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EXECUTIVE SUMMARY

El  GOALS AND OBJECTIVES OF THIS STUDY

D2l fa YR 202S0GA@0Sa | NS RSTAY Sa&ofthe/Masitdt Blan¢ 2 w ¢
is to identify a sound and rational strategy for the development of sewerage services in Mombasa
and selected Townwithin the Coast Regioover the nextwenty-five (25) years to improve the

guality of effluent to rivers, Indian Oceand groundwater and to safeguard the health of the
OrlGeQa NBaARSy(Gaode

The key objective of the proposed Master Pfan Taveta Towns to come up with a phased
investment programme for Immediate / Short Term Plan (202620), Medium Term Plan (2021
¢ 2025), Long Term Plan (20262040) and recommend a treated effluent disposal / reuse
strategy for the effluentn Taveta Town

E  OBJECTIVES OF THIS REPORT

The Final Wastewater Master Plan Report presents the outputs of the Feasibility Study, the
Seleted Development Strategy and the Preliminary Design of the planned infrastructure for the
Sanitation System dfaveta Town

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

Future Sewerage System / Coverage Area Expansion

Analysis of Sewage Generation and Network Analysis

Formulation of Alternative Wastewater Management Strategies

Detailed Evaluation of the Alternative Wastewater Management Strategies including
Wastewate Treatment, Social / Environmental Assessment, Economic and Financial
Analysis and MuHCriteria Analysis

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

Proposed Implementation / Develogent Schedule

Conclusiorof the Master Plan

E3 STUDY AREA AND DEMOGRAPHY

The study area folavetaWastewater MastePlan is confined within the boundary dfaveta
Town Each of the five sulocations inTavetasub-county forms part ofTaveta TownThe
coverage offaveta Towris approximately 23% dfavetaSubcounty.

=A =4 =4 4 =4

= =4 =4 =4

The sublocationsforming Taveta Towmand btal coverage areaas well as the study areagiven

in TableElbelow;
TableEl Sublocations and Study Area
Sublocations Total Area km?2) Coverage Within the Study Area (km?

Mahoo 7 7
Malukiloriti 12 9
Mrabani 57 0
Njoro 7 0
Ndilidau 9 2
Mboghoni 14 3
Lesesia 9 6
Mijini 3 3
Total 119.2 29.9
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Figure Elbelow shows the coverage of the Study Area of Wastewater Master Plahdoga
Town
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FigureE1 Study Area of Wasteater Master Plan fofTaveta Town

From the analysis of previous demographic data obtained fG@mtral Bureau of Statistics (CBS),
the average annual growth rate for the Study Anedhe intercensal period 0999 - 2009 is-
0.4%. This is expected to increadeecause of the planned improvement offrastructure in
Taveta Town

Based on a medium growth rate scenario, annual population growth rate tak8r0ds 3.24,
the population for the Study Area has been jexied.

A summary of the projected population of the Study Area is givaialiie EDelow.

TableE2 Summary of Population Projection within the Study Area

Population Growth Rate
Qub-locations 2009 Pop. 2015 2020 2025 2040
3.0% 3.10% 3.15% 3.20%
Mahoo 3,238 3,866 4,504 | 5,260 8,436
Malukiloriti 1,127 1,346 1568 @ 1,831 2,937
Mrabani 1 1 1 1 2
Njoro 113 135 157 183 293
Ndilidau 186 222 258 302 484
Mboghoni 1,635 1,952 2,274 | 2,655 4,259
Lesesia 725 865 1,008 1,177 1,888
Mijini 8,485 10,131 11802 : 13,781 22,105
Total 15,508 18,518 21,571 25,190 40,404
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E4 WATERDEMAND FORECAST

Water demand forecast foiTaveta Townhas been determined based on the regular /
unsuppressed water consumption rates, projected populations, proposed-lsedHealth
Industrial, Commercial, 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 projectiorior Taveta Towrup to the Ultimate Design
Horizon(year 2040)
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FigureE2 Water Demand Projection
B 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 splastsfléssuming a
regular water supply condition and full coverage of water distribution system, the projected
wastewater flow forTaveta Towrin the year 2040is approximately5,600m3/day.

However, achieving conditions of regular / unsuppressed waterlgugm 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 p@graphy, affordability, unplanned settlement, etc.

To consider the above situation, the factors of Sewer Connectivity and Water Supply, given in
Table E3elow and TableE4on Page H, have been adopted for the formulation of realistic
wastewater generaon projection forTaveta Town

TableE3 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 Income with Individual Water Connection 60% 80%
Low Income without Individual Water Connection 30% 40%
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TableE4 Water Supply Status adopted for Realistic Wastewater Generation Projection

Water SupplyStatus 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%

Figure Edelow shows the comparativprojected wastewater flows foFaveta Townp 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 Biribution & Sewerage Networks with gradual improvements and Gradual
Sewer Connections);

6,000 |

With 100% Connections & Regular Water Supply

= = == \With projected build-out of Sewer Connections and
5000 — Suppressed Water Supply

-
-
-
-
-
-
-
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-
-
-
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0 __________ '*
1,000
2015 2020 2025 2030 2035 2040
Medium-Term
Plan Horizon Year Long-Term
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FigureE3 Comparative Projected Wastewater Flowp to Year 2040

FromFigure B above the projected wastewater generation based on the realistic conditions of
water supply and sewege at the Years 2025 and 2040 1900 m?¥/day and 4,000 m?¥/day
respectively.

The design of Wastgater Treatment Plantand Sewerage System hav®en based on the
wastewater flow generationdetermined from the realistic conditiors of suppressedwater
supply and projected builelip of sewer connections

B WASTEWATER MANAGEMENT STRATEGIES

The Final Wastewater Master Plan for Taveta Town describes the development strategy for the
longterm waterborne sanitation system comprising of astewater collection / conveyance
system and the treatment / proper disposal of treated effluents. However, this-termg
sanitationstrategy is not planned for immediateplementation

In consideration of the current sanitation systems and the growsagitation needs,an
immediate intervention isurgently required. ThusImmediate Sanitation Measures have been
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developed. These easuresncludeconstruction o4Nr Ablution Blocksit selected public places
anda centralized Sludge Handling Facility

Asa longterm strategy, a Centralized Wastewater Management Scheme consisting of Trunk and
SecondanSewers and a Wastewater Treatment Plant comprising of Waste Stabilization Ponds
(ultimate capacity 4,000 m3/d) is proposed. The proposed Wastewater TreatRlamt of
approximately 10 Ha acreage,to be sited at undeveloped larad EtDoro area 1 Nr Pumping
Station is required in the Scheme.

Thegeneral topography within the catchment of Taveta Town is such that natural drainage to a
single low point is pssible This resulted tahe single feasite Wastewater Management Scheme.

A full conventional Waste Water Treatment Plant, comprising of Waste Stabilisation Ponds has
been adopted at the centralizddcationconsidering land availability, low construaticosts and
minimum operation and maintenance requirements. The main components are as follows:

Inlet Works

3Nr. Anaerobic Ponds

3Nr. PrimaryFacultative Ponds
3Nr. PrimaryFacultative Ponds
6Nr. Maturation Pond

1 4NrSludge Drying Beds

=A =4 =4 =4 =4

TAVETATOWN WWTP L

E/ MULTICRITERIA ANALYSIS AND REVIEW OF DEVELOPMENT STRATEGIES

In the Multi-criteria Analysis, alternate treatment trains and schemes have been evaluated to
determine the most suitable wastewater treatment scheme Taveta Town

A summary of the weighted totals for thdternative WastewaterTreatment Trains is given in
TableE6on Page Eb.
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Table E6 Weighted Totals for the Aernative Wastewater Treatment Trains

S'mpl.'C'ty 0 Net Environmental Land Institutional | Weighted
Operations and: Present - Rank
. Impacts Requirement:  Strength Total
Maintenance Value
Waste
Stabilization 0.486 0.548 0.456 0.052 0.410 0.457 1
Ponds
Composite 0.11 0.23 0.26 0.09 0.13 0.198 2
Biofilters
Composite
Oxidation 0.108 0.136 0.141 0.192 0.085 0.127 3
Ditches

Taveta Town has a definite topography and only one site has been identified as suitable for the
development of Wastevater Treatment Plant. Thus, it has only a Centralized Wastewater
Management Scheme consisting of a Gravity based Sewerage System with a Waste Stabilization
Ponds System at the undeveloped site atdglro area. This Schenis recommended foiTaveta

Town Saritation Strategy.

Table E below gives aummary of the details of this recommended Wastewater Management
Scheme.

TableE7: Details of recommended Wastewater Management Scheqi€entralized Scheme
Conveyance System Wastewater Treatment Plant
Secondanand No. of Pumping Land Required
Trunk Sewers (km) Stations (Ha)
Waste Stabilization Pond:

3 1 Ekdoro (Capacity 4,000/day) 10

Location Treatment Technology

PROJECT COSTS

The Capital Cost of theelectedWastewater Management Scheme foavel Townhas been
worked out on the following basis;

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

b) The Cost of Civil Works constitute the following fraction of the coreptmtotal costs;
1 Wastewater Treatment Plarg95%
1 Pumping Statiorr 60%
1 Sewers; 100%

Simmary of the Capital Costs for thecommendedSchemes is given TrableBB below,
Table B8: Capital Costs for th&electedScheme

S/No. Component Costs (Kshs) Costs (USDW

1 Land Acquisition 50,000,000 485,437

2 Civil Works 1,884,297,001 18,294,146
2.1  Wastewater Treatment Plant 437,820,786 4,250,687
2.2 Pumping Stations 13,639,434 132,422
2.3 | Sewers 1,432,836,781 13,911,037
3 ElectroMechanical Worls 32,136,155 312,002
3.1 | Wastewater Treatment Plant 23,043,199 223,720
3.2  Pumping Stations 9,092,956 88,281
Total Capital Cost 1,966,433,156 19,091,584
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A summaryof the Phased Investment cost foavetaWastewater Managementchemeis given
in Tables B9 and E10 below;

TableE9: Costs for MediurdiTerm Plan (Year 20202025)

S/No. Component Cost (Kshs) Costs (USD)
1 Land Acquisition 50,000,000 485,437
2 Sewerage System 934,795,436 9,075,684
3 Wastewater Treatment Plant 317,182,568 3,079,442
Total 1,301,978,004 12,640,563

TableELO: Costs for Longerm Plan (Year 20262040)

S/No. Component Cost (Kshs) Costs (USD)
1 Sewerage System 520,773,734 5,056,056
2 Wastewater Treatment Plant 143,681,418 1,394,%5
Total 664,455,152 6,451,021

The Operations and Maintenance Costs have been worked out on the following basis;

a) Electricity Costs at the Pumping Stations has been assumed to increase annually at 4.6%
p.a. (same as papation) due to increased sewage flow from the increased connections

b) Annual Maintenance Costs of the Schemes have been calculated as the sum of 1% of the
Costs of the Civil Works and 5% of the Eledexhanical Works

c) Replacement of the Electidlechanicéltems to be carried out every 10 Years with repair
works planned for every intermediate 5 years between the replacement schedule

A simmary of the Annual Operations & Maintenance Costs in the first year of ope@itite

Schemas given inTableEL1 below;

Table E11: Annual Operations & Maintenance Costs (Year 1)

S/No. Component Costs (Kshs) Costs (USDY!
1 Maintenance Costs 20,449,778 198,542
2 Electricity Costs 2,608,471 25,325
3 Staff Costs 5,064,000 49,165
Total O&M Cost 28,122,249 273,82

[11¢ Exchange Ratet USD = 103 Kshs
B FINANCIABAND ECONOMIBNALYSIS OF THE SELECTED DEVELOPMENT STRATEGY

To provide indicators of economic viability and sustainability of the proposed sanitation system,
it is important to carry out financialral economic analysidg-inancial and economic analysis is
used to produce standardised information Brojects, as a basis for makimyestmentdecision.
Theimportance ofeconomic analysig an investments to help selecta Projecthat contributes

to the welfare of a region or a countrn the other hand,ifiancial analysisvaluates Project
liquidity andprofitability.

The Capital Costs for the Investment Phasesl their associated Operations and Maintenance
Costs have been used to project the AnhBeoject Expenditure asummarized ifTable B2 on

Page BB;
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TableE12: Scheduleof Annual Project Expenditures

Year Project CostKshs 0O&M, Kshs Depreciation Kshs Total CostKshs

2021 325,494,50 325,494,50
2022 325,494,50 - 325,494501
2023 325,494,50 28,122,249.0 25,245,072.3 378,861,82
2024 325,494,50 28,203,111.6 37,867,608.4 391,565,22
2025 - 28,289,170.9 50,490,144.6 78,779,31
2026 66,445,51 28,376,595.8 50,490,144.6 145,312,25
2027 66,445,51 28,466,774.6 53,055,259.9 147,967,55
2028 66,445,51 28,559,794.0 55,631,988.3 150,637,29
2029 - 28,655,743.5 58,208,716.6 86,864,46
2030 99,668,27 28,754,715.4 58,208,716.6 186,631,70
2031 132,891,03 28,856,805.0 62,073,809.2 223,821,64
2032 166,113,78 28,962,110.3 61,247,034.5 256,322,93
2033 66,445,51 29,070,732.8 61,708,623.9 157,224,87
2034 - 29,182,776.9 58,305,120.8 87,487,89
2035 - 29,298,350.3 52,324,889.2 81,623,24
2040 - 29,417,564.4 52,324,889.2 81,742,45
2045 - 29,540,533.7 51,115,715.0 80,656,24
2046 - 29,667,376.5 49,894,927.7 79,562,30

Assumingadoption of the proposed tariffs and attainment ofettprojected sewer connections,
the projected financial statemens summarized ifmable EB below,

TableE13: ProjectedFinancial Statemenof the Project

Project Income and expenditure Financial statemg(ishs)

Total Project . Billings Not . Net Project | Operations & Annual Total
Year : L . Net Revenue
Revenue Recovered Revenue Maintenance : Depreciation | Expenditure

2023 70,365,036 7,036,504 63,328,532 28,122,249 28,214,713 56,336,975: 6,991,557
2024 70,365,036 7,036,504 63,328,532 28,203,112 37,619,618 @ 65,822,743 -2,494,211
2025 115,487,462 11,548,746 103,938,716 28,289,171 37,619,618 @ 65,908,802 38,029,914
2026 @ 167,228,923 16,722,892 150,506,031 28,376,596 39,516,913 . 67,893,523 82,612,508
2027 @ 167,228,923 16,722,892 150,506,031 28,466,775 41,410,572 . 69,877,360 80,628,671
2028 167,228,923 16,722,892 150,506,031 28,559,794 43,304,230 . 71,864,038 78,641,993
2029 167,228,923 16,722,892 150,506,031 28,655,744 43,304,230 . 71959,988 | 78,546,043
2030 216,123,517 21,612,352 | 194,511,165 28,754,715 46,144,717 74,899,448 119,611,717
2031 216,123,517 21,612,352 194,511,165 28,856,805 45,476,233 | 74,333,054 120,178,112
2032 216,123,517 21,612,352 | 194,511,165 28,962,110 45,754,578 74,716,704 119,794,461
2033 216,123,517 21,612,352 194,511,165 29,070,733 43,192,435 | 72,263,185 122,247,981
2034 @ 216,123,517 21,612,352 194,511,165 29,182,777 38,736,635 | 67,919,428 126,591,737
2035 216,123,517 21,612,352 194,511,165 29,298,350 38,736,635 | 68,035,002 126,476,163
2036 @ 216,123,517 21,612,352 194,511,165 29,417,564 37,835,831 | 67,253,413 127,257,752
2037 216,123,517 21,612,352 194,511,165 29,540,534 36,938,665 | 66,479,217 128,031,949
2038 216,123,517 21,612,352 | 194,511,165 29,667,377 36,041,498 @ 65,708,893 128,802,272
2039 216,123,517 21,612,352 | 194,511,165 29,798,215 36,041,498 @ 65,839,732 128,671,433
2040 216,123,517 21,612,352 | 194,511,165 29,933,175 46,842,959 . 76,776,154 . 117,735,012
2041 216,123,517 21,612,352 | 194,511,165 29,933,175 44,401,385 . 74,334,579 120,176,586
2042 216,123,517 21,612,352 | 194,511,165 29,933,175 41,349,416 @ 71,282,612 123,228,554
2043 216,123,517 21,612,352 | 194,511,165 29,933,175 40,128,629 . 70,061,825 124,449,341
2044 216,123,517 21,612,352 | 194,511,165 29,933,175 40,128,629 . 70,061,825 124,449,340
2045 216,123517 21,612,352 | 194,511,165 29,933,175 40,128,629 . 70,061,826 . 124,449,340
2046 216,123,517 21,612,352 | 194,511,165 29,933,175 40,128,629 . 70,061,826 . 124,449,339
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E10

Besides the above revenue collect#lak following additional directhdirect benefits have been
consideredn the economic analysis:

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

The results of the codtenefit analysis confirm that the project hdavourable BC ratios of
betweenl.24to 1.76. The financial analysis confirms that the project has positivesidPK(sh
1,857,165,056at 5% cost of capital andsh763,623,190at 8% cost of capital anBinancial
Internal Rates ofReturn (HRR) 0fL3.61%.

Sensitivity analyses also indicate that the project viability can withstand shocks of 10% but is
susceptiblgo shocks of 20% on net income.

On the other hand, e results of the economic analysis after including other economic benefits
showed that theproject have gositive NPV of Ksh,623,076,16@GandEIRR of 2%0at 10% cost
of capital.

It is therefore concluded that théProject is both financially and economically viable
CONCLUSIODF THE MASTER PLAN

The current sanitation system ifavetaTown comprising of orplot 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, construction 4fNr Ablution Blocks aselectedPublic 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
Sanitation Measues and their costs estimates are giveables E14and 15 below.

TableEX4: Details of the Ablution Blockg Immediate Sanitation Measures

Details of each Ablution Block Total Capital Cost
Number - o
No. o No. of Shower
Proposed ! W Max. DailyUsers Ksh. USD
Toilets Rooms
4 6 2 720 62,000,026 601,942

TableE15: 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 Waking Bay & Parking Space
Sludge Drying _
2 Beds ﬂ 4 BedS, each 13 x 10m 35,499,980 344,660

3 TwinSeptic Tanks T 2 Tanks; each 98 m3 capacity

4 Land Requirement § 05Ha

Exhaust Discharge { Minimum 1 Nr (Either owned by
Tanker TAVEVQr Private Provides)

To provide a sustainable sanitation system, a centralized wastewater managegieme
comprising of a gravity sewage conveyance systatm limited pumping (1 Nr Pumping Station)
and a Waste Stabilization Ponds system (ultimate capac#y)00 m3/d) at Etdoro has been
selected from the developed alternative schemes. The implementation of this strategy is to be
carried out in 2 phases i.e. Medium Term Plan (2@B25) and Longerm Plan (2026 2040).
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The implementation details of the selectdastewater Management Schenre the 2 Phases
including the associated costse given infables E16 andE17 below.

TableE16: Summary of Implementation Cost: Mediwmierm Plan Plan (2022025)

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

1 Land Acquision 7 10 Ha
1 225¢ 375mm Dia;Approx. Total

2 Sewers Length 4 km

1,301,978,004 12,640,563
3 | Pumping Stations T 1Nr
4 Waste Water 1 Waste Stabilization Ponds; Capacity

Treatment Plant 2,700 m3/d

TableE17: Summary & Implementation Cost: Londerm Plan Plan (202&€040)

S/No. Component Details Cost (Kshs) Cost (USD)
1 225¢ 300 mm Dia; Approx. Total
Length B km

Waste Water 1 Waste &bilization Ponds; Capacity
Treatment Plant 1,300 m3/d

1 Sewers

664,455,152 6,451,021

The financial and economic analysis of the selected scheme cordsthginancial and economic
viahility.
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MAIN REPORT

1.0 PROJECT BACKGROUND

The Government of Kenya (GoK) through the Ministiafer and Irrigation (MWhas received
GONBRAGE FTNRBY LYUGSNYylFrGA2ylFt 5S@St 2waterSidsier | a & 2 (
Plan for Mombasa and Selected Towns within the Coast Region.

Coast Water Services Board (CWSB) is a parastatal (Government Owned and Autonochous) an
operates under theMinistry of Water and Irrigation CWSB covers six Counties which are
Mombasa, Kwal€eTaita TavetaTaitaTaveta, Lamu and Tana River.

The primary outcome of this Study will be to obtain the agreement 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 the Government from the initial 8
AdministrativeProvinces to 47 Serautonomous Counties. This autonomy of the Counties vest
powers and privileges in each County especially on the provision of essential public services such
as Water, Sanitation, Education and other Social Services.

The WaSSIRF thaefore targets the builup 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 Mombasa including Island, West M&ind, South Mainland / Likor
and North Mainland

2. Kwale Kwale,Ukunda / Dianand Part of Mariakani

3. Kilifi Kilifi, Malindi, Watamu,Mtwapaand Part of Mariakani

4, Taita Taveta Voiand Taveta

5. Lamu Lamu Island

6 Tana River Hola

The Terms bReference (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 Program shall be aligned to respect and respond

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 (b)............ reasonable standards of sanmtatiand (d) clean and safe water in
FRSljdzr GS ljdzr yGAGASa de

A Location Plan for thievelve Project Towns is given Kigurel.1 on Page 12.
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Figurel.1l: Location Pan for the Project Towns
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