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

-
-
-
-
-
-
-

-
-
-
-

3,000 : gy 3

2,000

Average Dry Weather Flow, m3/day

- <
0 __________ '*
1,000
2015 2020 2025 2030 2035 2040
Medium-Term
Plan Horizon Year Long-Term

Plan Horizon

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

MIBP/ CES/ BOSCH E4



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

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.l: Location Pan for the Project Towns
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1.1 Goals and Objectives of this Study
D2Ff&a FyR 202S00A@Sa NS RSTAYSR Ay (KS ¢2w
is to identify a sound and rational strategy for the development of sewerage services in idamba
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 of the residentef the StudyArease

The key bjective of the proposedlVastewaterMaster Plarfor Taveta Towns to come up with
a phased investment programme for Immediate / Short Term Plan (2@020), Medium Term
Plan (202X, 2025), Long Term Plan (202@2040) and recommend a treated effluentsdbsal /
reuse strategy for the effluerin Taveta Town

1.2 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 Condition Survey and Environmental Audit oBkisting Facilities
D3 ¢ Immediate Urgent Works Report / Fif2esign Report

D4 ¢ Detailed Designs and Tender Documents for Immediate Urgent Works
D5A¢ Technical Note & Socio Economic Conditions, Mapping & Land, Use

D5B¢ Technical Note 2 Wastaevater Flow Predictions & Formulation of Sewerage
Development Strategies

1 D7 ¢ Preliminary Design Report for Medium Term Works including Phased

Investment Schedule for Sewers and Wasdter Treatment Plants

1 D8 - Preliminary Environmental and Social Impassessment (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 Development Strategy atite Preliminary Design of éhplanned infrastructuréor the
Sanitation System dfaveta Town

1 D9 ¢ FinalWastewaterMaster Plan Report

1.3 Objectives of this Report

Thecomponents of thed-inalWastewaterMaster PlarReportinclude the following:

1 Present Sanitation Situation in tt&tudy 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 of the Alternative Wastewaftdanagement Strategies including
Wastewater Treatment, Social / Environmental Assessment, Economic and Financial
Analysis and MuliCriteria Analysis

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

Proposed Implementation / Development Schedule

Conclusiorof the Master Plan

= =4 =4 =

=A =4 =4 =
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2.0 PROJECT AREA DESCRIPTION

2.1 Locationand Administration

Taveta is located at the coastal region of Kenya in Taita Taveta County. It is the third largest
Town in Taita Tata County afteTavetaand Wundanyi respectively.

The Town lies at the border with Tanzania, directly across from the Town of Holili. This is
approximately 111 kilometres by road, westTaveta the nearest large Town, on the Aruhsa
HolilrTavetaTavet Road. The town is approximately 305 kilometres by road southeast of
Nairobi, the capital and largest City in Kenya. The coordinates of the Towfrare:@n n &n Q{ = ¢
nnQon ®n Q9B.3¢656b6; fidngitdd® 37¥676113).

Taveta sits at the foot of thezonic Mount Kilimanjaro and enjoys proximity to Lake Chala, a
volcanic freshwater lake of extraordinary depth. Taveta thrives as a point of commerce between
Kenya and Tanzania, with a twiaeekly outdoor market especially large for a town of its size.

TKS YIFEN)] SO Aa FdzStfSR Ay LI Navetavéh the Marbasa Q& NI
NairobiKampala line, built during the era of British Colony in Kenya. Large numbers of people
walk across the border from Tanzania to buy and sell wares in Taveta.

Taveta Town is a fagirowing town. All government border offices are located some 5km, west
of the central business district of the Town, towards the border with Tanzania, with modern
new office premises. The Holili/Taveta customs and immigration pogdieestop Border Post.
The County Government of Tailaveta has acquired 20 square kilometres (4,900 acres) in a
former sisal plantation for Town expansion.

The water supplhand sanitation systemi Taveta Towris managed bylaita Tavetal'aveta
Water ard Sewerage Company LfEAVEVD

2.2 Study Area

The study area for Taveta Wastewater Master Plan is confined within the boundary of Taveta
Town and covers approximately 25% of TavetaQuinty.

TheStudy Area has been demarcated in consideration ofdbatlon ofTavetaTown, projected
land use plans for years 2025 and 2040 and the nature of development and population densities
in the TaitaTavetaCounty

The sublocationsforming Taveta Towand btal cverage areaas well as the study areagiven
in Table2.1below;

Table2.1: Sublocation coverage and Study Area

Sublocations Total Area (km?) 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

Figure 2.1on Page 22 shows the Study Area tiie WastewaterMaster Plan foiTaveta Town
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2.3
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Climate

The climatic condition of Taveta Town is similar to that of the larger Taita Taveta County. Taveta
Townis dry, except for high catchments areas in the hills. The effect of the sastérly winds
influences the climate of the area. Thdljhareas have ideal conditions for condensation of
moisture, which results in relief rainfall.

It experienceswo rainy seasons in a year. The long rains fall between March and May and the
short rains between November and December. The rainfall digtabus uneven in the area,

with the highlands receiving higher rainfall than the lowland areas. This, coupled with the cooler
temperatures, makes the highlands have more potential for the production of horticultural
crops, maize and beans. The lowlandear,@evhich are mainly ASAL, are only suitable for planting
of crops with short gestation period like sorghum, millet and maize varieties. The average
rainfall ranges from 400 mm in the hinterland to over 1200 mm.

The area is generally hot and humid all §emar round. The mean daily temperature ranges
between 22c and 30c. The average temperature in the area is 230c.

Topography Geologyand Soils

Tavetal own is situated at the foot dflount Kilimanjaraon sloping planes and is therefore prone
to soil elosion. Gullies developing within ti@wn are a common occurrence

The altitude of thesub-countyvaries betweervO0m above sea level in the lowlands 1@®04m
above sea level for the highlands, giving two distinct climatic characteristics, with tee hill
experiencing lower temperatures compared to the lower zones.

The major geologic formation of tA®wn is lateritic stone which makes excavation of pit latrines
and septic tanks very difficult.

2.5 Economic Activities

Tavetais a market place for the agtiltural and meat products from the fertile Taita Hills as well
as other surrounding areas but industries are ftistent. Its Town centre consists of mostly
general stores, shops, markets, kiosks and a few hotels. It also has branches of majokéanks li
KCB, Cooperative Bank, Equity Bank and Barclays Bank. It is a major Tourist Cesgiverahd
lodges and hotels have sprung upliavetaTown due to its proximity tthe Tanzania Border

2.6 Existing Water Supply and Sanitation Systems
2.6.1 Water Supply

Tawta Town is presently served with water from Njoro Kubwa springs and boreholes.

The existing water supply systdor Taveta Town is asimmarisedn Table 2.2below:
Table2.2: Summary of Existing Water SulypSystem

Njoro Kubwa Springs and 3Nr. Boreholes (Lutheram, Eldoro and

Water Source Office Borehole).

Water Treatment Chlorination done at the Pumping Stations

Water Pumps 3Nr. Pumping Stations (Njoro Kubwa, Office and Eldoro)

4ANr. Storage ResEavetas:
1,400n% Resefaveta at California
100m? ReseTaveta at Eldoro
30 ReseTaveta at Office

Water Storage Facilities

9.47km- Rising Main diameter varying in size from 75mm to 250m

Water Mains and Water Gravity mains diameter vging in size from 15mm to 250mm (54.7&

Distribution System

km for dia > 50mm).
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2.6.2 Sanitation System

2.7

271

At present,Taveta Towrhas no sewerage systerniiheuse ofon-plot sanitation systems such as
pit latrines and septic tanks for disposal of effluent is prevalent. The majbigmofaced is the
lack of apropersludge management system such a&Sladge Handling Facility fore discharge

of septage by thexhaustvacuum tankes. Thus septage from septic tanks is discharged directly
to the environment

In situations of suppressl water supply, such as Traveta Townthe use of omplot sanitation
systemsthough unsustainable environmentalig manageable. lthe water supply situation is
improved through the development cédditional water resources andxpansion of water
distribution networks, as planned foFaveta Townthe use of orplot sanitation systems will not
suffice andhus health andenvironmentalhazards are bound to occur

In summary the current sanitation infrastructure inTaveta Towns insufficient to meet the
sanitation needs of the growing populaticend there is need fothe development of a
sustainablewvater-borne sanitationsystem

Immediate Measures for the Improvement of Sanitation Systems

The Final Wastewater Master Plfor Taveta Towrdescribes thalevelopmentstrategy for the
longterm waterborne sanitationsystemcomprising of avastewater collection / conveyance
system and the treatment proper disposal of the treated effluents. However, tloagterm
sanitationstrategy is not planned for imméate implementation

In consideration of the current sanitation systems and the growing sanitation nesds,
immediate interventionis urgently required. Thus Immediate Sanitation Measures have been
developed. These aasuresncludeconstruction ofAblution Blocksn selectedPublic Placeand

a Sludge Handling Fatjlas described in the following stdections

Ablution Blocks

Ablution Blocks are essentialTaveta Towifior improved access to sanitation facilities especially
in public places e.g., mkets, bus stopsschools,etc. The are important to market vendors,
market customers, long distance travelers, bus operators andyémeralpublic. Their locations

in Taveta Towrwill be selected in consultation with the CWSB and Tlaéta Taveta County
Government

Considering the population densities and the number of public utilitiestahof four (4 Ablution
Blocks is proposed faronstruction inTaveta Town EachAblution Block coprises of six (6)
toilets and two (2) Shower Roomsth equal nuniber for each gender i.e. Ladies and Geftse
allocatednumber of toiles in eachAblution Block ensure provision ofsufficientservicelevels
for the target populationlt 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 dayaximum number of
720personscan be served in a day

Each section (ladies and genisprovidedwith atoilet fitted with special amenities for use by
disabled personst K S & Rr$ groviled with eparate urinals to increase theervice levels
especially during the peak hours

The slower roons areequipped with a dressing area amdndwash basins. In addition, a
spacious common area with hamebsh basins, hand driers and wall nmbed mirrorsis provided

Each of theshowerunitsisfitted with coat hangers behind the doors for convenience. To enhance
natural lighting within the facility, transparent polycarbonate roofing matetiave been
incorporated in the designProper ventation is ensuredby the louvered windows and gap
between the ring beam and the roofhe gap iitted with louvre blocks and plastic coated coffee
tray wires to prevent insect entry.
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A septic tankwith a holding capacity of6lm? is provided athe faciity for storageand partial
treatment of sewageTheseptic tank will require desludging aftevery3 monthswith septage
disposl at the proposed Sludge Handling Faciltty be implemented as part of the immediate
sanitationintervention. In addition, &,000litre water tankmounted on a 3.5m high reinforced
concrete tower within the facility provides 3-daystorage ofpotablewater.

Other services provided at the site includdedricity for use at night and for security lighting
controlled accesthrough4m wide metallic gatand boundary chaifink fence where applicable

Permission to use the facility is to be arpayper-usebasis This is an effective model used in
many parts of the country to raise money required for operation and mainte@aA personnel
office complete with ahop for essential commodities amdstorage roomshall 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 proposediédlBlock are given iRigures 2.2
and 2.3on Page-6 and2-7 respectively.
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2.7.2 Sudge Handling Facility

A Sludge Handling Facility is a srsallle treatment plant for the treatment arghfedisposal of
septagefrom on-plot sanitation systems such asptic tanks or pit latrines®ptagefrom the on-
plot sanitation systems is conveyed to the faciigg an Exhaust Vacuum Tanker

With exception ofthe ScreensSludge Handling Facility relies on biological prozee&s the
treatment of septage Ths results to low capital investent requirementas well aOperations

and Maintenance requirements (skills, complexity and labour costs), thus making it a suitable
ImmediateSanitation Measure.

An ideal location for a Sludge Handling Facility is a site wéthiaconomi@l distance tothe
service area but outside the residential developments and environmentally sensitive ahess.

the location of the Wastewater Treatment Plant proposed aD&to area in the Wastewater
Master Plan, should be given priority in the site selection far $ludge Handling Facility. It is
preferred that Sludge Handling Facilities site be located within 10km radius to the core urban
centre and where land is available and buffer zone for odour and other nuisance control provided.
However, he land at EDorosite is privatelyowned.

The proposedludge Handling Faciliyill compriseof the following units;

Exhaust Vacuum TankBischargeBay

Sludge Drying Lagoons

Septic Tanksomplete with Soaldits and French Drains

Associatedte and AncillanywWorksinduding Operators Office / Guard House

aoop

Constructed wetlands are the alternative treatment unit to Septic Tanks for polishifiltyate

from Sludge Drying Beds / Lagoons. However, they require large footprint than the Septic Tanks
and thus not suitable fourban areas lik@aveta Townwhere land is limited and the cost of land
considerably high

A SchematidayoutPlan showing the arrangement tife unitsfor the RoposedSudgeHandling
Facilityis given inFigures2.4 on Page2-9
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2.7.2.2

2.7.2.3

A brief description of the constituent treatment units in the proposdad§e Handling Facility
is given in the followingub-sections;

Exhaust Vacuon TankerDischargeBay

TheDischargeBay comprises of a septage discharge area which serves dsléh&Vorks for
the Sudge Handling Facility. An Exhaust Vacuum Tanker dischargeseptage throughBar
Sreens into &ollectionChamber.The Discharge Bay alsgorovidedwith Hard-standWashing
Bay andParkingSace.

The discharged septage and wash wdtem the Washing Bagre pooled ito the Gollection
Chamber and conveyed to the Sludge DryBegl /Lagoonwiaan Open Channel provided with
precast coorete cover slabs and handrails for safety

TheDischargeBayrequiresregularly cleaimgfor odour, flies and other diseasactors control
especially after each exhauster discharge sesstostandpipe will be provided to facilitate
washing and flushop of septage once discharged.

Sludge Drying Lagoons / Beds

Septageis mostlyliquid with smallamounts of solids. Treatment of septage entaileducing
sludge weight and volumeith the aim of loweringhe disposal costef the residual sludgand
reducingthe potential health risk@ssociated with septage

Sludge Dryingiagoonsare open areas on which the @ageis spread for dewatering and air
drying.It comprises of filter media, perforated pipes at the beds and a Collection System. T
filtrate from septage once directed into th@ollection Systemis conveyedto Septic Tanks for
further treatment and pathogen reduction

TheSludge Dryintagoonsre made up of the following components
9 ConcreteBedsandWalls
1 Sand andsravel asHlter Media
1 SplastSab
1 UnderdrainageSystem
1 AccessSructures

A SludgeDrying Lagoon hasntrinsic procesgeliability and flexibility. However, during wet
seasonthe efficacyis hinderedand longer drying periods are required.

Forefficientoperation of Sludge Dryiyl.agoonshe 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 leteebe observed fooptimum operation
d) Proper drying of sludge oneebed is filled up
e) Careful removal of dried up sludgéthout scooping of filter media
f) Safe disposal of dried sludge to landfills, agricultural use, etc

Septic Tank

A septic tank refers to a wateight, covered, subsurface receptacléor wastewater treatment.
At the Sludge Handling Facility, Septic Tanks will be adopted for polishing of the filtrate from
Sludge Drying Beds before discharge into the environrtientigh Soak Pits and French Drains

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

2.7.2.4 AssociatedSte and Ancillary works

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 Roadsavedwith interlocking concrete blocks
iii. Guard Housé Operators Offie and Waskroom
iv. OnsiteWater Supply an&iteDrainageSystem

2.7.2.5 Design Criteria for Sludge Handling Fawilit

A summary oftie Design Criteria adopted in thgzing of theproposedSludge Handling Facility
for Taveta Towns given irTable2.3below.

Table2.3: DesignCriteria- Sludge Handlingracility

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

* Aggregatedsewage generation factor of 25% is based on digributive use of Septic Tanks and Pit
Latrinesby the respective Income Levels of the Populadimh sludge reductiom the OnPlot Sanitation
Systemslue to the anaerobic digestiaturingthe period of storagéy the onplot sanitation systems

2.7.2.6 Canponents of the Propose&ludge Handling Faitiy
Considering that these Sanitation Measuresfaveta Towmre intended to serve the immediate
needs,the Facility $ designed to serv@0% of theestimated current population i.e.10,000

persons This idecauseembraement ofSludge Handling Facjlils expectedo be graduabnd
rigorous Public Health Campaigns are necedearfull usageo be experienced.

Details of the various components of the proposgiddge Handling Fagjlitn Taveta Towrare
summarised imable2.4 below

Table2.4: Details of the Treatment Units at th@roposed fidge Handling Facility
S/No. Treatment Unit Details

1 Discharge Bay i Bar Screen& Colllection Champer
1 Hardstand Washing Ba§ Parking
, Sludge Drying i 4|N(cj). Bzds.; each 1?:jx 10 m )
. Lagoons Beds 9 Sludge drying perio : 3 months _
9 Treatment zone media = 500 mm thick
: : : :
3. Septic Tanks 2 2Nr TwinTank; each 9.6 x 5.4 x 1.9 m (L x W & E@pacity 98 m

Desludging Interval = 0.2 years

Approximately0.5 Haof landis required for the construction of the proposed Sludge Handling
Facilityto serve the immediate sanitation needsTdveta Town

Colocation of Sludge Handling Facility and Wastewater Treatment Plant is recommended for
efficient land use and for shared usecommon units and facilitiesTherefore, theEtdoro site
recommended for the development of Wastewater Treatment Plant under this Masteri$lan
anideallocationof the Sludge Handling Facility
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2.7.3 Implementation Cost for Immediate Measures

9 y 3 A y &sBANtiMate determined for the Immediate Measures for Improvement of Sanitation
Systems imaveta Towns based on the unit costsf the respective components of the Works
obtainedfrom recent contracts of similar scope and nature.

Detailed Unit Costsral their derivatiors are discussed iChapter 8of this Report.

A summary of the Implementation Costs is givefable 2.5below.

Table2.5: Implementation Costs for Immediate Measures

S/No. Component Number s Cost,Kshs Cost,USD
Provided

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

2. Sludge Handling Facility 1 35,499,980 344,660

MIBP/ CES/ BOSCH
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3.0 DEMOGRAPHY, LAND USE AND URBAN DEVELOPMENT

3.1 Demography and Population Dynamics foaveta Town

3.11

Demographic data from Caal Bureau of Statistics (CB&) the intercensil periodsbetween1979
to 2009 have been analysed to establi@mographidrends in terms of population sizndinter-
census growth rateand help eévelop future population projection patterns Faveta Town

Previous Population Trend

From theanalysis of the previous Kenya Population and Housing Censustdatamnstrued that
between intercenal periodsthe existing suocations are split to form new stlbcationsand the
areas covered bguchsubrlocaionsvarybetweenthe intercensal period.

A summary oprevious ntercensalpopulation data for TavetaSub-County is given iffable 3.1

below.

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

(Census Period)
1979 1989 1999 2009
Pop. Densi Ar Pop. Densi Ar Pop. Densi Ar Pop. Densi

Sub-locationg Pop. Area (knf) (pZ?son?kri:)y (krr(?;;1 (pgfson(;krfw;[) Pop. (kn?:)i (pZ[r)son?knswzt) Pop. (kni{;1 (pz?son(jkri:)y
Nakruto - - - - - 937 16.4 5713 1,261 14.5 86.
Mahoo 3,770 131.0 28.18 7,928 49.0 161.40 5,990 44.4 13491 3,196 7.3 4374
Malukiloriti - - - - - 1,538 12.3 125.
Mrabani 2,203 57.3 384
Njoro - - - - - - - 2,400 6.6 363.4
Kimala 3,406 152{0 2241 4,969, 169.0 29.40 3,228 17.6 18341 3,608 12.6 286.9
Ndilidau - - - B - - - - 954 9.2 103.9
Mboghoni 4,482 350 128.06 8,260 21.0 393.3310,057 22.2 453.02 8,382 14.3 586.1
Lesesia - - - - 1,155 9.3 124.1
Mjini - - 6,087 9.5 640.74 8,982 2.9 3,097.2

Total 11,658 318 B7 21,157 23 9 26,299 11 239 33,67 146.4 230

Paopulation data is dependent on the coverage consideffed the same Town and time, larger

area give a higher populationThe use of population figurés establish intercensal population
growth ratein a sublocation with varying covage areas between inteensaperiodsis inaccurate
due to thevariability of coverage arealt is therefore prudent to adopt the use of population
density as a measure of demographic trend where -kation coverage varies between
intercensal periodasis the casen Taveta Town

The previousntercensabnnualpopulation growth ratedased on the population densitiéar the
sublocationscovered byTaveta Towrare given inTable3.2 below.

Table3.2: PreviousintercensalAnnual PopulationGrowth Rates

: Annual Growth Rates

Sublocations
19791989 19891999 19992009

Nakruto 0% 0% 4%
Mahoo 19% -2% 12%
Malukiloriti 0% 0% 0%
Mrabani 0% 0% 0%
Njoro 0% 0% 0%
Kimala 3% 20% 5%
Ndilidau 0% 0% 0%
Mboghoni 12% 1% 3%
Lesesia 0% 0% 0%
Mijini 0% 0% 17%
Total 9% 10% -0.4%
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FromTable3.2 on Page 31, it can be observed that thpopulationgrowth rate in Taveta sub
county dropped between intercensal periods; fro®8o between years 198% 1999 to-0.4%
between years 1999- 2009. This can be attributed to the infamous pe#tction violence
experienced after the 2007 General Electigvith the promulgation of the New Constitution and
formation of County Government, Taveta Town is expected to experience increaseth gate
due to ruralurban migration. The factors contributing teninigration in Tavetais search for
employment and education opportunities which is tegtthan the surrounding areas.

The average annual growth rate for Taveta-sobinty of-0.4%in the Period 1999 to 2008
significantlybelow the 4.2% projected for urban growth rate under Millenniunv&epment Goals
0a5DQauv. 0eé HAawmMp

The above mpulation dynamics refer to the resident category. The Nesident category
comprising of tourists andsitors is considered under the respective contributory L-aise.

3.1.2 PopulationGrowth Scenarios

Population trends are influenced bfactors such agertility, mortality and migration levels and
patterns as well as the national so@conomic developmentnomentum.

Continuedapid growth is expected in the study areansidering the infrastructural developments
plannedfor Taveta Towrin the Integrated Development Plan fdiaita Taveta Countgind the
potential of Taveta Towrfor further growth. These fators will resultto future immigration and
urbanization.

As at the last censy2009), the population withifaveta Townvas16,00Q To forecast the future
populationof the study areaip to the design horizon (year 204@he following factors have been
considered:

1 Previous Demographic TrenisTaveta Towrand Taita Taveta County
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 ratesscenaric have beerformulatedfor the populationprojectionin the
study area based on the data obtained frafenya National Bureau of Statistics, Census Reports
and other relevanplanning documents. These scenarios are briefly described below;

High Growth RateThis growth rate scenarimssumeghat the population will grow at an average

growth rate of4.2%in twenty-five years (2018040) as projected under Millennium Development
D2t & 6a5DQauv A®dSe GKS 2 @S Nhigration illgiadizAly ilcreas&? ¢ (i K
due to intensive investment. With this assumption, the population of Taveta Town will be expected

to grow t055,522by year 2040.

Medium Growth Rate This scenari@assumeghat the population will grow at a varying growth
rate of 3.0%to 3.2%in twenty-five years (2018040) 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 infrastruetyespecially speed
transport connectivity) will work in balancing migration. Thus, the projected population within the
Study Area of Taveta Town by year 2040 wildg04

Low Growth RateThis scenariassumeghat the population of Taveta Town wifow at alower
average growth ratehan the average national growth ratd 2.0%in the nexttwenty-five years
(20152040). It is assumed that population growth (both natural growth rate andigration) will
reduce considering that population deflectionll take place and the flow of return will be diverted

to the development of new areas. Therefore, the population in horizon year 2040 viB 663

This can happen only, if strict measures are taken to control population both in terms of natural
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growth and irmigration. It requires intensive efforts by government in terms of educating people
and promoting population control measures on one hand and to provide ample economic
opportunities in the regiono combat inrmigration.

With improved infrastructte and more industries planned for Taveta Tovamd more
infrastructural projects programmed for implementation in Taveta and the neighbouring towns
and centres within Taita Taveta County by the County Governmeium growth rate scenario

is a plausiblescenario for the future population projections of Taveta Town up to the 2040 design
year. This figureonsiderghe most recent trends in fertility, mortality and migration levels as well
as the socieeconomic development.

Projected populations for the ave population growth rate scenarioare given inFigure 3.1

below;
60,000
.
50,000 —8— Medium Growth Scenario
—&— Low Growth Scenario
—a#— High Growth Scenario
40,000
c
i)
&
S 30,000
o
[=]
-9
20,000
10,000

2015 2020 2025 2030 2035 2040
Year

Figure3.1: Projected Populations based on Growth Rate Scenarios

FromFigure 3.labove,it can be deduced thgtopulation forecasts highly sensitive tpopulation
growth rate high growth scenario results t87% more the projectedpopulationin the medium
growth ratescenariovhile low growth rate results to 2% less thenedium growth ratgpopulation
forecast.

3.1.3 ProjectedPopulation for Taveta Town

Taveta Towris the largesfTown /urban centre inTaita Taveta Countyt has a higtpopulation

compared to the adjacent areas because of the better infrastructure monde employment

opportunities Under the current administrative dispsation, the headquarter oTaita Taveta
Countyis TavetaTown.

In consideration of the above foreseen situatidhe medium growth rate scenariacconsidered
under the population growth scenariojs the most probablescenario for the future population
projections of Taveta Townup to the 2040 design yealt considersthe demographic dynamics
betweenTavea Townand neighbouring Towns, possiltiends in fertility,mortality andmigration
levelsand patterns as well as the so@gonomic developmentBesias, it has minimal risk
associatedwith under-utilization or overoading of the proposed sanitatiorsystemwithin the
design horizon

Table 3.3on Page 24 gives asummary of the projected populatiofor Taveta Towrup to the
design horizon ofear204Q, based on the adopted medium growth radé3.0%to 3.2%p.a

MIBP/ CES/ BOSCH 3-3



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

Table3.3: Summary of the Projected Population

Population Growth Rate
ub-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 1,568 @ 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 11,8@ @ 13,781 22,105
Total 15,508 18,518 21,571 25,190 40,404

3.2 Land Use and Urban Development
3.2.1 Introduction

Taveta is the third largesiown in Taita Taveta County aft€avetaand Wundanyi respectively.
Taveta is a cross bord@own betweenKenya and Tanzémn It also serves as a custom base for
Kenya Revenue Authority.

Previous studies indicatiethat the poor state of roads in Tavefbown caused difficulties in
accessing th&own and resulted to staggered commercial activiti€ds contrasts withearly 180s
and 1990s whermaveta market was quite vibra@ind the Town easily accessible by road and
railway. The ongoing ypgrading of the HoldMwatate-Taveta road is expected to increase the
vibrancy of theTown.

A study was also conducted to identify theced and environmental impact of the Arusha
Holili/TavetaTavetaRoad Project. The study indicated that thieroject has a great potential to
promote regional integration, minimize the cost of transportation, create employment
opportunities, improve access social services, increase agricultural productivity, minimize traffic
congestion and improve transport safety and comfort.

Planning actions have been evident in Tavitan. TheTown has been among theowns in Taita
Taveta County which have benefitdcbm the preparation of the Taita Taveta fir€bunty
IntegratedDevelopmentPlan. One of the programmes incorporated in the plan is the street lighting
programmefor TavetaTowns, Taveta Mwatate amongst othefTowns in Taita Taveta County
(Republic of Kya, 2013). The purpose of the project was to enhance urban security. The plan also
proposed provision of &werageS/stem in Tavetdown.

Taveta Town haswvo zones borrowing the transport analysis concept of Uniform Analysis Zones
(UAZ) TavetaNorth and TavetaSuth. The railway separates the two zones. Other factors which
have determinedthd? ¢ y Q& 1 2ybAoyafions; addinstrative, physical features as well as
the current development pattern ofaveta dwn.

Upgrading of the ArushBlolilFTaweta Road will contribute to developments along the areas which
the road passes through. The Holili border point will also boost growth of-tsanedary tourism,
cross border trade among other benefits. Tav@tavn is expected to grow towards the north in
future. Efforts to expand th&own are evident since 4900 acres of land previously covered by a
sisal plantation has been acquired by ff@vn council of Taveta to facilitate expansion of Taveta
Town. A buffer is provided in areas which the HdlilWvatate-Taveta road passes through.
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3.2.2 Existing Land ke

At present, ommercial land usén Tavetais concentrated along the transport routésa linear

patternwith agricultural land use concentrated the outskirts of the town. Undeveloped land use
hasthe M IKSald O2@SNI 3ISd LG O20SN&
followed by agricultural whose coverage is 949.25He least land use is public purpose. It covers

14.61 ha.

Table3.4 below shows a summary of existing Land Use oétBaVown.

Table3.4: Summary of Existing Land Use

MZHAC PPmKI

LandUse Area (ha.) Percentage ‘
Residential 577.29 20.65
Educational/Institutional 25.45 0.9
Public /Special purposes 14.61 0.52
Commercial 22.48 0.80
Agriculture 949.25 33.95
Undeveloped 1206.91 43.17

2795.99 100%

Total

A Layout Plan showing the existing Land Use PlaawdtaTown is given ifrigure3.2 on Page 3

6.

Themaindrivers of growth infaveta Towrare as follows

i) Infrastructure

A ley infrastructural improvementwhich is being undertaken in Taveta at present is the

upgrading othe HolilitMwatate-Taveta Roadl'he road section is1¥km long

This road links Kenya and Tanzaania is expected tenhance cross border tradendtrans
boundary tourismlt will alsocreate employment opportunities for the local communibpost
agricultural productivityand improveaccess to social services among other benefits.

if) Holili Border Point

The one stop border point is aimed at increasing efficidncyninimizing time consumption
and transportation costs incurred while crossing from @wmuntyto another. The one stop

border point will promote cross border trade since it will minimize the cost of trétdill

therefore play a key role in boostinggleconomy of Tavetdown.

iii) Agriculture

LiQa GKS YI Ay SO2menYThdsisal plantation hhsicredted entployansdni |
O2YYdzyAle o
within the Town are maize amongthers. Upgrading of the Holillwatate-Taveta road will
boost the agricultural sector since it wilimmize the transportation cost as follows:

2 L2 NIidzy AGASE G2

The factors constraining th2 g y Q a

a) Sisal Plantation

Abigsisal plantation located at the westepart of the townlimits its growth.

b) Swampy Grounds

GKS t20LF ¢

ANR g G K

NB Y

LGQa

Swampy grounds are evident at the southern part of Tleevn towards Elboro. This has
limited growth of theTown towards the south.
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3.2.3

3.24

LandUse Planning and Policy

All activities 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 planninfigr optimal utilisation.

It is important to 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 deperglon the issue of land titles. Ty 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 nsufficient control by the local government or to 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 projectedpopulations includingt0,404in Year 2040(Refer toTable 3.3on Page 33) are
proposed to be accommodatedithin the coverage of Taveta Town without any expansibtis

also proposed that the existinghdevelopedand be utilised (including small part of agricultural
land and part of hilly terrain at low height where the slope is gentle and favourable) for
developmentand accommodating part of thergjected population.

LandUse Rquirement per Land Use Dne

Land requiremenin zoningdepends on projected ppulation and proposed density.

The totalprojected land requirement indhe 1 byyear2025 is385ha. The land use with the highest
land requirement is residentiatith total projected land requiremenof 34Cha. Itis followed by
commerdal land use whose projected land requiremengha. Public utility educationland use
hasthe least projected land requirements 14ha.

The total projected land requirement bne 2 inyear2025 is655ha. Residential land use has the
highest land equirement. The Projected residentidand requirement is614ha, followed by
educationwhose ppjected land requirement is 2@&. Theleast land requirement indhe 2 is
commercial with a land requirement of 7ha

The btal projected land requament in Dne 1 byyear 2040 is 472ha while iroZe 2 is694ha.
Residential land has the highest projected land requirement in bdaihes. The projected
residential land requirement in Zone 1 is 423ha whiledneZ2 is646ha. In @ne 1 the land use
with the second hghest land requirement isommercial(23ha) whileeducationand public utility
have the least land requirementis Zone 2commerciahas the least land requiremel®ha).

The proposed Land Use has been marked based on Projected Population land afeaifaitiee
development, potential for densification, in already developed area and trendeapdriencein
towns of similar nature and also keeping sufficient room within the current Planning boundary for
future urban expansion i.e. beyond year 2040.
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Details of existindand useand projectedandrequirementare given ifTable3.5below.

Table3.5: ExistingLand Useand Projected LandRequirement

Land e Exsting Land WUWe Projected Land Year Projected Land Yea
2015(Area, ha) 2025 Area,ha) 2040 Area, ha)
Zonel zpnpe?2 Zone 1 Zone 2 Zone 1 Zone 2

Agricultural 471 478 - - - -
Commercial 18 4 22 7 23 9
Education 10 15 14 23 16 27
Public Rirpose 6 9 9 11 10 13
ResidentialHigh 40 27 42 83 52 94
ResidentialLow 173 103 207 248 277 260
Residential medium 31 179 91 283 93 292
Undeveloped bBnd 75 159 - - - -
Total 824 974 385 655 471 695

The HolitMwatate-Taveta Rad is a major factor which will influence the development pattern of
the Town. Commercial developments are concentrated along the major roads due to enhanced
accessibility and mobility. The sisal plantation at the western part of the towders growth of

the Town towards the eastern part of th&own. Swampy grounds which are evident towards
Elboro also pose a hindrance to development of Thevn towards the southern part of th&own.
Developments are evident along the road hence eximigia lineapattern of development. Taveta
Town can grow toward the north. In future, TavetaoWwn will have a Igher residential capacity.

The Dwn will also be characterized by sprawl along the main road.

Itis necessary to preparethi®@ g y Qa La§ tp frdmoté fustainable and orderly development

of TavetaTown. The ISUDP of thewn should ensure consolidation and reservation of land for
future use. The reserved land will accommodate the projected land uses. The ISUDP should also
aim at enforcing dvelopment control, establishing adequate, decent and affordable housing,
conservation of the green spaces and the environment and also provide a road map for provision
of services and facilities.

Layout Plaashowing the Proposed Land Ues year2025 and 2040 aregiven inFigure3.3 and
3.40nPage3-9 andPage 310.

Table 3.60n Pages 3-11 to 3-14 shows a summargf adoptive standards for Urban Planning
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Table3.6 : 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 Cottage indusy may be practised
A Secondary School may be
Residential Bungalows 35 25 0.4 Ha Low Density SingleDwelling Units developed in appropriate site
Residential Bungalows, 25 25 0.2 Ha Medium density Single Dwelling Units
Residential Bungalows, 25 25 0.2 Ha Medium density Single Dwelling Units
Residential Maisonettes 50 50 0.1 Ha Low Medium density Two residentiaunits allowed ;| Shops allowedn plots fronting 9 M
Town houses per plot roads
Duplexes 50
50
Resdential 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 density per plot roads
Duplexes 50
Town houses
Mixed developments: Duplexes 65 65 0.03 High Density Multiple residential units Shops allowd on plots fronting 9 M
Swabhili houses - allowed roads
Guest/Boarding houses 0.045
Mixed developments: Town houses
ARAIIO SOKOKE Duple_xgs 65 65 0.045 High Density Multiple residential units Shops alloweadn plots fronting 9 M
Swabhili houses allowed roads
Guest/Boarding houses
Mixed developments: Townhouses 65 65 0.03 High Density Mixed houseypes allowed Upgrading areas
Duplexes -
Flats 0.045
Swabhili houses
Guest/Boarding
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hardware stores

Zone Proposed Land Use | Types of Development | BCR PR Min Plot Size | Density of Development 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

Proposed Land Use | Types of Development Min Plot Size Density of No. of Dwelling Units | Other Requirements
Allowed Development
Storeyed builthgsrecommended
Educational Classes, offices and 10 30 Nursery Sch0.1 N/A N/A for effective use of space
dormitories Pri. school 4.0 Sharing of recreational facilities
2 Sanitation block Sec. School4.5 recommended
College 10.2 Institutional Housing allowed
University 50.0
- Zone Proposed Land Use | Types of Development | BCR PR Min Plot Size Density of No. of Dwelling Other Requirements
Allowed Development Units
Recreation Conservation/
Green Park
3 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 Spatial ompactness
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. o 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 Tobe 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 Reqirements
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
Resiantial 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 density | Two residential Shops allowedn plots fronting 9 M
Town houses units allowed per roads
duplexes 50 plot
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4.0 WATER DEMAND FORECAST

Water demand is definetl & G 0 KS @2t dzyS 2F 41 GSNJI RAFFSNBy
G2 O2yadzyS Ay I 02yl '&E\ﬂaemél?namﬂzyffl‘&ﬂﬁaéeé NHAePandei® ond dzLJL.
the climate, economic considerations, sanitation facilities, industrial and commercial
requirements.

Thetotal water demand can be expressed as follows;

Total water demand

=AT T HTHHCHHT 8 T THHTHT AT T 1 °H HIHHHT H
€1 "HI L "HHE HT FHD 7171 i THOHT "HEAHE THT "H

For a moreaccurate determination of theotal water demand, it is important to adopaccurate
water consunption rates for each of the water demand categories.
4.1 Analysis ofwater ConsumptiorRates

The Design Manual for Water Supply in Kenya (MWI, 200&s guidingvalues of water
consumption rates for the various categories of Water Demétwvever, from indvzidual studies
and in consideration of various local conditipesveralConsultants have adopted varied water
consumption rates for the determination of Water Demand aveta Town

A summary of the Studies / Designs prepared by the various Consultaritgater Supply in
Taveta Towrand the other Coastal Towis giverbelow:

9 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 Detailed DesigRadfabilitation and Expansion for
Mombasa Water Supply and Sewerage Systeyean 2011

1 Gauff JBG/ngenieure finalised Detailed Design Report T0kVEVOWNater Service
Provider October 2010

1 Suereca / Mangat finalised Second Mombasa & Coastal WaterySBppject, Final
Design Report, January 1998

A comparison of water consumption rates adoptedhe abowe Studies / Desigriscluding those
recommended in the Practice Manual for Water Supply Services in kegiyen infable4.1 on
Paged-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; August

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 TavetaWater Service
JBG/Ingenieure Providerc October 200 120 60 100 20 365 83 30,000

2010

Second Mombasa and
Seureca Coastal Water Supply |, 80 70 50 25 700 5 20,000
/Mangat Project Final Design

Reportg 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 thevater consumption rategndicated inTable 4.1on Page 42, the following
water consumptionrateshave beeradoptedin the Study

a) Residential Water Demand

From the finding®y different Consultantst is evidemnthat the type of housing and mode of
water supply are relevant indicators for classifying domestic consumers.

Based orper capita demand observed in similar socio economic and climatic context but
without restriction of water supply, the Consultaadopted the followingwater consumption
rates forthe variouscategoiesof domestic consumeras summarised ifiable4.2 below.

Table4.2: AdoptedHousing Categorie& per Capita Water Consumption

Category Degription ConSL(llr;; %I)O n Rate
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 institutional water demandas been determinedased onthe following commonly
accepted demand criteria by type of institution:

1 Boarding Schools - 501/head/d

1 Day School with WC - 251/headd

1 Regional Hospital - 200l/bed/day plus 5000l/day
1 Dispensary and HealtBentre - 5,0001/day

9 Administrative Offices - 251/head/day

c¢) Commercial Water Demand
The commercial water demanidas been determinedased onthe following commonly
accepted demand criteriaybtype ofcommercial facility

1 Shops - 100l/day
i Bars - 500l/day

d) Industrial Water Demand

The following criteridnas beeradopted for the industrial water demand based on commonly
accepted denandcriteria: -

1 Intensive mdustrial activity - 25,0001/day/ha
1 Small scale industrial activity 600l/day/ha
e) Tourism Water Demand

The following criteridnas beeradoptedfor tourism demand based on commonly accepted
demand criteria

I Four and five str 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

The water demand foFaveta Towiis anticipatedo increa® over the design period (ugp 2040)
due tothe projected increase in populatioepmmerceand industrialization. Some of the major
drivers for this projected improvement include therobust tourism industry planned
improvements of thanfrastructuralnetwork andthe potential for new sttlements.

The water demansifor Taveta Towrhave been calculatedased on the projected population
and proposedland-use Plans Summaryof the water demand by sublocationin the Design
Horizons Year 2025 and Year 2646 gven inTables4.3 and4.4 below.

Table4.3: Water Demand foiMedium-Term Plan Horizor Year 2025
Water Demand(m?day)

Sublocations . : : : :

Domestic Health Education | Recreational Commercial Industrial Total
Mahoo 568.0 91.8 40.3 2.1 19.0 1.6 722.8
Malukiloriti 197.7 32.0 14.0 0.7 6.6 0.6 251.6
Njoro 19.8 3.2 1.4 0.1 0.7 0.1 25.1
Ndilidau 32.6 5.3 2.3 0.1 1.1 0.1 41.5
Mboghoni 286.8 46.3 20.3 1.1 9.6 0.8 364.9
Lesesia 127.1 20.5 9.0 0.5 4.2 0.4 161.8
Mijini 1,488.4 240.6 105.6 55 49.7 4.3 1,894
Total 2,721 440 193 10 91 8 3,462

Table4.4: Water Demand for Longerm Plan Horizor Year 2040

Water Demand(m?day)

Sublocations g : z z :

Domestic Health Education . Recreational Commercial Industrial Total
Mahoo 911.1 147.3 64.6 3.3 30.4 2.6 1,159
Malukiloriti 317.2 51.3 225 1.2 10.6 0.9 404
Njoro 31.7 51 2.2 0.1 1.1 0.1 40
Ndilidau 52.3 8.4 3.7 0.2 1.7 0.1 66
Mboghoni 459.9 74.3 32.6 1.7 15.4 1.3 585
Lesesia 203.9 33.0 14.5 0.7 6.8 0.6 260
Mijini 2,387.3 | 385.8 169.4 8.8 79.7 6.8 3,038
Total 4,364 705 310 16 146 13 5,553

The water demand projection faraveta Towris shown irFigure4.1 below.

6,000
5,000 /,/

4,000 //
3,000 _—

2,000

Water Demand (m?3/day)

=
[=)
o
o

2015 2020 2025 2030 2035 2040
Year

Figure4.1: Water Demand Projection
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5.0 WASTEWATER FLOW PREDICTIONS

5.1 Design Criteria

511

5.1.2

5.1.3

The ctermination of the wastewater flowsdopted in the design of the Sewsr Pumping
Stationsand Wastavater Treatment Plant fofaveta Towrhas been guided and based tre
Standard design criteria describadthe following suksections;

Principal References

In Kenya, iis a standard practise to refer to the Design Manuals preparethbyMinistry of
Water and Irrigation for the design of Sanitation Projects.

The principal References used to formuldte design criteria fofraveta Towrare as follows;

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

i Selection and Design Criteria for Sewerage Project, Report iJonV8Brld Health
Organisation (WO Report No. 9)

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

1 The Design of Small Bore Sewer Systems by Ricl@tid dnd D, Duncan Mara (1985)

1 Domestic Wastewater Treatmein Developing Cauries by D. Duncan Mara (2003)

The Criteria outlined in these principal References have been evaluated in the context of the
Consultantexperience, 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 wastewater are collected and transported in two
separate systems. Ideally, no storm water isva#td into the sanitary sewers

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

I Partially Separate SystemaWith these systems, the sewerage collection system is
designed to carry all the wastewater together with some storm water. The bulk of the
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 facilities is
not included in this Wastewater Master Plan Study. All sewers shall be desidmedeparate
agaitSvaoe

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

Wastawvater collected in the Sewerage System is generated from;

1 Domestc, instititional and Commercial consumers
9 Industrial Effluent
1 Infiltration and Inflow into the Sewerage System
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5.1.3.1 Domestic and Commercial Consumers Sewage Contribution Factor

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

1 Quantity ofwater supplied to the building

1 Chaacteristics of the housing type

1 Climate with higher losses associated with arid conditions

9 Ground conditions with higher losses asstailawith high ground porosity

Sewagecontribution factor varies from 75% to 85% of water supplietepending on the
different categories of consumers as outlined in WHO Report No.9 and summaricaiolenb. 1
below.

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

S/No. Category Wastewate(:)rf ?Near:gaétjspelliz 3\ Percentag
1 High Income Housing 75
2 Medium Income Housing 80
3 Low Income Housing 85
4 Communal ablution/ latrine block 85
5 Dayschools, 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 a standard practice to ad8pfsin the design of Sewerage Systefmsother
Towns inKenya

5.1.3.2 Industrial Effluent

Industrial effluent generation varies from industry to industry and therefore, each individual
factory on a Sewerage System must be considered separételyever, for areas designated
for future industries whose type is noh&wn, WHO Report No. 9 recommends a rate of 25,000
I/ha/day. This has been adopted in the Study.

5.1.3.3 Infiltration and Inflow

The design of the sewers is based upon the concept of a separate Sewer System, i.e. sewers that
are designed to carry only the aripated sewage flows with only a nominal allowance in the

pipe capacity for infiltration and storwater inflow. If significant amounts of water from these
20KSN) a2dzNOSa INB fft26SR Ayid2 GKS aSoSNEX
capadiies, treatment plants of their process performance capabilities, and the pumping, costs
where they apply, will increase significantly.

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

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

Forthe design of the sewers ihaveta Townit is intended to use an infiltration allowance that
is based upon the area contributing to the sewé&his Study adopts the recommendation of
Nairobi City Council Manualf 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 inspection chambers within premises, open/loose
manhole covers, cross connections from stairains, etc.

In addition to infiltration, Nairobi City Counéiflanuall £ a 2

NEO2YYSYyRa

GdKS

lEf26Fy0Seér gKAOK Aa A yinabiablesnnivatef eninSand fof | £ f
authoriseddrainage of open industrial and commercaakas, iea Ay ¥ 2 g€ @
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

¢ KAa

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 Capacity

A sewer should be designed to handle the peak sewage flows that occur dudytodilarnal
and seasonal fluctuations. A peak factor, which refers to an estimated ratio of maximum to

average sewage flow, is applied the average wastewater floi@ determine the peak flow.

Sewers are normally designed to flow half full at peak flauere peak dry weather flow is
defined as:

Peak Dry Weather Flow, PDWFFR (DWH) + |

Where:

PDWF

FR

DWF=

Peak Dry Weather Flow (I/s)
Peak Factor

Dry Weather Flow (Design Flow) (I/s)
Infiltration Rate (I/s)

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

DWF = 3 &
Where:
3&
31
%
!
)

%)

Sewage Reduction Factor (%)

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

Inflow/Splash Allowance as % of P x G (litres per day)
Industrial Wastevater Flow (mi/ha/day)

Industrial Drainage Area (Ha)
Infiltration Water Flow Rate (I/sec/ha)
Domestic Drainag@rea (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 size of the pipe. An increase in the
contributing area results in a lower peak factoence large trunk sewers have lower peaks than

small branch sewers.
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Manymethods and formulae are used to predict peak factors in sewers. The factors derived by
Nairobi City Council in the 1960s, after a comprehensive survey of the Capital City's aesvers,
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 givi@ble5.3 below.

Table5.3: Common Formulas used to calculatedke-low Factor

v v B P
Legg Formula, for population < 7,000 Persons U Q80D 00 2T w0 0t ¢
T e T 4 s v
Babbit Formula, for population < 7,000 Person: 0 QAW 60 Errrarms s ¢
. e p1
Harmon Formula, for population > 7,000 Perso 0 QA DO Pl s wm, N0 &S0 QE

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

The empirical formulas adopted in the computation of peak flows fdaveta Towrare as
follows;

9 Babbit formula for populations less than 7,000 persons

9 Harmon Formula for populations greater than 7,000 persons

5.2 Projected Wastewater Flows

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

Based upon the above componemisdassuming a regular / unsuppressed water sugpigfull
water distribution network the projected wastewater generation for the sidzationscovered
by Taveta Towrhas been determined and is givenTiable5.4 below;

Table5.4: ProjectedWastewater Geneation up to Year 2040

: Wastewater Generation (rfid)
Sublocations = Area (Ha)

2009 2015 2020 2025 2040
Mahoo 738 508 581 655 742 1,109
Malukiloriti 902 177 202 228 258 386
Njoro 31 18 20 23 26 39
Ndilidau 179 29 33 38 43 64
Mboghoni 278 257 293 330 374 560
Lesesia 584 114 130 147 166 248
Mijini 273 1,332 1,522 1,715 1,944 2,905
Total 2,986 2,435 2,783 3,135 3,553 5,309

MIBP/ CES/ BOSCH 5-4



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL MASTER PLAN REP(
Wastewater Master Plan for Mombasa and Selected Towns within the §ld@egion - TAVETA TOWN

However, achieving conditions of regular / unsuppressed water supply and full sewer
connections in a Town with Sewerage System éanly impossible. This isaused by thdimited
development of water resourceso serve Taveta Town inadequate water distributionand
seweragenetworks and theprevalent use of onplot sanitation systems due to topography,
affordability, unplanned settlenent, etc.

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 foiTraveta Town

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 Incomewith 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 Category Basl 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 therojected 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 gradualimplementation of sewer

connections
6,000 |
s \With 100% Connections & Regular Water Supply
= =& = = With projected build-out of Sewer Connections and /

5000 — Suppressed Water Supply
) —
=
E
?: 4,000 _-¢
ks o
[T =T
1= -
- e e IR O
B 3,000 4"
o — .
2 -
> 4

”,

(a] ’I’
@ 2,000 -
[ -
™ -
E *. -----
- L
I 4

1,000

2015 2020 . 2025 2030 2035 2040
Medium-Termm
Plan Horizon Year Long-Term
Plan Horizon

Figure5.1: Projected Wastewater Flowap to Year 2040
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FromFigure5.1on Page 55, FromFigure2.3on Page 27, the projected wastewater generation
based on the realistic conditiord water supply and sewer connections at the Years 2025 and
2040is 1,900 m3/d and4,000 m3/drespectively.

The design of Wastgater Treatment Plantand Sewerage System havween based on the
wastewater flow generationdetermined from the realistic condiions of suppressedwater
supply and projected buileup of sewer connections.
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6.0 DESIGN CRITERIA FOR SEWERAGE SXSDEWASTEWATER TREATMENT
PLANTS

6.1 Design of Sewers
6.1.1 Minimum Size of Sewer

Many sewer blockages imban areas occur in the first length of sirdiameter 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 sufficient

Thisrecommendaion is comparable to that of'WHO 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 forTavetaSewerage Syste. However, athe 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 &leviate 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 factor, has long beeegarded as théormulathat 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 published Design Chartis timitation 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 empirical, it gives aaccurate 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:
6 = velocity of flow, (m/s)
T = pipe roughness coefficient
2 = hydraulic radius, (m)
3 = slope of the pipeline, (M)

Table6.lbelowK 2 ga G(GKS al yyAy3aQa tALS NRddzZAKySaa 02857

diameters.
Table6.1:CNRA OGA2Y CFOG2NJ F2NJ al yyAy3aQa C2NXdzL |
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 habeen 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 velocity of flow in argvity 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 of solids do not dcmalocity 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 gradient that will give dogity of 1.0 m/s at full borélow. 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 aBaiveta Towrsince it has been

noted that at high temperatures, increased biological activity rapidly reduces the dissolved
oxygen content of the sewage and can result to buidof hydrogen sulphide gas. Without
oxygen, sulphate reducing bacteria break down the sulphates alwaysmrgssewage and
hydrogen sulphide gas is produced which turns into sulphuric acid. Hydrogen sulphide gas is
known to cause odour and corrosion problemsvedocity of 1.0 m/s is considered necessary in
tropical climates, (WHO Sectorial Report Nooed with thisproblem.

This requirement is more important for trurdewersand isinappropriate for house connections
or the secondary sewersr Taveta Towrwhere flows may be intermittent and retention times
short. A minimum velocity of 0.75m/Bas beenadopted 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 reaches of systmesto 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 be provided at tlupper sewer section® 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 erosion in theime 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 hence no upperflimit o
flow velocity is recommended.

The followingvelocity guidelines havieeen 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 3.0m/s

1 Maximum flow in 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 sewersvedlbve the sewage

level oxidise the hydrogen sulphide gas to sulphuric acid which attacks the wall of sewer pipe and
result to corrosion of ferrous and concrete wallusingheir rapid deterioration.

The onset of Hydrogen sulphide attack depends upamyrvariables 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 atdw velocities

1 Temperatureg sewer corrosion is more frequent and intensiveinnwarm climatesas
compared totemperate areas

A welldesigned and constructe8ewerageSystem is the best way of preventingcurrence of
sulphide attack. It is considered théhe relatively shortsewer lengths proposed inraveta
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 retemti time less than 30 minutes has been providedaTavetal
anaerobic conditions and generation of hydrogen sulphide. Injection of air into the main by a
compressor igproposedwhere retention times exceed 30 minutes. Where there is high flow
volume with tubulence and splashing, hydrogen sulphide 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 sulgieidesation result
from slime andsewagedeposits.

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 sewersand prevent hydrogen sulphide
generation

To ensure adequate ventilation, ventilation columns with extensions should be installdd at a
house connectionsumping Sations andManholes where pumping mains discharge. Manhole
covers should alsde providedwith ventilation slots. Forced ventilation 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 amnection to the existin@nd 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 recomnasminimum depth of seweref 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 sectiorof sewers if shallow depths are adoptéal 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 irnlrable 6.2below.

Table6.2: Minimum Sewer Depths and Pipe Protection

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

6.1.8

The depth of sewers Tavetahas beerdictated by the constructability of soil conditions given
the flat topography, loose sandyils, depth of the water table and economic 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 permitthe inspection and cleaning of seveeand 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 atlgterva
sufficiently close t@asesewer cleaning.

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

Table6.3: Guideline to manhole 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 didéenesewers. Thus, for pipe diameters smaller
than 225 mm, it is proposed to reduce the manhole spatindOm for eae of cleaning and
maintenance The spacing of intermediate manholesthe Sewerage System fdaveta Town
has beerguided by thgproposedSewer LayoutPlan

Pipe Materials

The choice 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 pipe material i.e. strenfjthpreventabrasion)

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 indtSewerage System foaveta Towncombiration of various
pipe materials, which are manufactured locally to internationally recognized standaags,
been consideredThese include;

i. Precast Concrete Pipes

Spun couprete pipes are manufactured locally by several 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 the
most commonly used type of concrete pipes.

Rigid jointed pipesire rarely used for sewers. They are connected utgingd hessian and
cement mortar Ogee jointed pipescommonly used for surface water drainagyestemsare
available in sizes from 100 mm 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 camdoeufactured on order.

MIBP/ CES/ BOSCH 6-4



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL MASTER PLAN REP(
Wastewater Master Plan for Mombasa and Selected Towns within the §d@egion - TAVETA TOWN

The disadvantages ofising concrete pipesinclude their high friction coefficient and
susceptibility tocorrosiondue tothe generation ohydrogen sulphide gas especiallyragh
ambient temperatures and long retention time.

ii. UPVQPipes
Un-plasticised PVC pipes are manufactured 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.

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

However, expsure to strong sunlighitver 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 Contnacto lay
these large dimetepipes. Their use has therefore generally bdiemted 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 additionalfeguardagainst corrosion attacks
and overburden

iii. HDPE Pipes
HDPE pipe areideal for many different applications including municipal, industrial, energy,
geothermal, landfill and more. HD®Ripe arestrong, durable, flexible and light weight. When
fused together, HDPE has a zégak rate because 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 methodowing totheir 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
includingreduction in the number of manholes required, ease of useoinfined spaces and
resistance to corrosion in theoastal townsmakeHDPE Pipes the idesdwer pipe material

iv. Steel Pipes
Steel pipes are manufactured in Kenlrathe sewerage systemhey are used forexposed
locations such as river crossingsimpumping mainsHowever, potection against corrosion
is required internally and externallyjhis is provided usingtbmen sheathing with external
sheathing reinforcedand glass fibre windings. l#rnatively, modern proprietary epoxy
coatings 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 externaprotective bitumen coating become brittle and crack, thbecome
susceptible to theatmosphere. There are also cases where the pipe couplings, and even the
pipes, have been vandalised and stolen for recycling purpa@$eshgh cost of steel pipeslso
discairagestheir use in other normal conditions.

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 pipabearaost
appropriate pipes for use in large diameter sewer construction in Kenya. For smaller
diameters, uPVC sewer pipes are more cost effective. Steel pipesaitablefor aerial river
crossings, pumping mains, high impeegistance and bridging diby; either spun iron or mild
steel pipes can be used. Standardisation of pipe materials and fittings within the jurisdiction
of TAVEV@as also been considered.
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The Gravity Sewers fofaveta Towrwill consist of HDPE/ uPVC pipes asocket& spigot
concrete pipeswhile Pumping Mains will comprise of Steel Pip&hallow sewer sections or
those laid on road crossings shall consistfiexible jointed concrete pipesgprotected with
reinforced concrete raft slab

6.1.9 Property Connections

As the designed Sew&etwork will comprise Trunk Sewers and Secondary Sewers, only those
properties that are adjacent to the sewers will easily / directly connect. Other properties will need

to be connected, either lJAVEVQ & G SNI A NB aS ¢ SNAE 2iddotdedsibley RA O A
at the construction stage to allow for all individual property connections, but, wherever, possible,

160 mm diameter Yunctions shllbe provided on the secondary sewers to facilitate connections.

6.2 Design of Sewage Pumping Stations
6.2.1 Sewae Pumps

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

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

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

ii. Submersible panp-sets incorporating centrifugal pumps (452,500 I/min),
iii. Centrifugal pumps (2,50018,200 |/min),

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

However, where the public can be excluded, screw pumps are considered suitable for sewage
aft AT d¢ Wheleleriele@rifity & available, it is recommended that pumps be driven by
electric motors; elsewhere, diesehgines are considered the better alternative type of prime
mover.

Apart from solids diverters, submersible pursgts and screw pumps, it is recomnaked that all
sewage and sludgpumps should be protected against blockage by screens; for the smallest
pumps, 40 rm clear opening screens are required, bab0 mm openings are suitable for the
larger centrifugal and mixeflow pumps.

6.2.2 Sewage Pumping Statins
CKSNBE INB (62 oFlaAro GelLlSa 2F asSeél 3S LlzyLAy3a a
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 si@n is, considerable extent, dictated by the type of plant. Thus, a
station for a screw pump simply houses the prime movers, and the buildings for ejectors or
diverters are essentially partlyuried boxes giving access to the equipment and its contral. gea

Roto-dynamic pumps require more sophisticated stations, which can be roughly categorized 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 the ground surface.

Sewage pumping stations can be broadly classified as follows;

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

At such stations, th@umps are installed in theubstructure oiWet Well whichcontains sewage
Thisarrangementensures that the pumps are always primed. Usually, the gnnovers are
located in the superstructure and the driievia cased shaftinmy case of verticathaft pumps

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

Inrecent years, several manufactures have started to produce watertight, submersible, portable
pumping setsuitable for sewage, eachmprising a cetrifugal pump setdentrifugalpump and
electrical moto}. It ispreferable to have the compact control equipment above ground laxdl

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

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 guiéline has not been stringently followed in this study.

Dry Well Stations

The substructure of such stations comprises two compartmenisyaVell to house the pumps
and a sewage sump &iore the sewage, sludge or effluent to be pumped.

The capital cds of such stations are more expensive th&let 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 istagin
Kenya (> 2,500 I/mirghould be of this type.

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

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

Packaged Pumping Stations

These seltontained, factorybuilt units are recent developmenthey operateby electricity and

are fully automated.Usually, a unit is installed underground and comprises pumping sets
enclosed in a protected steel substructure. Masé designed aBry Well stations except that
electric motors are usually clos®upled to verticabumps so that theware also at bottom

6.2.3 Siting of Sewage Pumping Stations

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

SewagdPumpingSations aremostlysited in lowlyingareas, where flooding may be a rigls a
precaution, the floor of superstructure to theumpingStationshould always be elevateabove
the highestrecorded flood level.
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6.2.4

Electrical supply and mechanical failusee common occurrence at Sewage Pumping Stations.
All Sewage Pumping Stations should thereforesbelocated that resulting sewage overflow
causes minimunhazardto public healthand environnent. Wherepossible, a screened overflow
pipe, or use only during emergenciehiould be provided ta@onvey sewage by gravity to a
retention ditch or pond

Capacities of Sewage Pumping Stations Components

Pumping and Station Capacities

Whena SwagePumping Sation has rotedynanic pumps, i$ total pumping capacity should be
compatible withpeak flows in the sewerage system it serves; if the sewers are not operating at
their design capacities, then thiastalled pumping capacity should be correspondimgbuced.

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

to install pump sets tserve for5 to 10 yeas, depending upotthe rate of increase of sewage
generationin future. Buildings and dter ancillaryworksshouldhave design period &f0 years.

SewagePumpingSations with screw pumps or divters cannot be designed in thigy, as once
initial instalation is complete, the pumping capacities can onlyifereasedby duplicating the
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 5@er 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 stat®rihe pumping equipment should be duplicated 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 perentage 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 two sets each with a
capacity of 1800 I'min; in this casethe providedstandby is only 5.

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 thhggarters of pumps can deal with
peak flows, with theemaining pumys) held instandby.

Wet Wells and Sewage Sumps

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

Effectively, the capacity of sewage sumphis volume between the highest level at which the
pumps start and théowest level at 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 Sevage zY LJ@gacityOshould be related to the rate of inflow and the pump capacities, to
reduce wear 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 hourntieimum
number of starts occurs when the station inflows is equal to half the pumping capacity of one
pump. On the other hand, if sewage sumps are la@e, sewage will tend to become anaerobic
during itsretention.
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It is recommended that the capacity tfe sewage sump in Bumping Sation be calculated
following theformulagiven below

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 sewagump given by the above formulae representshen of the capacities
of the individual compartments 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.

6.3 Design of Wastevater Treatment Plants

6.3.1 SelectionCriteria for Treatment Process / Technology

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

i) Nature and Strength of Wastewater

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

i) Cost
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 varitnestment technologiesthe Consultant
calculated the dynamic undéost as average cost/nof wastewater treated for different
treatment technologies as summarisedrigure6.1 below.

4,000 ——— — — — —— = =

Anaerobic Ponds +
Trickling Filters +
Maturation Ponds

3,000 — —

Oxidation Ditch +
Maturation Ponds

i [
i 1
| }
‘ Waste Stabilization
/ | ik
|

2,000 +——

Capitla Cost {Ksh, Million Ksh)

1,000

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

Flow, m3/d

Figure6.1: Capital cost for wastewatettreatment technologies
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iif) 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 congiderat

of the site topography and terrain for the hydraulics at the WWTP has been 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 Rguirements for wastewater treatment technologies

iv) Operational Skills

Treatment technologswhoseskill requirement for operation and maintenancan be
obtained locally with minimum training of operators, has albeen given preference.

v) Sludge Production

Different technologies generatearied amountf sludge duringvastewatertreatment

process Theamount d sludge generated and its disposal or rehssa huge impact on
the capital cost, operational cost andnd requirement. Theselection of wastewater
treatment technology hasonsideredminimal productiorof sludge and itsafe disposal

vi) Energy Recovery

Methane gas is usually generated during wastewategatiment process. Some
technologies such as the Actied Sludgdiave dominant anaerobic digestioprocesgs
involving sludgevhich roducessubstantiabmounts ofmethane Energyproduction can
also be achieved through direct incineration of sludge.

It is ideal tacollect and utilizeéhe produced methaneas for thegeneration 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 presencefmutrients such asitrogen, phosphorous and potassium makes sludge a
valuablefertilizerresource 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 emgy and fertilizer recovery, generated sludg®ostly liquid 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 transpotation is necessary. Some of these techniques are labour and 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 maisa be combined with grits and screenings from the Plant for
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 ismepacted with bulldozer and covered with a thick
layer of 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 iotentials for erosion and runoff
1 Soil Characteristics

1 Soil depth to ground water

1 Accessibility & proximity to critical areas

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

X) Mechanical Equipment

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

xi) Nuisance

The degree of colour, odour and noise shall be below the nuisance thddhespecially,
regarding the proximity of the Wasteter Treatment Plant to the buildp areas.

6.3.2 Alternative Wastewater Treatment Proceges/ Techrologies

The following biological Wastewater Treatment Technologies 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
i G [ Sludge)

( Household {1 Household reywalor W =udge)

F Neighbourhood %] Shared Outputs: @ Effluent @ Sludge

%] City %] Public

Waste Sabilization Ponds (WS§) are large basins enclosed by earth embankmamts
which raw wastewaters treated by entirely natural 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 treatm@érsR

are the preferred method of wastewater treatment in developing 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 artdraten ponds
which are linked in series. Anaerobic ponds and facultative ponds are desigri2@@or
(biochemical oxygen demand) removal, and maturation ponds are designed for faecal
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bacterial removal. Some removal of faecal bacteria (especialfjboio cholerag occurs

in anaerobic and facultative ponds, which 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 &bilization Pond is given Figure6.3 below;

Raw
wastewater

i e M By B Ve N

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 disadvantaged OVSP include high land requirements and odour release.

if) Trickling Filters

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

_Household _J 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(dAyde2dzaf @
using sprinkler as shown kigure6.4 on Page 613.

sprinkler

filter

feed pipe D: ' € X 3 3 : < v _: air

‘ R RN IR R T aém- F Ao 8

filter support e O L LT TANN T NNRNYANNT |:| outlet
u

collection I_)

Figure6.4: Sectional View of a Circular Biofilter

As the water migrates through the pores of the filter, organics are degraded by the
biofilm coverng the filter material. They prodwe high quality effluents (e.g20 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 comprise¢gB2n deep 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 9h specific surface
provides a large area for biofilm formation. Organisms 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 ofrtckling filters are;
1 High quality effluentat small footprint & les®lectricity
9 HEficient nitrification
1 Operation at a range of org&c and hydraulic loading rates

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

iii) Oxidation Ditch/ Extended Aeration

Application Level: Management Level: | Imputs: @ Effluent @l Blackwatar
Brov tar G

1 Household 1 Household 5 Brownwater € Greywater

#] Neighbourhood 1 Zhared Outputs: @ Effluent @ Sludge

(%] City (%] Public

Oxidation ditches are a direct modification of conventional activated sludge. Their
essentialoperational features @& that they receive raw wastewater (after preliminary
treatment) and provide longer retention times: the hydraulic retention time is commonly
0.5¢ 1.5 days and that for the solids 280 days. The latter, achieved by recycling >95
per cent of the activieed sludge, ensures minimal excess sludge 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 dewateed without odour on drying beds. The other major difference is in
reactor shape: the oxidation ditch is a long continuous channel, usually oval in plan and
2¢ 3 m deep.

The ditch liquor is aerated by several aerators, which impart a velocity to tleé dit
contents of 0. 0.4 m/s to keep the activated 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 cistently >95

per cent are obtained for botBODand SS.

Currently, here are few oxidation ditches in developing countries sinaste
Sabilization Ponds are usually more favourabkdthough whereelectricity supplyis
reliable butlandinsufficient forpondsOxidation Ditchegre increasingleingused.

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

The limitations / disadvantges 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

iv) Sequencing Batch Reactor (SBR)

Application Level: Management Level: | Inputs: &8 Effluent @l Blackwatar

Bro tar G
(__IHousehold 1 Housahald & Brownwater ] Greywatar

# Meighbourhood 1 Shared Outputs: @ Effluent @ Sludge
] City %] Public
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The Sequencing Batch Reactor (SBR) is aratext 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 conventional continueflsw activaed 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 (seeFigure6.5below).

Sequential Batch Reactor

_Raw Sewage | L)

7
¥
< Settling
Siudge Discharge |
occasionally leiad

Figue 6.5: 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 concentration, and mixing in thesedsedould be
altered per the needs of thé&reatmentPant.

SBRs require controls to reduce energy consumption and enhance the selective pressures
for BOD nutrient removal, and control of filaments. This range from a simplified float
and timer based sysie 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 includgrimary setling 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 loadings are expected.
A plant utilizingan 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 Process at the Wastier TreatmentPlant.

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 equipmeiito minimize potenal 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 are briefly described befow

a) Screening

Screening is the first unit operation used\&astevater Treatment Plants (WWTPs)t
removes coarse objects such as rags, paper, plastics, and metals to prevent damage and
clogging of downstream equipment, piping, and appurtenances. Thesersccan 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 rakingotd a
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clogging and high backwater kg that cause buildip of solids mat on the screen. The
increased raking frequency increadalsour costs

Mechanically cleaned screening systems are popular in modern WWTPs because they
reduce labour costs and improve flow conditions resulting from esm 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. Plants utilizing mechanicallyedlsaneens
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@@&tse screens
remove large solids, rags, and debris from wastewater, tgpitally have openings of
6mm or largerFine screens are used to remove materials that may create operation and
maintenance problems in downstream processes, particularly in systems that lack
primary treatment. Typical opening sizes for fine screenslé&dd¢o 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 abrasion and wear of mecharmiqalpment, 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 settlentesf 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 clarification, grit removal shallprecede aeration (Metcalf & Eddy,
1991).

Many types of grit removal systems exist, including;

0 Aerated grit chambers
Vortextype (paddle or jet induag vortex) grit removal systems
Detritus tanks (sha-term sedimentation basins)
Horizontal flow grit chanbers (elocity-controlled channel)
Hydrocyclonegcyclonic inertial separation)

OO0 oo

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

c) Flow Control and Overflow

Flow control requires that a flow control device be incorporated at the inlet works to
restrict the forward flow to teatment i.e. to davetal hydraulic overloading of the
subsequent 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 Wastewater Treatment Plant (WWTP)

The location of the proposed Wastater Treatment Plaifs) is identified after theselection of
wastewatertreatment technology and determination of the land required fbe installation of
the various units of the WWTPossibilities of future extension of the WWisRll® considered

The factors considereit the selection ofWWTHocation are biefly discussed below.

LandUse

In the Landuse Map different areasof Taveta Towrhave been assigned variexkisting and
proposed uses. Areas earmarked for residential, industries, agriculture, forests and social
amenities are considereddssuitablefor 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 WWTHhe 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 shlolibe located on a lovying 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 system.

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 whose soils are impermeabtmisidered 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 candidate
sites inTaveta Towrcomprise ofa 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 clay |ddmase soils are #able 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 of construction and opetian & 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 agricultural irrigation,
industrial pocesses, ground water recharge, eiroximity 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 WWTP site ideal for agricidtigiation.

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 resettleemt and compensation
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7.0 FORMULATION Gt TERNATIMEEVELOPMENT STRATEGIES
7.1 Justification of Study Area

The World Health Organisation (WHO) in Report No. 9 proposed that by the year 2000 all urban
areas that have a population density greater than 124 pesgeer hectare should be connected

to the sewerage system. This criterion was proposed to assist in defining the priority of measures
that developing nations could adopt to identifydlextent of sewerage projects.

The present estimated mean populatioprtsity for the entire service area of Taveta Town (year
2016) has been determined as 7 persons per hectare while the projected year 2040 mean
population density is 14 persons per hectare. The highest projected population density in year
2040 is recorded irMjini sublocation at approximatively 81 persons per hectare. These
conservative densities have been adopted for the design of Sanitation System for Taveta Town.

7.2 Delineation of Drainage Areas

The Sewerage System fbaveta Towrnas been developed based drainage areas. drainage
area refers to a natural boundanyithin which the topography permitsonvergence of surface
water flowto asingle point at a lower elevation.

Theentire study area of Taveta Town has a definite topography and thus, restdtia single
drainage area

Based on the projected land ugmopulation and water deman@cluding suppressed conditions)
as detailed in the previous Chaptetbe sewage generate(Dry Weather Flowat the various
design horizons bRprainage areincluding BOBis givenin Table7.1 below.

Table7.1: Summary of Sewage arB8lOR} Generated per Drainage Area

(Ha) DWF(m3d) . 25m 6 DWF (m3d) .25m 6
2,986 1,900 490 4,000 513

The Projected Dry Weather Flow file study area offaveta Towrat the Design Horizon (Year
2040) is approximatelg,000m3/day.

A layout Plan showing thextent of thedrainage area is given kKigure7.1 on Page7-2.
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Figure7.1: Extent of theProposed Drainage Area
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7.3 Description ofWastewater ManagemenSchemes

As explained isub-section 72 above, he general topographwithin the catchment of Taveta
Townis such thatatural drainage to aisgle low point is possibléThis resulted to a single
feasible Wastewater Management Scheme comprising of sewage collection and conveyance
system and &entralised Waste Water Treatment Plant

The wastewater generatedn the entire service area of Taeeiown willbe conveyedto the
proposed Centralized Waste Water Treatment Plardinly by gravity Trunk and Secondary
SewersOnly 1Nrpumping station is required for conveyance to the proposed Treatment Works
Site.

The wastewater generatedn the entireservice area of Taveta Town wik conveyedto the
proposed Centralized Waste Water Treatment PlangravityTrunk and Secondary Seweko
pumping station is required for conveyance to the proposed Treatment Works Site.

A centralized Waste Water Trmaent Plant with a design capacity df{000m3/d has been
positioned at undeveloped site which is situated at the lowest point of the catchment ahés.
site has been selectefdr the WWTP the capability of gravity conveyance of generated sewage,
and theavailability of land for acquisitiohe land required for the proposed Treatment Works
isapproximately Dha.

A full conventional Wast&Vater Treatment Plantcomprising of Waste Stabilisation Portus
been adopted at th centralized locatiorronsidemg land availability, low construction costs and
minimum operation and maintenance requirements. The main components are as follows:
Inlet Works

4Nr. Anaerobic Ponds

2Nr. Facultative Ponds

4Nr. Maturation Pond

1 4NrSludge Drying Beds

= =4 =4 =

The initial construdbn phase will involve development of the entire wastewater collection and
conveyance system and a Wastewater Treatment Plant of capad® m3/day. The second
phase consisting of the expansion works of the Treatment Works to an increased capacity of
4,000m?/day should be constructed and commissioned by the \2&80
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8.0 PROJECT COSISTHE ALTERNATIVE WASTEWATER MANAGEMENT SCHEMES

8.1 Introduction

ThisChapter describes theProject ©sts of the Alternative Wastewater Management Schemes
formulated to serve the sanitation needs offaveta Townup to year 2040, includinghe
methodology used to derive them.

The unit costs are based on recent contracts of similar nature in K&0y8&) supplemented by
guotations from various manufacturers and suppligkB.the unit costs arénclusive of relevant
duties and taxes but nd®reliminary and General ltem€ontingencies and Consultancy Eees

The accuracy of cost estimates is generally plus or minus 20%; which falls within the criteria for
estimated costs based oRreliminary Design. However, larger variatiorare 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 he implementtion of the
infrastructural components dad Project. It includes the cost of land acquisition, construction and
installation, construction contingencies, engineering services, legal and administrative services
and financing expenses.

The unitcostsof the construction and installation componertiave been determineffom the

market prices of the variou¥' G SNRAF £ T f 1 62dzNJ O2adas (andyalLi2N
profit. The market prices of thmateriak have been obtained from various sulers while labour

rates have been obtained 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 bedimitedatn /&2 2F GKS YIFGSNRAFE O2aia
overhead and profit have beaassumed to b&0% of the total costf.e.cost of material + labour
cost)

In this Master Planit has beenassumed thatconstruction of sewersand the Wastewater
TreatmentPlant inan implementationphasewill be included under a single contrafdr the

benefits which result from the resultingconomy of scalethis is more significardan itemssuch

asmanagement and site supervision costs.

8.2.2 Land Acquisition

The cost of lad at various locations withiifavetadepends on the proximity to services and
market forces. The average costs of land adopted for the Wadtr Master Plain Taveta Town
is Kshs. 5,000,000 per hafter comparisorand assessmentf the information of cosof land
within the Town collected from the registerédnd 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 sttures for passage of sewers shall be carried out
without need for compensation or land acquisition.
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8.2.3 Construction Cost

This ost includescost ofmaterials, equipment, labour and services necessary to constinect
Sewerage Systemd®ers, Manholes, Raping Stationsand Wastavater Treatment Plargs). It

coverstaxes and duties, andcy G NI Ol 2 N &

2PSNKSIFR

YR LINRPFAGOD

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

andsteel pipelinest y Of dzRA y 3

Table8.1: Unit Costs for Sewer Lines and Manholes

A SiteClearanceand Excavation

A Supply of all marials to site

A Pipe lay, joint with rubber rings, granular bedding, test and backfill exfctn for
flexible-jointed Concrete Bes

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

pipes

A Constructionof manholes on th sewer lines

A1 2yGNF OG2NRFproBLSNKSIF RA | YR
Table8.1 below shows the unit cost for different sizes of flexible jointed sewer lingmholes

GFrESas RdziASa

F.yR 02y (N} Oz

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 diaS&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 Pipe; 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 naninal 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
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Since the depth of excavation for sewer lines varies considerdbpending on seeral factors
like ground slopes, 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 shownTable 8.2 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 | 2946
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 fowvggr trench excavation for various diameters

of sewers.
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Figure8.1: Unit cost forsewerexcavationwith Depth
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Unit costsconsidered for Manholes or Pumping Station forming part of the Sewer Network are
given inTables8.3to 8.8 below and Tabl&.9 on Page &5.

Table8.3: Unit Cost forEarthworks

Item Description Unit Rate (Kshs)
_Mass Excavation
1) Excavate to spoil m? 297
2) Excavate and fill m® 320
3) Excavate in soft rock (E.O) m® 1800
4) excavate in hard rock (E.O) m® 3200
5) Imported fill m® 450

Table8.4: Unit Cost forConcrete and Mortar

Design Mix Unit Rate (Kshs)
1. Grade 25 (1:1.5:3) m?3 19,965
2. Grade 20 (1:2:4) m? 15,255
3. Grade 15 (1:3:6) m3 13,965
4. Blinding, 75mm m? 1,050

Table8.5: Unit Cost forFormwork

Item Unit Rate (Kshs)
1. Wrought Formwork m? 1,750
2. Rough Formwork m? 1,200

Table8.6: Unit Cost forSteel Reinforcement

Item Unit Rate (Kshs)
1. Mild Steel 12mm dia. and less kg 125
2. Mild Steel 16mm dia. and less kg 125
3. High Tensile Steel 12mm dia. and less kg 125
4. High Tensile Steel 16mm dia. and over kg 125
5. B.R.C Type A142 (2.22 k§fm m? 750

Table8.7: Unit Cost forMasonry and Block Walling

Item Unit Rate (Kshs)
Block Walling (Metric)
90mm Blocks m? 1,940
140mm Blocks m? 2,400
190mm Blocks m? 2,800
240mm Blocks m? 3,200

Table8.8: Unit Cost forMiscellaneous

Item Unit Rate (Kshs)
1. Staff Houses (High Grade) m? 28,000
2. Staff Houses (Medium Grade) m? 24,000
3. Staff Houses (Low Grade) m? 22,000
4. Main Electricity Supply Line km 1,600,000
5. Chain link fencing on Concrete Poles (1.8m hig m 3,250
6. Metal Gate (4.0m wide) Nr 92,000
e oot c00o0000
8. -Ditto- (double seal) km 45,000,000
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Table 8.9: Unit Cost forElectroMechanical Works

Treatment Technology Costoof EIetro-Mechanica}I Works

as a% d Total Construction Cost
1. Waste Stabilization Ponds 5
2. Biofilters / Trickling Filters 20
3. Activated Sludge 35
4. LongSea Outfalls 10
5. Activated Sludge 30

8.2.3.1 Pumping Stations

Pumping stations comprise of the three main components of urbamemes; (a) Civil Works (b)
Electrical Works (c) Mechanical Components i.e. pumps, valves, etc.

The size of the pumping station depends on ttesigned flows and head and thgpe and
specificationof the pumpsand motors to be installed.

Forpreliminaly cost estimategthe unit cost of pumping stationshasS Sy o6l aSR 2y 02
rates of recent projects/NVhere possible, quotations obtained from renown suppliers have been
used.

8.3 Unit Costs for Operation and Maintenance
8.3.1 General

The cost of Operatiomnd Maintenance (O&M) of each viable alternative scheme is a very
important factor in the selection of the recommended alternative. The component of the
Operation and Maintenance costs includes:

1. Equipment maintenance and repairs e.g., pumps, motors, etc
2. Power / Electricity charges,

3. Staff wages and salaries,

4. Cost of Chemicals.

8.3.2 Equipment Maintenance and Repairs

The cost of equipment maintenance and repairs can be estimated as a percentage of the initial
capital costs. In the development of this Wastder Master Plan, itis assumed that annual
maintenance cost is 1% of tlvapital cost folICivil Worksomponentsand 5% of theapital cost

for the Electremechanical Worksomponents

8.3.3 Power Charges

The cost of power consumed has been calculated usingcosttrate ofKshs18 per kilo watt

hour (kwh)
8.3.4 Chemical Costs

Where applicable e cost of chemicalsuch as chlorine to be used at the Wastewater Treatment
Plant las been calculated as a percentage of the overall operation and maintenance cost

Nochemical is required in the treatment of wastewater since the treatment technology selected
is Waste Stabilization Pond which is purely natural and biological
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8.4 Capitaland Operations & Maintenanc€ostsof the Wastewater Management Scheme
8.4.1 Capital Costs

The Capital Cost®r the ProposedNVastewater ManagemenScheme formulated foaveta
Townhave been worked out on the following basis;

a) Project Implementation planned to be carried out in two phases i.e. Medienm Plan
(2020-2025) and Londerm PlanZ026- 2040)

b) The Cost of Civil Workenstitute the following fraction of the components total costs;

1 Wastewater Treatment Plart 95%
1 Pumping Statiorr 60%

1 Sewers; 100%

A simmary of the Capital Costs is givermable 8.1(below;

Table 8.10: Capital Costsf the Proposed Wastewater Managemer@cheme

S/No. Component Cost (Kshs) = Cost (USD)*

1 Land Acquisition 50,000,000 485,437

2 Civil Works 1,884,297,001 18,294,146
2.1 | Wastewater Treatment Pld 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 Works 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 CapitalCost 1,966,433,156 19,091,584

8.4.2 Operations and Maintenance Costs

The Oprations and Maintenance Cosfsr the Proposed Wastewater Management Scheme
formulatedfor Taveta Towmave been worked out on the following basis;

a) Electricity Costs at thBumping Sations has been assumed tocrease annuallat the
rate as the population due tmcreasedsewerconnections

b) Annual Maintenance Caosbf the Schemghave been calculated as the sumi®6 of the
Costs of the Civil Works and $%ihe ElectreMechanicaWorks

c) Replacement of the Electfdlechanical ltems to be carried out every 10 Years with repair
worksplanned for every intermediate 5 years betwetre replacementschedule

A simmary of theAnnual Operations & Maintenan¢@ostsof the Proposed Schemia the first
year of operations given inTable 8.11below;

Table 8.11: Annual Operations & Maintenanc€ostsfor the Proposed Schemgrear 1)

S/No. Component Cost (Kshs) Cost ((USD}
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 28,122,249 273,032

[11¢ Exchange Ratet USD = 103 Kshs
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8.5 Average Incremental costs dlfie Alternative Schemes

Net Present ValueNPV)is aone of thecommonly used criteria for comparimgonomicviability
of projects / Schems. When the unit NPV of a scheme is derived for timét of performance
indicator, incremental cost (marginal cost) is obtained.

The Net Present Value the Proposed Wstewater Management Schenteas been worked out
on the following basis;
9 Discount Raté Cost of Capitat 5%
9 Economic Life of Schenge80 years
9 10 Years Asset Renewal Period for the EleRtezhanical components
1 Substantial completion of the scheme expectatl the end of the 2 year of
Implementation of the Mediurirerm Plan Works (2022nd thus,schemeoperationto
commence irthe 3%year (2023)

From theNPV Average Incremental Costdbeen calculated in consideration of the following
factors;
1 TreatedWastewaterto increasefrom 2,360 m3/d in year 20230 4,000 m3/d inyear 2040
1 BODremoval as tle key performance indicatqkg/year)
1 Average InfluenBOR of 500 mg/l and EffluenBOR of 30 mg/l; thusBOR removal of
470 mg/l

Average Incremental Cosf 80D removal within the economic life of the Infrastructigean
alternativemeasure of economic viability.

The Net Present Valwend the Average Increment CostB®Dremoval of theProposed Scheme
are gven inTable 8.12below;

Table 8.12: Net Present Valuand Average Incremental Cost BODRemoval

Average Incremental Cost of BOD
N (1) Removal (USD / ton of BOD removecd
22,677,121 2,549

8.6 Sensitivity Analysis

Toascertainthe susceptibility of te Proposed Wastewater Management Schebased on the
Net Present Valug sensitivity analyses of tlgcheme has been carried out by varying the Capital
Expenditures (CAPEX) and Operation Expenditures (OPEX).

A summary of the Sensitivity Analysis is givehable 8.13elow;

Table 8.13: Summary ofSensitivity Analysis of the Proposestcheme

No Variation . Change in CAPEX (Capit Change in OPEX
in CAPEX & Expenditures) (Operations Expenditures)
OPEX -20% +20% -20% +20%

NPV (USD; 22,677,121 @ 18,496,513 26,857,729 21,808,978 : 23,545,264

Average Incremental Cos
of BOD Removal (USD 2,549 2,079 3,019 2,452 2,647
ton of BOD removed
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9.0 MULTHCRITERIA ANALYSIS AND REVIEW OF DEVELOPMENT STRATEGIES

9.1 Introduction to the Adopted Criteria

Selection of an appropriate Wastewater Treatment Train and Wastewater Management Scheme

is animportant stagein the desigh of Wastewater Collection andr@atment System. Multi

Criteria Decision Making (MCDM) techniques are gehemlabled to structure the problem

clearly and systematicalfpr i KS RSOA&aA2Y YI {SNBRQ (G2 SlFarte ¢
accordance with the priorities identified.

This chapter presents an application of the Analytical Hierarchy Process (Alt#) $election
of the most suitable Wastewater Treatment Train and Wastewater Management Scheme for the
prevailing conditions ifavetaTown.

The Analytical Hierarchy Process (AHP), has been adopted to perform the Multi Criteria Analysis
because itpernii & 202SOUGA GBS F20dzaSR RA & OdasiRimzysten2 T (0 K
analysis technique introduced birofessor T.L.A. Saaty ofhe University of Pittsburgh
Pennsylvanial.S.A.

9.1.1 Methodology of Analytical Hierarchy Process (AHP)

Traditionally the selection of the optimum treatment traonschemefrom several alternatigsis
carried out by comparing objectively economical and technical parameters s@&ipibal Costs,
Net Present Values, Dynamic Costs and dchnical Considerations of the treatment train
/schemes.

To carry out multicriteria analysis in the developmentTeivetaWastewater Master Plan, the
economic, technical and environmental parameters of interest have been categorized for ease of
comparison. These categories include Ease of Operation and Maintenance, Net Present Value,
Environmental Impacts, Land Re@uirent and Institutional Strength.

AHP is snathematicalprocesswvhich acts as a tool to simplify tivarious complex issug¢srough

a pairwise comparison of parameteesd provides aationale for ranking parametsrthus
prompting consensus on the seledtalternative. The mathematical process is based on deriving
weights for a set of parameters per importance.

A summary of the major steps in carrying out Multi Criteria Analysis by AHP Model is given below

Step 1

I LI NI YSGSNI YI G N the prwiGe candpariébd of énél rliind (inthértande of
the parameter with respect to the principle objective of selecting the optimum alternative
Wastewater Treatment Train.

The scale for the pairwise comparisons is givehaible 9.1on Page 92.

Step2
An x ndecision matrix is constructed for each of the parameters. In the construction of each of

the decision variable matrices, pairwise comparisons are carried out between the decision
variables with respect to the parameter under consideration.
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Table 9.1: Scale for Pairwise Comparison

Intensity of
Relative Definitions Explanation
Importance
1 Equallyimportance Two activities contribute equally to the objective
3 Moderatelyimportance of one over ather Expe_rlence and judgement slightly favour one
activity over the other
5 Essential or strong importance Expgrlence and judgement strongly favoured o
activity over another
7 Demonstrated importance An activity stro.ngly fa\(oured and its dominance
demonstrated in practice
9 Extreme importance The evidence favouring one activity over anothe
P is of the highest possible order of affirmation
Intermediate values between the two
2,4,6,8 adjacent judgements When compromise is needed
. If any activity has one of the above numbe
Reciprocals of . .
(e.g. 3) compared with a second activity, th
above non L : .
2610 numbers second activity has the reciprocal value (i.€
1/3) when compared to the first

The priority vectors % %, ...xs for the decisionvariable matrices are calculated. The priority
GKS 02t dzvy

Step 3
@SOG 2 N&A
o] w

The composite priority vector s obtained by multiplying the composite matrix C by the prnorit

vector X of the

From x, the relative weights of the decision variables Adternative Wastewater Treatment

FNB GF18y Ia

w88w

parameter matrix i.e.cx ¢ * %.

02 F2NY

Train is obtained. The optimum alternative is the one with the highest weight

The principal objectivef this studyisto selecti KS WY 2 & (i
Taveta¢ 2 g Yhi3 @ the core consideration in the formulation of the parameters used in AHP.

Wastewater Treatment Trairbelection

9.2
9.2.1 Objective Description
9.2.2 Parameters

adzaiidloftsS ¢

To meet the principal objective, severaparameters gubordinate objectives have been

formulated which must bédulfilled. Theseparameters are identified in the following subsection

with their characteristics anéhfluence on the Treatment Train selati brieflydiscussed.

9.2.2.1 Simplicity of Operations and Maintenance

This parameter defines the relationship between thevel of operation and maintenance skills

required and thecapabilityof the local labour pool and service industry

This factor is very important inonsideration of the constraints ithe availability of trained

manpower, availability of spare parts and the need to prioritise the use of limited financial

resources

Decision variables that can be sustained with the usdfofdable andocally ava#ble skils have

been given hig

her weights
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9.2.2.2 Net Present Value (NPV)

This isan indicative parameterof the total monetary outlayequired by atreatment train It
incorporatesthe Capital Costs and Operations & Maintenance Cosfshe Project. A 20 year€
period has been useid the determination of NPV

Using the scale for pairwise comparison of decision variables the treatment train with the lowest
NPVis assignedhe highest weight.

9.2.2.3 Environmental Impact

In the selection of the most suitable treaémt train, it is important to analyse the effect on the
environment. The degree of odour and noisem the treatment trainshouldnot exceedthe
nuisance thresholdThis is achieved by such means including provision of a buffer zone planted
with trees

Lower weightis assignedb the treatmenttrainswith greater negative impact.

9.2.2.4 Land Requirement

The Land requirement for the treatment train should include allowance for provision of future
expansions work$ias beenput into consideration under this pameter. Land requirement
should alsoncludea buffer zone between thiocation of the teatmenttrain andadjacent lands

A wastewatertreatmenttrain with the ss landequirementhave been given higher weight using
the subjective scale of weighting.

9.2.2.5 Institutional Strength

9.2.3

The capacity of the utility provider such as manpower, requisite skills of staff, Operations and
Maintenance Equipment, etc. should correspond to the treatment train adopted for efficient
daily running of the treatment facility.

Alternatives which require a lower degree of management effort are weighted higher.

Alternative Wastewater Treatment Trains
Alternativestreatment trainsconsideredin the AHP foil avetaTown ardlisted below:

1 Alternative 1- Waste Stabilization Ponds

1 Alternative 2¢ Composite Biofilters (Trickling Filters) System (Anaerobic Ponds +
Trickling Filters + Maturation Ponds)

1 Alternative 3- Composite Oxidation Ditch System (Oxidation Ditch + Maturation Ponds)
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9.2.4 Hierarchy Decision Model

Principal
Objective

= =4 -8 -4 8 -4 -2

Most Suitable
Wastewater
Treatment Train

= =4 4 4 2

Subordinate
Objectives

Simplicity of Operations
and Maintenance

~

Net Present Value

Wastewater Treatment

The model of AHP deloped in theMulti-criteria Analysissishown irFigure 9.1below.

Alternative

Trains

Alternative 1- Waste
Stabilization Ponds

~N

/

Environmental Impact

Land Requirement

Institutional Strength

Figure9.1: Hierarchy Decision Model used in the AHP

9.25

In accordance with the methodologg pairwise comparison has been made on plagameters

by addressinghe questiom &2 KA OK dubboidiha¥e DbjeStNé coniboute more to the

Parameter Matrixand Weighting

principal objectiv& €

The subordinate objective which by cognizance pose greater importahese beenassigned

higherscales in théntensity of Relative Importance

Alternative 2-

Composite Biofilters

system

~

-

Alternative 3-

Composite Oxidation

Ditches System

~

J

A summary of the resulting matrix of the Parameters is givaralie 9.2below.
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Slmpl.|C|ty o Net Present : Environmental Land Institutional
operation and :
: Value Impacts Requirement Strength

Maintenance

Simplidiy of

operation and 1 1 1/3 4 3

Maintenance

Net Present Value 1 1 1/3 4 2

Environmental 3 3 1 7 5

Impacts

Land 1/4 1/4 17 1 1/5

Requirement

Institutional

Strength 1/3 1/2 1/2 5 1
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To illustrate the interpretatia of the scales of Intensity of Relative Importance, the weights of
Simplicity of Operation and Maintenance against other parameters have been analyzed and
summarized iMable 93 below.

Table9.3: Analysis & Simplicity of Operation & Maintenance Weights against other Parameters

Pairwise Comparison Weighting Explanation
Simplicity of Operation and
Mair?tengnce a%ainst NPV ! Equal Importance
Simplicity of Operation and Environmental Impacts is moderately more
Maintenance against 1/3 important Simplicity of Operation and
Environmental Impae Maintenance
Simplicity of Operation and Simplicity of Operation and Maintenance is
Maintenance against Land 4 moderately more important than Land
Requirement Requiremen
Simplicity of Operation and Simplicity of Operation and Maintenance is
Maintenance against 3 moderately more important than Institutional
Institutional Strength Strength

A priority vector analyses the comparative weights of all the parameters fokirappurposes. A
summary of the priority vectors and ranking for the parameters is givéialie 9.4below.

Table 9.4: A summary of the Rority Vectorsfor Parameter Matrix

Decision variable Priority Vecta % Best Ranking %
Simplicity of Operation and Maintenance 0.222 22% 2
Net Present Value 0.191 19% 3
Environmental Impacts 0.410 41% 1
Land Requirements 0.042 4% 5
Institutional Strength 0.135 13% 4

From Table 9.4above, it can be deduced th&nvionmental Impact is the mossignificant
parameter in the selection of the most suitable wastewater treatment train. Simplicity of
Operation & maintenance and Net Present Values also have pronounced significance.

HoweverLand Requiremerttasleast influerte in the selection ahost suitablgreatment train

Table9.5% St 2¢ 3IAGBSa | & dzy Stehgthsagamst thekalernhtivedstewser S NA Q
treatment trairs.

Table 9.5: Summaryof Parameter Weighing against Alernative Wastewater Treatment Trains

Slmpl.|C|ty aif et Environmental Land Institutional
CPEEEs e PIEsE! Impacts Requirement Strength
Maintenance Value P q 9
Waste
Stabilization Excellent Excellent Excellent Poor Good
Ponds
Cpmposﬂe Fair Good Good Fair Fair
Biofilters
Composite . . . .
Oxidation Ditches Fair Fair Fair Good Fair

Basedon these strengths, decision variable matrices for each of iWeedarameters have been
prepared.

The decision matrices for the significant parameters of Enwmental Impact, Simplicity of
Operations & Maintenance and Net Present Value are giv@alites 9.6 to 9.8on Page %6
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Detailed Decision Variable Matrices for all the Parameters with respect to Alternative Treatment
Trains are given iMolume 2: Master Ran Annexes; Chapter 9.

Table 9.6: Decision Variable Matriased onEnvironmental Impact

Waste Stabilization ~ Composite Composite Long Sea
Ponds Biofilters Oxidation Ditches Outfall
Waste Stabilization #hds 1 2 3 3
Composite Biofilters 1/2 1 2 2
Cpmposute Oxidation 13 12 1 1
Ditches
Table 9.7: Decision Variable Matrix based on Simplicity of Operation & Maintenance
Waste Stabilization ~ Composite Composite LongSea
Ponds Biofilters Oxidation Ditches Outfall
Waste Stabilization Ponds 1 4 4 2
Composite Biofilters 1/4 1 1 1/3
Cpmposne Oxidation 14 1 1 13
Ditches
Table 9.8: Decision Variable Matrix bagkon Net Present Value
Waste Stabilization =~ Composite Composite LongSea
Ponds Biofilters Oxidation Ditches Outfall
Waste Stabilization Ponds 1 3 4 5
Composite Biofilters 1/3 1 2 3
Cpmposﬁe Oxidation m 12 1.0 5
Ditches

9.2.6 Ranking of Alternatives Wstewater Treatment Trains

The composite matrices derived from decision variables when multiplied with the corresponding
priority vectors result to weighted totals of the alternatives under consideration. A summary of
the weighted totals for the alternate&ywastewater treatment trains is given Trable 9.%elow.

Table 9.9: Weighted Totals for the alternative wastewater treatment trains

Slmpl_luty oi 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 0198 2
Biofilters
Composite
Oxidation 0.108 0.136 0.141 0.192 0.085 0.127 3
Ditches

9.2.7

Recommendation for Wastewater Treatment Train

From the Multicriteria Analysis, it has been found out that Environmental Impacts, Simplicity of
Operations & Maintenance and Net Present Value are the main determinants in the selection of

wastewater treament train.

On this basis, Waste Stabilization Ponds System is the most suitable wastewater treatment
train and is recommended foT avetaWastewater Management &eme
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9.3 Siteldentification and Selection

An ideal site for &Vastewater Treatment PlanWW(WTP) i®ne with the minimaknvironmental
effectsand associated with low capital costs apkration & maintenanceequirements

Several parameters describe the requirements of such ideal W\t8®asid a systematic and
unbiased analysis is necesséoyan objective and robust site selection.

9.3.1 Criteria for SiteSelection

Parameters considered in the site selection for WWTHawetaTown are briefly described
below;

9.3.1.1 LandUse

In the Landuse Map different areasof TavetaTown have been assigned iet existing and
proposed uses. Areas earmarked for residential, industries, agriculture, forests and social
amenities are considereddssuitablefor the locationof a Wastewater Treatment Plant (WWTP).

On the other handpublic utility or undeveloped Agultural Landlocated away from the
sensitive residential areas are preferred.

9.3.1.2 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 siteleetion. Preference is given todlsiteghat requireshorter
lengths of Outfall Sewes.

9.3.1.3 Topography of the Sewered Area

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

9.3.1.4 Topography of Site

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

9.3.1.5 Geological Conditions

A site with low water table and whose soils 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 candidate
sites inTavetaTown comprise o& mixture of well drained, deep, dark red to reddish brown,
friable, sandy clay loam to sandy clayith top soil of loamy sand and well drained, very deep,
yellowish red, very friable, fine sandy loam to fine sandy clay Iddmese soils are suitable for
WWTP (Waste Stabilization Ponds) construction.

9.3.1.6 Existing Infrastructure

Proximity to infrastructual systems suchs roads, electricity and portable water sought for
while siting for a WWTP location. It redugasst of construction and operation & maintenance
requirementsof the WWTPSites that are closer to existing infrastructure are preddr

9.3.1.7 Potential for reuse of treated wastewater

Treated vastewater can be reused for beneficial purposes such as agricultural irrigation,
industrial processes, ground water recharge, &wmximity to the potential rause application
and relative elevation diérence (for gravity conveyance) is preferred in siting of WWTP. For
instance, downstream arable land would make a WWTP site ideal for agricultural irrigation
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9.3.1.8 Land Acquisition

9.3.2

9.3.1

9.4
9.4.1

9.4.2

In this criterion, preference is given to sites owrtsdgovernment agenciesish as Ministries,
County Governments, etd his ensures that the project affected persons are kept to a minimal
andreduces the cost of resettlement and compensation.

Candidate Sites

Due tothe definite topography offavetaTown, a single site was iddfntd within the study area
suitable for development of Wastewater Treatment Plant; the site is situated at undeveloped
landwithin E} doro Sublocation

Evaluation of Proposed Site

The above site has been evaluated based on the listed criteria to datee the suitability
ranking. A summary of the evaluation is giveifable 9.1(elow.

Table 9.10: Evaluation of Proposed Wastewater Treatment Plant Site
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Multicriteria Analysis of the candidate shi@s been incorporated in the analysis of the developed
Alternative Schemes in the subsequent section.

Wastewater Management Scheme Selection Analysis
Objective Description

The principal objective of this studg to select the nost suitable wastewatemanagement
schemefor TavetaTown.

Parameters

To meet the principal objective, sevegdrameters gubordinate objectivesmust be fulfilled.
Theseare listed below with brief description of their influence and characteristics.

9.4.2.1 Simplicity of Operation&nd Maintenance

This parameterdefines the relationship between thevel of operation and maintenance skills
required and the capability of the local labour pool and service indu#itrig animportant
parameter in consideration of constraintsthre awilability of trained manpoweandspare parts
and the need to prioritise the use of limited financial resources

Decision variables that can be sustaitgdaffordable andocally available skdlhave been given
higher weights
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9.4.2.2 Net Present Value (RV)

This isanindication of the total monetary outlay foscheme incorporatinghe capital costand
operation and maintenanceequirements. 20 yearperiod has been usefdr NPV calculation.

Using the scale for pairwise comparis@uecision variablevith lower NPV has been assigned a
highe weight.

9.4.2.3 Environmental Impact

Environmental impact of the scheme is important in teelection of the most suitable
wastewater management scheme. The degre®addur and noise shouldot exceednuisance
threshold.

Lower weighs are assignetb schemeswith greater negativeenvironmentalimpact.

9.4.2.4 Potential for Wastewater Reuse

Treated vastewater can be reused for beneficial purposes such as agricultural irrigation,
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 give a scheme a higher ranking with respect to
agricultural irrigation

9.4.2.5 Land Acquisition

In this criterion, preference is given talemes whose land requirements lie on sitegned by
government agencies such as Ministries, County GovernmentsTleisensures that the project
affected persons are kept to a mininatdreduces the cost of resettlement and compensation.

9.4.2.6 Land use

9.4.3

In the Landuse Map different areasof TavetaTown have been assigned variesisting and
proposed uses. Areas earmarked for residential, industries, agriculture, forests and social
amenities are cosidered lsssuitablefor the locationof a Wastewater Treatment Plant (WWTP).

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

These Parameters are considered in seleatibWastewater Management Scheme.
Parameter Matrixand Weighting

In accordance with the methodologg pairwise comparison has been made on plagameters
by addressinghe questiom &2 KA OK dubomdihave DhjestNé centributenore to the
principd objectiveK €

The subordinate objective which by cognizance pose greater importahese beenassigned
higherscales in théntensity of Relative Importance

A summary of the resulting matrix of the Parameters is giv@rabie 912 on Page 910.
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Table9.11:wS&dzA G yd al GNRE 2F t I N YSGSNEQ t I ANBAAS

Slmp|-ICI'[y of Net Environmental Potential for Land Land
operation and Present Wastewater L
; Impacts Acquisition:  Use
Maintenance Value Reuse
Simplidiy of
operation and 1 2 1/2 3 1/2 2
Maintenance
Net Present 112 1 112 3 112 3
Value
Environmental 5 5 1 4 5 3
Impacts
Potential for
Wastewater 1/3 1/3 1/4 1 1/4 1/3
Reuse
Land 2 2 1/2 4 1 2
Acquisition
Land Use 1/2 1/3 1/3 3 1/2 1

To illustrate he interpretation of the scales of Intensity of Relative Importance, the weights of
Simplicity of Operation and Maintenance against other parameters have been analyzed and
summarized imable 912 below.

Table 9.12: Analysis of Simplicity of Operation & Maintenance Weights against other

parameters
Pairwise Comparison Weighting | Explanation
Simplicity of Operation and 5 Simplicity of Operation and Maintenance is slightly more
Maintenance against NPV important NPV
Simplicity of Operation and . L . L
Maintenance against 1/2 Environmental Impacts is slightly more important Simplic

. of Operation and Maintenance
Environmental Impacts

Simplicity of Operation and
Maintenance against 3
Potential for Reuse

Simplicity of Operation and

Simplicity of @eration and Maintenance is moderately
more important than Potential for Reuse

Land Acquisition is slightly more important than Simplicit

Malnt_erlg nce against Land 12 of Operation and Maintenance

Acquisition

S'mp“C'ty of ‘pe“"?“"” and Simplicity of Operation and Maintenance is moderately
Maintenance against Land 2 .

Use more important than Land Use

A priority vector analyses the comparative weights of all the parameters for ranking purposes. A
summary of the priority vects and ranking for the parameters is givermable 913 below.

Table 9.13: A summary of the gority vectorsfor Parameter Matrix

Decision variable Priority Vector % Best Ranking %
Simplicity of Operatioand Maintenance 0.175 17.50% 3
Net Present Value 0.153 15.30% 4
Environmental Impacts 0.301 30.10% 1
Potential for Reuse 0.050 5.00% 6
Land Acquisition 0.227 22.70% 2
Land Use 0.094 9.40% 5
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9.4.4

From Table 913 on Page 910, it can be deduced thaEnvionmental Impact is the most
significant parameter in the selection of the most suitable Wastewater Management Scheme.
Land Acquisition, Simplicity of Operation & Maintenance and Net Present Value also have
pronounced significance.

However, Potential fofreated Wastewater Reuse and Land Use Pattern haviediseinfluence
in the selection ofMmost suitable Wastewater Management Scheme.

Recommendation for Wastewater Treatment Train

From the Multicriteria Analysis, it has been found out that Environnariimpacts, Land
Acquisition, Simplicity of Operations & Maintenance and Net Present Value are the main
determinants in the selection of Wastewater Management Scheme.

However, for TavetaTown there is only a single scheme which consisting of a Centrdlize
SewerageSystem with minimal pumping (only 1Nr. Pumping Station) comprisimfigWaste
Stabilization Pond System at the undeveloped lawithin El doro SuHocation. This Schemés
recommended forTavetaSanitation Strategy.
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10.0 PRELIMINARY DESIGN OF SEHIEETRATEGY

10.1 Introduction

Taveta Towncurrently lacks wateborne sanitation system to safeguard the health of its
residents and the environment in general. The use eplmt sanitation systems is prevalent.

Based on the TOR, a new sanitation system c¢wimg of a Sewerage Systeand Wastewater
Treatment Plant is required ihaveta Townto serve for a period of 20 years (2022040).

From the Multicriteria Analysis (See Chapter )¢ most suitable Wastewater Management
Scheme foifaveta Towis tha of acentralized schemeomprisng of Sewerage System and 1Nr
Wastavater Treatment PlanfWaste Stabilization Pondgjthin Etdoro sublocation

The main components of the proposed sanitation system include;
1 Reticulation Sewege Networkcomprisingof 1Nr. Pumping Stations and Sewers
(Trunk, Secondary and Tertiary Sewers)

1 Wastevater Treatment Plantcomprising of Inlet Works,Anaerobic Ponds,
Facultative Ponds, Maturation Pon@i&/SPs% Sludge Drying Beds, Administration
Building with Laboratory and St#rGuard House and Grade 9 Staff Houses, and
Associated Ancillary Works e.g. Access roads, water reticulation, drainage etc.

10.2 Sewerage System
10.2.1 Aerial Photographicsurveys

During theSudy, eerial photographic surveys were carried out over the entire gtadea of
Taveta Towrwhich produced aerial images at tH resolution. A Digital Terrain Model was
developed and contours generated.

A Digital Topographical Map was develoghdwingall topographical features such as contours,
buildings, structures, aads, railways, vegetation cover, surface watmdies and drains,
telephone and power lines, permanent structures etc.

Ground truthing was done through ground survey using a Haeld GPSeceiversand place
names, landmarks, road names etc. were captuand overlaid on the Digital Topographical
Map.

10.2.2 SewerAlignments

Proper design and construction of new sewers in a developed urban area stielveta Town
involves identification and overcoming the unique challenges associated witkingom a
confined urban area.

In the selection ofsewer alignment, preference has been given to the road reserves where
adequate space for construction can be obtained with ease and where minimum interference
with existing services such as Water Mains, Permanent Stes;t@owerlines, etc. is expected.

These locations also permit ease of access for future connections and maintenance. Minimum
road crossings have been permitted along the proposed alignmeheatecessarjocations and
preferably on roads without bituen surfaces. At the road crossiraglditionalground coverto

the minimum requirement and concrete surrousidave been provided for pipe protection.

In circumstances where illegal structures were identified along the proposed sewer alignment
and within he road reserves, provision for demolishing of such structahesild beconsidered
and associated costs included in the Bills of Quanti#tidse Final Design Stage
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The existing wayleave is shared with other public utilities such as telephone andcéletines,
communication cables, etc. therefore, it will be crucial to liaise with the relevant utility providers
at the commencement of the project to help in identification and relocation of affected utilities.

The Utility Providers shall also bejtéred to provide details and locations of their utility network
within the Project Area to reduce accidental damages. Provisional items should be allowed in the
Bills of Quantities for any requisite works for relocation of the existing utilities.

10.2.3 Sewera@ Network Analysis Model

Theanalysis of the proposed Sewerage Network Taveta Towrhas beencarried outusinga
HydraulicNetwork Model developed by the Consultant on a Microsoft Excel platform.

The benefit of adopting a simplistic and universadigagnized platform such as Microsoft Excel

for the development of the Sewerage Network Analysis Model is the ease with which the analysis
can be carried out by manipulation of design parameters without compromising the reliability of
the output / results.

Microsoft Excels a spreadsheet application thalowsoneto manipulate, manage and analyse
data thereby assising in design by making use of the inbuiibols and methodologiesThe
advantages of Excel are wide and vari€demain advantagesf thisplatform include

1 Easy availability and FamiliarityMs Excel is part oMicrosoft officewhich comes with
mostPersonal Computers. It is easily available and requirepurchase It is easy to install
and can be run by most people owing to its familiardf its commandsit is an all in
one programmeand does not need the additiosf analysissubsetsor scripts.

1 Powerful analysis of large amounts of dataRecent upgrades to the Excel spreadsheet
enhance analysef large amounts of data. With powerfultBring, sorting and search tools
one canquickly and easily narrow down the criteria that will assighim analysisThis is in
addition to the inbuilt formulas and other analysis tools available on Ms Excel

Details of the Model is given in the subseqt subsections;
10.2.3.1 Model Structure / Mathematical Basis

This Hydraulic Network Model is a deterministic model. A deterministic model is one whose
outcomes are precisely determined through known relationships among states and events,
without any room forrandom variation. Indeterministic models, a given input will always
produce the same output. In comparison, stochastic models use ranges of values for variables in
the form of probability distributions

This Model has been prepared to design for critgaiameters required for a sewer to convey
peak wastewater flow generated between sections (manholes) of the sewer profile by gravity
o0FraSR 2y alyyAy3aQa SldzZ dAz2y FTyR 20KSN) {y26Yy
quantities are entered in #indicated Sl units.

1 Manning Equation It is widely used because of its simplicity. Although it is empirical, it
gives an answer that is within the accuracy required, given the uncertainties associated
with the flows generated (population, water consutign per person, etc.).

The formula is as follows:

28 @38
1
Where
6 = velocity of flow, (m/s)
I = pipe roughness coefficient
2 = hydraulic radius, (m)
3 = slope of the pipeline, (m/h
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9 Discharge FormulaDischarge through the pipedetermined bythe equation;

Q=VxA
Where:
Q = Discharge (m3/s)
A =Sectional area of flow (m?)

Other standard formulae such as for determining peak factors ¢8kbsection5.14) and other
geometric formulae have also been imporated in the Model.

The assumptions of this Model relate to the formulas on whose basis it is formulated. For
instance, it is assumed that the pipe roughness will remain constant for the entire lifespan of the
sewer and a fixed roughness-efficientaR 2 LJ0 SR® | O2y aSNBI G§A GBS @I f dz
to take care of anticipated deterioration of the pipe smoothness.

The Model evaluates the adequacy of sewer diameter and slope for the peak flow while meeting
the requirements spelt out under the desigriteria such as sewage flowing approximately-half
bore and resulting velocities within the permissible range.

A summary of the adopted design criteria Taveta Towrsewerage System as detailediection
6.1is summarised iffable 10.1lbelow.

Table10.1: Adopted Design Criteria

Description Adopted Criteria

Type of Sewerage System = Separate System

Sewage Contribution Facto. 80% of the water supplied to consumers

Infiltration Infiltration Rate of 0.085 I/s/ha
Splash Allowance 5% of the wastewater flows
Peak Flow Factor Based on Babbit and Harmon Formulas

Minimum Size of Sewer 200mm Diameter
Hydraulic Design Criteria - a l YY Ay 3Qa 9ljdzZt G§A2y S6AGK GKS

1 Pipe roughness coetfent, n 0.013
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
I Maximum vebcity in exceptional circumstances6.0 m/s
Depth of Sewers Depths range from 0.4m to 6.0m
Spacing of Manholes 60m maximum spacing between manholes
Pipe Materials 1 HDPE/ uPVC Pipes

9 Socket and Spigot Concrete Pipes
1 Steel Pipes with internal and extealnepoxy coating

10.2.3.2 Model Parameters / Input Data Requirements

The input data required by the Model are explained below and in the indicated units;

i. Manhole Details

The location and number of manholes for each sewer line are determined based on the
guicelines indicated isub-section6.1.7¢ Manhole Spacing and Sizes

Each manhole is assigned a reference number and the chainage worked out from the last
manhole. The manhole reference number, chainage and elevation are entered into the
Model to determinelength of sewer section being designed and the average ground
slope.
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Population Equivalent (persons)

The population equivalent served by tsewersectionis based on both the domestic
wastewater contribution as well as that generated by fdamd-use activities within
coverage area.

It has been assumed that thveastewater generated by one person is approximat@&§
I/day.

Wastewater flow (I/s)

This refers to the total wastewater flow generatedthin a given sewer section. It
depends on the numdr of connections on the sewer and the quantities discharged by
each premise/ connection.

The wastewater flonadopted in the sewerage analysis is based on the projections of
wastewater flows $ee Section 52

Proposed Sewer Slope (m/m)

The contours gegrated within the Study Area from the Digital Terrain Model have been
used to generate sewer line profiles.

The slope of the sewers is determined by the natural ground slope and levels of adjoining
sewers. The sewer slope is modified in the Model acagidito ensure the outputs meet
the adopted design criteria especially selfansing velocity.

ProposedPipe Diametefmm)

The model calculates the internal pipe diameter required for the flow of sewage at full
bore conditions between a sewer sectiohglresultant diameters are not standards sizes
and the designer is required to enter a standard pipe diameter of a larger dimension.

10.2.4 Model Output

This Model analyses the gravity conveyance of the indicated wastewater flow for the sewer
section at Peakléw and Dry Weather Flow Conditions. The output is checked against the
adopted design criteria.

Some of the main output of this Model include;

Proportion of sewage flow to the fdflore capacity (Qp/Qful)

Sewers are usually designed to flow half éullat worst at threequarter depth for big
diameter pipes (diameter > 500mm). This is a critical output which determines the pipe
diameter selection at a given slope.

Velocity of flow at full borg

Velocity of flow in a sewer should not be less than @n/8 to ensure attainment of self
cleansing conditions. On the other hand, the velocity should not exceed 3 m/s to reduce
the abrasion effect of the contained solids.

Sewer Slope and diameter are adjusted accordingly to ensure velocity of sewage flow
within this range.
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10.2.5 Model Reliability

As earlier stated, this is a deterministic model whose output for similar conditions is constant.
The formulas on whose basis it has been developed have been carefully entered and outputs run
for known conditions.

Manual calculation of the sample condition (known situation with details of pipe diameter, slope,
wastewater flow and the resulting velocities and fraction of sewage flow in the pipe) have been
carried out to test the correctness of the outputs given by thedel.

The Model produces more precise outputs owing to the ability of Microsoft Excel to carry out
computations to the highest accuracy possible.

10.2.6 Proposed Sewerage Network fdraveta Town

Sewerage Analysis Model indicates that the range of diametah®Sewers imTaveta Towns
225 ¢ 375 mm. The large diameter sewef 375 mm is for the Trunk Sewer while ghsmall
diameter of 225 mm isof the secondary sewers.

A Layout Plan of the proposed Sewerage NetworK ueta Towiis given irFigure 10.Jon Page
10-6.
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Figurel0.1: DetailedLayout of the Sewerage System
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