REPUBLIOF KENYA

‘**"a‘ COAST WATER SERVICES BOAF

4

WATER AND SANITATION SERVICE IMPROVEMENT BROJECT
ADDITIONAL FINANCING (WaS3IP)

Consulting Services for Wastater Master Plan for Mombasa and
Selected Towns withinlie Coast Region
Contract No. CWSB/WaSSMF/C/10/2012

FINAL WASTEWATER MASTER PLAN REPORT FOR

HOLATOWN
VOLUME 1: MASTER PLAN MAIN REPORT
MIBP
In Association with: B@i S CH

N CES
Consultin%En%_ilnuls " HOLDINGS
Salzgitter Gmb

MARCHO017



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL MASTER PLAN REP(
Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - HOLATOWN

a5h/ | a9b¢ / hbe¢wh[ ¢

WATER AND SANITATISERVICE IMPROVEMENT PRQ@JECT
ADDITIONAL FINANCING (WaS3HAF)

Wastewvater Master Plan for Mombasa and Selected Towns within
the Coast Region

EMPLOYER:

CoastWater Services Board
(QWSB

MIBP

+PARTNERS

CONSULTING ENGINEERS

C:z B@SCH

Salzgitter GmbH " HOLDINGS

DOCUMENT TITLI FINAL MABER PLAN REP@QRIOLATOWN

RECORDS FOR REVISION

Version DATE: DESCRIPTION/PURPOSE OF ISSU PREPARED| CHECKEl[ APPROVED
BY: BY: BY:

FINAIWASTEWATBERASTER PLAN
01 23-03-2017 REPORTHOLATOWN NINEQA TSM MSB

MIBP/ CES/ BOSCH



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL MASTER PLAN REP(
Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - HOLATOWN

WATER AND SANITATISERVICE IMPROVEWIEPROJEGT
ADDITIONAL FINANCING (WaS3HAF)

Wastewvater Master Plan for Mombasa and Selected Towns within
the Coast Region

FINAL MASTER PLAN RERGRILATOWN
TABLE OF CONTENTS
EXECUTIVE SUMMARY

El GOALANDOBIECTIVEFTHISSTUDY......utiiiiiiiiiiiiiiiiiiiiimre s El
E2 OBJIECTIVEFTHISREPORT ..ottt e me e a e e e e e e e e e e El
E3 STUDYAREAANDDEMOGRAPHY. ...t El
E4 WATEREMANDFORECAST. ... B3
E5 WASTEWATHERLOWPREDICTIONS. ...t B3
E6 WASTEWATBRANAGEMENTSTRATEGIES.......oiiiiiiiiieee e =7
E7 MULTICRITERIANALYSISNDREVIEVOFDEVELOPMENIITRATEGIES...........iiiinnnne B
ES8 PROJIEGTOSTS. ... eetteteeitttttttitetetetmr s e s s s s s s s s e s e e s e e e e e e e e e e s s st e e ettt ettt et eeeeteeeeeeeeeesamsssnbnssnnnnsnnnes B
E9 FINANCIAANDECONOMIBNALYSISFTHESELECTHIEVELOPMEMNITRATEGY........... E7
E10 CONCLUSIODFTHBVASTERLAN. ... .ot B
MAIN REPORT ...t 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 s 11
1.0 PROJECT BACKGROUNDL.......ccoiiiiiiii et 1-1
1.1 GOALS ANDBIECTIVES OF TBIEIDY.....eettiiiietiiereeeeeeeeeesimnnnnssnnssme e e e e e e e e e eaeeeeeens 1-3
1.2 EXECUTION OF TIBEUDY. ...cttttttttttiiiiieieeeeeeesamssiissii s me 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 ameeeeees 1-3
1.3 OBJIECTIVES OF TRERPORT.....ciiiiiiiiiieieieeeees e ettt ettt ettt ettt et ettt e e et e e e s ams s nee s 1-3
2.0 PROJECT ARBESCRIPTION. ....cciiiiiiiiiiiiiiiiiee e m s 2-1
2.1 LOCATION ANBDMINISTRATION ....ceettttitiiiieieieeeeeetamsssssnnssssnnsssnsssssnssssssme s s s s e e e e e e e e e e e e e e aaaeaeens 2-1
2.2 STUDYARENA .....cuuutititiiii e ee e e e e e e e e et e e e e e e e e e e e e e e e e e e amr e e et e et e ettt et e et e e et e e e e e e e e 2-1
P2 I O | i PRSPPI 2-3
2.4 TOPOGRAPHGEOLOGY ANBDILS ....ciiiiiiiiiiiiiiiie et 2-3
25 ECONOMIGACTIVITIES. ..ottt ettt ettt ettt ettt ettt et e s e 2-3
2.6 EXISTINGVATERSUPPLY ANBANITATIONBY STEMS....cvvviiiiiiiiiiiiieeeeeeeieiiisiiniiniinienenennnnnnne s 2-3

2.6. 1 WAl SUPPIY ettt a e e e e e e e e e aaaaaaaaeas 2-3

2.6.2  SANItAtioN SYSTEIML...coiiiiiiiiiiee et e e e e e e e aaaaaaeas 2-4
2.7 IMMEDIATEMEASURES FOR TTMEROVEMENT CBANITATIONBYSTEMS.....oiieiiieeiiiiiiie e 2-4

A 0 R Y o [V o T =] (o o3 PSP 2-5

2.7.2 Sludge Handling FaCIlILy...........uueeiiiiiiiiiiieeee et ee e 2-8

2.7.3 Design Criteria for Sludge Handling FaCIlity.............cccuvviiiieinniiiiiiiee e 2-11

2.74 Components of the Proposed Sludge Handling Facility.............ccccoeevviiiiiieeeeennnns 2-11

2.7.5 Implementation Cost for Immediate MEASUIES...........cooviiiiiiiiieeiiiiiieee e 2:-12
3.0 DEMOGRAPHYAND USE AND URBAN DEVELOPMENT.........ccuuuuiiiiiiimneaieeeeeeeeeeeennn 3-1
3.1 DEMOGRAPHY ANBDPULATIORDYNAMICS FOROLATOWN......civiriiieeieinineeeeeri i e e e e 3-1

3.1.1 Previous Population Trend...........iiiiieee e 31

3.1.2 Population Growth SCENANIOS. ........coiiiiiiii e e e e e e e e e aaaeaaeens 3-2

3.1.3 Projected Population for Hola TOWN.........ccuiiiiiiiiiiiiiiieeeeeeee e 3-3
3.2 LANDUSE ANDJRBANDEVELOPMENT .....cttttttitttttstettssssimasaaaassaaaasasssaaasaassssssameseseeeeeeeeeeeeeeeees 34

0 A [ 011 (oo [0 Tox i o o PP PPPPPPPRPPPN 3-4

MIBP/ CES/ BOSCH



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL MASTER PLAN REP(

Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - HOLATOWN
3.2.2 EXIStNG LANG USE......eiiiiiiiiiiiiiiiieee ettt e e e 3-4
3.2.3 Land Use Requirement per Land USE ZONE..........coccoiiiiiiiieeieeniiiiiieeee e 3-6

4.0 WATER DEMAND FORECAST ... ittt e e e e e e e e 4-1
41 ANALYSIS OB/ ATERCONSUMPTIORRATES ... e eiteeeiiitiiaeeeeeereeeimeeeeeeeeeesnnnnnseeeeeeeeessineeeseeeeennnnnss -1
4.2  WATERDEMANDPROJIECTIONS. ..ctttttteeeeeeeteeeeeeeeseeteeessesssssssesssseseessesssansnnnnnnnnnnnnnnnnnnnnnnnnnnnn 4-4
50 WASTEWATER FLOW PREDICTIONS.......cttttttiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiine e a e 5-1
5.1 DESIGNIRITERIA. ettt e e e et eettt et et et s e e e e e e e e e ettt s s st e bbb e e e e e et e e ee s bbb s e e e e embaa s e e eeeeaeees 5-1
5.1.1 PrinCipal REfEIENCES........cco oo a e e e 51
5.1.2 Sewerage ColleCtiOBYSIEM........ccoviiiiieee e a e 5-1
L T ST = To TSI € 1= g =T = L1 o} o 5-1
5.1.4 Peak Flow Factor and Sewer CapacCity...........ccccceeeeiiiiei i 5-3
5.2 PROJECTEIVASTEWATERIOWS....ciiiiiiiiiiiieeeieeeee e e e ettt ma e s e e e e e e e e e e e e s e e e aaaaeaeas 5-4

6.0 DESIGN CRITERIA FOR SEWERAGE SYSTEM AND WASTEWATER TREATMENTGLANTS

6.1 DESIGN OBEWERS. ...ccvtttitiitiititieeeeeesinsasssssssssssss s assssssssssssmeseeaeeaasessasasasesssesessssmsssssssssssnend 6-1
6.1.1  MiNIMUM SiZE Of SEWEN......uutiiiiiieiiiiiii ettt e et ear s eerreeseneeees 6-1
6.1.2 Hydraulic DeSigN CriterLa.........cuiieiiiiiiiiiiiee e et e s e e 6-1
6.1.3 SeltCleansing Gradients and VEIOCIIES...........ccouiuiiiiiiiiriiiiiiiieee e 6-2
6.1.4  Sulphide GEeNEIAtION..........uiiiiiiiiiiiiei e e e e s e e e e e e 6-2
6.1.5 Ventilation Of SEWEIS......uuuiiiiiiiiii e reeeeed 6-3
6.1.6 DEPLN Of SEWEIS.....oiiiiiiiiiii e e e rr e e e e 6-3
6.1.7 Manhole SPaciNng and SIZES......ccooiuiiiiiie e 6-4
6.1.8  PiIPe MALEIIAIS. .....eiiiiiiiiiiieii et e e e e 6-4
6.1.9 Property CONNECLIONS. .....cuiiiiiiiiiiiiii et s e e e e e e e nnnnened 6-6

6.2 DESIGN OBEWAGHEPUMPINGSTATIONS. ...ceiiiiiiiiiieeiieeeeeeeeeeesassssssssssssssssnnsssssnsssinnseeseennenneenneesd 6-6
6.2.1  SEWAGE PUMPS. oottt e e e et e e e e era e e reen e e e e eaaae e 6-6
6.2.2 Sewage PUMPING StatiONS.......cccoviiiiiiiiiiii e 6-6
6.2.3 Siting of SewagBumping StationS............ccooiiiiiiiiiii e 6-7
6.2.4 Capacities of Sewage Pumping Stations COmponents............cccccevvvveevvevvrneeeeeeeees. 6-8

6.3 DESIGN OWWASTEWATERREATMENPLANTS ...eitttiiiiiiiieeeieee e et e e ettt eeeeeeeeeeenann e e e e as 6-9
6.3.1 Selection Criteria for Treatment Process / Technology............ccccoo i ieeiiciccciinnnnn, 6-9
6.3.2 Alternative Wastewater Treatment Processes / Technologies............cccccecvvnnnnnnd 6-11
6.3.3 ldentification of Site for the Wastewater Treatment Plant (WWIR)......................! 6-17

7.0 FORMULATION OF WASTEWATER MANAGEMENT SCHEME.............ccovciiiiviiiiiinnns 7-1

7.1 DELINEATION ADRAINAGEAREAS ..o e e i eeeeeeee e e e e e e e e e e ettt eeeeeeeeeeeeeeamsnnnnnnnnnnnnnnnnnnnns 7-1

7.2 DESCRIPTION Q¥ASTEWATERIANAGEMENSCHEME......icvvviiiiiiiii et 7-3

8.0 PROJECT COSTS OF THE PROPOSED WASTEWATER MANAGEMENT.SCHEMES-1

8.1 INTRODUCTIQIN .ttt ttetnetnetneeueene et esesnsaneeaseneesssesnssamneesssssnssnssnssnsensenessonnesnssnsensensesneen 8-1
8.2 UNITGOSTS FORAPITALUNVESTMENTS .. etutituiitneiteeteeteeimrtesteetestesnesnesnesimtaesneesnessneesnns 8-1
8.2.1 BasSIS Of COSt EStMALES......uuiiiiiiiie et s e e e e e e s eeb e e e eeead 8-1
8.2.2  LaNd ACUISITION. ...cciiiiiiiiiiiiiie ettt ettt e e e e e e e e e e e s nnre e e e e e e e e nnee 8-1
TR T 0 1< 1 €U (o1 1[0 T 0 1= AR 8-2
8.3 UNITGOSTS FORPERATION ANBAAINTENANGE ... cvueiteitneiteiteeteer et eete et e et eeteeteersmresnneens 8-5
TR I R 11 o 1= = | 85
8.4 CAPITAL ANDPERATION& MAINTENANCEOSTS OF THIROPOSESCHEME. .......cvvvviveiieiieeine. 8-6
S Nt R OF= T o] = | I 011 USRS 8-6
8.4.2 Operations and MaintenanCe COSIS..........cooiiiiiiiiiee e e e e e e e e aaaeaens 8-6
8.5 AVERAGINCREMENTADOSTS OF THIROPOSESCHEME .....ccvvniiiiiieiiieeeeiee e et ee e e e e e eean 8-7
8.6 ENSITIVITRINALY SIS ettt eiit et e et e et et e e e e e et e e et e e e et e e e st eta e e e eaeeeaa e sebnseean e sesmeaneeesnnns 8-7

MIBP/ CES/ BOSCH ii



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL MASTER PLAN REP(

Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - HOLATOWN
9.0 MULTICRITERIA ANALYSIS AND REVIEW OF DEVELOPMENT STRATEGIES........ 9-1
9.1 INTRODUCTION TO TABOPTEDDRITERIA. .. ttuvtuuueuueennennnnnnnnsinnaeeaaaaaaaaasasasassesssssessmessssssssmeeeen 9-1

9.1.1 Methodology of Analytical Hierarchy Process (AHR)..........cccoooiiiiiieiiiiiiiiiiiieeeens 9-1
9.2  WASTEWATERREATMENTRAINSELECTION. ..ceeeetetteeeeseeeesseessimeeeeeeeeeeeeeeeeeeseseeeseessemsssssssssnnes 9-2
9.2.1  ODJECtIVE DESCIIPLION. .....eeeiieiiiiiiiiie ettt e e e e e e 9-2
0.2.2  PaAlBMEBIEIS. ..o i ittt ettt e et e et e e e e e e e e e e e e e e e e e e e e e e a e Q-2
9.2.3 Alternative Wastewater TreatMent TraiNS.........c.uuvviieeeiiiiirreeee e siiirieee e ssnirreee e 9-3
9.2.4 Hierarchy DeCiSioN MOAEL.......c.coviiiiiiiiii e 9-4
9.2.5 Parameter Matrix and Weighting...........cccoooiiiiiiiiiiiiiiiieereee e 9-4
9.2.6 Ranking of Alternatives Wastewater Treatment Trains................ooo oo eeeieeccccnnnnnns 9-6
9.2.7 Recommendation for Wastewater Treatment Train..........ccccoovvvvvveeieeeeiiiiinneeenennns 9-6
9.3 STEIDENTIFICATION ANBELECTION. .. tttttttttiueeeeeeeeeinr e e e eeeeeeetbtaa s s e e e aeeeeasbneeaaeeeesnbnaaaaeeeaaas 9-7
9.3.1 Criteria fOor Sit€ SEIECHOM . .....cciiiiiiiiiiiie e e 9-7
0.3.2  CANUIGLE SILES.....ciiiieieiiiee ettt e e e e e e e e e e s e st e e e e e e e s nnnnreeeee s 9-8
9.3.1 Evaluation of PropoSed SIte........c.uuiiiiiieiiiiiiieiee et 9:8
9.4  WASTEWATEMANAGEMENSCHEMESELECTIORNALYSIS. .. .uuuuuuuuernnnnnnnnnnnnninneseaeaasaaaaaaaaasaaaenns 9-8
9.4.1 ODJECtIVE DESCIIPLION. .....eeiiieiiiiiiiiieee ettt e e e e e e e e 98
S IR N e L= 10 011 (] TP 9-8
9.4.3 Parameter Matrix and WelBING .........ocuvveriiieiiiiiiieeee e 99
9.4.4 Recommendation for Wastewater Treatment TraiN.........ccccccveveeeiieeiiiiiieeeeeeeeeeenn. 9-11
10.0 PRELIMINARY DESIGN OF SELECTED STRATEGY.......cccoiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeen 101
10.1  INTRODUCTION et tttttteeteeeeteesseessamteeeeeeeeeeeeteeeeteeeeeeeeesamsssssssssassssssssnsssssssnsssmeaaaaaaaeaaaaaeaens 10-1
10.2  SEWERAGBYSTEM...ciiiiiiiiiiiiiieeieeeeee e e e eetaaaaaaaaas e saasasssass s me e e e e e e e e e e e e e e e e aaaaaeaaeeesamtaeeeeeeeeees 101
10.2.1 Aerial Photographi©UIVEYS. .......c.oiuiiiiiiieiiiiiei ettt 101
O Y =T N [T [ o] 4= o€ 101
10.2.3 Sewerage Network AnalysisS MOEL..........ccccuiiiiiiiiiiiiiiiieeee e, 102
O Y/ o To [T @ 1011 oL | O 104
10.2.5 Model Reliability...........oooiiii e e e e e e e e e e e e e e e 105
10.2.6 Proposed Sewerage Network for Hola TOMN........uuvveeiiiiieiiiiiiiiiiieieeeeeeeeeeee, 105
10.2.7 Phased Investment Schedule for Sewerage Networki........cccccvvvvvvviieniiieieeeeeennnn, 107
TG T o BV 1 NS 1N 109
10.3.1 Siting of PUMPING STAtIONS.........uuiiiiiiiiiiiiiiieiiee e 109
10.3.2 Pumping Station DeLailS..........ccoioeiiiiiiiireee e e e e e e e e e e e e 109
10.3.3 Schedule of PUMPINSTAtIONS........ccoooiiiiiii e e 109
10.4  WASTEWATERREATMENPLANTS. ...coiiiiiiii e oo e e e e e e e e e e ettt ettt ettt et e e e e e e e e e e e amssaaaesssnsnnnnnnnnnnes 1011
10.4.1 Treatment Technology SelectiQn............ccooiiiiiiiiiieiiiiiiiiee e 10-11
10.4.2 Treatment Plant LOCAtION............cvviiieeieie e 1011
10.4.3 DeSigN CONSIAEIALIONS. ... ..euiiieiiiiiiiiiieeeesiiiee et e e e e st e e e e s ssibbr e e e e e e s snabeeeeeeeeaaaes 10-12
10.4.4 Wastewater Teatment Plant Details.................cooo oo 1013
10.4.5 Phased Investment Schedule for Wastewater Treatment Rlant.......................... 1017
10.5 PHASEDNVESTMENTDST S, iittttuieteitiieietttniesimneeeeettnseesestsaeseetenesamnseseesnnseeresnnaeeesrnnees 1017
10.5.1 Land ACQUISITION COSL......oiuuiiiiiieeeiiiiiiiee e e et e st e e e st e e e e e eeeeee s 10-17
10.5.2 Implementation Costs for Phased Sewerage System..........ccccccevvvivviieieeennnnne 1017
10.5.3 Implementation Costs for Phased Investment on Wastewater Treatment Plant10-18
10.5.4 Summary of Phased Investment COSLS..........oooiiiiiiiiiiiii e 1019
10.6  WASTEWATEREUSE. ..ot i i i et e e e ee e e e et et e e e e ettt ettt et ettt e et eeeeeeee e e e amss s s s s ss e s anssssnsssnssnnnsssaneeeaeeeas 10-20
10.6.1 Justification for Wastewater REUSE..........uuiiiiiiiiiiiiiiiieeeeeeee e 10-20
10.6.2 Types of Wastewater Reuse AppliCatioNS.........ccccuuuuuiimiiiiiiiiiiiieiieeeeeee e 10-20
10.6.3 Fil-fOr-PUIPOSE. ...ttt e et e et e e et e et e e e aaaaaaaeeaaeeeaeaasaaasaaaaaannnns 10-22
10.6.4 Selection of Wastewater Reuse AppliCatioNS.............evvveeiiiiiiiiiiiee e 10-23
10.6.5 Conveyance and Storage System of wastewater for REeUSE..............ccccvvveeeeenns 10-25

MIBP/ CES/ BOSCH iii



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL MASTER PLAN REP(

Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - HOLATOWN
10.6.6 Implementation Costs for the Agricultural WastewalRguse Scheme................... 10-27
11.0 FINANCIAL ANALYSIS FOR THE SELECTED DEVELOPMENT.STRATEGY............ 11-1
5 0 R = X0 1 1 U N o 11-1
11.1.1 Water and Sanitation Sector Organization StruCtUIe............ccceeeviiiirriieeeeeeniiieee, 111
0 O O I T | 1 S PP 11-3
11.1.3 Hola Wastewater Management Scheme Development COSIS............vvvvvvvveeeennen. 115
11.2  FINANCIAIANALY SIS, .ttt eteteetttii e e eett e e e e e et et bbb e e e e et e aman s e e e e e e eees bbb s e e eeeaeeeanneaaaeaeeees 11-6
11.2.1 KEY ASSUMIPLIONS......cceiiieieeiei et e e e e e e e e e e e e e e et e e e aaaaaaaaaaaaaaaaaens 11-6
11.2.2 Methodology for Financial ANAlYSIS..........eevieiiiiiiiiiiieeiiee e 11-7
11.2.3 ProjECt REVENUES.........co o it e e e e e e e e e e e e e e e e e aaaaaaaaaaaaeas 11-7
11.2.4 Project FInancial StatemenL.............coooiiiiiiiiiccccccrr e e e e e e e e e e e 11-8
11.2.5 Cost Benefit ANAIYSIS......cooviiiiiiiii e 11-8
11.2.6 The Net Present Value (NPV) .. ...ttt 119
11.2.7 Financial Internal Rate of REUIN...........cooiiiiiiiiiiiiie e 119
11.2.8 SENSIIVILY ANAIYSIS......etiieiiiiiiiiiii et e s eas 11-9
11.2.9 Conclusion of FinanCial ANAIYSIS..........cccuriiiieeiiiiiiiie e 11-9
11.3  ECONOMIGANALY SIS .. iiiiiiie et et e et e et ettt e e ettt ettt e ettt e eeeeeeeee e e e amsssss s asanansasssannsnssnnsnnaneeeaeeeas 11-10
0 0 A € 1= = Y SRR U 11-10
G T2 |V =3 i g T To (o] [0 T | PP P PP PPPPPPPPPPN 11-10
11.3.3 KEY ASSUMPLIONS. .. eeeeiieiiiiiitiieeeeeaasiiseee e e e st a e e e s st e e e e s s ansbnr e e e e e e e asnnneeeeeeeas 11-10
11.3.4 Capital DeVvelopmMENT COSL.......uuiiiiiiiiiiii e 11-10
11.3.5 ProjeCt EXPENUITUIES......ccciiiiiiiiiiiee ettt e e e e e 11-11
11.3.6 Conversion t0 ECONOMIC PriCES.....uuiiiiiiiiiiiiiiiiiieeteeee e 11-11
11.3.7 Water and Wastewater ProjeCtiONS..........ccuviriiiieiiiiiiieee e 11-11
11.3.8 Future Without Project SitUatiQnl...........ccccccuviiuiiiiiiiiiiiiiiieeeeee e e eee e e e e e e e e e e e 11-12
11.3.9 Valuation Of BEAIILS........cuiiiiiiiiiiiiie e 11-12
11.3.10Results of ECONOMIC ANAIYSIS......ceiiiiiiiiiiiiiieiieee e 11-12
11.3.11Conclusion of ECONOMIC ANAIYSIS.......cccciiiiiiiiiiiiiiiiiiieeeeeeer e 11-14
12.0 RECEIVING ENVIRONMENT AND MONITORING PROGRAM..........ceooiiieeveeeeeee 12-1
12.0  INTRODUCTION . cttttttteeeeeeeeeeeesee e s et e eeeeeeteeeeeeeeeteeeeeeeeesanssssssssseessssssssssssssssssmeaeaeaeeaeaaaeeeeas 12-1
12.2  PRELIMIMRYENVIRONMENTAYALUES ANBWATERQUALITYOBJECTIVES.....ciiieiiieeeieeeeeeeeee e 12-1
12.3  MONITORINGBROGRAMDESIGN.....cettttteiettteeeeaeeeeesaetasseesssssssssssesssesseseesansnnnnnnnnnnnnnnnnnnnnnnns 12-1
12.3.1 WALET FIOWS....coiiiiieiiiee ettt e ettt e e e e e et e e e e e e e e e e e e e e s nnnnneeeeeeas 12-1
12.3.2 BanK Stability.......ccccciiiiiiiie e ————————————————— 12-1
12.3.3 WALEr QUAIITY . ...ceeeeiiiiiiiiei ettt e e e e s e e e e e e e e e e e nneeees 12-2
12.4  DATAANALYSISMDREPORTING. ..cctuuiittitiieettttieetinseeeettaseetestesseeesten e esanneseessnseeresnnaeeesnnnns 124
13.0 PRELIMINARY ENVIRONMENT IMPACTS AND RESETTLEMENT.ACTIQN............ 131
13,1 INTRODUCTION . cttttuuetettuneeeettneetasseeeetnaeaeeetnnsaeeessnaeamasaeeessnaaeeetnnaaeeesnnaeannseeeessnneesenenns 131
13.1.1 ENVIFONMENISCIEENING......eiuttieieieeeeaiitteeee e e e e et e e e e e s s bbb e e e e e s s asbbn e e e e e e s s ainrneeeaeeas 131
13.1.2 Screenindor Resettlement IMPACTS..........c..uviiiiiiiiiiiiiee e 131
13.2  GUIDINGLEGISLATION ANPDLICY....eetuueetettneerestnsesieseesessnnseeeetsnseesessneesamneesessnnsesesrnnneerenns 132
13.2.1 KenyarnegiSIatiONS ........ouuviiiiieeiiiiieee ettt e e e e e e e 132
13.2.2 WorldBank Policieand GUIAElNES...........ueevviiiiiiiiiiiiieiieeee s 132
13.3 SCOPING FOBNVIRONMENTAL ANBDCIAUMPACTS . ..icttiieeeeiieeeeeiineesinneeeetineeeeeinneesenennseesens 133
13.3.1 PrOPOSEA SILE.....uuuiiiiiiiieiiiiiiei ettt ettt e e e e et eeeeeas 133
13.4 BNVIRONMENANDSOCIAUMPACTSCORING ANBATINGCRITERIA...cceieeee e 134
13.5 POSITIVEMPACTPURING THEONSTRUCTIORHASE. ....ceiieieeeeeeeeeeeeee e e eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen 134
13.5.1 Creationof Employment and Business Opportunities..........ccccceeevreimeeeeeee e, 134
13.6  POSITIVEMPACTPOURINGOPERATIORHASE .....coiiiieeiiieeeeeeeeeeeesceteeeeeeeeeseeeaeeeeseeseesensaneesnen s 135
13.6.1 Elimindion of Terrestrial and River POIlULION...............ciiiiiiiiiiiiii, 135

MIBP/ CES/ BOSCH v



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL MASTER PLAN REP(

Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - HOLATOWN
13.6.2 Improved Hygiene and Sanitation in the ProjAcas.............ccvvvveeeiiiiiiviiieeeennns 135
13.6.3 Reduced Ca&s of Water Related DiSEasEeS...........ooovviiiiiiicicciiiieieveevieeeeeeeeeeeee 135
13.6.4 Reduced Water and Sanitation Burden to Women...........ccccceeeeeeeeeeiieieeeeees 135
13.6.5 Increased Land Values in thBDRRCLAICaL........ccoviiiiiiiiiiiiii e 136

13.7 NEGATIVBMPACTS ANMITIGATIONMEASUREBURING THEONSTRUCTIORHASE. ......cccvvvvvreeeee. 136
13.7.1 Negativelmpacts to theBiophysical Environment and Mitigation Measures......... 136

13.7.2 Negativelmpacts to the Socizconomic Environment and Mitigation Measures...13-8
13.7.3 Negativelmpacts on Occupational Health and Safety and Mitigation Measures 13-9

13.8 NEGATIVEVMPACTDURINGOPERATION ....ciiiiiiiiiieieieeeeeeessimeeeeeeeeeeeeeeeeeeeeeeeeeeeessmsssannnennnnnes 1310
13.9 PROJECRESETTLEMERNNIPACTS. . .ciiiiiiiiiiiieiiee e e e e e ettt 13-12
13.9.1 ODbJECHVES Of RAR......eiiiti e 1312
13.9.2 GuidingLegislations and POlICIES.........cccccuuiuiiiiiiiiiiiiiiiiiiieeeeer e ee e e e e e e e e e 1312
13.9.3 Identified ProjectResettlement IMpacts...............c.oooee oo 13-13
13.9.4 EligibilityF 2 NJ / 2 YLISYy ahFR DY .5 ME.. . Wi.dzl...ocoveeee. 1313
RS e TR R MY/ 1 1 g oo o [Tz 1S3 o] =1 o o S 1313
13.9.6 VUINEIabIEGIOUPS. .....euiiiiieiiiiit ettt e e e e e 1314
13.97 GrievanCAMaNAgEMENT . .....uiiiiiiiiiieieee e et e e e s e r e e e e s s e e e e e e s anbrrneeeeesane 1318
13.9.8 RARMplementation ArrangemeENtS..........cuueuiiiiiiiiiiieeneiriiiee e s e e 1318
13.9.9 RAPMonitoring and EValuation...............uuviviiiiiiiiiiiiccee e 1319
14.0 ASSETS MANAGEMENT PLAN. ...ttt am e 141
14.1  INTRODUCTION TABSEMANAGEMENPLANNING .....ccttiiiiiiriieiieeeeeeeeimssnnnnnnnsnnnnnnnnnnnnnsnnnnnnnes 14-1
14.2  ASSETNVENTORY....cctttittttititetterteessimisnsssnsssnsassssssssanasassanraaaaeeaaaaaaaeaaaaasaseseessamasesseeeeeeens 14-2
14.3  LEVELS CBERVICE. ..ctttiiiiiiiiieertieeeeeesieisssssssssssssssssssssssssssaneasasaaaaaaasasassssssssssssssmasssssseeeeens 14-2
I R @ 2 L B 107 N1 = S T 14-3
145  ASSETIFECY CLEDDSTS. ouuttuuttuuuuuunnnnnnnnnnnnsinnaaaaaaaaaaaaaaaaaaasassasaasamtereeeeeeeeeeeeeeeeeeeeeereeemmnnnnn 14-3
14.6 LONGTERMFUNDING ANMLASSIFYINBXPENDITURE ......ccettteteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen 14-4
14.6.1 Operaional EXPENUITUIE..........uuiiiiiieiiiiiiieieeee et 14-4
14.6.2 Maintenance EXPENTITULE...........cooiiii it e e e e e e e e e e e e e e 14-4
I Sy A U1 N[ T . 1 SO RPRRRRR 145
14.8 ASSEMANAGEMENPLANIMPLEMENTATION. . .cettttttttteeeeeeeeteeesietsensesnesssnsnnsssssenesnnnsennesnannnns 145
14.9 CWSBASSEMANAGEMENPLANSTUATION....ciititiiiitiieieeeeeeeeeseeeteieeeneessesaesessesnesenssaneeseennns 14-6
15.0 RISK MANABMENT. ... .ottt eeee s s s s s s s e e e e e e e eeeeaeeeaeeeeaeeeeeeeamsnnnnes 151
15.1  INTRODUCTION it tttttteteeeeeeeeees e e e et e eeeeeeeeeeeeeeeeeeeeeeeeeeeamssssssssseessesssssessbssssssmeaeaaaeeeeeaaeeeens 151
15.2  BENVIRONMENTARISKS. ..utttutututenunnnnnnrnnnsnninnasssasssssaasaassssssassssasameesseeeeeeeeeeeeeeeeeeeeeeeesmmnnnnnes 153
15.2.1 CHMALE CRANGE. . cii i ittt e e e e e e e e e e 153
15.2.2 Risks from CONSIUCHIQN..........ccciieiiiiieiiiiiiiiitee e e e e e e e e e e e e e e e e e e e e e e e e eeeas 154
15.2.3 Public Health RISKS........ccoiiiiiei e e e e e e e e e e e 154
15.2.4 Operational HAZArdS..........cooiiiiiiiiiiiieeeeeeiiee et e e 155
TR T = ofe ] N[0 ¥ 1T 2 T TSP 155
15.3.1 Multicriteria Evaluation and Rigknalysis of Proposed Investment Scenarios......... 155
15.3.2 Key Issues and Recommended ACHQNS..........oiiuriiiiiiiiiiiiiiiiee e 156
15.3.3 Priority Areas in Need GTINANCING...........cuuiiiiiiiiiiiiee et 157
15.3.4 Strategies / Action for Cost RedUCHIQN............cooviiiiiiiiieiiieiiieec e 157
15.4 RISKMANAGEMENPLAN .. .cuuiitiitit ettt s et e et e et e e et e e et st s e e e e e ee e e e e e e eaa e eeenmean s 158
16.0 CONCLUSION OF THE MASTER.PLAN......coiiiiiiiiiii e 16-1

MIBP/ CES/ BOSCH v



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL MASTER PLAN REP(
Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - HOLATOWN

LIST OF FIGURES

Figure 1.11 ocation Plan for the ProjeCt TOWINS.........uuuiiiriiiiiiieiiimeeeee s 1-2
Figure 2.1Study Area of Wastewater Masterplan for Hola TOWN.............oovvviiiiiiiiimiiiiiiiiiiiiins 2-2
Figure 2.2 Typical Site Layout Plan for an Ablution BIOCK...............eeueiiiiiiimeii 2-6
Figure 2.3 Typical Plan, Views and Sections of an Ablution Black..............ccccccviiimiiiiiiiininnnns 2-7
Figure 2.4 Schematic Layout Plan of the proposed Sludge Handling Facility..................cccceee... 2-9
Figure 3.1: Projected Populations based on Growth Rate SCeNarios............cocevvvvvvieeeeieeeevvnnnnns 3-3
Figure 3.2Existing Land Use MapHOIa................cooiiiiiiiiii et e e e aanees 3-5
Figure 3.3Proposed Land Use Plan for Year 2040..........ccoooouuiuiiiiiiceiiiiie e emeeins 3-7
Figure 4.1Water Demand ProjeCtion............cooiiiiiiiiiiii it e e e e 4-4
Figure 5.1: Projected Wastewater Flowip to Year 2040............cceeiiiieeiiiiiiene e e e 55
Figure 6.1Capital cost for different wastewater treatment technologies..............ccccoevvvvviiicrennnns 6-9
Figure 6.21and Requirements for the various Treatment Technologies............ccccceeevieerieinnnn. 6-10
Figure 6.3Layout of Waste Stabilization PONdS..............couiiiiiiii e 6-12
Figure 6.4Sectional View of a Circular BiOfilter...............iieii e, 6-12
Figure 6.5Schematic Showing SBR operational CYCle.............cccoiriiiiiiceiiiiiiiieie e, 6-14
Figure 7.1Proposed DraiNage ATCaS.........cooiiiiiiiiieei ettt ettt e et e e amasse bbb nnnnnnnnnnees 7-2
Figure 7.2: Proposed Wastewater Management Scheme for Hola Town...........cccccceeviieeeinnnnnn. 7-4
Figure 81: Unitcost for sewer excavation with Depthi...........ccccccvviiiiiiiiniiiiiiiie 8-3
Figure 9.1: Hierarchy Decision Model used inthe AHP.............ccccccoiiiimiiiiiiiiiiie 9-4
Figure 10.1: Detailedlayout of the Sewerage SYStem............ccovvvviiiiiiiiimiiiiiiiiiiiiieeeens 106
Figure 10.2:Layout Plan of the Phased Implementation of Sewerage System............c.ccc....... 108
Figure 10.3:Lagut Plan and Sections of a Screw Pumping Statian.............cccccoovvvvievivvinnnnnns 10-10
Figure 10.4: Site Layout Plan of the Proposed Wastewater Treatment Plant....................... 1015
Figure 10.5: Typical Inlet and Outlet Structures for the Ponds..............ccoooeiiiiiiceeieeiiieeenn, 10-16
Figure 10.6: Types of AQuifer RECNAIGE. ... 1021
Figure D.7:Level of wastewater qUAalitY...........ccoooeeiiiiiiiiiiiieeeec e e 10-22
Figure 10.8Layout Plan of the Conveyance and Storage System for Agricultural Wastewater Reuse
[ (0 F= T 101 o PPN 10-26
Figure 11.1Institutional Setup of Water ACt 2002..........cceeiiiiiiiiiiii i 111
Figure 13.1: MIKONAONI SILE.......uuiii i e et s e e e e e e e e e e et e e e emreaaans 133
Figure 14.1Core Aspects of Asset Management Framewark...........cccccovveeiiiiciiie e 14-2
Figure 14.2Life Cycle ASSet ManNagemMENL...........coiiiiiiiiiiiiiiee e et e s 14-4
Figure 14.3Where the AMP FitS lL.......cooiiiiiiiii e et 14-6
LIST OF TABLES
Table 1.1: ProjeCt SEIeCted TOWNS ... .ccicciii ettt e e e e ettt e e e amr e e e e e e e e eeaeenaeaaeeaans 1-1
Table 2.1: Sulocations and STUAY ArEa.........oouuuiiii e 2-1
Table 2.2: Main Components of Existing Water Supply SYStem............ccooviiceiiiiiiiiiiineeeeen, 2-4
Table 2.3: Design CriteriegSludge Handling Facility...............ooooiiiiiiiiiiec e 2-11
Table 2.4: Components of the Proposed Sludge Handling Facility..............cccoooeiiieiiiiiiinninnne. 2-11
Table 2.5: Implementation Costs for Immediate MeasUres...........ooevuuuuiiiieeciiaee e 2-12
Table 3.1: Intercensal Population Data (1972009) for Galole SuCounty...........ccovviiiiiieiriinnnn.. 31
Table 3.2: Previous Intercensal Annual Population GrowtheRa..............ccooviiiiiiiiiiin e, 31
Table 3.3: Summary of the Projected Population..............ooooiiiiiiiiii e 33
Table 3.5: Existing Land Use and Projected Land Requirement..............ccoooiceiiiiiiiiiinneeeenn. 3-6
Table 3.6 : Adoptive Standards for Urban Planning.............coooooiviiiiineeiieeeiiies e 3-8
Table 4.1: Comparison of Water Consumption RAIES...........ccooviiiiiiiiieiiiiiiiiiiiiiiiieieeeeen s 4-2
Table 4.2: Adopted Housing Categories & per Capita Water Consumptian...............ccceevvveenn.n. 4-3
Table 4.3: Water Demand for Mediuierm Plan HorizorYear 2025............ccoooeviiiiiiiiiieeeeee 4-4
Table 4.4: Water Demand for Lofigerm Plan HorizorYear 2040...........ooovviiiiiiiiiieiiieieee e 4-4
Table 5.1: Portion of Water Used that ends up as Wastewater.........cc.ocovvvvvviiieeivvcvviiieee e, 5-2

MIBP/ CES/ BOSCH Vi



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL MASTER PLAN REP(

Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - HOLATOWN
Table 5.2: Nairobi City Council Manual Peak FIOW FaCtQrS............cvvvvveiiiiieiie 5-4
Table 5.3: Common Formulas used to calculate Peak Flow Factor..............cccovevveeeevivieiiinnnnnn. 5-4
Table 5.4Projected Wastewater Generation up to Year 2040...........ovvvveiieiieeiiminiiinnns 54
Table 5.5Sewer Connectivity adopted for Realistic Wastewater Generation Projection............ 5-5
Table 5.6Water Supply Status adopted for Realistic Wastewater Generation Projection.......... 5-5
Table 6.1: Friction Factor for Manni@ga C 2.NN.dzf..L......ccovviviiiiiiiii e, 6-1
Table 6.2: Minimum Sewer Depths and Pipe Protection.............cccceivveiiiieiiii e 6-3
Table 6.3: Guideline to manhole diameter and SPaCING.........cc.uveiiiiiieiiieiii e, 6-4
Table 6.4: Descriptive Comparison of Wastewater Treatment Technologies / Processes....... 6-16
Table 7.1: Summary of Sewage and BAZNEBLEd............ooovviiiiiiiciiien e 7-1
Table 7.2: Details of the Proposed ScheqEola TOWN..........ccooiiiiiiiiiiii e 7-3
Table 8.1Unit Costs for Sewer Lines and Manholes..............coovvvviiiiimiiiiiiiiiiiiiiee e 8-2
Table 8.2 Unit Cost for Trench Excavations for Sewer Lines..........cooooveviiiiiiiciiiiiiiiieeeeeeeeeee 8-3
Table 8.3 Unit CoSt fOr EArthWOrKS..........coooiiiiiiiiie e eer e 8-4
Table 8.4 Unit Cost for Concrete and MOFMAL............oveuuuiiiiie e eeieee e e e e e amrae e e eeeeeeeeed 8-4
Table 8.5 Unit COSt fOr FOIMMWOTK .......coiiiieiieeiiiiie e emr e e e e e e e e eeeea e e e e eeeas 8-4
Table 8.6 Unit Cost for Steel ReiNfOrCEMENL..........ooviiiiiii e e 8-4
Table 8.7 Unit Cost for Masonry and BIOCK Walling............coovvviiiiiiiiiimiiiiiiiee e 8-4
Table 8.8 Unit Cost for MIiSCEIIANEOUS............iii i e et rmr e e e e e e eeeene 8-4
Table 8.9 Unit Cost for Electraviechanical WOIKS.............ooiiiiiiiiiiiiiieeccceeiees e 8-5
Table 8.10 Capital Costs for proposed Wastewater Management Scheme............cccccvvvvvvveennne 8-6
Table 8.11 Annual Operations & Maintenance Costs for the Proposed Schemes (Year.1)........ 8-6
Table 8.12 Net Present Values and Averagiecremental Cost of BOD Removal..............eeeeeeneee. 8-7
Table 8.13 Sensitivity Analysis of the proposed Scheme................oeviiiiiiieiiiiiie 8-7
Table 9.1 Scale for Pairwise CONMDISON.............uuuiiiiieeeiiiiiier e eee e e e e e e et e e e e eeees 9-2

Table92wSadzZ GFyid alGNRE 2F t I NLY.SIGESNERQ..L.L.ANBMAS [/ 2°

Table 9.3 Analysis of Simplicity of Operation & Maienance Weights against other Parameters 9-5

Table 9.4: A summary of therrity Vectors for Parameter MatriX..........ccccvviiiiiiiieiiciiineeeee e 9-5
Table 9.5: Sumtmary of Parameter Weighting against Alternative Wastewater Treatment Trains9-5
Table 9.6: Decision Variable Matrix based on Environmental Impact...........ccccccceeeiivecieeeeennn, 9-6
Table 9.7: Decision Variable Matrix based on Simplicity of Operation & Maintenance............... 9-6
Table 9.8: Decision Variable Matrix based on Net Present Value...............ccoo il 9-6
Table 9.9: Weighted Totals for the alternative wastewater treatment trains............ccceeeeeeeeeeenn. 9-6
Table 9.10: Evaluation of Proposed Wastewater Treatment Plant Site............c.ccoeeeiviicciiiieennen. 9-8

MotS dommY wSadz GFyd al GNAE..2F. . . .t.L.NL.Y.SGL.SNBEO
Table 9.12 Analysis of Simplicity of Operation & Maintenaad/Neights against other Parameter&-10

Table 9.13: A summary of therjority vectors for Parameter MatriX...........cccovvvvvvviiiiieeccicceneeenn, 9-10
Table 10.1 Adopted DeSigN CrILEIIA. .......coee i ettt 103
Table 10.2: Schedule of Sewerage Systdpase 1 (MediurTerm Plan: 202% 2025)................. 10-7
Table 10.3: Schedulef Sewerage SystemPhase 2 (Longerm Plan: 202 2030)............cccccuunnne 10-7
Table 10.4: Design Values of Volumetric BOD Loadings at Various Temperature................. 10-12
Table 10.5 Adopted Process Design ParameterS.........cooovovieieiiiiiieeeeeeeeeeeeeeeeeeeee e 10-13
Table 10.6 Details of Wastewater Treatment PlammtYear 2040..........cccoovvieieiiiiiiieeeieeeeiiieeeeeens 1014
Table 10.8 Details of Wastewater Treatment Plant: LOfIGErm Plan...............eevvvvvviiiiiiiennnnnnnnn. 10-17
Table 10.9 Costs for Phase 1 Sewerage System: MediDenm Plan.............cccccoeeeiiiieeiiceeeeeenn. 10-18
Table 6.9 Implementation Cost for Sewerage SysterRhase 2 (Londerm Plan)..................... 10-18
Table 10.13Costs for MediurdiTerm Plan (Year 20202025)........ccc.uiiiiiiiieiiiiiiie e 10-19
Table 10.14Costs for Longerm Plan (Year 20262040)..........ccoovreeiiuiinieeee e 10-19
Table 10.15Types of Reuse appropriate for Increasing Levels of Treatment........................ 10-22
Table 10.16Details of Land for Reise Application (Year 2040)..........ccoovvviiiiiiiiiiiimiiiiiiiiiinnnnns 10-23
Table 10.17Water requirements for Cash Crops groWn..........oeeuuueioiieeeericeiae e eee e 1024
Table 10.18Capital Cost for Agricultural Wastewater Reuse Scherf®la.............cccccceeeeeee. 1027
Table 10.19Annual Operations & Maintenance COSIS........coiiiiiiiiiiiie e 1027

MIBP/ CES/ BOSCH vii

tF AN



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL MASTER PLAN REP(

Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - HOLATOWN
Table 11.1: Current and Proposed water and sewerage TagiffAWASCO...........cccccvvvvviiiininnns 114
Table 11.2: Other CRANGES. ... ..t ee s 115
Table 11.3: Summary of Project Capital Development COSIS..........coooveveiiiiiiciiiiieeeeeeeeeeeee 115
Table 11.4: Schedule of Annual Project EXpenditures.............oooooiiiiiiieiiieieieeeeeeeeeeeeeeeeeeeeeeee 116
Table 11.5: Summary of ProjeCt REVENUES..........coooiiiiie e 11-7
Table 11.6Projected Financial Statement of the Project............ccccviiiiiiiiciiiiii e, 11-8
Table 11.7: Summary of Sensitivity ANAIYSIS..........oouuiiiiii e eere e 119
Table 11.8: Schedule of Capital Development COSIS........ccoiiiieeiiiiiiiiee e 11-10
Table 11.9: Schedule GrojeCt EXPENAItUIrES......coiieieiieeeeeiee e e e 11-11
Table 11.10: Projected Water and Wastewater conditiQnS................uvveeeiiieemiiiieiieeeeeceeeeiiinnn, 11-12
Table 11.11Summary of Cost Benefit Castiv ..........cccooeeeeiiiiiiiiiiiie e, 11-13
Table 13.1Site Description Proposed MiKindoni Site.............ccceeeiiiiiiiiiieie e 133
Table 13.2Environment Impact Scoring and Rating Criteria..........cc..ooeviiiiiiiie e, 134
Table 13.3impact Rating for Creation of Employment............ccccoooeiiiiiieii e 134
Table 13.4impact Rating for Elimination of POIULION................oeiiiiiiiiiiee e, 135
Table 13.5impact Rating for Improved Hygiene and Sanitation..................coevvvvvemiiiviininnnnnnnnns 135
Table 13.6impact Rating for Reduced Water Related DiSEASES.........coovveevvveeiiiimeeieeeeiiiineeeenns 135
Table 13.7impact Rating for Reduced Burden t0 WOMEN...........ccovvvveiiiiiecciiiiii e 136
Table 13.8impact Rating for Increased Land ValUEs...........cccoovvveiiiiiiiie e 136
Table 13.9impact Scoring for Destruction of Vegetation COVEr...........ccccovvieeeiiiiiinieeeeeceeiiiinnn. 136
Table 13.10Impact Rating for Contamination of Water RESOUICES..............ccevviveeiiiieiiiieeeeeennns 137
Table 13.11Impact Rating for SOil ErOSIQN.........ccoooiiiiiiiee e 137
Table 13.12Impact Rating for Pollution by Solid WaStes.............ccevviviiiiiiimiiiiiiiiiiiiiiiiiiiiiiee 137
Table 13.13Impact Scoring for Air Pollution and Dust Generation.............cccooveeevviiieiiieeeeeveennns 138
Table 13.14:Bsettlement IMpactst HOla Site........cooiieiiiiiiicee e 138
Table 13.15mpact Scoring for Resettlement IMpacts.............cceeeiiii e, 138
Table 13.16Impact Rating for Disruption to Public UtIlitieS.............coooiiiiiiiiiiccee e, 139
Table 13.17Impact Rating for Increased Transmission of HIV/AIDS.............ccccooiiiiiieiiieene, 139
Table 13.18:mhpact Rating for Noise and Excessive Vibratians............cc.cccoeevvvvien e, 1310
Table 13.19Impact Rating for Risk of Accidents at Work Sites.........cccceeveeeiiiiiin e, 1310
Table 13.20Environment and Social Risk during Project Operation............cccceeeeeeeeiicieeeennn. 1311
Tablel3.21 Project Resettlement Impacts for Master Plan Projects..........cccccoeeeevieeeiieeeeeenen, 1313
Table13.22 ENtitleMENt IMAEIX. .......uuuurueiiiiiiiiiiiime e e e e e e e e e e e e e e e e e e e e e e e e s e e e e e eeeeeeeeeeeeeeeeeeeeeeen 1315
Table13.23 Monitoring Indictors During and After Compensation Payments.............c.......... 1319
Table 151: Definition of Project Hazards and RiSKS..........ccccooveiiiiiiiiiieniiicee e 152
Table 152: Identified Environment and Social Risks and Mitigation Measures...................... 158
Table 16.1: Details of the Ablution Blockdmmediate Sanitation Measures..............ccccceeeeevnnne 161
Table 16.2: Details of the Sludge Handling Facdittnmediate Sanitation Measures.................. 161
Table 16.3 Summary of Implementation Cost: Medm+Term Plan Plan (202R2025).................... 16-1
Table 16.4 Summary of Implementation Cost: Lofigerm Plan Plan (202&040)......................... 16-2

MIBP/ CES/ BOSCH viii



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF
Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region

FINAL MASTER PLAN REP(
HOLATOWN

CES
CwsB
DWF
EIA

EA
ESIA
GoK
IDA
M&E
MWI
MIBP
TAWASCO
ToR
SoK
WB
WRMA
WSB
WSP
WSS
WSTF
WWTP

List of Abbreviations

Consulting Egineers Salzgitter GmbH
Coast Water Services Board

Dry Weather Flow

Environmental Impact Assessment
Environmental Audit

Environmental & Social Impact Assessment

Government of Kenya

International DevelopmenAssociation
Mechanical & Electrical

Ministry of Water and Irrigation
Mangat, 1.B. Patel & Partners

Tana Wateand Sanitation Company Ltd.

Terms of Reference

Survey of Kenya

World Bank

Water Resources Management Authority
Water Services Board

Water Service Provider

Water Supply and Sanitation

Water Services Trust Fund

Wastewvater Treatment Plant

MIBP/ CES/ BOSCH



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL WASTEWATER MASTER F
Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - HOLATOWN

EXECUTIVE SUMMARY

EL GOALS AND OBJECTIVES OF THIS STUDY
Gd fa yR 202S0GA0Sa INB RSTFAYSR Ay GKS ¢2w 0Ot
is to identify a sound and rational strategy for the development of sewerage services in Mombasa
and selected Townwithin the Coast Regioover the next twentyfive (25) years to improve the

quality of effluent to rivers, Indian Ocean and groundwater and to safeguard the health of the
OAleQa NBaARSy(dao®dé

The key objective of the proposed Master Pfan Hola Townis to come up with a phased
investment programméor Immediate / Short Term Plan (2042020), Medium Term Plan (2021
¢ 2025), Long Term Plan (20262040) and recommend a treated effluent disposal / reuse
strategy for the effluentn HolaTown

B OBJECTIVES OF THIS REPORT

The Final Wastewater Mastétlan Report presents the outputs of the Feasibility Study, the
Selected Development Strategy and the Preliminary Design of the planned infrastructure for the
Sanitation System dfiolaTown.

The components of this Report include the following;
Present Saitation Situation in the Study Area & Proposed Immediate Interventions

Future Sewerage System / Coverage Area Expansion

Analysis of Sewage Generation and Network Analysis

Formulation of Alternative Wastewater Management Strategies

Detailed Evaluation ofhe Alternative Wastewater Management Strategies including
Wastewater Treatment, Social / Environmental Assessment, Economic and Financial
Analysis and MuliCriteria Analysis

Description of Selected Wastewater Management System Development Strategy
Investnent and Financial Management Plan

Proposed Implementation / Development Schedule

Conclusiorof the Master Plan

=A =4 =4 =4 =4

= = =4 =4

B3 STUDY AREA AND DEMOGRAPHY

Hola Town is the headquarters of Tana River County and lies within Galet®wuty. It is
situated onthe westen bankof RiverTana and isocated approximately 31Km by road from
Mombasa.

The study area farolaWastewater MastePlanis limited within the coverage of Hola Town and
covers parts of the sutbcations; Kawia, Hola, Mwatate and Kalalani.

The suHocations forming Hola Town and total coverage areas as well as the study area is given
in Table Ebelow;

Table E1Sublocations and Study Area

SubLocations Total Area (kd) = Coverage in the Study Area (Kin
Hola Mission 4.15 0.88
Hola 12.09 1.68
Kbuyuni 18.63 2.39
Mikinduni 37.34 0.15
Total 72.21 5.1
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Figure Ebelow shows the coverage of the Study Area of Wastewater Master Platofatown.
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From the analysis of previougihographic data obtained frof@entral Bureau of Statistics (CBS),
the average annual growth rate for the Study Area in the intercensal period of -12®39 is
3.2%.This is expected to increase because of the planned improvement of infrastructhiean
Town.

The future population of the Study Area of Hola Town has been projected based on a medium
growth rate scenario with a constaahnual population growth ratef 3%up to Year 2040.

A summary of the projected population of the Study Area is giv@mlole EDelow.
TableE2 Summary of Population Projection within the Study Area

Kibuyu 699 834 967 1,121 1,746
Hola 243 290 336 390 607
Mikinduni 7 8 10 11 17
Hola Mission 417 498 577 669 1,042
Total 1,365 1,630 1,890 2,191 3,413
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WATER DEMAND FORECAST

Water demand forecast fddolaTown has been determined based on the regular / unsuppressed
water consumption rates, projected populations, proposed Lase (Health, Industrial,
Commaecial, Institutional & Residential Zones) and on the premise that the water distribution
network has full coverage of the Study Area.

Figure Edelow shows the water demand projection felolaTown up to the Ultimate Design
Horizon (year 2040).

700
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FigureE2 Water Demand Projection

WASTEWATER FLOW PREDICTIONS

The total wastewater generated within a service area is determined by the water consumed
(sewage contribution factor of 80%), infiltration into the sewers and splash flows. Assuming a
regular waer supply condition and fukkoverage of water distribution system, the projected
wastewater flow forHolaTown in the year 2040s approximatehb60 né/day.

However, achieving conditions of regular / unsuppressed water supply and full sewer connections
in a Town with Sewerage System is nearly impossible. This is necessitated by limited development
of water resources, inadequate water distribution and sewerage networks and prevalent use of
on-plot sanitation systems due to topography, affordability, wpled settlement, etc.

To consider the above situation, the factors of Sewer Connectivity and Water Supply, given in
Tables E3 and E4 below, have been adopted for the formulation of realistic wastewater
generation projection foHolaTown.

TableE3 Sewe Connectivity adopted for Realistic Wastewater Generation Projection

lation C q | Sewer Connections
Population Category Based on Income Levels 2021¢ 2030 5031- 2040
High Income 20% 80%
Medium Income 100% 100%
Low Income with Individual Water Connection 60% 80%
Low Income without Individual Water Connection 30% 40%

TableE4 Water Supply Status adopted for Realistic Wastewater Generation Projection

Water Supply Status as a % of
Population Category Based on Income Levels Regular Water Supply
2021¢ 2030 2031-2040
High Income 50% 80%
Medium Income 50% 80%
Low Income with Individual Water Connection 50% 80%
Low Income without Individual Water Connection 50% 80%
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Figure Edelow shows the comparative projected wastewater flows FolaTown up to Year

2040 under the Ideal condition (Regular Water Supply, Extensive Water Distribution & Sewerage
Networks and 100% Sewer Connections) and Realistic condition (Suppressed Water Supply,
Inadequate Water Distribution & Sewerage Networks with gradual improvenmamdsGradual

Sewer Connections);

600

—8— 100% Connectivity & Regular Water Supply

500 «s & « + Projected Connectivity and Suppressed
Water Supply

&

g

.....

g

Dry Weather Flow, m®/day

8

2015 2020 2025 2030 2035 2040

Medium—Term Year LongTerm
Plan Horizon Plan Horizon

FigureE3 Projected Wastewater Flowap to Year 2040

FromFigure E&bove, the projected wastewater generation, based on the realistic conditions of
suppressed water supply and gradual implementation of sewer cdiumes; in the Years 2025
and 2040 ispproximately250 m3/dayand500 m3/dayrespectively.

The design of Wasteater Treatment Plantand Sewerage System havwen based on the
wastewater flow generationdetermined from the ealistic conditiors of suppresgd water
supply and projected builelp of sewer connections.

B WASTEWATER MANAGEMENT STRATEGIES

The Final Wastewater Master Plan tdolaTown describes the development strategy for the
longterm waterborne sanitation system comprising of a wastewatetlection / conveyance
system and the treatment / proper disposal of treated effluents. However, this-lemng
sanitationstrategy is not planned for immediatmplementation

In consideration of the current sanitation systems and the growing sanitatieeds, an
immediate intervention isurgently required. ThusImmediate Sanitation Measures have been
proposed for implementation between Year 2042020 These measuresinclude construction

of 4NrAblution Blockst selected public placesda centralied Sludge Handling Facility

As a longerm strategy, a Centralized Wastewater Mgement Schemeonsistingof Trunk and
Secondary Sewers and a Wastewater Treatment Rlamtprising of Waste Stabilization Ponds
(ultimate capacity500 m3/d) is proposed. Ehproposed Wastewater Treatment Plant is to be
sited at undeveloped lanat Mikindoni near Emmaus villagehere is no alternative scheme since
the topography results to a single low point at which the Wastewater Treatment Plant has been
proposed.

The loation of the proposed WWTP sié Mikindoni areas shown irFigure E4n Page E5.
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Mikindoni

FigureE4 Location of the Proposed Wastewater Treatment Plant
A summary of the proposed schemes ftwlaTown is given ifableEs below.

TableES Details of the Poposed Scheme HolaTown

Conveyance System Wastewater Treatment Plants
SREEMRED; AD (.)f . Ultimate Design Treatment Lan_d
and Trunk Pumping Location Capacity (m/day) Technolo Required
Sewers (km) Stations pactty y oy (Ha)
156 1 Mikondoni 500 Waste Stabihation 5
Area Ponds

E/ MULTICRITERIA ANALYSIS AND REVIEW OF DEVELOPMENT STRATEGIES

In the Multi-criteria Analysis, alternative treatment trains and schemes have been evaluated to
determine the most suitable wastewater treatment schemefmiaTown.

A sumnary of the weighted totals for the Alternative Wastewater Treatment Trains is given in

TableE5 below.
Table B6: Weighted Totals for the Alternative Wastewater Treatment Trains
Simplicity of Net . o .
Operations and Present Environmental Lgnd Institutional : Weighted Rank
. Impacts Requirement Strength Total
Maintenance : Value
Waste
Stabilization 0.690 0.600 0.532 0.156 0.656 0.584 1
Ponds
Composite 0.156 0.252 0.303 0.269 0.208 0.253 2
Biofilters
Composite
Oxidation Ditches 0.153 0.149 0.165 0.575 0.136 0.162 3

HolaTown has a definite topography and only one site has been identified as suitable for the
development of Wastewater Treatment PlanfThus it has only aCentralized Wastewater
Management Schemeonsisting of a Sewerage Systeanda WasteStabilization Ponds System

at the undeveloped sitein Mikindoni near Emmaus VillageThis Schemé recommended for
HolaSanitation Strategy
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B3 PROJECT COSTS

The Capital Cost of the selected Wastewater Management SchemdofarTown has been

worked

out on the follaving basis;

a) Project Implementation planned to be carried out in two phases i.e. Medienm Plan
(2020-2025)and Longlerm Plan (20262040)

b) The Cost of Civil Works constitute the following fraction of the components total costs;
1 Wastewater TreatmenlPlantc 95%

A summary of the Capital Costs for the proposed Wastewater Management Scheme is given in

1 Pumping Statior 60%
1 Sewers; 100%

TableE7below;

Table E7 Capital Costs for proposed Wastewater Management Scheme
S/No. Component Cost (Ksh) Cost (LEDY!

1 Land Acquisition 25,000,000 242,718

2 Civil Works 344,787,288 3,347,449

2.1  Wastewater Treatment Plant 35,031,597 340,113

2.2 Pumping Station 5,930,323 57,576

2.3 Trunk and Secondary Sewers 303,825,368 2,949,761

3 ElectroMechanical Works 5,797,317 56,285

3.1 | Wastewater Treatment Plant 1,843,768 17,901

3.2  Pumping Station 3,953,549 38,384

Total Capital Cost 375,584,605 3,646,452

A summaryof the Phased Investment cost foiolaWastewater Management System is given in
Tables EBandE9below;

TableE8:Costs for MediuraTerm Plan (Year 20202025)

S/No. Component Cost (Kshs) Costs (USD)
1 Land Acquisition 25,000,000 242,718
2 Sewerage System 233,505,320 2,267,042
3 Wastewater Treatment Plant 36,875,365 358,013
Total 295,380685 2,867,774

TableEQ Costs for Londerm Plan (Year 20262040)

S/No. Component Cost (Kshs) Costs (USD)
1 Sewerage System 80,203,919 778,679
Total 80,203,919 778,679

The Operations and Maintenance Costs have been worked out on the follbasig)

a) Electricity Costs at the Pumping Stations has been assumed to increase anntialy at
population growth ratedue to increased sewage flow from the increased connections

b) Annual Maintenance Costs of the Schemes have been calculated as the s#nobitie
Costs of the Civil Works and 5% of the Eledexhanical Works

¢) Replacement of the Electfdlechanical Items to be carried out every 10 Years with repair
works planned for every intermediate 5 years between the replacement schedule
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A saimmary of he Annual Operations & Maintenance Costs forfneposedSchemes in the first
year of operation is given ifiableE10below;

Table E1Q Annual Operations & Maintenance Costs for the Proposed Schemes (Year 1)

S/No. Component Cost (Ksh) Cost (USDY
1 Maintenance Costs 1,504,604 14,608
2 Electricity Costs 47,699 463
3 Staff Costs 2,532,000 24,583
Total O&M Cost 4,084,304 39,653

[1¢ Exchange Ratet USD = 103 Kshs

B FINANCIAAND ECONOMIENALYSIS OF THE SELECTED DEVELOPMENT STRATEGY

Toprovide indicators of economic viability and sustainability of the proposed sanitation system,
it is important to carry out financial and economic analysis. Financial and economic analysis is

used to produce standardised information on Projects, as a fasisaking investment decision.

The importance of economic analysis in an investment is to help select a Project that contributes
to the welfare of a region or a country. On the other hand, financial analysis evaluates Project

liquidity and profitability.

TheCapital Costs for the Investment Phases and their associated Operations and Maintenance

Costs have been used to project the Annual Project Expenditure as summarikadlénE11

below;

Table E11Schedule of Annual Project Expenditures

Year ProjectCost, Kshs O&M, Kshs Depreciation, Kshs Total Cost, Kshs
2021 73,845,17 - - 73,845,17
2022 73,845,17 - 2,863,68:¢ 76,708,85
2023 73,845,17 4,084,30: 8,591,05: 86,520,52
2024 73,845,17 4,100,78 11,454,73 89,400,68
2025 - 4,117,45 11,454,73 15,572,18
2026 8,020,39: 4,134,31 11,891,29 24,046,00
2027 8,020,39: 4,151,38: 12,202,32 24,374,09
2028 8,020,39: 4,168,65 12,513,34 24,702,39
2029 - 4,186,12¢ 12,513,34 16,699,47
2030 12,030,58 4,203,80: 12,979,88 29,214,28
2031 16,04Q784 4,221,69¢ 12,245,20:« 32,507,68
2032 20,050,98 4,239,80 11,666,03 35,956,81
2033 8,020,39: 4,258,12 10,620,32 22,898,83
2034 - 4,276,66' 9,263,58: 13,540,24
2035 - 4,295,43: 9,263,58: 13,559,01
2040 - 4,392,75 8,474,94¢ 12,867,69
2045 - 4,392,75 7,664,48:¢ 12,057,23
2046 - 4,392,75 7,664,48:¢ 12,057,23

Assuming adoption of the proposed tariffs and attainment of the projected sewer connections,

the projected financial statement has been determined and summarizédlabe E2 on Page E

8;
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Table E2: Projected Financial Statement of the Project

Project Income and expenditure Financial statement (Kshs)

Year P-[gjt:(l:t Billings Not : Net Project Opgrations & Annqal_ Totall Net Revenue
Revenue Recovered Revenue Maintenance Depreciation: Expenditure

2023 13,089,690 1,308,969: 11,780,721 4,084,304 11,454,735 89,400,688 77,619,966
2024 13,089,690 1,308,969: 11,780,721 4,100,781 11,454,735 89,417,358 77,636,637
2025 14,686,343 1,468,634 13,217,709 4,117,451 11,891,283 16,025,611 2,807,902
2026 . 14,686,343 1,468,634 13,217,709 4,134,318 12,202,320 24,374,096 11,156,387
2027 . 21,266,216 2,126,622 19,139,594 4,151,384 12,513,347 24,702,390 5,562,796
2028 . 21,266,216 2,126,622 19,138,594 4,168,651 12,513,347 24,719,863 5,580,268
2029 21,266,216 2,126,622 19,139,594 4,186,124 12,979,888 17,183,692 1,955,902
2030 24,653,373 2,465,337 22,188,036 4,203,804 12,245,204 28,497,487 6,309,451
2031 24,653,373 2,465,337 22,188,036 4,221,695 11,666,033 31,946,617 9,758,581
2032 24,653,373 2,465,337 22,188,036 4,239,801 10,620,320 34,929,424 12,741,388
2033 24,653,373 2,465,337 22,188,036 4,258,123 9,263,581 21,560,640 627,396
2034  24,653373 2,465,337 22,188,036 4,276,667 9,263,581 13,559,015 8,629,021
2035 24,653,373 2,465,337 22,188,036 4,295,434 8,990,694 13,305,123 8,882,913
2036 24,653,373 2,465,337 22,188,036 4,314,428 8,843,338 13,176,991 9,011,044
2037 24,653,373 2,465,337 22,188,036 4,333,654 8,695,981 13,049,094 9,138,942
2038 24,653,373 2,465,337 22,188,036 4,353,113 8,695,981 13,068,792 9,119,244
2039 24,653,373 2,465,337 22,188,036 4,372,811 8,474,946 12,867,695 9,320,340
2040 30,655,595 3,065,560 27,590,036 4,392,750 8,180,232 12,572,982 15,017,054
2041 30,655,595 3,065,560 27,590,036 4,392,750 8,180,232 12,572,982 15,017,054
2042 30,655,595 3,065,560 27,590,036 4,392,750 8,180,232 12,572,982 15,017,054
2043 30,655,595 3,065,560 27,590,036 4,392,750 8,180,232 12,572,82 15,017,054
2044 30,655,595 3,065,560 27,590,036 4,392,750 8,180,232 12,572,982 15,017,054
2045 30,655,595 3,065,560 27,590,036 4,392,750 7,664,484 12,057,234 15,532,802
2046 30,655,595 3,065,560 27,590,036 4,392,750 7,664,484 12,057,234 15,532,802

Besides the above revenue collected, the following additional direct/indirect benefits have been
considered in the economic analysis:

1 Cost savings to customers in terms of health benefits
1 Cost savings in terms of safe sewage disposal to the environment

The results of the codienefit analysis confirm that the project hasfavourable BC ratiosess
than li.e. 0.9 ¢ 0.78 at costs of capital of 10% and 5% respectivEhe financial analysisg the
Project results in negativpositive NPY of -Ksh 68,288368 at 5% cost of capital aneKsh

93,888,147at 8% cost of capital arfeinancialrternal Rates ofReturn (HRR) 02.04%.

Sensitivity analyses also indicate that the project viability is susceptible to shdd& &nd0%
on Project Cost, Bt Incomeand O&M Costs

The results of the economic analysis after including other economic benefits showed that the
project have gositive NPV of Ksh89,932,076andEIRR of 8%at 10% cost of capital.

The Project is economically viablelowever, it is not fnancially viable even at a cost of capital
of 5%. It is recommended that a grant or concession funding whose cost of capital is not greater
than 2.04% be sought to finance this investment.
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E10 CONCLUSIODNF THE MASTER PLAN

The current sanitation system HolaTown comprising of oplot sanitation means such as septic
tanks and pit latrines and lacking a proper sludge management and disposal facility is a health
hazard to the residents and an environmental risk.

As an immediate intervention, constructiah 4Nr Ablution Blocks at selected Public Places and

a centralized Sludge Handling Facility is necessary. It is equally important to ensure procurement
of Exhaust Vehicles to provide desluging and transport services. A summary of the Immediate
SanitationMeasures and their costs estimates are gilfales E13 and EX below.

TableE13: Details of the Ablution Blockg Immediate Sanitation Measures

Number Details of each Ablution Block Total Capital Cost
Proposed Nq. of No. of Shower Max. Daily Ksh. USD
Toilets Rooms Users
4 6 2 720 62,000,026 601,942

TableE: Details of the Sludge Handling Faciliymmediate Sanitation Measures

Total Capital Cost

S/No. Component Details
Ksh. uUsD
1 Tanker Discharge: { Bar Screens, Collection Chamber, Har
Bay stand Washing Bay & Parking Space
Sludge Drying
2 4 Beds; each 13 x 10m
Beds 1 35,499,980 344,660

3 Twin-Septic Tanks T 2 Tanks; each 98 m3 capacity

4 Land Requirement § 0.5 Ha

Exhaust Discharge § Minimum 1 Nr (Either owned by
Tanker TAWASCOTr Privae Providers)

To provide a sustainable sanitation system, a centralized Wastewater Management Scheme
comprising of a gravity sewage conveyance system and a Waste Stabilization Ponds system
(ultimate capacityg 500 m3/d) at undeveloped lanoh Mikindon area near Emmaus Villagas

been selected as the suitable Wastewater Management Scheme.

The implementation of this strategy is to be carried out in 2 phases i.e. Medium Term Plan (2021
-2025) and Long Term Plan (2@2840). The implementation detaité the selected Wastewater
Management Scheme including the associated costs in the 2 Phases are Jiableti5 below
andTableE16 on PageE1D.

TableE15: Summary of Implementation Cost: Mediwfierm Plan Plan (2022025)

S/No. Component Details Cog (Kshs) = Cost (USD)

1 Land Acquisition | 1 5Ha

1 225¢ 300mm Dia; Approx. Total
Length 1.5km 295,380,685 2,867,774

Wastawater 1 Waste Stabilization Ponds; Capacity
Treatment Plant 500 mé/d

2 Sewers
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TableE16 Summary of Implementation Cost: Lofiggrm Plan Plan (2026&040)
S/No. Component Details Cost (Kshs) = Cost (USD)
1 225 mm Dia; Approx. Total Length 4.
1  Sewers km 80,203,919 778,679

The financial and economic analysis of the selected schesm®ws that the Project is
economically viable but d not financially viableeven at a cost of capital of 5%. It is

recommended that a grant or concession funding whose cost of capital is not greater than
2.04% be sought to finance this investment.
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MAIN REPORT

1.0 PROJECT BACKGROUND

The Government of Kenya (GdKrough the Ministry ofWater and Irrigation (MWhas received

G ONBRA U ¢

FNRY LYGSNYIFGA2Y L §

Plan for Mombasa and Selected Towns within the Coast Region.

5S @St 2watérSndsiier | &4 a 2 ¢

Coast Water Services Board (CWSB) parastatal (Government Owned and Autonomous) and
operates under theMinistry of Water and Irrigation CWSB covers six Counties which are
Mombasa, Kwal&ilifi, TaitaTaveta, Lamu and Tana River.

The primary outcome of this Study will be to obtain Hywreement of all major Stakeholders to a
preferred Sewerage Development Strategy most applicable to their needs.

In August 2010, Kenya enacted a new constitution. The Constitution of Kenya 2010 has
dramatically altered the administrative structure of th@overnment from the initial 8
Administrative Provinces to 47 Semitonomous Counties. This autonomy of the Counties vest
ppowersand privileges in each County especially on the provision of essential public services such
as Water, Sanitation, Educatiamd other Social Services.

The WaSSIRF therefore targets the builip areas of Towns in six Counties in the Coastal Region
as follows:

Tablel.1:

Project Selected Towns

S/No.

County

Urban Centre

1.

Mombasa County

Kwale

Kilifi

Taita Taveta
Lamu

Tana River

Mombasa including Island, West Mainland, South Mainland / Li

and North Mainland

Kwale,Ukunda / Dianand Part of Mariakani

Kilifi, Malindi, Watamu,Mtwapaand Part of Mariakani
Voiand Taveta

Lamu Island

Hola

The Terms of Reference (ToR) included seven Towns but in the course of the study five upcoming
Towns (Mariakani, Taveta, Ukunda/Diani and Watamu) were added as an addendum.

It is therefore required that the formulated &gram shall be aligned to respect and respond to
the requirements of the new Constitution. A key benchmark of the new Constitution is stipulated

under Chapter NBILL OF RIGHTS, paragraph 4b6§nd (d) which stipulateé: 9 @S NE LIS NA& 2 y
the right to p)............ reasonable standards of sanitation and (d) clean and safe water in
I RSljdzt S ljdzt yGAGASE DE
A Location Plan for thevelve Project Towns is given Kigurel.1 on Page 12.
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Figurel.l: Location Plan for the Project Towns
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1.1

1.2

1.3

Goals and Objectives of this Study

D2Ff&a FyR 202S00A®Sa NS RSTAYSR Ay (KS ¢2w
is to identify a sound and rational strategy tbe development of sewerage services in Mombasa
and selected Townwithin the Coast Regioover the nexttwenty-five (25) yeard.e. up to Year
2040,to improve the quality of effluent to rivers, Indian Ocean and groundwater and to safeguard
the health ofthe residentsof the StudyArease

The key objective of the proposétlastewaterMaster Plarfor HolaTownis to come up with a
phased investment programme for Immediate / Short Term Plan (202®&20), Medium Term
Plan (202X 2025), Long Term Plan (2022040) and recommend a treated effluent disposal /
reuse strategy for the effluenh HolaTown

Execution of the Study

To meet the goals and objectives of the Study, the following reports have been submitted:
1 D1 ¢ Inception Report

D2 ¢ Report on Condibn Survey and Environmental Audit of the Existing Facijlities
D3 ¢ Immediate Urgent Works Report / Fir2esign Report

D4 ¢ Detailed Designs and Tender Documents for Immediate Urgent Works
D5Ac¢ Technical Note & Socio Economic Conditions, Mappingaad Use

D5B¢ Technical Note 2 Wastavater Flow Predictions & Formulation of Sewerage
Development Strategies
1 D7 ¢ Preliminary Design Report for Medium Term Works including Phased
Investment Schedule for Sewers and Wasiter Treatment Plants
1 D8 - Prdiminary Environmental and Social Impact Assessment (ESIA) & Preliminary
Resettlement Action Plan (RAP) for the Preferred Development Strategy

= =4 -4 -4 4

The Final WastewaterMaster Plan Reporpresents theoutputs of the Feasibility Study, the
selected Developmertrategy andhe Preliminary Design of the planned infrastructdioe the
Sanitation System dfiolaTown

1 D9 ¢ Final Master Plan Report
Objectives of this Report

Thecomponents of the Final Wastewater Master Plan Rejatude the following:

1 PresentSanitation Situation in the Study Area & Proposed Immediate Interventions
Future Sewerage System / Coverage Area Expansion

Analysis of Sewage Generation and Network Analysis

Formulation of Alternative Wastewater Management Strategies

Detailed Evaluation fothe Alternative Wastewater Management Strategies including
Wastewater Treatment, Social / Environmental Assessment, Economic and Financial
Analysis and MukCriteria Analysis

Description of Selected Wastewater Management System Development Strategy
Investment and Financial Management Plan

Proposed Implementation / Development Schedule

Conclusiorof the Master Plan

=A =4 =4 =4

=A =4 =4 =4
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2.0 PROJECT AREA DESCRIPTION

2.1 Locationand Administration
Hola Town, alsoeferredto as Galole Town, is situated time westernbankof RiverTana,in
the Coastal region of Kenya. It lies at latitudenln  Q{ F Yy R °/A 2 IAldcazRiS i n A a
approximately 3174m by road from Mombasa,Kenya'ssecondlargestTown. Tana River is
Kenya'dargestandlongestriver.
Hola Town is the headquarterof Tana River County. The County is composed of three
administrative sukcounties namely; Bura, Galole, Tana Delta. Hola Town is located within
Galole SuiCounty. Tana River County borders Kitui County to the West, Garissa County to the
North East, Isi@l County to the North, Lamu County to the South East and Kilifi County to the
South.
Hola Town is a quite busy market town with dominant places being the Hola irrigation scheme,
county hospital and a Kenya Prisons facility.
The water supply systefor HolaTown is managed byanawWater and Sewerage Company Ltd.
(TAWASCO).

2.2 Study Area

The study area forolaWastewater MastePlanis limited within the coverage of Hola Town. It
covers parts of the sulbcations; Kawala, Hola, Mwatate and Kalalani.

The Study Area has been demarcated in consideration of the location of Hola Town within Galole
sub-county, projected land use plans for years 2025 and 2040 and the nature of development and
population densities.

The suHocationsforming Hola Towrand otal coverage areaas well as the study araa given
in Table2.1below;

Table2.1: Sublocations and Study Area

SubLocations Total Area (kd) = Coverage in the Study Area (Kin
Hola Mission 4.15 0.88
Hola 12.09 1.68
Kibuyuni 18.63 2.39
Mikinduni 37.34 0.15
Total 72.21 51

Figure 2.1on Page 22 shows the Study Area of Wastewater Master Plan for Hola Town.
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Climate

Hola Dwn lies in the sermairid zone of Kenya. The average annual rainfall is slightly over 300
mm. Rainfall occurs during two seasons, long rains between October and December and short
rains in March to April. The area geally experiences drought almost every year.

The area is generally hot throughout the year. There is however a large diurnal range in
temperatures with the maximum temperature during the day often more than 10°C higher than
the minimum night temperatures

Topography Geologyand Soils

The Countymainly consistsof an undulatingplain whichis interrupted in a few placesby low
lyinghills. HolaTownis generallyflat with analtitude rangingfrom 60to 70 m abovemeansea
level. Theland slopesgently towardsthe TanaRiverwhich meanderasit passeghroughthe
area.TheTanaRivernraverseshe Countyfrom Tharaka Nithi Countyin the Northto the Indian
Oceanin the Southpassinghrough TanaCountyand coveringa stretch of approximately500
km. AsTanaRivertraversesthe expansivecoastalhinterland, it startsto meanderin its lower
courseforming a largebasinwhosewidth rangesbetween2 to 42km

Economic Activities

Most of the people in TanaRiver Countylive in the rural areas. Themain ecoromic
activities in the area are mainly centred on crop production for the agriculturalistsand
livestock keeping and herding for the pastoralists. There are also other casesof agro-
pastoralismand the rest a small minority are in employment either locally or outside the
area.

Pokomo,Munyoyaya, Malakote and Mijikenda engagein farming activities while the Orma,
Wardei and Somalisdepend onlivestockkeeping.Malakote and Pokomolive in villages of
approximately 500 households.Most of the villagesare found alongthe RiverTanawhere
farming is favourable.In addition, the Malakote and Pokomo practicesmall-scalefishing

The pastoralistcommunitiesare mainly found in the hinterland. They live in villages called
'Manyattas' with an average village compiising 150 households. They are mainly
concentratedin areaswhere there are watering points (dams,wells, pans and boreholes)
andpasture.

Existing Water Supply and Sanitation Systems
Water Supply

The main source of water in Hola Town is Tana RNersource works are located on the bank
of the Tana River as it passes Hola. Water is drawn from the river using a submersible pump
mounted on a floating pontoon and pumped to the neaivgatmentPlant

The Water Teatment Plant consists of Bir. streams. Tie oldest stream has a rectangular
horizontal Sedimentation Tank, followed by 2 N vertical Rapid Sandilker and adear Water
Tank. Each of he two newer streams has round verticaéddimentation/ Coagulation Tanks,
Vertical Flters and a common Clear Wfer Tank. There exists a 100televated Water Tank
within the Treatment Plant and 5Chsapacity Tank in Hola Town for bulk water storage.

The existingVater Supply Systemcomprisef the main components given ifable2.2on Page
2-4:
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Table2.2: Main Components of Existing Water Supply System

Water Sources TanaRiver

Alum Dosing &hlorination

3Nr. Coagulation and Sedimentation Tanks

4Nr. Vertical Sand Filters

2Nr. Clear Water Tanks, 58apacity each

Low lift: 2Nr. submersible pumps BDm¥/h @ 20m)g one duty on the
pontoon, one standby but not installed on the pontoon

High lift: 2 pumps at pump house (37.5kW & 18.5kW), one duty, one
standby, both in working condition

Water Mains From pontoon: Two parallel lines of DN 100 Gl and DN 110 uPVC Pipe

Water Treatment

Water Pumps

1 No.100n? elevated water tank at the Treatment Works site
Water Storage
1 No.50n? elevated water tank at the water office site

1.3km of DN 75uPVC

2 kmof DN 100 Gl

0.4km of DN 100 AC

Water Distribution 1.5km of DN 150 Gl

3.5km of DN 150 uPVC

3km of DN 150 AC

500 connections of which 300 are active and 150 are metered

2.6.2 Sanitation System

HolaTown has no sewerage systemd the use of pit latrines for disposal of effliénprevalent.

A few public and private institutions have septic tanks for sewage disposal. Currentiyajibe
problemfacedis the lack of a vacuum tanker emptying station (i.e. ponds or sludge drying beds)
as septagdrom septic tanks is dischargeddeilitly to the environmentDesludging / emptying of

pit latrines, however is rare.

This present sanitation system is not only insufficient to meet the sanitation needs of the
growing population but is not environmentally sustainable

2.7 Immediate Measuresdr the Improvement of Sanitation Systems

The Final Wastewater Master Plan fédolaTown describes the development strategy for the
longterm water-borne sanitation system comprising of a wastewater collection / conveyance
system and the treatment / propeatisposal of the treated effluents. However, this letegm
sanitationstrategy is not planned for immediateplementation

In consideration of the current sanitation systems and the growing sanitation needs,
immediate intervention isurgently required. Thus Immediate Sanitation Measures have been
proposed for implementation between Year 2012020 Thesemeasuresnclude construction

of Ablution Blocksn selected Public Placesid a Sludge Handling Fatyl as described in the
following subsectiors.
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Ablution Blocks

Ablution Blocks are essentialHolaTownfor improved access to sanitation facilities especially
in public places e.g., markets, bus stogshoolsetc. Theg are important to market vendors,
market customers, long distance travelgsis operators and thgeneralpublic. Their locations

in Hola Town will be selected in consultation with the CWSB and Trama RiveiCounty
Government

Considering the population densities and the number of public utilities, a total of four (4)
AblutionBlocks is proposed for constructionhiolaTown. Each Ablution Block comprises of six

(6) toilets and two (2) Shower Rooms with equal number for each gender i.e. Ladies and Gents.
Theallocatednumber of toiles in eachAblution Block ensurs provision d sufficientservice

levels for the target populationit is estimated thabn average, a user spends 5 minutes in the
facility. Thus, fora single facility with 6 toilets and 10 hours of operation in a dagaximum
number of720personscan be served ia day

Each section (ladies and genitsprovidedwith atoilet fitted with special amenities for use by
disabled persongt KS a DSy (i a¢ | bidbratd B b RSdase geeriide levdels
especiallyduringthe peak hours

The slower roons are equipped with a dressing area ahdndwash basins. In addition, a
spacious common area with hanwehsh basins, hand driers and wall mounted mirrggs
provided

Each of theshower units is fitted with coat hangers behind the doors for convenience. To
enhance natural lighting within the facility, transparent polycarbonate roofing matheaeé
been incorporated in the desigriProper ventilatioris ensuredoy the louvered windows and
gap between the ring beam and the rodte gap ifitted with louvre Hocks and plastic coated
coffee tray wires to prevent insect entry.

A septic tankwith a holding capacity ofélm?® is provided athe facility forstorageand patrtial
treatment of sewageTheseptic tank will require desludging aftevery3 monthswith septage
disposal at the proposed Sludge Handling Facility, to be implemented as part of the immediate
sanitation interventionlIn addition, &,000litre water tankmounted on a 3.5m high reinforced
concrete tower within the facility provides 3-daystorage of potablewater.

Other services provided at the site includéedaricity for use at night and for security lighting
controlled access througd m wide metallic gate and boundaghain link fencewhere
applicable

Permission to use the facility is be ona payper-usebasis This is an effective model used in
many parts of the country to raise money required for operation and maintenance. A personnel
office complete with ahop for essential commodities ands@rage room shall be provided at

the entrance of the facility with grilled opening for ease of payment before use

A typical Site Layout Plan and Elevations of the proposed Ablution Block are dhiguras 2.2
and 2.3on Page22-6 and 2-7 respectively.
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2.7.2 Sudge Handling Facility

A Sludge Handling Facility is a drsable treatment plant for the treatment arshfedisposal
of sgptagefrom on-plot sanitation systems such agptic tanks or pit latrinesptagefrom the
on-plot sanitation systems is conveyed to the faciity an Exhaust Vacuum Tanker

With excepton of the ScreensSludge Handling Facility relies on biological preesfs the

treatment of sgtage THs results to low capital investment requiremea well afOperations
and Maintenance requirements (skills, complexity and labour costs), thus giikdnsuitable
ImmediateSanitation Measure.

An ideal location for a Sludge Handling Facility is a site wathEconomial distance to the
service area but outside the residential developments and environmentally sensitive areas.
Thus, the location othe Wastewater Treatment Plant proposed at Mikindoni area in the
Wastewater Master Plan, should be given priority in the site selection for the Sludge Handling
Facility. It is preferred that Sludge Handling Facilities site be located within 10km rathes to
core urban centre and where land is available and buffer zone for odour and other nuisance
control provided.

TheproposedSludge Handling Faciliyill compriseof the following units;

a. Exhaust Vacuum TankBischargeéBay

b. Sludge Drying Lagoons

c. SepticTanks complete with Soak Pits and French Drains

d. Associatedte and AncillangWorksincluding Operators Office / Guard House

Constructed wetlands are the alternative treatment unit to Septic Tanks for polishing of filtrate
from SludgeDrying Beds / LagosnHowever, they require large footprint than the Septic Tanks
and thus not suitable for urban areas likelaTown where land is limited and the cost of land
considerably high

A Schematiclayout Plan showing the arrangement dhe units for the Roposed Sudge
HandlingFacilityis given inFigures2.4 on Page2-9

MIBP/ CES/ BOSCH 2-8



Water and SanitatiorService Improverant Projectq Additional Financing (WaSSHAF) FINAL MASTER PLAN REP(
Wastevater Master Plan for Mombasa and Selected Towns within the Coast Region - HOLATOWN

LEGEND

CHAINLINK FENCE

4m WIDE GATE WITH 1m
PEDESTRIAN WALKWAY

D PROPOSED STRUCTURES

— - J7]-—  INSPECTION CHAMBER WITH
SEWER LINE

—O0——  superRNATANT PIPE DRAIN
FOR FUTURE WASTEWATER STABILIZATION PONDS — — - —  INVERT BLOCK DRAIN

—— —®=——— EARTH DRAN

STAND PIPE
PRECAST CONCRETE
FOOTPATH
ACCESS ROAD WITH
INTERLOCKING PAVING BLOCKS

CHAINLINK FENCE 2.7m

HIGH WITH HEDGE - 25mm @ GMS WATER PIPE

2NR SEPTIC TANKS
0 EFFLUENT DISCHARGE

TO SOAK PIT WITH
LATERAL DRAINS

& < R S R 25mm O GMS STAND PIPE
GG C R LGS RS WATER PIPE
18m® CAPACITY 2 AL v 2

STORAGE TANK ON RIS

INVERT BLOCK DRAIN
3.5m HIGH WATER A
TOWER FOR ON-SITE D E =

WATER SUPPLY

80mm Dia. WATET\ s

MAIN

O

4NR SLUDGE DRYING
TANKER "
DISCHARGE BAY LABOOKS:

OPERATOR'S|
OFFICE

=]

S5 TANKER b
“.’ DISCHARGE AREA "

< INVERTBLOCKDRAN _ _ _ o

PIPE DRAIN
SO ——— .

SLUDGE HANDLING FACILITY
SITE LAYOUT PLAN

Figure2.4: Schematic LayouPlan of the proposedsludge Handling Facility

MIBP/ CES/ BOSCH 2-9



Water and SanitatiorService Impreement Projectq Additional Financing (WaSSHAF) FINAL MASTER PLAN REP(
Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - HOLATOWN

A brief description of the constituent treatment units in theoposed &idge Handling Facility
is given in the followingub-sections;

2.7.2.1 Exhaust Vacuum Tank@®ischargeBay

TheDischargeBay comprises of a septage discharge area which serves dsléh&Vorks for
the Sudge Handling Facility. An Exhaust Vacuum Tanker dischargesseptage throughBar
Screens into &ollectionChamber.The Discharge Bay is afgovidedwith Hard-standWashing
Bay andParkingSpace.

The discharged septage and wash wdtem the Washing Bagre pooled ito the Gollection
Chamber and coweyed to the Sludge Dryiriged /Lagoonwiaan Open Channel provided with
precast concrete cover slabs and handrails for safety.

TheDischargeBayrequiresregularly cleaimgfor odour, flies and other diseasactors control
especially after each exhates discharge sessioA standpipe will be provided to facilitate
washing and flushing of septage once discharged.

2.7.2.2 Sludge Drying Lagoons / Beds

Septageis mostlyliquid with smallamounts of solids. Treatment of septage entaileducing
sludge weight ad volumewith the aim of lowering thelisposal costef the residual sludgand
reducing thepotential health risksssociated with septage.

Sludge Dryingtagoonsare open areas on which the giageis spread for dewatering and air
drying.It comprises ofilter media, perforated pipes at the beds and a Collection Systée. T
filtrate from septage once directed into theolfction Systemis conveyed to Septic Tanks for
further treatment and pathogen reduction

TheSludge Dryingagoons are made up of tfiellowing components
1 ConcreteBedsandWalls
I Sand and>avel asHlter Media
1 Splastslab
1 UnderdrainageSystem
9 AccessStructures

A SludgeDrying Lagoon has intrinsic processliability and flexibility. However, during wet
seasonthe efficacyis hinderedand longer drying periods are required.

Forefficientoperation of Sludge Dryirlgagoonghe following measures need to be undertaken;
a) Periodic unblocking diollection System with aid of rodding chambers
b) Periodic monitoring and replacement Bfter Media when necessary
¢) Maximum permissible sludge accumulation leieebe observed for optimum operation
d) Proper drying of sludge once a bed is filled up
e) Careful removal of dried up sludgétiout scooping of filter media
f) Safe disposal of dried sludge #mdfills, agricultural use, etc.

2.7.2.3 SepticTank

A septic tank refers to a wataight, covered, sutsurface receptacléor wastewater treatment.
At the Sludge Handling Facility, Septic Tanks will be adopted for polishing of the filtrate from
Sludge Dryingdls before discharge into the environment.

Septic Tanks achieveolishing of septage filtrate by the carrying out the following processes
a) Separaion of settleable andloating solids from the liquid
b) Digeston oforganic matte by anaerobic bacterial acn
c) Storage ofdigested solidsluring detention period
d) Allowingclarified liquids to discharge for final gissal
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Septic tanks require periodic desludging after accumulation of solid sladdedisposal of
residual sludge through burying or conversioroifrtilizers.

2.7.2.4 AssociatedSte and Ancillary works

2.7.3

274

To enhance access, proper drainage and security, the following site and ancillary works have

beenproposedat the Sudge Handling Facility;

i. Chainlink Fence and 4m wide Gate

ii. Access Roads paved with intecking concrete blocks
iii. Guard House / Operators Office and Wasbm
iv. Onsite Water Supply and Site Drainage System

DesignCriteria for Sludge Handling Facjlit

A summary oftte Design Criteria adopted in ths#zing of theproposedSludge Handling Facylit
for HolaTownis given irTable2.3 below.

Table2.3: DesignCriteria- Sludge Handlingracility

Treatment Unit Design Parameter Value
Sludge Drying Bed: { Sludge accumulation rate 0.025 n¥/calyr
9 Sludge dying period 3 Months
91 Depth of media 300 mm
1 Sludge accumulation depth 150 mm
Septic Tank 1 Aggregatedsewage generation factor 0.25*
1 Retention period 1 day
1 Sludge accumulation 0.04 né¥/capital/year

* Aggregatedsewage generation factor of 25% is basmd the distributive use of Septic Tanks and Pit
Latrinesby the respective Income Levels of the Populadiwh sludge reductiom the OnPlot Sanitation
Systemslue to the anaerobic digestiaturingthe period of storage

Components of the Propose8ludge Handling Facilt
Considering that the Immediate Sanitation MeasuresHolaTown are intended to serve up to
the Year 2020the Facility has been designed to seP@¥% of the projectedurrent population

i.e. 5,000 persons This ishecauseembraement of Sludge Handling Facility expectedo be
gradualandfor full usageo be experiencegrigorous Public Health Campas arenecessary.

Details of the various components of the propossldidge Handling Facjliin HolaTown are
summarised imable2.4 below

Table2.4: Components of the Proposedigige Handling Facility

S/No. Treatment Unit Details

1. Discharge Bay 9 Bar Screené& Collection Chamber
1 Hardstand Washing Ba§ Parking

2. Sludge Dryinc § 4No. Beds; each13 x 10 m

Lagons /Beds 1 Sludge drying period: 3 months

1 Treatment zone media = 500 mm thick

3. Septic Tank I 2Nr TwinTank; each 9.6 x 5.4 x 1.9 m (L x W & E@pacity 98 m3
9 Desludging Interval = 0.2 years

Approximately0.5Haof land is required for the construction of the proposed Sludge Handling
Facilityto serve the immediate sanitation needsldblaTown

Colocation of Sludge Handling Facility and Wastewater Treatment Plant is recommended for
efficient land use and for sharee of common units and facilities; thus, Mikindoni area is ideal
for both the centralized Sludge Handling Facility and proposed Wastewater Treatment Plant
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2.7.5 Implementation Cost for Immediate Measures

9y IAYSSNRa /2ad 94&adAYl imnediate MeasuieSfyr IniprdverBeNtsiA v S R
SanitationSystems irHolaTown based on the unit costs from recent contracts of similar scope
and nature.

Detailed Unit Costs are discussecCimapter 8of this Report.
A summary of the Implementation Costs is giiefable 2.5below.

Table2.5: Implementation Costs for Immediate Measures

S/No. Component Numbe'r Blee Cost, Ksh. Cost,USD
Provided

1. Ablution Blocks 4 62,000,026 601,942

2. Sludge Handling Facility 1 35499,980 344,660
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3.0
3.1

3.11

DEMOGRAPHY, LAND USE AND URBAN DEVELOPMENT
Demography and Population Dynamics felolaTown

Demographic data from Central Bureau of Statistics (CBS), for thecarisus periodbetween
1979 to 2009 have been analysed to estabtismographidrends in terms of population sizand
inter-census growth rateand help @velop future population projection patterns HolaTown.

Previous Population Trend

From theanalysis of the previous Kenya Population and Housing Censug Hatheen construed
that the existing sufbocations are split between intezensus periods to form new sdbcations
and the areas covered by the sldrations insuch casesvarybetweenthe inter-census period

A summary oforevious intercensalpopulation data for GaloleSub-County is given iffable 3.1
below.

Table3.1: Intercensal PopulatiorData (1979¢ 2009) forGaloleSub-County

Sub-locations | (Census Period)
1979 1989 1999 2009
Sub-locations . . . .

Po Area (ki) Pop. Density Pop Area | Pop. Densit: Pop Area | Pop. Densit Pop Area | Pop. Densit
P (person/km?) : (km?) | (person/km?) ’ (km?) (person/km?) ’ (km?) {(person/kn?)
Kibuyu - - - - 5535 245 225.97 6,955 17.7 392.94
Hola 5,352 9.0 594.6f 9,533 87 109.57 2,466 3.6 685.0( 2,026 11.3 179.29
Mikinduni - 2,588 107 2419 1934 38.7 49.9 2,754 354 77.8
Chewani 2,211 26.9 82.1 2,733 58.1 47.0
Hola Mission - - - - - 2,452 1.3 1,886.14 2,712 3.6 753.39
Total 5,352 D 594.67 12,121 194 6248 14,598 95 153.64 17,180, 126 136.24

It can be noted fronTable3.1 above thatthe total area ofGalolesub-county variesbetween the
intercensal periods and some sildrations are norexistent in the earlier census period. In

consideration of this spatial areal variation, the analysis of the population growth rate for the

overall study areandindividual sublocation has been analysed based on population densities.

The previousnitercensalnnualpopulation growth ratevased on the population densitidésr the
sublocationscovered byHolaTownare given infable3.2 below.

Table3.2: PreviousIntercensalAnnual PopulationGrowth Rates

Intercensal Period
Sublocations
19791989 19891999 19992009
Kibuyu - - 5.69%
Hola -15.56% 20.12% -12.54%
Mikinduni - 7.53% 4.53%
Chewani - - -5.43%
Hola Mission - - -8.77%
Total 8.55% 1.84% 1.64%

FromTable 3.2above, the average annual growth rate for the larger Galolectumty for the
Period 1999 to 2009 is 1.64%his is below thet.2%projected for urban growth rate under

aiffSyyAdy 5808t 2 LIy i

D21 t a

a

6a5DQav

0€& HnN

Based on the 1998 2009 growth rates (1.64%), the current population of Hola Town (2016) is
estimated at1,630 Persons Ths population comprises of resident and nmesidents categories
within the area of Interest (Aal)fhe noAresident category @mprises of visitors.
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3.1.2 PopulationGrowth Scenarios

Paopulation trends are influenced biactors such agertility, mortality and migration levels and
patterns as well as the national so@oeonomic development momentum.

Continuedapid growth is expectin the study aregconsidering the infrastructural developments
plannedfor HolaTown n the Integrated Development Plan fdana Rive€ounty andhe potential
of HolaTownfor further growth. These factorswill resultto future immigration and urbanizeon.

As at the last census (2009), the population wittfie study area oHolaTownwas 1,630 To
forecast the future population of the study area up to the design horizon (year 2040), the following
factors have been considered:

1 Previous Demographicdnds inHolaTown andTana Rive€ounty
1 The dynamics of Land Use and Trends of development
1 The correlation of water demand and income / type of housing, population density etc.

Three population growth ratescenarioshave been assessed for the study abssed on the data
obtained fromKenya National Bureau of Statistics, Census Reports and other ref@aaning
documents. These scenarios are briefly described below;

High Growth RateThis growth rate scenariassumeshat the population will grovat anoptimistic
average growth ratdigher than the national growth rate (3%)40%in twenty-five years (2015
2040) i.e. theoverall natural growth will continuemortality rates will declineand inmigration will
rapidly increase due tantensive investmen With this assumption, th@opulation ofHolaTown
will growto 4,605by year 2040

Medium Growth Rate This scenariassumeghat the population will grow athe national growth

rate with average ratef 3.0%in the nexttwenty-fiveyears (2015040) and that improved medical

/ health facilities will result in decrease in mortality rate and increase in life expectancy. It is
presumed that with economic growth, employment opportunities and improved infrastructure will
work in balancing migration. Thuhe projectedpopulation ofHolaTown by year 204Will be
3,413

Low Growth Rate This scenari@ssumeghat the population ofHola will grow at araverage
growth rate 0f1.64%of the previous intercensal period (1992009)in the nexttwenty-five years
(20152040). It is assumed that population growth (both natural growth rate andigration) will

be sustainectonsidering that population deflection will take place and the flow of return will be
diverted to the development adjacentnew areas. Therefe, the population in horizon year 2040
will be2,261

A rapid growth is expected in the Hola Town considering its new stature as the Tana River County
Headquarter. It is expected that more land will be classified as aetman from rural and
improved hfrastructure and health services will take place. This will induce urbanization and future
immigration into Hola Town

In addition, vith the new stature as the headquarter of Tana River County, Hola Town is expected
to experience improved infrastructuréncreased immigration, better healthcare and increased
industrialization. This will result to an increased population than in the previous intercensal period
of 1999¢ 2009 and thusmedium growth rate scenari@s a plausible scenario for the future
population projectionsfor Hola Towrup to the 2040 design yean his figureconsidersthe most
recent trends in fertility, mortality (including HIV/AIDS) and immigration levels and patterns as well
as the socieeconomic development momentum.

Projected populatias for the abovepopulation growth rate scenariogre given inFigure3.1 on
Page 33;
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Figure3.1: Projected Populations based on Growth Rate Scenarios

FromFigure 3.1above,the population forecast isighly sensitive to population growth rataigh
growth scenario results t85%more the projectedopulationin the medium growth ratescenario
while low growth rate results t84% less thenedium growth ratgoopulation forecast.

ProjectedPopulationfor HolaTown

Holais the largest urban centre ifiana Rive€County. Ithas a highepopulationcompared to the
adjacent areas because of the better infrastructure amale employment opportunities.).

In consideration of the above foreseen situatidhe medium growth rate scenariconsidered
under the population growth scenariojs the most probablescenario for the future population
projections of Hola Town up to the 2040 design yeait considersthe demographic dynamics
betweenHolaand neighbouring Twns, possiblérends in fertility,mortality andmigration levels
and patterns as well as the soa@gonomic developmentBesides, it has thaet minimal risls
associatedwith under-utilization or overoading of the proposed sanitatiorsystemwithin the
design horizon

Table 3.3below gives ssummary of the projected populatiofor Hola Townup to the design
horizon ofyear204Q based on the adopted medium growth raenging from3.0% per annum

Table3.3: Summary of the Projected Population

Sublocations Projected Population

2009 2015 2020 - 2025 2040
Kibuyu 699 834 967 1,121 1,746
Hola 243 290 336 390 607
Mikinduni 7 8 10 11 17
Hola Mission 417 498 577 669 1,042
Total 1,365 1,630 1,890 2,191 3,413
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3.2
3.2.1

3.2.2

Land Use and Urban Development

Introduction

HolaTown is thelargest urban centre in Tana Rivesudty. It is the main economic hub of the
County due to the better infrastructure and major institutions e.g. County hospital, Prison, etc.

The ministryof lands conducted a strategic ¥ronmental assessment in Tana/& Delta and
prepared a scopingdport (GoK2012). Thestudy indicated that until their collapse in 1990s, Tana
Rver regionwaspopularto produceapples and mangoes while Bura and Hateghtion $hemes
waspopular in rice farmingrhe 8udy also reported that horticultural farming was practised at the
outskirts of Hola @wn among the Watha communitigoughthrough drip irrigation. Improved goat
breeds were also édent in these outskig of Hola ®wn. Water scarcity was identified as the main
challengeto small scale irrigation farming high potential areasccupied by the vulnerable and
marginalized groups-or instance,lie Wathaused wheelbarrows to carry watéom the riverfor
crops irrigation.

Hola Town is among the Towns in Tana Rivam€ which willexperience enhanced soegio
economic developmentfrom implemenation of the Tana RiverFirst County Integrated
Development Rn (CIDP)Some of the proposed strategigsthe CIP which would have impact
in Hola Bwnincludeestablishment oolid andLiquid Waste Management Sites andansion&
Rehabilitation of Hola irrigation schem@ther projects include: upgrading of roads in Habavi
to bitumen standard, street lightingrpject, planning of urban centers in Tana Rivesu@ty
includingHola,construction of more fish pondendfish processing planietc.(GoK2013).

Existing Land ke

Hola town land use is bound by River Tana to the east and the laga to the soutloiDeseat is
concentrated at the road junction and expands outwards. Commercial use takes a linear shape,
along the highways. Public purpose function is conveniently located close to the residential areas.
Residential use is spread across the town, mainidiore density. Low density residential use is
f20F SR FdzZNIKSNJ FNRY G(GKS WO2NBQkedzyOiuAz2y YR
extent of development towards the east, and is bordered by agricultural land further south. There

is an extensie road network serving mainly the commercial and residential areas.

Themaindriversof growth inHolaTown areas follows
i) Tana River to the Egst
ii) The Laga (dry river bed) towards the South,
iiiy Proposed Highway (expected to open the Western part), and
iv) Propsed County Headquarters in the Southern Part

Figure3.2 on Page3-5 shows the existing Land Use PlarHota
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3.2.3 LandUse Rquirement per land Use Dne

All actvities, whether social or economic, urban or rural, must be located on land, and therefore
depend on the regulations and practices that govern land ownership. Land allocation and
ownership require proper planning for optimal utilisation.

It is important b note that when development occurs in the absence of a proper planning tradition,
it may result in the following:

1 Except when projects are linked to large, basic infrastructuveater supply may be an
example; development only depends on the issue ondlltles. This may not occur at the
proper time or correspond to any general or specific scheme.

1 Inthe case of freehold lands, with investments being provided by private parties, there is
no protection due to insufficient control by the local governmentto the lack of any
proper legislation to apply.

1 Because othe huge demographic pressure and based on the same juridical ground,
another effect would be the spreading of squatters wherever they may settle.

The projected population given in Ta#8 on Page3-2 is proposed to be accommodated in
existing Town limits of Hola and therefore, there is no need to expand the physical limits of Hola
Town. It is also proposed that the existing vacant land be utilised (including a small part of
agricultural landand part of hilly terrain at low height where the slope is gentle and favourable) for
development, for accommodating the projected population

The land use in 2040 will be greatly influenced by the Hola Physical Development Plan. The town
expands towardghe south, spurred by the proposed county headquarters. Development will most
likely occur first closest to the highways, then expand into the agricultural and undeveloped land.
There is a portion of deferred land set aside close to the laga, which repraraf the structuring
elements towards the south. Some segments towards the western part of the town will be set
aside for industrial use. This is in addition to the special purpose use close to the proposed county
headquarters. The agricultural landthre northrwest and eastern parts is retained.

Details of existingand useand projectedandrequiremensare given infable3.5 below.

Table3.4: ExistingLand Useand Projected LandRequirement

Land se Existing land use Projected land requirement
2015( ha) 2040(ha)
Residential
Low 31 90
Medium 220 283
High 117 149
Total 368 522
Commercial 9 11
Industrial 7 50
Public Utility 0.5 26
Educational 14 232
Public purpose 44 523
Agricultural 433 996
Undeveloped 1668 193
Total 2175.5 2131

Layout Plan showing the Proposed Land Plsas for Year 2046 given inFigures 3.3 on Pages 3-
7.

Table 3.6onPage 38to 3-11 shows a summargf adoptive standards for Urban Planning
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Table3.5 : Adoptive Standards for Urban Planning

Zone O: Residential
Zone Proposed Land Use : Types of Development | BCR PR Min Plot Size Density of Development : No. of Dwelling Units Other Requirements
Allowed
Residential Bungalows 35 25 0.4 Ha Low Density SingleDwelling Units
Residential Bungalows 35 25 0.4 Ha Low Density SingleDwelling Units Cottageindustry may be practised
A Secondary School may be
Residential Bungalows 35 25 0.4 Ha Low Density Single Dwelling Units developed in appropriate site
Residential Bungalows, 25 25 0.2 Ha Medium density Single Dwelling Units
Residetial Bungalows, 25 25 0.2 Ha Medium density Single Dwellinggnits
Residential Maisonettes 50 50 0.1 Ha Low Medium density Two residentialnits allowed ;| Shops allowedn plots fronting 9 M
Town houses per plot roads
Duplexes 50
50
Residential Maisonettes 50 0.1 Ha Low Medium density Two residentialinits allowed | Shops allowedn plots fronting 9 M
Town houses 50 per plot roads
0 Duplexes
Maisonettes 50 Two residentialnits allowed ;| Shops allowedn plots fronting 9 M
Residential Town houses 50 0.1 Ha Low Medium denity per plot roads
Duplexes 50
Town houses
Mixed developments: Duplexes 65 65 0.03 High Density Multiple residential units Shops Bowedon plots fronting 9 M
Swabhili houses - allowed roads
Guest/Boarding houses 0.045
Mixed developments: Town houses
Duplexes 65 65 0.045 High Density Multiple residential units Shops allowedn plots fronting 9 M
Swabhili houses allowed roads
Guest/Boarding houses
Mixed developments: Town houses 65 65 0.03 High Density Mixed housdypes allowed Upgrading areas
Duplexes -
Flats 0.045
Swabhili houses
Guest/Boarding
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Proposed Land Use

hardware stores

Types of Development
Allowed

Min Plot Size

Densityof
Development

Zone Proposed Land Use | Types of Development | BCR PR Min Plot Size | Density of Develoment No. of Dwelling Units Other Requirements

Allowed

Industrial Industrial plant 50 150 0.2 N/A N/A

Light Industry RepaitWorkshops, 50 75 0.045 N/A Garages, furniture and
Hardware stores welding workshops
Furniture Makers small allowed

1 . .

tin smiths, Reuse
Industries

Light Industry Godowns, warehouse, | 50 75 0.045 N/A Garages, furniture and

welding workshops
allowed

No. of Dwelling Units

Other Requirements

Zone

Educational

Proposed Land Use

Classes, offices and
dormitories
Sanitation block

Types of Development
Allowed

10

BCR

30

PR

Nursery Sch0.1
4.0
Sec. School4.5
10.2
University 50.0

Pri. school

College

Min Plot Size

N/A

Density of
Development

N/A

No. of Dweling
Units

Storeyed lhiildingsrecommended
for effective use of space
Sharing of recreational facilities
recommended

Institutional Housing allowed

Other Requirements

Recreation Conservation/
Green Park

Recreation Conservation/
Green Park

Recreation Conservation/
Green Park
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Zone Proposed Land Use | Types of Development | BCR PR Min Plot Size Density of No. of Dwelling Other Requirements
Allowed Development Units
4 Government Civicoffices:- County Spatal compactness
Headquarters government; local Public parking
authorities, parastatals, Accessibility

trade unions, political
party offices, library
entertainment, etc.

Zone Proposed Land Use | Types of Development | BCR PR Min Plot Size Density of No. of Dwelling Other Requirements
Allowed Development Units
Densification and diversification
Commercial Compatible mixed use | 75 600 0.045 N/A Commercial recommended
Flats and high rise buildings
5 recommended

Future commercial core

Zone Proposed Land Use | Types of Development | BCR PR Min Plot Size Density of No. of Dwelling Other Requirements
Allowed Development Units

Zone 7: Transportation

Zone Proposed Land Use | Types of Development | BCR PR Min Plot Size Density of No. of Dwelling Other Requirements
Allowed Development Units
Lorry park N/A N/A 2 N/A N/A To be developed through public
7 private partnership
Bus park To be developed by County

Government

Zone Future Land Use Types of Development | BCR PR Min Plot Size Density of No. of Dwelling Other Requirements
Allowed Development Units
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Zone 9: Agriculture
Zone Future Land Use Types of Development | BCR PR Min Plot Size Density of No. of Dwelling Other Requirements
Allowed Development Units
Residential Bungalows 35 25 0.4 Ha Low Density SingleDwelling Agriculture may be practised
Units
LD Residential Bungalows 35 25 0.4 Ha Low Density SingleDwelling Agriculture may be practised
Units
Residential Bungalows 35 25 0.4 Ha Low Density SingleDwelling Agriculture may be practised
Units
Residential Bungalows, 25 25 0.2 Ha Medium density SingleDwelling
Units
Residential Bungalows, 25 25 0.2 Ha Medium density SingleDwelling
Units
Residential Bungalows, 25 25 0.2 Ha Medium density SingleDwelling
MLD Units
Residential Maisonettes 50 50 0.1 Ha Low Medium density | Two residential Shops allowedn plots fronting 9 M
Town houses units allowed per roads
duplexes 50 plot
Residential Maisonettes 50 50 0.1 Ha Low Medium densjt | Two residential Shops allowedn plots fronting 9 M
Town houses units allowed per roads
duplexes 50 plot

MIBP/ CES/ BOSCH

311



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL MASTER PLAN REP(
Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - HOLATOWN

4.0

4.1

WATER DEMAND FORECAST

Water demand is definel & 6 G KS @2f d2¥YS 2F 461 GSN) RATFFSNByY {
O2yadzyS Ay | 02y SElhevaafer demaniBdfian bkbaGsidSpendentabliiie & ¢
climate, economic considerations, sanitation facilities, industrial and commercial requirements.

Thetotal water demand can be expressed as follows;

Total water demand

=AT T "HTHHCHHT BT 77 PHPHTD BT AT T 1 °H HIHHHT H
&1 "H1 L THHE HT HT 71 7R THHT "HBAE THT H

For a more accurate determination of thetal waterdemand, it is important to ado@ccuratewater
consumption rates for each of the water demand categories.

Analysis ofWater ConsumptiorRates

The Design Manual for Water Supply in Kenya (MWI, 2§1083 guidingalues of water consumption
rates for the various categories of Water Demardbwever, fron individual studies and in
consideration of various local conditignseveral Consultants have adopted varied water
consumption rates for the determination of Water Demanithin the Coast Region

A summary of the Studies / Designs prepared by the varonsultants for Water Supply kola
Townand the other Coastal Towins givernbelow:

I Tahal Group and Bhudia Associates finalised the Water Supply Master Plan for Mombasa
County and selected Towns in year 2013

1 Egis/bceom/Mangat JV finalised the DegdilDesign of Rehabilitation and Expansion for
Mombasa Water Supply and Sewerage Systeyean 2011

1 Gauff JBGlhgerieure finalised Detailed Design Report T@na RivewWater Service Provider
October 2010

1 Suereca / Mangat finalised Second Mombasa &s@baVater Supply Project, Final Design
Report, January 1998

A comparison of water consumption rates adopted in the above Studies / Designs including those
recommended in the Practice Manual for Water Supply Services in Kenya is giabteihl on Page
4-2.
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Table4.1: Comparison of Water Consumption Rates
Domestic Water consumption Institutions Water Consumption Commercial Industrial
(I/c/day) Water Water
Consultant Name of Report Low Medium High Boarding Day Schools: Regional | Consumption | Consumption
Density Density Density Schools with WC Hospitals @ (I/head/day) (I/ Ha/day)
(I’lhead/day) : (I/head/day) - (I/bed/day)
Water Supply Master
Tahal Group /
Bhudia Plan for Mombasa and 250 150 75
Associates other Towns; Augus
2013
Rehabilitation &
Expansion of Mombas
Egis bceom/ | Water Supply & 250 100 60 6 25 000
Mangat Sewerage Projec
Final Design Repoct
July 2011
Detailed Design for
Gauff Tana RiveWater
JBG/Ingenieure Service Provideg 200 120 60 100 20 365 83 30,000
Octobe 2010
Second Mombasa and
Seureca Coastal Water Supply 80 70 50 25 700 5 20,000
/Mangat Project Final Design
Report¢ January 1998
Ministry of Design Manual for 20.000
Water and Water Supply in Kenye 250 150 75 50 25 400 '
Irrigation (MWI, 2008
(MWI, 2008)
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After analysis of the water consumption rates indicated able 4.1on Page 42, the following water
consumptionrateshave beeradoptedin the Study

a) Residential Water Demand

From the findingdy different Consliants, it is evident that the type of housing and mode of water
supply are relevant indicators for classifying domestic consumers.

Based omper capita demand observed in similar socio economic and climatic context but without
restriction of water supplythe Consultantadoptedthe followingwater consumption rates fothe
variouscategoiesof domestic consumeras summarised ifiable4.2 below.

Table4.2: Adopted Housing Categorie& per Capita Water Consuption

Category Description ConSIEIr/T; %')0 GRS
Low Density Residential Houses and Maisonettes 200
Medium Density = Flats and Estates 120
High Density Traditional Houses (Informal Settlements and Swahil 60

b) Institutional Water Demand

The insttutional water demandas been determinetiased orthe following commonly accepted
demand criteria by type of institution:

Boarding Schools - 50I/head/d
Day School with WC - 251/headd
Regional Hospital - 200l/bed/day plus 5000l/day

Dispensary and Healtbentre
Administrative Offices

5000l/day
251/head/day

=A =4 =8 =8 =4

c¢) Commercial Water Demand

The commercial water demariths been determinetlased orthe following commonly accepted
demand criteria by typefccommercial facility

1 Shops - 100l/day
i Bars 500l/day
d) Industrial Water Demand

The following criterighas beenadopted for the industrial water demand based on commonly
accepted demandriteria: -

T Intensive mndustrial activity - 25,000l/day/ha
T Small scale industrial activity - 600l/day/ha
e) Tourism Water Demand

The following criterishas beenadopted for tourism demand based on commonly accepted
demand criteria

9 Four and five star hotels - 600l/occupied bed/ day
9 Other hotels - 300l/occupied bed/ day
9 Tourist cottages complexes - 200l/occupied bed/ day
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4.2 Water Demand Projections

HolaTownis likely to grow at an increasing rageer the design period (ujp 2040) due tdhe robust
andplanned improvements of thmfrastructuralnetworkin HolaTown in relation to theestof the
Tana Rive€ounty and potential for new settlemenfBhus, water demand is anticipated to increase
with time.

The water demansifor HolaTownin the Desigh Horizos2025 and 2040 ha been calculatedased
on the projected population and proposed future lande Summaryof the water demand by sub-
locationin the Design Horizons Year 2025 and Year 204@jven inTables 4.3 and 4.4 below.

Table4.3: Water Demand foMedium-Term Plan HorizorYear 2025

Water Demand (n¥/day)

Sublocation Domestic | Health | Education: Recreational Commercial: Industrial VGIEY

Demand
Kibuyu 121.1 16.4 5.3 34.6 6.6 4.1 188.0
Hola 42.1 5.7 1.8 12.0 2.3 14 65.4
Mikinduni 1.2 0.2 0.1 0.3 0.1 0.0 1.9
Hola Mission 72.2 9.8 3.1 20.6 3.9 2.4 112.2
Total 237 32 10 68 13 8 367

Table4.4: Water Demand for Long erm Plan HorizorYear 2040

Water Demand (n¥/day)
Sublocation ) ) ) ) i Total
Domestic | Health | Education: Recreational Commercial: Industrial
Demand
Kibuyu 188.6 25.6 8.2 53.9 10.2 6.4 293
Hola 65.6 8.9 2.8 18.7 3.6 2.2 102
Mikinduni 1.9 0.3 0.1 0.5 0.1 0.1 3
Total 369 50 16 105 20 12 572
The water demand projection fatolaTown is shown ifrigure 4.1 below.
700
600
T 500 /
§ 400 //
g /
@ 300 —
a —
g 200
100
_ 2015 2020 2025 2030 2035 2040
Year

Figured.1: Water Demand Projection
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5.0

5.1

511

5.1.2

5.1.3

WASTEWATER FLOW PREDICTIONS

Design Criteria

The determination of the wastewater flowadoptedin the design of the Sewsiand Wastevater
Treatment Plantfor Hola Town has been guided and based twe Standard design criteria
described in the following subections;

Principal References

In Kenya, it has become a standard practise to refer to the Design Manuals prepatieel by
Ministry of Water and Irrigtion for the design of Sanitation Projects.

The principal References used to formulate the design criterisléd@ Town are as follows;

1 Practice Manual for Sewerage & Sanitation Services in Kenya, December, 2008
Ministry of Water & Irrigation

1 Selectbn and Design Criteria for Sewerage Project, Report NpWorld Health
Organisation (WHO Report No. 9)

T Nairobi City Councit Sewer Design and ConstructierParameters for Adoptive
Standards, 19 (Nairobi City Council Manual)

1 The Design of Small Bdsewer Systems by Richar®fis and D, Duncan Mara (1985)

1 Domestic Wastewater Treatment in Developing @tdes by D. Duncan Mara (2003)

The Criteria outlined in these principal References have been evaluated in the context of the
Consultantexperiene, knowledge and complemented with local and internationally accepted
design standards.

Sewerage Collection System

As outling in WHO Report No. $here are three forms ofewerage collection systemisamely

1 Separate Systems$Storm water and wastewat are collected and transported in two
separate systems. Ideally, no storm water is allowed into the sanitary sewers

I Combined SystemsStorm water and wastewater from premises are collected and
transported in one system. In this system, only one netwadrkipes is provided and
those pipes are designed to carry botlastewater flows and storm water

I Partially Separate SystemaWith these systems, the sewerage collection system is
designed to carry all the wastewater together with some storm water. Thedfuhe
storm water is collected in an independesytstem of pipes and open drains

From the TORd&Neither CWSB nor the WSPs have the responsibility for the provision or
maintenance ofstorm waterdrainage systems and so the study and review of those faed is

not included in this Wastewater Master Plan Study. All sewers shall be designed for separate
agaitSvaoe

In line with the TOR, a separatanitary sewesystem has been proposed for the design of the
Trunk and Secondarg®ersin HolaTown
Sewge Generation

Wastewater collected in the Sewerage System is generated from;

1 Domestic, instittional and Commercial consumers
9 Industrial Effluent
1 Infiltration and Inflow into the Sewerage System
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5.1.3.1Domestic and Commercial Consumers Sewage Contributiondfact

Not all the water supplied to a premise will reach the sewers as wastewater. The flow of
wastewater leaving premises is dependent on following;

1 Quantity ofwater supplied to the building

1 Chaacteristics of the housing type

1 Climate with higher lossessociated with arid conditions

9 Ground conditions with higher losses asstaikwith high ground porosity

Sewagecontribution factor varies from 75% to 85% of water suppligtgpending on the
different categories of consumers as outlined in WHO Report alidsummarised iffable 5.1
below.

Table5.1: Portion of Water Used that ends up as Wastewater

S/No. Category Wastewate(:)rf ?Near:g:a;tjspzlaiz 3 Percentag
1 High Income Housing 75
2 Medium Inome Housing 80
3 Low Income Housing 85
4 Communal ablution/ latrine block 85
5 Day schools, shops and offices 85
6 Other Institutions 80

The Study adopts an overall figuré 80%for the sewage contribution factor in consideration
that it has become standard practice to ado@D%in the design of Sewerage Systefmsother
Towns in Kenya

5.1.3.2Industrial Effluent

Industrial effluent generation varies from industry to industry and therefore, each individual
factory on a Sewerage System must be congideseparatelyHowever, for areas designated

for future industries whose type is hot known, WHO Report No. 9 recommends a rate of 25,000
I/ha/day. This has been adopted in the Study.

5.1.3.3Infiltration and Inflow

The design of the sewers is based upon theceph of a separate Sewer System, i.e. sewers that

are designed to carry only the anticipated sewage flows with only a nominal allowance in the
pipe capacity for infiltration and storrwater inflow. If significant amounts of water from these
othersourced NB | ff 26SR Ayid2 GKS aSgSNBR:X (GKSy GKS
capacities, treatment plants of their process performance capabilities, and the pumping costs
where they apply, will increase significantly.

Infiltration is defined as the war entering a Sewer System from below ground level through
such means as defective pipes, joints, connections, or manholes.

The rate of infiltration into sewer pipes depends generally on the depth of the water table, the
sub-soil conditions, thevorkmandip during construction, the age and condition of the pipes,
and the frequency of occurrence of improper connections. Another significant factbe
condition and depth of manholes; where covers are damaged or missing, or where the ground
surface leveils above cover level, then surface water runoff enter the sewer as inflow.

Forthe design of the sewers idolaTown, it is intended to use an infiltration allowance that is
based upon the area contributing to the sewdihis Study adopts the recommeatibn of
Nairobi City Council Manuaf a constant infiltration rate of 0.002Bs/ha within the design

coverage
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Inflow/Splashis defined as the storwater discharged into a Sewer System from above ground
from such sources as roofs/ yards through inspetichambers within premises, open/loose
manhole covers, cross connections from storm drains, etc.

In addition to infiltration, Nairobi City Coundilanuall £ 82 NBO2YYSy Ra (KS dz
lEf26FyO0Ses gKAOK Aa A yinadidaléSsimwatadflerindand fgr | £ f 3
authoriseddrainage of open industrial and commercial areas,d.d y ¥ 2 g € @ ¢CKAA |
taken as a percentage of the domestic wastewater flow and ranges from 5% to 30% depending
upon the predominant housing type i.e.

1 30% for low income housing
1 15% for medium income housing
1 10% for high income housing

A conservative value of 5% of the total wastewater flow has been adopted in this fBtuithe
determination of Splash flow contribution

5.1.4 Peak Flow Factor and Sewer Cajpac

A sewer should be designed to handle the peak sewage flows that occur due to daily, diurnal
and seasonal fluctuations. A peak factor, which refers to an estimated ratio of maximum to
average sewage flow, is applied the average wastewater flot@ determine the peak flow.

Sewers are normally designed to flow half full at peak flow, where peak dry weather flow is

defined as:
Peak Dry Weather Flow, PDWF = FR (DWH + |
Where:
PDWF = Peak Dry Weather Flow (I/s)
FR = Peak Factor
DWF = Dry Weather Elw (Design Flow) (I/s)

I = Infiltration Rate (I/s)

The Dry Weather Flow (Design Flow), which includes allowance for inflow and infiltration can be
calculated from:

DWF = 3 & @ y '

Where:
3& = Sewage Reduction Factor (%)

= Population (no. of persons)
= Water Consumption (litres per person per day)

3! = Inflow/Splash Allowance as % of P x G (litres per day)
% = Industrial Wastewter Flow (mi/ha/day)

! = Industrial Drainage A& (Ha)

) = Infiltration Water Flow Rate (I/sec/ha)

! = Domestic Drainage Area (Ha)

Thedaily peak flow in a sewer is a function of the area contributing to the sewer, which, in turn,
determines the contributing population and, hence, the sidehe pipe. An increase in the
contributing area results in a lower peak factor, hence large trunk sewers have lower peaks than
small branch sewers.

MIBP/ CES/ BOSCH 5-3



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL MASTER PLAN REP(
Wastewvater Mager Plan for Mombasa and Selected Towns within the Coast Region - HOLATOWN

52

Manymethods and formulae are used to predict peak factors in sewers. The factors derived by
Nairobi @y Council in the 1960s, after a comprehensive survey of the Capital City's sewers, are
shown inTable5.2 below.

Table5.2: Nairobi City Council Manual Peak Flow Factors

DWEF (litres/sec) Peak Factor
<6.0 7.5
<12.0 6.6
<60.0 55

<120.0 5.0
<600.0 3.8
> 600 3.1

ThesePeak Flowfactors are considerably higher than thosesulting fromthe empirical
formulas commonly used. Some of the commonly used formulas are giviebia5.3 below.

Tableb5.3: Common Formulas used to calculate Peak Flow Factor

. 1)
Legg Formula, for population < 7,000 Persons 0 QAW EO bt m 55 e &

0 TGO 60 i
DENOACGO QEE

) e p1
Harmon Formula, for population > 7,000 Perso 0 QaE b0 i e, N6 amo Qs

Babbit Formula, for population < 7,000 Person:

Recentstudies of the flow records in Nyeri Town carried out by the Nyeri Water & Sewerage
Company idicate that the Babbitt Formula gives peak factors that more accurately correspond
to the measured peaks in the Sewerage System.

Theempirical formulas adopted in the computation of peak flowsHotaTown are as follows;

9 Babbit formula for populatiosi less than 7,000 persons
9 Harmon Formula for populations greater than 7,000 persons

Projected Wastewater Flows

The total wastewater generated within a service area is determined by the wastewater generated
from the water consumed (sewage contribution tiacof 80%), infiltration into the sewers and
splash flows.

Based upon the above componemtsdassuming a regular / unsuppressed water supplyfaiid
water distribution network the projected wastewater generation for the sidzationscovered
by HolaTown has been determined and is givenTiable5.4 below;

Table5.4: ProjectedWastewater Generation up to Year 2040

Wastewater Generation (rfid)
Study Area Area (Ha)

2009 2015 2020 2025 2040
Kibuyu 178 140 159 178 200 288
Hola 135 49 55 62 69 100
Mikinduni 9 1 2 2 2 3
Hola Mission 55 84 95 106 119 172
Total 377 274 311 348 390 562

However, achieving conditions of regular / unsuppressed water supply and full sewer
connections in a Town with Seweraggs$em is nearly impossible. Thiséaused by thdimited
development of water resourcedo serve Hola Town, inadequate water distributionand
seweragenetworks and theprevalent use of onplot sanitation systems due to topography,
affordability, unplannedsettlement, etc.
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To consider the above situation, the factors of Sewer Connectivity and Water Supply, given in
Tables5.5 and 5.6 below, have been adopted for the formulation of realistic wastewater
generation projection foHolaTown.

Table5.5: Sewer Connectivity adopted for Realistic Wastewater Generation Projection

. Sewer Connections
Population Category Based on Income Levels
2021¢ 2030 2031- 2040
High Income 20% 80%
Medium Income 100% 100%
Low Ircome with Individual Water Connection 60% 80%
Low Income without Individual Water Connection 30% 40%

Table5.6: Water Supply Status adopted for Realistic Wastewater Generation Projection

Water Supply Status as a % of
Population Categoy Based on Income Levels Regular Water Supply
2021¢ 2030 2031- 2040
High Income 50% 80%
Medium Income 50% 80%
Low Income with Individual Water Connection 50% 80%
Low Income without Individual Water Connection 50% 80%

Figure 5.1below shows theprojected wastewater flowsip to Year 204€or the idealconditions
of regularwater supply and sewer connectiaondition (100%Sewer Gnnectiond and the
realistic conditios of suppressed water supphand gradualimplementaion of sewer
connections

600

—8— 100% Connectivity & Regular Water Supply

500 ++ 4 « « Projected Connectivity and Suppressed
Water Supply

o+
3

w
8

.....

(]
8
e

Dry Weather Flow, m?/day

8

2015 2020 2025 2030 2035 2040

Medium-Term LongTerm Plan
Plan Horizon Year Horizon

Figure5.1: Projected Wastewater Flowap to Year 2040

FromFigure5.1 above the projected wastewater generatipbased on the realistic conditions
of suppressedvater supply andyradual mplementationof sewer connectionsnthe Years 2025
and2040 is250 m¥/day and 500 m3/day respectively.

The design of Wasteater Treatment Plantand Sewerage System hayeen based on the
wastewater flow generationdetermined from the realistic conditiors of suppressedwater
supply and projected builelp of sewer connections.
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6.0 DESIGN CRITERIA FOR SEWERAGE SAISDEWASTEWATER TREATMENT
PLANTS

6.1 Design of Sewers
6.1.1 Minimum Size of Sewer

Many sewer blockages imban areas occur in thfirst length of smaltliameter sewer with less
than five house connections. Because this observation Nairobi City Council Manual
recommendsa minimumdiameter of200mm for new sewers. Individual house connectiohs
150mmdiameteris however sufficien

Thisrecommendationis comparable to that ofWHO Report No.;225mmminimum diameter
for Trunk and Branch Sewers and 100m&b0mm for Property Drains.

To reduce the tendency of blockages, 200mm diameter has been adopted as a misawam
size forHola Sewerage Systenowever, &the upper ends of sewer lines, the expected flows
would not ahieveselfcleansing velocities except at rather steep sewer gradiéritss 150mm
diameter sewers il be adoptedin the upper lengths of the sewers &levite this situation

6.1.2 Hydraulic Design Criteria
The two most commonly used and recommended formulae for hydraulic design of sewers are:

T ColebrookWhite Formula The Darcy Weisbach Formula, combined with the Colebrook
White formulation of the friction fator, has long been regarded as tfemulathat closely
relates both pipeline theonand observed pipeline losses. Thmin disadvantagés the
cumbersome iterative calculations necessary for its solution. However, with the advent of
computers and publisteeDesign Charts thignitation has been overcome and the formula
universally used as the basis for most computer prograsesl inthe design of sewers.

1 Manning Equation TheManningequation is widely used because of its simplicity. Although
it is empiical, it gives an@urate aswer, given the uncertainties associated with the flows
generated (population projections, connected population, water consumption per person,
etc.). The formula is as follows:

28 @38
]
Where:
§ = velocity offlow, (m/s)
I = pipe roughness coefficient
2 = hydraulic radius, (m)
3 = slope of the pipeline, (nm)
Table6.lbelowK 2 ga G(GKS al yyAy3aQa tALS NRddzZAKySaa 02857
diameters.
Table6.1Y CNAOUGA2Y CFOGU2N) F2NJ al yyAy3aQa C2Nydz |
Pipe Material Pipe Dia, mm Friction Coefficient, n
Spun Concrete <=300, <600 0.015
>= 600 0.014
Cast Concrete All sizes 0.018
uPvC All sizes 0.013
Pitch Fibre 100 & 150 0.014
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In this study, mnning equation has been adopted for the design of gravity sewers. It has been
complimented by Design Tables and Charts for the Colebrddikiee Equation, developed by the
Hydraulic Research Station in UK.

6.1.3 SeltClearsing Gradients and Velocities

The veloty of flow in a gravity sewer depends on its gradient; the steeper the gradient, the
higher the velocity and for the same discharge volume, the shallower the depth of flow in the
sewer.

A minimum velocity is required in a sewer to ensure settling aflsalo not occurA velocity of

NOTp Yka Aa O2yAMARISINSBRY I ASKS OWaI 8t T K G GAf
suspension. It is important that this velocityaishievedat least once a day. Thisaasuredby

laying sewers at a gradiertat will give a velocity of 1.0 m/s at full boflew. The Nairobi City

| 2 dzy§ Bdoiti® Standards recommends that velocitiesewersshould exceed 0.75m/s when

flowing full.

Sewer velocity is more important in tropical climates such &tolaTown énce it has been noted

that at high temperatures, increased biological activity rapidly reduces the dissolved oxygen
content of the sewage and can result to build of hydrogen sulphide gas. Without oxygen,
sulphate reducing bacterjdoreak down the sulpiites always present in sewage and hydrogen
sulphide gas is produced which turns into sulphuric acid. Hydrogen sulphide gas is known to cause
odour and corrosion problems.\&locity of 1.0 m/s is considered necessary in tropical climates,
(WHO Sectorial Rert No 9)to deal with thisproblem.

This requirement is more important for trurdewersand isinappropriate for house connections

or the secondary sewer®r HolaTownwhere flows may be intermittent and retention times
short. A minimum velocity of @5m/s has been adopted with exception of some critical
circumstance where a velocity of 0.6m/s has been allowed.

In areas where ground slopes are flat, the adoption of a minimum velocity of 1.0m/s places a
severe constraint on the design of the upper rees of systems due to the steep gradients
required. Thus, flatter gradientzave been adoptetb decrease the resultant sewer depths and

to reduce the number of pumping stationRegular flushing of sewers should be carried out at
the flush manholes to bprovided at the upper sewer sectiots prevent silting

The Ministry of Water and Irrigation Practice Manual for Sewerage and Sanitation Services in
Kenya (2008) explains that maximum flow velocities were previously specified to reduce
possibilities of eosion in the pipe internal linings through scouring effects. Such effects were said

to occur at flow velocities exceeding 4.0 m/s. But studies have shown that erosion effects
observed at velocities greater than this threshold value are minimal and henagper limit of

flow velocity is recommended.

The following velocity guidelines have been adopted in the design:

1 Minimum velocity at peak flow 0.75 m/s
1 Minimum velocity in exceptional circumstances 0.6 m/s
1 Maximum velocity 3.0 m/s
1 Maximum flowin exceptional circumstances 6.0 m/s

6.1.4 Sulphide Generation

Hydrogen sulphidés the main sourcef corrosion in sewer pipes, particularly with high ambient
temperatures and long retention times. Aerobic bacteria on the sewer walls above the sewage
leveloxidise the hydrogen sulphide gas to sulphuric admthattacks thesewer pipesvall and

result torapid deteriorationof concretepipes and corrosionf ferrous pipes

The onset of Hydrogen sulphide attack depends upon many variables including;
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6.1.5

6.1.6

1 Sewag strength and sulphate content

9 Dissolved oxygen concentration

1 Velocity of flowg at low velocity,anaerobic conditions result througsilt and sludge
accumulaton. Natural oxygen recovery from the atmosphésealso low at low velocities

1 Temperatureg sewa corrosion is more frequent and intensiveimwarm climatesas
compared totemperate areas

A welldesigned and constructed Sewerage System is the best way of preventing occurrence of
sulphide attack. It is considered that the relatively short sewegtles proposed irHolaTown
Sewerage Systertogether with adequate gradients, make the onset of sulphide attack unlikely.
HDPE/ uPVC pipes will be used as much as possible in flatter gradients.

In Pumping Mains, sewage retention time less than 30 mint&es been provided t@void
anaerobic conditions and generation of hydrogen sulphide. Injection of air into the main by a
compressor is proposed where retention times exceed 30 minutes. Where there is high flow
volume with turbulence and splashing, hydrogarphide will easily be generated. Proper design

of gradient changes in manholes, especially back drop manholes should prevent this.

Flushing of sewers prevents hydrogen sulphide generation because sulphides generation result
from slime and sewage depits

Ventilation of Sewers

Sewers must have adequate ventilation to:
1 Remove odorous gases released from the sewage
1 Remove explosive and poisons gases produced in the sewage
1 Maintain adequate supply ofoxygenin sewers andprevent hydrogen sulphide
gereration

To ensure adequate ventilation, ventilation columns with extensions should be installdd at a
house connectionsumping Sations andManholes where pumping mains discharge. Manhole
covers should alste provided withventilation slots. Forced wilation using compressors
shouldbe used where necessary.

Depth of Sewers

Sewers are designed to flow as much as possible in the direction of the natural ground slope.
They should also blaid at depths that permit connection to the existiagd future properties

within the sewered area. Besides, adequate cover to the seiseexjuired to ensur@rotection
against damages from live loads transiting on the overburden cover surface.

Nairobi City Council Manual recommendsnimum depth of sewersf 1200mm in roads and
900mm in all other areagidopting this recommendation at the upstream sewer sectioniat
areas lead to unnecessarily deep sewdteweveradditional protection can be provided at the
upstream section of sewers if shallow depths ar@@ed to limit sewer depthsand result to
savings from deep excavations of entire sewer length

The minimum sewer depths and recommendege protection measuresn the various
circumstancesire shown irrable 6.2below.

Table6.2: Minimum Sewer Depths and Pipe Protection

Depth Range Pipe Protection
In Open Spaces 0-750 mm Concre.te bed & surround or granular bed & surroun
Over750 mm Protection governed by factors other than depth
0-120 mm Concrete bed & surround
In Roads Over 1200 mm Protection governed by factors other than depth
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6.1.7

6.1.8

The depth of sewerm Holahas beerdictated by the constructability of soil conditions given the
flat topography, loose sandy soils, depth of the water table ecmhomic considerations.

Standard details for backfilling sewers and its surround have been provided to ensure protection
of sewers from unnecessary damages and overburden.

Manhole Spacing and Sizes

Manholes permit the inspection and cleaning of sesvand the removal of blockageshey

should be provided on sewers at all changes of direction, sewer change of gradient, at every
junction, where pipe size changes and generally throughout the sewerage system at intervals

sufficiently close t@asesewercleaning.

Manhole spacin@nd sizdor the various sewer pipdiameteis have beeradoptedbased orthe
guidelinesof the Nairobi City Council Manual as showTable 6.3below.

Table6.3: Guideline to manlole diameter and spacing

Sewer Pipe Size Manhole Spacing Manhole Diameter
(mm) (m) (mm)
225-375 60 1050
450- 600 80 1200
675¢ 900 100 1500
Greater than 900 100 1500

Most sewer blockages occur in the smaller diameter sewers. Thus, for pipe diarsetelisr
than 225 mm, it is proposed to reduce the manhole spatindOm for eag of cleaning and
maintenance The spacing of intermediate manholiesthe Sewerage System felolaTownhas
beenguided by theproposed wer LayoutPlan

Pipe Materials

Thechoice of pipe material is influenced by:

Hydraulic and structural desigim consideration of whether it igravity orforced sewer
Resistance to chemical and biological processes internally and externally eagi@or
Physical properties of the pipwaterial i.e. strengtt{to preventabrasion)

Types of joints; in view afater tightness which affecigfiltration

Availability ofrequired sewer diameterand necessaryittings

Cost of materials and installations

=A =4 -4 -8 a9

Due to the various requirements indgtsewerage System fétolaTown combiration of various
pipe materials, which are manufactured locally to internationally recognized standaags,
been consideredThese include;

i. Precast Concrete Pipes

Spun concrete pipes are manufactured locally byesal companies in Kenya. They are the
most commotty usedfor sewer pipes.

Flexible jointed pipes amanufactured in sizes ranging from 150mm to 975mm diameter and
are connectedusing rubber ring They arevertically cast in vibrated mould3hey are he
most commonly used type of concrete pipes.

Rigid jointed pipesre rarely used for sewers. They are connected usngd hessian and
cement mortar Ogee jointed pipgscommonly used for surface water drainage systeans,
available in sizes from 160m to 1525 mm diameter.

Concrete pipes are usually laid on a concrete bed and provided with a haunch and surround

or reinforcement to meet the loading requirements.

Larger sizes and higher strength classes can be manufactured on order.
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The disadvantage®f using concrete pipesinclude their high friction coefficient and
susceptibility tocorrosiondue tothe generation ohydrogen sulphide gas especiallyragh
ambient temperatures and long retention time.

ii. UPVC Pipes
Un-plasticised PVC pipes are maraifaed in Kenya in metric sizes up to 450 mm diameter.
The pipes are manufactured in accordance with K&4%and both rubber ring jointed and
cement jointed pipes are available.

Theirmainadvantages thelow costs associated witihe purchase, transprtation, handling
and layingMost contractors are alsexperienca in handlinguPVC pipedn addition,uPVC
pipes are resistant to attack from corrosive atmosphere, soils or wastewater conditions.

However, exposure to strong sunlighter a long periodan @use brittleness of uPVC sewers
This isdss common with modern pipesherehasalsobeenreservationregarding the quality

of the locallymanufacturedlarge diameter uPVC pipes and the ability of Contractors to lay
these large dimetepipes. Theiuse has therefore generally bedimited to diametersless
than300 mm.Despite of the high cost,is customary to specifne use ofClass 41 uPVC pipes
(with thicker wallsYor sewers to provide the additional safeguaadainst corrosion attacks
and overburden

iii. HDPE Pipes
HDPE pipe areideal for many different applications including municipal, industrial, energy,
geothermal, landfill and more. HD®fipe arestrong, durable, flexible and light weight. When
fused together, HDPE has a zézak rate beause the fusion process creates a monolithic
HDPE system. HDPE @@egealso a more enviramentally sustainable option akey arenon-
toxic, corrosion and chemical resistant,viedong design life, and@re ideal for trenchless
installation methodwingto their flexibility.

With manufacture of HDPE Pipes gaining momentum in the country and consiieniagid

use bymost WaterService Providerghe benefits of using HDPE pipes in Sewerage Systems
including reduction in the number of manholes reaur ease of use iconfined spaces and
resistance to corrosion in theoastal townsmakeHDPE Pipes the idesdwer pipe material

iv. Steel Pipes
Steel pipes are manufactured in Kenyrathe sewerage systemhey are used foexposed
locations such as m@ crossings oin pumping mainsHowever, potection against corrosion
is required internally and externallifhis is provided usingtbmen sheathing with external
sheathing reinforcedand glass fibre windings. Alternatively, modern proprietary epoxy
codings can be used. Joints are bolted flanges, flexible couplings, or spigot and socket joints.

From field investigations, itas been found thatvhen steel pipes are exposed to the strong
sunlight, the externalprotective bitumen coating become brittle ahcrack, thusbecome
susceptible to theatmosphere. There are also cases where the pipe couplings, and even the
pipes, have been vandalised and stolen for recycling purpa@$eshigh cost of steel pipeslso
discouragesheir use in other normal conditian

All the foregoing four pipe materials have been used in the construction of the existing
Sewerage Systems countrywide successfully.

Considering performance, cost and availability, HDPE and concrete pipes are the most
appropriate pipes for use in Ige diameter sewer construction in Kenya. For smaller
diameters, uPVC sewer pipes are more cost effective. Steel pipewaiblefor aerial river
crossings, pumping mains, high impeegistance and bridging abilitgither spun iron or mild

steel pipes can be used. Standardisation of pipe materials and fittings within the jurisdiction
of TAWASC®as also been considered.
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6.1.9

The Gravity Sewers forola Town will consist of HDPE/ uPVC pipes asuwtket& spigot
concrete pipes.Shallow sewer sections or theslaid on road crossings shall consist of
flexible jointed concrete pipegrotected with a reinforced concrete raft slab

Property Connections

As the designed Sewer Network will comprise Trunk Sewers and Secondary Sewers, only those
properties that are djacent to the sewers will easily / directly connect. Other properties will need

to be connected, either bfAWASCO& (i S NJi JprogxdEnor ®Smali@idud plot owners. It

is not feasible at theconstruction stage to allow for all individual propertgrmections, but,
wherever, possible, 160 mm diametefiinctions slall be provided on the secondary sewers to
facilitate connections.

6.2 Design of Sewage Pumping Stations

6.2.1

6.2.2

Sewage Pumps

The standardization of pumping stations and their equipment is veryratdsi It simplifies
design, maintenance angpair, and the training of operatives; it also reduces considerably the
amount of spare parts which must be keptsitore against breakdowns.

As per theFinal Practice Manudbr Seweragend SanitatiorServiesin KenyaMWI, 2008)the
following types of pumps are considered most suitgblesewageworksin Kenya -

i. Solids diverters (flows of 360 I/min or less),

ii. Submersible pumysets incorporating centrifugal pumps (452,500 I/min),
iii. Centrifugal pumps (800¢ 18,200 I/min),

iv. Mixed-flow pumps (abovel8,2001/min).

However, where the public can be excluded, screw pumps are considered suitable for sewage
aft AFd¢ Whelelel dleptycily ds available, it is recommended that pumps be driven by
electric notors; elsewhere, diesangines are considered the better alternative type of prime
mover.

Apart from solids diverters, submersible purspts and screw pumps, it is recommended that all
sewage and sludgpumps should be protected against blockage by esgse for the smallest
pumps, 40 rm clearopening screens are required, bdD0 mm openings are suitable for the
larger centrifugal and mixeflow pumps.

Sewage Pumping Stations

¢CKSNBE INB (62 olFaArAl0 GeLlSa 27 & Stbris@fch disdnhdrgah y 3
into pumpingmains.In the lift station, sewage is merely raised from a low to a higher level, for
subsequent gravity flow.

The design of a pumping station is, considerable extent, dictated by the type of plant. Thus, a
station for ascrew pump simply houses the prime movers, and the buildings for ejectors or
diverters are essentially partlyuried boxes giving access to the equipment and its control gear.

Roto-dynamic pumps require more sophisticated stations, which can be rougtdgarized as
either at Wet Well or Dry Well. Both types of station normally comprise a substructure below
ground level and superstructure, containisgecialequipment mainly the electrical control
panelswhich could be damaged by flooding, above theug surface.

Sewage pumping stations can be broadly classified as follows;

a) Wet Well Stationsgubmersible Pumping Statigns
b) Dry Well StationsWet Well / Dry Well Pumping Stations
c) Packaged Pumping Stations esgrew Pumping Stations
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6.2.3

Wet Well Stations

At such stations, th@umps are installed in theubstructure oMWet Well whichcontains sewage.
Thisarrangementensures that the pumps are always primed. Usually, the prime movers are
located in the superstructure and the driievia cased shaftinimy case of verticashaft pumps

In a Wet Well installation, pump maintenance, and especially the removal of blockages, is a
constant problem as thpumps usually should be withdrawn to gain access. For this reason, new
sewage pumping stations of this typeeaarely constructed

Inrecent years, several manufactures have started to produce watertight, submersible, portable
pumping setsuitable for sewage, eachmmprising a centrifugal pump saténtrifugalpump and
electrical moto}. It ispreferable to hae the compact control equipment above ground |lesnad

the remairing unit lowered into underground chamber. This system considgnagluces capital
costsand simplifies raintenance as within minutes, a standby unit can replace a fasttywhich

can then be transported to a workshop for repair.

It is consideed that such installations asitablein Kenyafor pumping capacity within the range
450¢ 2,500 I/min This guideline has not been stringently followed in this study.

Dry Well Stations

The sulstructure of such stations comprises two compartment®naWell to house the pumps
and a sewage sump &iore the sewage, sludge or effluent to be pumped.

The capital costs of such stations are more expensive ter\Well stations of similar pumping

capacity, but it isconsidered that theease ofmaintenance provided by this arrangement
compensates for the difference#t is recommended that all larger sewage pumping stations

Kenya (> 2,500 I/mirghould be of this type.

Dry Well sewage pumping stians usually house centrifugal pumglorizontal or vertical
centrifugal pump set3. In general, horizontatentrifugal pumps are cheapeand easier to
maintainthan verticalpumps Howeveryertical pump sets have advantage that the prime mover
canbe installed above ground level, so that ifggtected from flooding caused by heavy rain or
a burston the pipeline In such installations, the prime movemd pump are connected by
shafting with universal joints. It is recommended that, when centrifugal gmewne used, vertical
sets beadopted

Reciprocating sludge pumping sets may also be install@dyitVell Sations. These small sets,
which include theprime mover, are usually located on the floors of iy wells to reduce the
suction heads on the pupy otherwise the station resembles one housing a centrifugal pump.

Packaged Pumping Stations

These seltontained, factorybuilt units are recent developmentThe/ operate by electricity and

are fully automated.Usually, a unit is installed undergrounchda comprises pumping sets
enclosed in a protected steel substructure. Masé designed aBry Well stations except that

electric motors are usually clos®upled to vertical pumps so that theye also at bottom

Siting of Sewage Pumping Stations

The severage system dictates the approximate locations of all pumping statidiosvever, the
sites for Sewage Pumping Statiosisould preferably be constructed awdsom residential
property andshould always be readily accessible.

SewagdPumpingSations aremostly sited in lowlyingareas, where flooding may be a rigls a
precaution, the floor of superstructure to theumpingStationshould always be elevateabove
the highest recorded flood level.
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Electrical supply and mechanical failusee common occuance at Sewage Pumping Stations.
All Sewage Pumping Stations should thereforesbelocated that resulting sewage overflow

causes minimunhazardto public healthand environment Wherepossible, a screened overflow

pipe, or use only during emergencies shd be provided to convey sewage by gravity to a
retention ditch or pond

6.2.4 Capacities of Sewage Pumping Stations Components

Pumping and Station Capacities

Whena wagePumping3ation has rotedynanic pumps, i$ total pumping capacity should be
compatide with peak flows in the sewerage system it serves; if the sewers are not operating at
their design capacities, then thistalled pumping capacity should be correspondingly reduced.

It is relatively simple and inexpensive to change or add pumping asdsthereby increase the
pumping capacity a& station, if thebuilding is sufficient for future installationh.is reasonable

to install pump sets tserve for 5to0 10 years, depending upahe rate of increase of sewage
generation in future. Bildingsand other ancillary works should have design perio@@fyears.

SewagePumpingSations with screw pumps or divters cannot be designed in thigy, as once
initial installationis complete, the pumping capacities can onlyifereasedby duplicating tle
installation. Where such types of statieare provided, it is considered reasonable to design them
for either the maximum flow the sewerage system seread produce or 50 per cent more than
the peak wet weather flows anticipated, whicheveleasser

If, in thecase of diverters, this formula results in design flowgls® I minute or more, then
centrifugal pumps rather than diverters should be installed

Standby Units

In the smallest sewage pumping statorihe pumping equipment should be duplieat and
should be so sized th&ither one of the two pump sets, working alone, can deal with the peak
inflow to the station; that is, thershould be 10@6standby.

The percentage of standby may be reduced as the number of pump sets installed in a station
increases; for exampléor a station which should deal with a peak inflow ¢80 Imin, it may

prove cheaper to have three pump sets each rated at d@nirather than twosets each with a
capacity of 1800 I'min; in this casethe providedstandby isonly 50%.

It is recommended that the percentage standby never drops belo%3Bat is, the total number
of pump setdn larger stations should be such that about thhgearters of pumps can deal with
peak flows, with theemaining pumys) held instand-by.

Wet Wells and Sewage Sumps

The rate of inflow to SeagePumpingSation normally varies throughout the day. As the installed
pump-sets willeach have finiteapacitiesrather than variable, a sewage sump providing storage
is required to deal witlthe inflowfluctuations; in the case dlet Well type of pumping station,
(KS GVeeNNSE f6& |y RdZYELOESsgHongaSous.

Effectively, the capacity of sewage sump is the volume between the highest level at which the
pumps start and théowest levelat which they stop. Usually, the highest level will be just below
the invert of lowest incoming sewer, teelp prevent surcharging of the sewerage system.

A Sevagedzy LJQa O LJ OA e akKz2dZ R 06S NBfFGSR G2 GKS
reducewear on the mechanical and electrical equipment in the station by minimizing the number
of pumpstarts.Each pump should be limited to about six starts during any hour; the maximum
number of starts occurs when the station inflows is equal to half the pogpapacity of one
pump. On the other hand, if sewage sumps are la@e, sewage will tend to become anaerobic
during itsretention.

MIBP/ CES/ BOSCH 6-8




Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL MASTER PLAN REP(
Wastewvater Mager Plan for Mombasa and Selected Towns within the Coast Region - HOLATOWN

6.3
6.3.1

It is recommended that the capacity of the sewage sump Rumping Sation be calculated
following theformulagiven bebw;

V =300Q

Where; V is the capacity of the sewage pump in litres
Q is the maximum rate of sewage inflow during dry weather in litres per second.

The capacity of the sewage sump given by the above formulae represesurtnef the capacities
of the indvidual compartmentsf multiple sumps are provided at a Sewage Pumping Station

At least two compartment of sewage sump is necessaryatilitate cleaning of the wells and
pipe work and repairs to pumpsihese compartmentsshould be interconnected byrifice
through the dividing walls which can be closkd penstocks, when necemy, to isolate a
compartment.

Design of Wastewater Treatment Plants
SelectionCriteria forTreatment Process / Technology

Wastewater treatment technology has been selectetkiataking due consideration of the
pertinent technical, operational and economic factors, limitations and constraints. In this regard,
the technologies have been evaluated based on the following key factors:

i) Nature and Strength of Wastewater

The physicalchemical and biological treatment processes are primarily governed by the
nature of pollutants to be removed and their strengths in the wastewater. The treatment
system selected has ensured the attainment of required pollutant removal efficiencies.

i) Cog
The least cost treatment technology in terms of the both the capital and operation costs
has been given preference.

To simplify the evaluation process for the various treatment technolotiiesConsultant
calculated the dynamic undéost as average stym3 of wastewater treated for different
treatment technologies as summarisedHrigure6.1 below;

Anaerobic Ponds +

Trickling Fllters +

Maturation Ponds |
Oxidation Ditch +
Maturation Ponds / /

4,000

3,000 —

2,000 —— T
. |
Waste Stabilization
| / Pomce

1,000 -

Capitla Cost {Ksh, Million Ksh)

0 5,000 10,000 15,000 20,000 25,000 30,000

Flow, m3/d

Figure6.1: Capital cost fodifferent wastewatertreatment technologies
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iii) Physical ConstraintsLand

Land required for installation of treatment plant is the principal physical constraint due
to the availability and acquisition cost. Land available at the selected site in consideration
of the site topography and terrain for the hydraulics at the WWTPoleas assessed for
adequacy for the selected treatment technology.

Figure6.2 belowshows the land requirements faine various treatment technologies.
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Figure6.2: Land Rguirementsfor the various Treatnent Technologies

iv) Operational Skills

Treatment technologes whoseskill requirement for operation and maintenancan be
obtained locally with minimum training of operators, has also been given preference.

v) Sludge Production

Different technologies genetavaried amountf sludge duringvastewatertreatment

process Theamount d sludge generated and its disposal or retissa huge impact on
the capital cost, operational cost and land requirement. Bb&ction of wastewater
treatment technology hasonsideredminimal productiorof sludge and itsafe disposal

vi) Energy Recovery

Methane gas is usually generated during wastewatezatiment process. Some
wastewater treatment technologies such as the Activated Slubgee dominant
anaerobic digestiomproces involving sludgewhich poducessubstantialamounts of
methane Energyproduction can also be achieved through direct incineration of sludge.

It is ideal tacollect and utilizeéhe produced methane gas for tlgeneration ofpowerand
thereby redue the cost ofenergyat the WWTPHowever, this is only economically and
financially viable for treatment technologies withigh calorific value in sludge and
methane gas.

vii) Fertilizer Recovery
The presence afutrients such asitrogen, phosphorous and potassiumakes sludge a
valuablefertilizer resource after stabilization. Natural and mechanical composting can be
practised for convesion of sludge into fertilizer.
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viii) Sludge Handling
In the absence of energy and fertilizer recovery, generated sl(rdgstlyliquid) must be
disposed of in a safe argbund manner to the public and environmeait the Sludge
Dump Site. Dewatering of sludge by use of Sludge thickeners, Sludge Drying Beds, etc.
prior to transportation is necessary. Some of these techniques areutabod land
intensive and involve mechanical equipment.

ix) Sludge / Solid Waste Dump Site
After dewatering, solid sludge is easily transported to the Sludge Dump Site for final
disposal. The sludge may also be combined with grits and screenings from nhéoPla
dumping. The Sludge Dump site shall preferably be developed near the Wétsie
Treatment Plant site to reduce the hauling distance and to minimize cost of
transportation. The dumped sludge is compacted with bulldozer and covered with a thick
layerof clean soil to minimize nuisance through odour and flies.

Site evaluation and selection of the Sludge Dump Site have been carried out based on
following key factors:

1 Topography of the land and its potentials for erosion and runoff
1 Soil Characteristic

T Soil depth to ground water

T Accessibility & proximity to critical areas

Availability of clean earth for covering the dumped sludge / solid waste have been
considered to minimize hauling distance and transportation cost.

X) Mechanical Equipment

The seleted system shall be such that minimum mechanical equipment needs to be
provided. Unnecessary mechanical equipment has baandad The system has been
designed such that maximum of the mechanical equipment is of local make.

xi) Nuisance

The degree of colouodour and noise shall be below the nuisance thrbshd, especially,
regarding the proximity of the Wasieter Treatment Plant to the buildp areas.

6.3.2 Alternative Wastewater Treatment Procegs/ Technolodes

The following biological Wastewater Treatmiél echnologies have been analysed in detail using
the criterialisted inSubsection 6.3.1

i) Waste Stabilization Ponds

Application Lewvel: Management Level: | Imputs: Wl Blackwater @80 Brownwater
L G I Sludge)

1 Household 1 Household reywaer W)

F Neighbourhood %] Shared Outputs: @ Effluent @ Sludge

%] City %] Public

Waste Sabilization Ponds (WS§) are large basins enclosed by earth embankments in
which raw wastewaters treated by entirely naturk processes involving algae and
bacteria. Since these processes are unaided, the rate of oxidation is slowethiand
hydraulic retention times are longer than in conventional wastewater treatme@rsPs

are the preferred method of wastewater treatment ideveloping countries where
sufficient land is normally available and where the temperature is most favourable for
their operation.

There are three principal types of WSP: anaerobic, facultative and maturation ponds
which are linked in series. Anaerobionus and facultative ponds are designed B&pD
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(biochemical oxygen demand) removal, and maturation ponds are designed for faecal
bacterial removal. Some removal of faecal bacteria (especialjboio choleragoccurs

in anaerobic and facultative pondshich are also responsible for most of the removal of
helminth eggs; and some removalB®Doccurs in maturation ponds, which also remove
some of the nutrients (N and P).

A typical layout of Waste Stabilization Pond is givedFigare6.3 below;

Raw
wastewater

e N By I v B o

Final
effluent

% 1 anaerobic % 2 facultative % 3 aerobic maturation %

Figure6.3: Layout of Waste Stabilization Ponds

The advantages of WSP are that they siraple low-cost, highly efficientand robust
The disadvantages of WSP include high land requirements and odour release

if) Trickling Filters

Application Level: Management Level: | Inputs: @ Effluent @l Blackwatar
2 Brownwater (] Greywatar

] Household 1 Househald
(# Neighbourhood ] Shared Outputs: @ Effluent @ Sludge
%] City & *] Public

A trickling filter is a fixetbed, biological reactor that operates under (mostly) aerobic
conditions. Prea SG 0 f SR 61+ a0Sél 0SN) Aa O2y(dAydz2dzaf @
using sprinkler as shown igure6.4 below.

sprinkler

filter

ST

6'.'.'.-
feed pipe H = ?’,"? air
o S, .. LRI T 8iR 0 3
filter support : { 1 P T

outlet
—

collection I

Figure 6.4: Sectional View of a Circular Biofilter

As the water migrates through the pores of the filter, organics are degraded by the
biofilm covering the filter material. They produce high quality efflugietg. <20 mg
BODI and <30 mg SS/I) without requiring large areas of land or consuming vast quantities
of electricity. In many situations in developing countries they are much more appropriate
than activated sludge. Trickling Filters comprisga 2 deg bed of 5@100 mm rock.

The trickling filter is filled with a high specific surface area material, such as rocks, gravel,
shredded PVC bottles, or special ffoemed plastic filter media. A high specific surface
provides a large area for biofilm formatioOrganisms that grow in the thin biofilm over
the surface of the media oxidize the organic load in the wastewater to carbon dioxide
and water, while generating new biomass.
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Theadvantages of trickling filters are;
9 High quality effluents without requirinfarge areas of land or consuming much
electricity
I Hficient nitrification
9 Operation at a range of org&c and hydraulic loading rates

Thedisadvantages include;
1 High capital costs
9 Skilled personndbr operation and maintenance,
1 Constant source ddlectricity and wastewater flow
1 Problemsassociated with flies and odour

iii) Oxidation Ditch/ Extended Aeration

Application Level: Management Level: | Inputs: @ Effuent @l Blackwater
Bro ter G

I Housahold CJ Household G Browmwater € Greywater

(—# Neighbourhood (] Shared Outputs: @ Efflvent @ Sludge

%] City %] Public

Oxidation ditches are a direct modification of conventional activated sludge. Their
essentialoperational features are that they receive raw wastagra(after preliminary
treatment) and provide longer retention times: the hydraulic retention time is commonly
0.5¢1.5 days and that for the solids D days. The latter, achieved by recycling >95 per
cent of the activated sludge, ensures minimal excesfge production and a high degree

of mineralization in the small amount of excess sludge that is produced. Sludge handling
and treatment is almost negligible since the small amounts of waste sludge can be readily
dewatered without odour on drying beds. &bther major difference is in reactor shape:

the oxidation ditch is a long continuous channel, usually oval in plan @ thaleep.

The ditch liquor is aerated by several aerators, which impart a velocity to the ditch
contents of 0.80.4 m/s to keep theactivated sludge in suspension. The ditch effluent is
discharged into a secondary sedimentation tank to permit solids separation and sludge
return and to produce a settled effluent with loBODand SS. Removals consistently >95
per cent are obtained fordith BODand SS.

Currently, here are few oxidation ditches in developing countries sinaste
Sabilization Ponds are usually more favourable, both in terms of costs and faecal
bacterial removal; although where there is a reliable electricity supplyirmufficient
land for pond<Oxidation Ditchegre increasinglyeingused.

Theadvantages of Oxidation ditches include;
1 Resistance to @anic and hydraulic shock loads
1 High reduction oBODand pathogens (up to 99%)
1 High nutrient removal possible

The Imitations / disadvantages of using oxidation ditches include;
High energyonsumption

Constant supply of energy

High capital and operating costs

Require operation and aintenance by skilled personnel

=A =4 =4 =4
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iv) Sequencing Batch Reactor (SBR)

Application Level: Management Level: | Inputs: &8 Effluent @ Blackwatar
Brownwater Graywater

1Household I Household h— & Greywa

(# Meighbourhood {1 Shared Outputs: @ Effluent @ Sludge

(%] City (%] Public

The Sequencing Batéteactor (SBR) is an activated sludge process designed to operate
under nonsteady state conditions. An SBR operates in a true batch mode with aeration
and sludge settlement both occurring in the same tank. The major difference between
SBR and conventionabntinuousflow activated sludge system is that the SBR tank
carries out the functions of equalization aeration and sedimentation in a time sequence
rather than in the conventional space sequence of contindtms systems thus smaller
footprint (seeFigue 6.5 below).

Sequential Batch Reactor

Raw Sewage | : Filling
|

x

* | Aeration

Decant | |
B Pk Air Blower |

UV System *

Treated Water > o

< Settling
smagenuscharge“

| occasionally |

Figure6.5: Schematic Showing SBR operational cycle

There is a degree of flexibility associated with working in a time rather than in a space
sequence. The duration, oxygen concentratiand mixing in these periods could be
altered per the needs of théreatmentPant.

SBRs require controls to reduce energy consumption and enhance the selective pressures
for BOD nutrient removal, and control of filaments. This range from a simplifieat flo

and timer based system to a more complex PC based systems. An appropriately designed
SBR process is a unique combination of equipment and software. Working with
automated control reduces the number of operator skill and attention requirement.

SBRsloes not includgprimary settling tanks; screening of solids and oil / grease removal
should be accomplished prior to the activatsllidge process. Flow equalization is also
critical where significant variations in flow rates and organic mass loadingsjzeeted.

A plant utilizing an influent equalization basin will be able to have a true batch reaction.

Preliminary Treatment

Regardless of the Wastewater Treatment technology considered, it is important to have a
preceding preliminary Treatment Procesdla Wastevater Treatment Plant.

Wastewater contains large solids and grit that can interfere with treatment processes through
accumulation of solids, frequent blockages, abrasion of mechanical parts and irtrease
maintenance on wastewater treatment equifent. To minimize potential problems and extend
the life of sanitation infrastructure, these materials require separate handling. Preliminary
treatment removes these constituents from the influent wastewater.

Some of the peliminary treatmentprocesses a briefly described below;
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a) Screening

Screening is the first unit operation used at wastewater treatment plants (WWTPS).
removes coarse objects such as rags, paper, plastics, and metals to prevent damage and
clogging of downstream equipment, pipingnd appurtenances. These screens can be
cleaned either manually or mechanically.

Manually cleaned screens require little or no equipment maintenance and are suitable for
small WWTPs with few screenings. However, they require frequent rakingptdclogging

and high backwater levels that cause bdildl of solids mat on the screen. The increased
raking frequency increaséabour costs

Mechanically cleaned screening systems are popular in modern WWTPs because they
reducelabour costs and improve flow calitions resulting from screen capture. However,
they have a high equipment maintenance costs. A screening compactor is usually situated
close to the mechanically cleaned screen and compacted screenings are conveyed to a
dumpster or disposal area. Plantsilizing mechanically cleaned screens should have a
standby screen to put in operation when the primary screening device is out of service.

Coarse screens and fine screens are available for use at the W@6EPSe screens remove
large solids, rags, anadris from wastewater, and typically have openings of 6mm or larger.
Fine screens are used to remove materials that may create operation and maintenance
problems in downstream processes, particularly in systems that lack primary treatment.
Typical openingizes for fine screens are 1.5 to 6 mm

b) Grit Removal

Grit includes sand, gravel, cinder, or other heavy solid materials that have higher specific
gravities than the organic biodegradable solids in the wastewater. Removal of grit prevents
unnecessary absaon and wear of mechanical equipment, grit deposition in pipelines and
channels, and accumulation of grit in anaerobic digesters and aeration basins. Removal of
grit is carried out in a channel or chamber, where the velocity of the incoming wastewater
is adjusted to allow settlement of sand and grit. Grit removal facilities typically precede
primary clarification, and follow screening to prevent large solids from interfering with grit
handling equipment. In secondary treatment plants without primary cétaiifon, grit
removal should precede aeration (Metcalf & Eddy, 1991).

Many types of grit removal systems exist, including;
0 Aerated grit chambers
0 Vortextype (paddle or jet indua vortex) grit removal systems
0 Detritus tanks (sha-term sedimentation basis)
0 Horizontal flow grit chambers §locity-controlled channel)
0 Hydrocyclonegcyclonic inertial separation)

Various factors must be taken into consideration when selecting a grit removal process,
including the quantity and characteristics of grit, pot@htdverse effects on downstream
processes, head loss requirements, space requirements, removal efficiency, organic
content, and cost.

c) FlowControland Overflow

Flow control requires that a flow control device be incorporated at the inlet works toicestr
the forward flow to treatment i.e. toavoid hydraulic overloading of thesubsequent
treatment units.

A summary of the descriptive comparison of the above wastewater treatment technologies /
processes is given ifable6.4 on Page 616.
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Table6.4: Descriptive Comparison of Wastewater Treatment Technologies / Processes
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6.3.3

Vi.

Vil.

viii.

Identification of Ste for the Wastewater Treatment Plant (WWTP)

The location of the proposed Wastewater Treatment Plant(s) is ifieditafter the selection of
wastewater treatment technology and determination of the land required for the installation of
the various units of the WWTP. Possibilities of future extension of the WWTP is also considered.

The factors considered in the sefien of WWTP location are briefly discussed below.

LandUse

In the Landuse Map different areasof Hola Town have been assigned variedisting and
proposed uses. Areas earmarked for residential, industries, agriculture, forests and social
amenities areconsidered lessuitablefor the locationof a Wastewater Treatment Plant (WWTP).

On the other handpublic utility or undeveloped Agricultural Lardcated away from the
sensitive residential areas are preferred.

Distance of Effluent Discharge Point

The distance from the WWTP site to the final receiving environment such as the river and ocean
is an important consideration in site selection. Preference is giveretsitbshat requireshorter
lengths of Outfall Sewes.

Topography of the Sewered Area

An ideal WWTP site should be located on a-lpwg area of the sewerage system for gravity
conveyanceOtherwise, pumping stations become necessary thereby increasing both capital cost
and the operation and maintenance requirements of the sewerage Byste

Topography of Site

The slopeat an idealsite shouldpermit the gravity flow within the WWTP without requiring
excessive excavations fire structures.Slopes less thah:20are preferred.

Geological Conditions

A site with low water table and whosmils are impermeable is considered ideal with respect to
geological considerationsor instance, i or clay soils arsuitablefor pond construction.

More often, the geological formation within a Town is fairly similar. For instance, all the cendida
sites inHolaTown comprise of mixture of well drained, deep, dark red to reddish brown, friable,
sandy clay loam to sandy clay, with top soil of loamy sand and well drained, very deep, yellowish
red, very friable, fine sandy loam to fine sandy clagm. These soils are suitable for WWTP
(Waste Stabilization Ponds) construction.

Existing Infrastructure

Proximity to infrastructural systems suels roads, electricity and portable water sought for
while siting for a WWTP location. It reduasst ofconstruction and operation & maintenance
requirementsof the WWTPSites that are closer to existing infrastructure are preddr

Potential for reuse of treated wastewater

Treated vastewater can be reused for beneficial purposes such as agriculturaigation,
industrial processes, ground water recharge, &wmximity to the potential raise application

and relative elevation difference (for gravity conveyance) is preferred in siting of WWTP. For
instance, downstream arable land would make a WWTHdsta for agricultural irrigation

Land Acquisition

In this criterion, preference is given to sites owrl®dgovernment agencies such as Ministries,
County Governments, etd his ensures that the project affected persons are kept to a minimal
andreduces the cost of resettlement and compensation
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7.0
7.1

FORMULATION QWASTEWATER MANAGEMENT SCHEME

Delineation of Drainage Areas

The Sewerage System fdolaTown has been developed based on drainage areas. A drainage
area refers to a natural boundary within whithe topography permits convergence of surface
water flow to a single point at a lower elevation.

Due to the definite topography of Hola Town, one (1) drainage area has been formulated for the
entire study area.

Based on the projected land ug@pulaton and water demang@ncluding suppressed conditions)
as detailed in the previous Chaptetbe sewage generate(Dry Weather Flow) at the various
design horizons byones of the Drainagareaincluding BOBis givenin Table7.1 below.

Table7.1: Summary of Sewage and BoBenerated

. Year 2025 Year 2040
Drainage: Coverage
At (Ha) DWF (m¥d) . 25m 6 DWF(m¥d) .25m 6
1 376 250 669 486 627
Total 376 250 - 486 -

The Projected Dry Weather Flow for the study areddofaTown at the Design Horizon (Year
2040) is approximatel00 ne/day.

Alayout Plan showing the proposed drainaeais given irFigure7.1 on Page7-2.
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7.2 Description ofWastewater ManagemenScheme

The definite topography ofHola Town haslimited the feasiblesite for the develoment of
Wastewater Treatment Plant to a single low poinuatieveloped site located afikindoniarea
in Emmaus villagé16101m E,9832480m S)

This site has been selected after evaluation of pertinent physical, environmental and economic
consideratios including the ease with which wastewater generated frelmla Town can be
conveyed bygravity to the sitewith minimum pumping land availability in this udeveloped

area and its safe distance from the buijp areas.

From preliminary investigations, ¢hsite is only suitable for the construction of Waste
Stabilization Ponds. Thus, a single Wastewater Management Scheme has been formulated for
Hola Town i.eCentralized Scheme with a Wastewater Treatment PlantMikindoni area in
Emmaus Village

This catralized scheme involves Trunk and Secondary Sewers and a Wastewater Treatment Plant
with an ultimate design capacity of 50CG/ahay.

A 1ull conventional Wasteater Treatment Plantencompassing Waste Stabilisation Pohds

been adoptedconsidering avadlbility of land, costs of land acquisition, capital costs and low
operation and maintenance requirements. The main components of the Wastewater Treatment
Plant include:

Inlet Works

Waste Stabilization Ponds (Anaerobic, Facultative and Matur&toona$
Sludge Drying Beds

Staff Houses and Administration Buildings

Site and Ancillary Works

=A =4 =4 =4 =4

Based on the recommended treatment technology (WSPs) and the ultimate projected
wastewater flowsunder realistic conditions of water supply and sewer connectitims land
required for the construction of the Waskater Treatment Plant to serve the sanitation needs
of Hola Town up to the ultimate horizon of year 204@pgroximatelys Ha.

Details of the Proposed Scheme formulatedHamiaTown is summarized ihable 72 below;

Table7.2: Details of the Proposed SchenggHolaTown

Conveyance System Wastewater Treatment Plants
Secondary No. of Ultimate Design Land
. . . Treatment .
and Trunk Pumping Location Capacity Technolo Required
Sewers (km) Stations (ms3/day) 9y (Ha)

. . . Waste
16 1 Méﬁ:?:;m E:Iriﬁz ”; 500 Stabilization 5
us g Ponds

A detailed Layout Pldior Proposed Schemis given irFigure 72 on Page 74.
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8.0 PROJECT COSINHEPROPOSEWASTEWATER MANAGEMENT SCHEME

8.1 Introduction

This Chapter describes theProject ©sts of the proposedWastewater Management Scheme
formulated to serve the sanitation needs dflola Town up toyear 2040, includinghe
methodology used to derivihem.

The unit costs are based on recent contracts of similar nature in K&0¢8&) supplemented by
guotations from various manufacturers and suppligkB.the unit costs arénclusive of relevant
duties and taxes but nd®reliminary and General Item€ontingencies and Consultancy Eees

The accuracy of cost estimates is generally plus or minus 20%; which falls within the criteria for
estimated costs based onrdliminary Design. However, larger vatians are expected for
individual works or items, or in places where average costs are used.

8.2 Unit Costs for Capitdhvestments

8.2.1 Basis of Cost Estimates

Capital cost representthe total expendituresincurred in the implementtion of the
infrastructuralcomponents ofa Project. It includes the cost of land acquisition, construction and
installation, construction contingencies, engineering services, legal and administrative services
and financing expenses.

The unit cost®f the construction and installath componentshave been determineffom the

market prices of the variou¥F G SNRAF £ = I 62dzN)J O2aiazx GahdyalLi2N
profit. The market prices of theateriakhave been obtained from various suppliers while labour

rates have been obtaed from the Joint Building Council of Kenya. All the rates derived have

been compared with tender prices for other similar contraotplemented in the recent pasin

general, he labour costs have bedimited at 20% of the material costs while the Chidt O (i 2 NI &
overhead and profit have beeassumed to b20% of the total costf.e.cost of material + labour

cost)

In this Master Planit has beenassumed thatconstruction of sewersand the Wastewater
Treatment Plant imn implementationphasewill be ncluded under a single contraéir the

benefits which result from the resultingconomy of scalethis is more significardan items such

asmanagement and site supervision costs.

8.2.2 Land Acquisition

The cost of land at various locations witlkoladependson the proximity to services and market
forces. The average costs of land adopted for the Wiaater Master Plarin HolaTown s Kshs.
5,000,000 per hafter comparisorand assessmertf the information of cost of land within the
Town collected from theegisteredLand Valuers and recent land buyers

As earlier describednajority of theproposed sewehave been aligned witpublic land in the
road reserveseasements or righof-way and river wayleavesh&refore land acquisition will
mostlyapplyat the proposed Sewage Pumping Stations and Wastewater Treatment Plants

In cases where encroachment of structures will be identified on the proposed sewer alignment
within the public easements, demolishing of structures for passage of sewers shall be ecatried
without need for compensation or land acquisition.
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8.2.3 Construction Cost

Construction cost includesost of materials, equipment, labour and services necessary to
construct the Sewerage System eiBers, Manholes, Pumping Statignand Wastavater
Treatment Plan(s). It also includetaxes and duties, andcy Gt NI O 2 NDa 2@JSNKSI R

The unit costs for installation of new sewer lines comprises of the following components:

SiteClearanceand Excavation

Supply of all materials to site

Pipe lay, jointwith rubber rings, granular bedding, test and backfill anich for

flexible-jointed Concrete Bes

A Pipe lay, joint with rubber rings, granular bedding, test &adkfill trench for Steel
pipes

A Constructiorof manholes on the sewer lines

A | 2y i NI ObeadéBriprotsd S NJ

> > >

Table8.1 below shows the unit cost for different sizes of flexible jointed sewer linesnholes
andsteel pipelines\ y Of dzZRAy 3 Gl ES&4X RdziAS&a F.yR O2y (NI Oz

Table8.1: Unit Costs for Sewer Lines and Manholes

Item Description Unit Unit rate (Kshs)

A | Flexible jointed precast concrete pipes excluding excavation
-225mm dia. S&S m 1,800
-300mm dia. S&S m 2,040
-375mm dia. S&S m 2800
-450mm dia. S&S m 4,900
-525mm dia. S&S m 5800
-600mm dia. S&S m 7,200
- 750mm dia. S&S m 10,500

B @ Steel Pipez NP 10
-100mm nominal dia. m 2,911
-150mm nominal dia. m 4,426
-200mm nominal dia. m 5,593
- 250mm nominal dia. m 9,966
- 300mm nominal dia. m 12,716
-350mm nominal dia. m 14,090
-400mm nominal dia. m 17,186
-450mm nominal dia. m 18,552
-500mm nominal dia. m 20,707
- 600mm nominal dia. m 26,456
- 700mm nominal dia. m 33,124
- 800mm nominal dia. m 41,104
-900mm nominal dia. m 50,094
-1000mm nominal dia. m 61,176
Manholes- 1200mm dia. Precast rings with triangular heavy

C  duty concrete filledmild steel covers
-Depth n.e. 1.0m Nr 104,000
- Depth n.e. 2.0m Nr 118,000
- Depth n.e. 3.0m Nr 148,000
- Depth n.e. 4.0m Nr 173,000
- Depth n.e. 5.0m Nr 198,000
- Depth n.e. 6.0m Nr 224,000

MIBP/ CES/ BOSCH 8-2



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF

Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region

FINAL MASTER PLAN REP(

HOLATOWN

Since the depth of excavation for sewer lines varies considerdbpending on several factors
like ground slops, flow, velocity, etc., the cost of excavation has not been built in the above unit

rates.

To consider the variation of trench excavation for different depths, the cost of excavation has
been taken separately as shownTable8.2 below. Cost for extreover excavation in soft and

hard rock has also been given

Table8.2: Unit Cost for Trench Excavations for Sewer Lines

Unit Rate (Kshs)
Pipe Diameter (mm) Depth Not Exceeding
1.0m 2.0m 3.0m 4.0m 5.0m 6.0m
225 243 365 609 937 1205 1473
300 278 417 696 1071 1377 1683
375 313 469 782 1205 1549 | 1894
450 348 522 869 1339 1721 | 2104
525 383 574 956 1473 1894 | 2314
600 417 626 1043 1607 @ 2066 | 2525
675 452 678 1130 1741 @ 2238 | 2735
750 487 730 1217 1874 @ 2410 | 296
825 522 782 1304 2008 @ 2582 | 3156
900 556 835 1391 2142 @ 2754 | 3366

Hard rockg Kshs3200/= per cubic metre
Soft rockg Kshs1800/= per cubic metre

Figure8.1 below shows variations of unit costs for sewer trench excavation forusad@meters

of sewers.
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Figure8.1: Unit cost forsewerexcavationwith Depth
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