEranbmpas. 34

3.2 Study L= = U SOOI

3.3  To study the agronomic water reguirement for the Lawn within the Golf course ..miviriiecns

331 Materials & tools that were used

33.2 Data collection ... v Eattse st et b g sen s S . SRV feriens i

3.3.3 Diata collection tEChNIGUES...i i o iheemeevesnmsscasens verernr R AR RS R et b4 et

3.3.4 Anah’gses of data : S

3.3.5 Consistency of rainfall data.........coovivoinnsniincnicrirerecncanans SRS R L

3.3.6 Determining the reference evapotranspiration rate of grass

P P T T T ey

33,7 Detérmining the effective rainfall..........cvvnees eranras et b AT e bR

33.8  Determining the water need.....cc.ocoueeecieeaes

3.4  Toconduct topographical analysis on the golf COUMSE .. s msis s s

vil




a

3.41  Asurvey of the topography ..coceerennnes O et eae e p s e s e e cp et sraresens _

3.5 To design a pipeline system to deliver, supply, and control water within the course «.wmv..

3.5.4

4.1

8.2 WETET GUAITEY TEEE 1.oveerreesereneseassoecssceneessassasseeseseeresmsareoneesssessesreassesbersesssessssseisesensimareniorssendanisaess 38
4.2.1 Analysis of the results O S 39
43  Soil test results and RAIYSIS .o i st b et st me b snneeen e eane esanReressasssnnrersser. 39
4.3.1 Physical analysis te5t S0H FRSURS ... ettt e s e ss e 39
43.2 Chemical soil test results ..o eiemenraersaner e rareraras masness Garsaratasesreanens 40
43.3 Other parameters tested INCIUGE........covvivevereeeersnresrsoneneas 40
4.3.4 Analysis of the test rESURS (. i e ser s st e e s en e s ss b e bra s e eane 40
4.4  Soil infiltration test.....c o i, OO RTOPPRRY : |
45 Clmatic data ANAIYSIS v rensinviesscrestarsa con e ssassmsstesesnesins ersasesessetonsssarassrenssresnsessesesnssesessesnsses 42
451  Rainfall cONSIStENCY OF TOMOTDu . areeceeeirmecasvesncssearrmsemeresssrgeesssssmsssessensssssorsssmsmsesasssosons 42
4.5.2 Determining the reference evapotranspiration........... tireimecrenanananaaannn szevnmrecvasnravensnasnsaens S
4.5.3 ‘Determination of the effective rainfall irserassesvassisiseraasessereLeeRELeSbOANAINRELLAbL AL Caieeen bt o eerainaats 46
4.5.4 Determiination of the crop evapatranspiration, ETC .. e, ceresnmens AT
4.6 TOPOErAPRICAI GEA -.e.eoeeeemieeeceerereesseeseeesemeeseosesssmmsesssene assasrasesesemseaemessosmeeeeeseeseneee .49
4.7  Design criteria of rotor pop-up sprinkler system........... Civrensioneisans e i it A9
4.7.1 Computation OF 2 System HeSIEN .. icirner e siser e sinss s st sressisrasesi ssssssssessnssaansen 49
4.7.2 Sprinkler selection and SPaCiNE FANEES ... ecieccmrraemraeamirarerrss e .52
473 Determining the SYSTEM CAPBCILY wueeiciasesmerimeimiasescrssssseesenenrasonses smasessssoasssass sarvemsrassssasnsin 527
4.7.4 Pipe sizing and valve and calcidating the system pressure requirement ..o ieeerrrrrrens 53
4.7.5 The total dynamic head requirement for a rotor pop up-sprinkler system. TDH............... 57
476 Pump selection and power requirement ..o, .57
477 SystEm QeSTPHOM .ot eva s snea s seme s nasenaee rremvaresraenesaranua batuarererssonsvrascmvinveiaiens I
4.7.8 Operation and maintenances of a rotor pop Up SprNKIEr ... e s asnee 58
4.8  Economic analysis for irrigating grass on the greens of the golf course .........cvvnnieiinnnins 59
481 INHIAl OF FIXEH COBES . ooomv.rresriueescriesensenssssarisiarssrarssss sesssssssases s sessssas e st ces e fenemseresesaresseen 59
4.8.2 Variable or operational costs.........ccvveieiecaens rtettient emteamn e e nnarisanran 58

P RIIDEE ettt sttt s vramar ey e b a s rme e v e e sas rmnnEmevhsa s aanearn e es s ranei sensrepenteatae e saanne

viii



483  Projects DENEFitS ..ocvimeeeee e eeeneeeeeneen ereerisennnes et s raagnen tetrmeaemeeesees w61

5 CHAPTER FIVE: CHALLENGES, CONCLUSIONS AND RECOMMENDATIONS .....o.r.corererecreearecneeene —7 )
51  INTRODUCTION ....coveeervennes et eetmaes v st tmmeepeeeereneea e et arte s earassrt s 64
S.2  CHALLENGES FACED. ..o ivvuesssssissemsssaminioesscomsesstssonmoneonsesronsnsetsasonssimesssisnsnionssesosivnons s esmusnons B2
53 CONCLUSIONS coovurusrecears s sessssssnssasssranas S SOOI - .

5.4 RECOMMENDATIONS ...t nitsiie st e b rcnsbereninserasenesass snesssi e s mnasnrasenesbssnie senasses B

6 REFERENCES...oererioeemsnmaesersersenmemmemeemanes : v SR SRR E AUV ereeerees 86
APPENDIX 1: TOPOGRAPHICAL DATA OF THE GOLF COURSE. : resbinenmmsnssrrsaesaanes R v/
APPENDIX 2: TOPOGRAPHICAL MAP OF THE GOLF COURSE ........... neserraee s iers ettt e irretesnrenns rerneens B8
APPENDIX 3: TEXTURAL CLASSIFICATION CHART FOR SOIL ANALYSIS........... et sp sttt ceone e e s 69
APPENDIX 4: TORORO MONTHLY RAINFALL TOTALS (mim) FOR 25 YEARS ....ovvuuereaiocusisieiudserassnmmarossinns 70
APPENDIX 5: TORORO MEAN MONTLY MAXIMUM TEMPERATURES {°C) 1evevensnnennn S IS— 71
APPENDIX 6: TORORO MEAN MINIMUM TEMPERATURES (°C).cco........ ceasteemeracransenn e 72

APPENDIX 7: TORORO MONTHLY RELATIVE HUMIDITY AT 0600Z AT 9:00AM........cocreirenmsssiesesssensinssannes 73
APPENDIX 8: TORORO MONTHLY RELATIVE HUMIDITY AT 12007 AT 3:00PM oo conreeeccesevereenveesreeserseenens T4

APPENDIX 9: TORORO WIND SPEED (KNOTS)....coouucmerrmnerisnsssssessaes ot mansssersemssmerasnasssssrsaoss ST .74
APPENDIX 10: LAYOUT OF THE DESIGNED SPRINKLER [RRIGATION SYSTEM FOR THE GREENS ON THE

TORORO GOLF COURSE..... eeaneersanans reerereaneen _ e et et eaee et eaee e eeenenrerae e 75
APPENDIX 11: A SECTION SHOWING A ROTOR POP UP SPRINKLER IRRIGATION SYSTEM ... 76

APPENDIX 12: BILLS OF QUANTITIES OF THE DESIGNED ROTOR POPUP SPRINKLER SYS...cvccveecveereereraeer 78
APPENDIX 13: PVC SCHEDULE 80 LPS PLASTIC PIPE CHART ....ccecvmsevernesnesens et e Cemitemtesiote 79



LIST OF FIGURES

Figure 1: Tororo GOolf COUTSE ..o ommrriereasensnnserreeneresenans cereraores remneereenessnens evtestreeea v sarentsens aasaaass et sennarn .8
Figure 2: Rain consistency CUrve TOT TOTOTO cuarecrsuraerirannesesemescsesessentrsenssassstssasessassassssesaresn eeeeernresasenn 44
Figure 3: A bar graph indicating the effective rainfall against the months weeenreseraratnscassrennrrisnenisrars 47



LIST OF TABLES

Table 1: Available water for the different soils ... v st et s ssas s st ennrnesnn st sasns 20
Table 2: summary of water guality data and analyms ...... reeieins R rmvanasienseamas s asnad erermramnacamre st a8
Table 3: Table showing the soil iexture and available water for different soﬂs et remser e R bk 39
Table 4: s0il Ph. and i1s interpretation ..o secoreasereeresen ereeveere et neensisaas dbrresnne e st eenariei 40
Table 5: Chemical soil parameters and its composmon............; ................................................................. 40
From the tests carried out at Makerere Soil laboratory, it mdlcatcd that the thrce soil samples: contamed
the following infiltration rate (cov/hr.). Table 6: Soil infiltration Data.....c.so eemecrersnenss 41
Table 7: basic infiltration rate for the different soil fypes........e. wemnamesnesnnairas 42
Table §: Cumidative Rainfali data for TOroro ....uicimie i st st ararnsss s ssassassonses 43
Table 9: Reference Evapotranspiration dclemunauon45
Table 10: Effcctive RANTAI FOr TOIOEGuwummsersomimrreeessemsssrenseisssmsssvnsssessssonsesssossssssarsssmresssses e A6
BPetermining the crop evapotranspiration rate for a single season of the grass plant p]anted from 15‘" /03
and harvested.on 14%/03. Turfarass growth stages. Table 11: Turt‘grass Growth Stages..... vrnnesnanrenne 7
Table: 12: Terigation Water chmrcmcnl FOT the (GIASS ...t ieiesriei s mssbonissesssass s et snspraprsss s ssensnase s e 48
Table 13: PVC class plastic pipe determination .. v eerereersasssisnes aeserisans SRRSO - |

Table 14: Golf Course project Costs and Benefits analysis i ioremcomesenmmmssssssssssbisinnineinssssinses 63

X




DWRM

UBOS

QGU
FAOQ
ASCE
ICID
GPS.
NWSC.
PVC
TDH
USD
UGX
SAFR
B/C
PVE
USDA
ETC
ETO

OM

LIST OF ACRONYMS/ABBREVIATION

‘Directorate of Water Resources Management

Uganda Bureau of Statistics
Ministry of Water and Environment
Queensland Golf Union
Fooid and Agricultural Organization
American Society of Civil Engineers
International Commission for Irrigation and Drainage
Global Positioning Satellite
National Water and Sewerage Corporation
Polyvinyl Chloride
Total Dynamic Head
Unite States Dollars
Uganda Shillings
Sub- Regional Office for East and Southern Africa
Benefit Cost Ratio
Present Vahue Factor
United States Department Of Agriculture
Crop Evapotranspiration
Reference Evapotranspiration.

Organic Matter Content

xii




LIST OF EQUANTIONS

‘Computation of ETo using the penman-Monteith method........... e et raaaaaan 19
Crop evapotranspiration, ETc determination OO S OUUR PSR veean23
Computation of the friction gradient ... eemnaas e arans 27
System capacity determination et rararsiseeneeeneserevreannani e 52
Sprinkler spacing determination e arene st e ens T 52
Total dynamic head requirement of the designed system, TDH ........oooiiiiiiiiiieieene. 57
Power requirement computation ceveierassseanbanaareonnns eeennnaan TS, ¥
Benefil and cost analysis ratio computation e aie e aa e n e ens e besetecerareas 62

xiil




CHAPTER ONE: INTRODUCTION

1.1 BACKGROUND

A golf course is the ground with turf prass where the game of golf is played. It comprises a series
of holes, a teeing ground, a fairway, the rough and other hazards, and a green with 2 hole. Some
of the earliest golf courses to install irrigation systems were Long island National Golf Links, the
Merion Golf course, and Pinehurst found in the United States. When the game of golf spread to
the other contifients, golf course architects realized that without irrigation, building and

maintaining golf course is impossible(Thompson et al., 1935).

In a giobal search it would be hard to find a better setting for the game of golf than here in Uganda
because of the plenty of water once tapped can be used to keep the courses ushy, greenand gorgeous
and that’s why it's not surprising that there a number of golf courses through the country such as

Uganda golf club, Jinja golf club, Kabale golf club, Entebbe golf club, Torore golf club and others.

Based on experiences by the Government’s DWRM (summarized for example in the Catchment
Protection Guidelines) typical issues in catchment management have been identified such as the
Increasing climate variability with shifting seasonal pattérns and frequent rainfall shortages. And
thére are many streams, swamps and ponds through the country where water can be tapped for

irrigation and other purposes (Makowka, 2014)

The Tororo golf course with nine (9) holes, tee white (18 holes), par 72, 10 Greens, and of length
6352 yard is located in Tongue Avenue, Tororo town and the town is approximately 10kilometers
west of Malaba at the border between Uganda and Kenya, This is about 230 kilometers east of
Kampala, Uganda’s capita city. The coordinates of the town are 0 °41734.0"'N and 34° 10°54.0"'E.
and the town was estimated to have a population of about 34,800 in 2002, 42,500 in 2010 and
41,906 in 2014 as depicted by the Uganda Burean of Statistics (UBQOS) during the national

population census, this implies that the area is moderately populated.

Tororo area receives two rainfall seasons (March to May and August to November) plus a partial
dry season between June and July and one dry-season from December to February. Due to the UN
r@liable rainfall patterns that are UN evenly disfributed in a given year, the grass plant on the go_lf
cfn_lt';’jrse- usually relies.on rainfall alone; this affects the growth of grass and affects the consistency

game. This area receives a maximum and mintmum temperature 0of29.7 & 16.9°C, and an average:
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