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EXECUTIVE SUMMARY

EL GOALS AND OBJECTIVES OF THIS STUDY
D2l fa IyR 202S00A0dSa I NE RSTAYSR Ay (KS ¢2w
is to identify a sound and rational strategy for the development of sewerage services in Mombasa
and selected Townwithin the Coast Regioover the next twety-five (25) years to improve the

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

The key objective of the proposed Master Pfan Malindi Townis to come up with a phased
investment progamme for Immediate / Short Term Plan (2018020), Medium Term Plan (2021
¢ 2025), Long Term Plan (20262040) and recommend a treated effluent disposal / reuse
strategy for the effluentn Voi Town

B OBJECTIVES OF THIS REPORT

The Final Wastewater Mger Plan Report presents the outputs of the Feasibility Study, the
Selected Development Strategy and the Preliminary Design of the planned infrastructure for the
Sanitation System of Voi Town.

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

Future Sewerage System / Coverage Area Expansion

Analysis of Sewage Generation and Network Analysis

Formulation of Alternative Wastewater Management Strategies

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

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

Proposed Implementation / Development Schedule

Conclusiorof the Master Plan

=A =4 =4 =4 =4

= = =4 =4

B3 STUDY AREA AND DEMOGRAPHY

The study area fovoi Wastewater MastePlan is confined within the boundary of V@own
AdministrativelyVoi Town lies within Voi sutounty in the larger Taita Taveta County. It covers
parts of Mwangea, Ndara / Sagala, Kaloleni, Mraru and Tauslasatons. It also covers Tsavo
East National Park.

The sublocationsformingVoi Town anddtal coverage areaas well as the study aresagiven in

TableElbelow;
TableEXl Sublocations and Study Area
Sublocations Total Area (km?) Coverage in the Study Area (km?)
Mwangea 20.3 20.1
Ndara/ Sagala 70.5 3.5
Kaloleni 77.9 21.7
Mraru 36.1 7.3
Tausa 32.9 0.5
Tsavo East National Par 3,060 10.5
Total 3,297.7 63.7
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Figure Ebelow shows the coverage of the Study Area of Wastewater Master Plan for Voi Town.
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FigureE1 Study Area of Wastewater Master Plan for Voi Town

From the analysis of previous demographic data obtained fe@mtral Bureau of Statistics (CBS),
the average annual growth rate for the Study Area in the intercensal period of -128®0 is
3.2%.This is expected to increase because of the planned impnave: of infrastructure invoi
Town.

Based on a medium growth rate scenario, annual population growthreatging from4.3%to
4.0%within the Study period has been adopted project the futurepopulation.

A summary of the projected population of theu8y Area is given iable Edelow.

TableE2 Summary of Population Projection within the Study Area

Projected Population
Sublocations 2009Pop. 2015 2020 2025 2040
4.1% 4.3% 4.1% 4.0%
Mwangea 17,152 21,828 26,942 | 32,938 59,319
Ndara / Sagala 156 198 245 299 539
Kaloleni 5,690 7,241 8,938 | 10,927 19,679
Mraru 1,173 1,493 1,843 2,253 4,057
Tausa 43 54 67 82 148
Tsavo East National Par - - - - -
Total 30,815 38,035 46,498 83,741
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=7

WATER DEMAND FORECAST

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

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

14,000
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10,000

8,000 /4

6,000 —

/

4,000
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2,000

2015 2020 2025 2030 2035 2040
Year

FigureE2 Water Demand Projection
WASTEWATER FLOW PREDICTIONS

The total wastewater generated within a service area is determined by the water consumed
(sewage contribution factor of 80%), infiltration into the sewers and splash flows. Assuming a
regular water supply condition and full coverage of water distributigsteam, the projected
wastewater flow for Voi Town in the year 2049approximatelyl1,200m?/day.

However, achieving conditions of regular / unsuppressed water supply and full sewer connections
in a Town with Sewerage System is nearly impossibleisTiésessitated by limited development

of water resources, inadequate water distribution and sewerage networks and prevalent use of
on-plot sanitation systems due to topography, affordability, unplanned settlement, etc.

To consider the above situation,dHactors of Sewer Connectivity and Water Supply, given in
Table Eelow and TableE4on Page E4, have been adopted for the formulation of realistic
wastewater generation projection for Voi Town.

TableE3 Sewer Connectivity adopted for Realistic Wastater 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 Waté&onnection 30% 40%
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TableE4 Water Supply Status adopted for Realistic Wastewater Generation Projection

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

Figure Edelow shows the comparative projected wastewater flows for Voi Town up to Year 2040
under the Ideal condition (Regular Water Supply, Extensive Water Distribution & Sewerage
Networks and 100% Sewer Connections) and Realistic condition (Suppressed Walgr Sup
Inadequate Water Distribution & Sewerage Networks with gradual improvements and Gradual
Sewer Connections);

12,000

——@— With |deal Conditions - 100% Connectivity & Regular| b
Water Supply
= » & » » With Projected Built-out of Sewer Connections &
10,000 Suppressed Water Supply

2
8

B
8

_____
ess?

Dry Weather Flow, m3/day

s
o
8

2,000

2020 2025 2030 2035 2040

Medlum-T_erm Year Lonngrm Plan
Plan Horizon Horizon

FigureE3 Projected Wastewater Flowap to Year 2040

FromFigureE3above, the projected wastewater generation, based on the realistic conditions of
suppressed water supply and gradual implementation of sewer connections, in the Years 2025
and2040 is4,200 n¥/day and 8,400m3/day respectively.

The design of Waste Water Treatment Plasd Sewerage System haveen based on the
wastewater flow generationdetermined from the ealistic conditiors of suppressedwater
supply and projected buileup of sewer connections.

B WASTEWATER MANAGEMENT SERAS

The Final Wastewater Master Plan for Voi Town describes the development strategy for the long
term waterborne sanitation system comprising of a wastewater collection / conveyance system
and the treatment / proper disposal of treated effluents. Hoxge, this longterm sanitation
strategy is not planned for immediatmplementation

In consideration of the current sanitation systems and the growing sanitation needs,
immediate intervention isurgently required. Thuslmmediate Sanitation Measurdmve been
developed. These aasuresncludeconstruction o#4Nr Ablution Blocksit selected public places
anda centralized Sludge Handling Facility
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As a longerm strategy, a Centralized Wastewater Mgement Schemeonsistingof Gravity

Trunk and Secatary Sewers and a Wastewater Treatment Plaoimprising of Waste
Stabilization Ponds (ultimate capacity 8,400 m3/d) is proposed. The proposed Wastewater
Treatment Plant is to be sited at undeveloped land next to the boundary of Tsavo East National
Park.

The location of the proposed WWTP site is showRigure Edelow.

| ] Treatment Works Site
| study Area o8 oM o 03 ' 13 2 1
Kiomatars h

FigureE4 Location of the Proposed Wastewater Treatment Plant

A summary of the proposed schemes for Voi Town is giv&abieES below.

TableE5 Details of the Proposed Schengg/oi Town

Conveyance System Wastewater Treatment Plants
Secondary No. of Ultimate Design Land
. . . Treatment .
and Trunk Pumping Location Capacity Technolo Required
Sewers (km) = Stations (m3/day) 9y (Ha)
Next to Tsavo East Waste
40 Nil National Park boundary 8,400 Stabilization 25
along Voi River Ponds

MULTICRITERIA ANALYSIS AND REVIEW OF DEVELOPMENT STRATEGIES

In the Multicriteria Analysis, alternative treatment trains and schemes have been evaluated to
determine the most suitable wastewater treatment scheme for Voi Town.

A summary of the weighted totals for the Alternative Wastewater Treatment Trains is given in
TableE6below.

Table E6:Weighted Totals for the Alternative Wastewater Treatment Trains

Simplicity of Net . . .
Operations and Present Environmental Lgnd Institutional : Weighted Rank
. Impacts Requirement . Strength Total
Maintenance Value
Waste
Stabilization 0.486 0.549 0.503 0.047 0.499 0.484 1
Ponds
gf’”?pos“e 0.109 0.266 0.256 0.090 0.102 0199 @ 2
iofilters
Composite
Oxidation 0.109 0.116 0.101 0.187 0.068 0.106 3
Ditches
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Voi Town has a definite topography and only one site has been identified as suitable for the

development of Wastewater Treatment PlanfThus it has only aCentralized Wastewater
Management Schemeonsisting of a Gravity based Sewerage System with a Wasibilization
Ponds Systenat the undeveloped site near the boundary with Tsavo East Nation Park. This
Schemes recommended foloi Sanitation Strategy

The Capital Cost of the selected Wastewater Management Scheme for Voi Town has been worked

PROJECT COSTS

out on the following basis;

a) Project Implementation planned to be carried out in two phases i.e. Me€dienm Plan
(2020-2025)and Longlerm Plan (@26- 2040)

b) The Cost of Civil Works constitute the following fraction of the components total costs;
1 Wastewater Treatment Plarg95%

9 Pumping Statiorr 60%
T Sewers; 100%

A summary of the Capital Costs for the proposed Wastewater Management Schenenigngiv

TableE7below;
Table E7 Capital Costs for proposed Wastewater Management Scheme
S/No. Component Cost (Ksh) Cost (USDY
1 Land Acquisition (Kshs) 125,000,000 1,213,592
2 Civil Works (Kshs) 1,673,019,145 16,242,904
2.1  Wastewater TreatmenPlant (Kshs) 881,026,171 8,553,652
2.2 | Pumping Stations (Kshs) - -
2.3  Sewers (Kshs) 791,992,974 7,689,252
3 ElectroMechanical Works (Kshs) 46,369,798 450,192
3.1 | Wastewater Treatment Plant (Kshs 46,369,798 450,192
3.2 | Pumping Stations (Kshs) - -
Total Capital Cost (Kshs) 1,844,388,944 17,906,689

A summaryof the Phased Investment cost foloi Wastewater Management System is given in
Tables EBand E9below;

TableE8:Costs for MediuraTerm Plan (Year 20202025)

S/No. Component Cost (Kshs) Costs (USD)
1 Land Acquisition 125,000,000 1,213,592
2 Sewerage System 355,352,028 3,450,020
3 Wastewater Treatment Plant 624,107,667 6,059,298
Total 1,104,459,695 10,722,910

TableEQ Costs for Longerm Plan (Yea2026¢ 2040)

S/No. Component Cost (Kshs) Costs (USD)
1 Sewerage System 436,640,946 4,239,232
2 Wastewater Treatment Plant 303,288,303 2,944,547
Total 739,929,249 7,183,779
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The Operations and Maintenance Cdséwe been worked out on the following basis;

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

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

¢) Replacement of the Electfdlechanical Items to be carried out every 10 Years with repair
works planned for every intermediate 5 years between tbplacement schedule

A siammary of the Annual Operations & Maintenance Costs folPteposedSchemes in the first
year of operation is given ifiableE10below;

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

S/No. Component Cost (Ksh) Cost (USDY
1 Maintenance Costs (Kshs) 19,048,681 184,939
2 Staff Costs (Kshs) 5,064,000 49,165
Total O&M Cost (Kshs 24,112,681 234,104

[1¢ 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 financial and economic analysis. Financial and economic analysis is
used to produce standardised information on Projects, as a basis for making investment decision.
The importance of economic analysis in an investment is to help select a Project that contributes
to the welfare of a region or a country. On the other haridafmcial analysis evaluates Project
liquidity and profitability.

TheCapital Costs for the Investment Phases and their associated Operations and Maintenance
Costs have been used to project the Annual Project Expenditure as summarikadlénE11
below;

Table E11Schedule of Annual Project Expenditures

Year Project Cost, Kshs O&M, Kshs Depreciation, Kshs Total Cost, Kshs
2021 276,114,92 276,114,92
2022 276,114,92 276,114,92
2023 276,114,92 24,112,68 32,122,85 332,350,45
2024 276,114,92 24,136,79 42,830,47 343,082,18
2025 - 24,160,93 42,830,47 66,991,40
2026 73,992,92 24,185,09 45,369,76 143,547,77
2027 73,992,92 24,209,27 48,239,17 146,441,37
2028 73,992,92 24,233,48 51,108,58 149,335,00
2029 - 24,257,72 51,108,58 75,366,30
2030 110,989,38 24,281,97 55,412,70 190,684,07
2031 147,985,85 24,306,25 56,078,54« 228,370,65
2032 184,982,31 24,330,56 58,179,08 267,491,96
2033 73,992,92 24,354,89 55,975,50 154,323,32
2034 - 24,379,25 50,902,51 75,281,76
2035 - 24,403,63 50,902,51 75,306,14
2040 - 24,525,89 45,115,09 69,640,98
2045 24,525,89 37,638,09 62,163,98
2046 24,525,89 37,638,09 62,163,98
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Assuming adoption of the proposed tariffs and attainment of the projected sewer connections,
the projected financial statement has been determined and summariz&dlahe E2 below;

Table E2: Projected Financial Statement of the Project

Project Income and expenditure Financial statement (Kshs)
Year Total Project . Billings Not = Net Project Opgrations& AnnL_JaI_ Tota_l Net Revenue
Revenue Recovered Revenue Maintenance = Depreciation Expenditure
2023 115,040,041 11,504,004 103,536,037 24,112,681 32,122,852 56,235,547 47,300,491
2024 ¢ 115,040,041 11,504,004 103,536,037 24,136,794 42,830,470 66,967,277 36,568,760
2025 129,858,133 12,985,813 116,872,320 24,160,931 42,830,470 66,991,414 49,880,906
2026 . 188,038,038 18,803,804 169,234,234 24,185,092 45,369,762 69,554,867 99,679,367
2027 . 188,038,038 18,803,804 169,234,234 24,209,277 48,239,175 72,448,466 96,785,768
2028 @ 188,038,038 18,803,804 169,234,234 24,233,486 51,108,589 75,342,090 93,892,144
2029 . 188,038,038 18,803,804 169,234,234 24,257,720 51,108,589 75,366,323 93,867,910
2030 229,879,031 22,987,903 206,891,128 24,281,977 55,412,709 79,694,702 127,196,426
2031 229,879,031 22,987,903 206,891,128 24,306,259, 56,078,544, 80,384,819 126,506,309
2032 229,879,031 22,987,903 206,891,128 24,330,566 58,179,086, 82,509,668 124,381,460
2033 229,879,031 22,987,903 206,891,128 24,354,896, 55,975,507, 80,330,420 126,560,708
2034 229,879,031 22,987,903 206,891,128 24,379,251 50,902,515 75,281,782 131,609,345
2035 229,879,031 22,987,903 206,891,128 24,403,630 50,902,515 75,306,162 131,584,966
2036 | 229,879,031 22,987,903 206,891,128 24,428,034 49,873,182 74,301,234 132,589,894
2037 ¢ 229,879,031 22,987,903 206,891,128 24,452,462 48,513,728 72,966,209 133,924,919
2038 | 229,879,031 22,987,903 206,891,128 24,476,914 47,154,274 71,631,207 135,259,920
2039 . 229,879,031 22,987,903 206,891,128 24,501,391 47,154,274, 71,655,685 135,235,443
2040 . 279,682,990 27,968,299 251,714,691 24,525,893 45,115,093 69,641,006 182,073,686
2041 @ 279,682,990 27,968,299 251,714,691 24,525,893 42,396,185 68,148,393 183,566,299
2042 279,682,990 27,968,299 251,714,691 24,525,893 38,997,550, 66,037,367 185,677,324
2043 279,682,990 27,968,299 251,714,691 24,525,893  37,638,096; 66,029,904 185,684,788
2044 279,682,990 27,968,299 251,714,691 24,525,893 37,638,096 67,449,493 184,265,198
2045 279,682,990 27,968,299 251,714,691 24,525,893  37,638,096] 68,940,063 182,774,628
2046 279,682,990 27,968,299 251,714,691 24,525,893  37,638,096; 70,505,161 181,209,531

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

1 Cost savings to customers in terms of he&lgmefits
1 Cost savings in terms of safe sewage disposal to the environment

The results of the codienefit analysis confirm that the project has favourable BC ratios of
between1.29 to 1.66. The financial analysis confirms that the project has positivesidPKsh
942,933,73@t 5% cost of capital arikish449,191,53%t 8% cost of capital arfeinancialiternal
Rates ofReturn (HRR) 0f.7.49%.

Sensitivity analyses also indicate that the project viability is susceptible to shocks of 20% on net

income

The results of the economic analysis after including other economic benefits showed that the

project have gositive NPV of Ksh510,706,66&ndEIRR of 2%at 10% cost of capital.

It is therefore concluded that the Project is both financially and econically viable
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E10 CONCLUSIODNF THE MASTER PLAN

The current sanitation system in Voi Town comprising eplon sanitation means such as septic
tanks and pit latrines and lacking a proper sludge management and disposal facility is a health
hazard tothe residents and an environmental risk.

As an immediate intervention, construction of 4Nr Ablution Blocks at selected Public Places and
a centralized Sludge Handling Facility is necessary. It is equally important to ensure procurement
of Exhaust Vehicle® provide desluging and transport services. A summary of the Immediate
Sanitation Measures and their costs estimates are giares E13 andEX below.

TableE13: Details of the Ablution Blockg Immediate Sanitation Measures

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

TableE: Details of the Sludge Handling Faciltymmediate Sanitation Measures

Total Capital Cost

S/No. Component Details
Ksh. usD

Tanker Discharge: T Bar Screens, Collection Chamber, Har
Bay stand Washing Bay & Parking Space

Sludge Drying 9 4 Beds; each 13 x 10m
Beds ' 35,499,980 344,660

3 TwinSeptic Tanks T 2 Tanks; each 98 m3 capacity

4 LandRequirement § 0.5 Ha

Exhaust Discharge § Minimum 1 Nr (Either owned by
Tanker TAVEVO or Private Providers)

To provide a sustainable sanitation system, a centralized Wastewater Management Scheme
comprising of a gravity sewage conveyance system allidaate Stabilization Ponds system
(ultimate capacityg 8,400 m3/d) at undeveloped land next to the boundary with Tsavo East
National Park has been selected as the suitable Wastewater Management Scheme.

The implementation of this strategy is to be carrad in 2 phases i.e. Medium Term Plan (2021
-2025) and Long Term Plan (2@2840). The implementation details of the selected Wastewater
Management Scheme including the associated costs in the 2 Phases are Jiableti5 below
and TableE16 on PageELO.

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

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

1 Land Acquisition @ 1 25 Ha
1 225¢ 525 mm Dia; Approx. Total
Length 18 km

Waste Water 1 WasteStabilization Ponds; Capacity
Treatment Plant 5,600 m3/d

2 Sewers
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TableE16 Summary of Implementation Cost: Lofigerm Plan Plan (202&040)

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

1 225¢ 375 mm Dia; Approx. Total
Length 22 km

WasteWater 1 Waste Stabilization Ponds; Capacity

Treatment Plant 2,800 m3/d

1 Sewers

978,785,389 9,502,771

The financial and economic analysis of the selected scheme confirms both financial and
economic viability.
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1.0

MAIN REPORT

PROJECT BACKGROUND

The Government of Kenya (GoK) through the Ministiafer and Irrigation (MWhas received
GONBRAGE FNRY LYOGSNYFGA2yIlf 5S@St2LIYSyid ! da2(
Plan for Mombasa and Selected Towns withie Coast Region.

Coast Water Services Board (CWSB) is a parastatal (Government Owned and Autonomous) and
operates under theMinistry of Water and Irrigation CWSB covers six Counties which are
Mombasa, Kwal€elaita TavetaTaitaTaveta, Lamu and Tana/&i.

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
Administrative Provinces to 47 Semitonomous Counties. This autonomy of the Cswest
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 therefore targets the builip areas of Towns in six Counties in the Gdd&&egion
as follows:

Tablel.1l: Project Selected Towns

S/No. County Urban Centre

1. Mombasa County Mombasa including Island, West Mainland, South Mainland / Li
and North Mainland

2. Kwale Kwale,Ukunda / Dianand Part of Mariakani

3. Taita Taveta Voi, Taita TavetaWatamu,Mtwapaand Part of Mariakani

4, Taita Taveta Voi and Taveta

5. Lamu Lamu Island

6 Tana River Hola

The Terms of Reference (ToR) included seven Towns but in the cotiveestfdy 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 to

the requirements of the new Constitution. A kegnchmark 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 sanitation and (d) clean and safe water in
adequate quantik S & ® ¢

A Location Plan for thevelve Project Towns is given Kigurel.1 on Page 12.
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Figurel.l: Location Plan for the Project Towns
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1.1

1.2

1.3

Goals and Objectives of this Study

D2Ff&a FyR 202S00A®Sa NS RSTAYSR Ay (KS ¢2w
is to identify a sound and rational strategy for the development of seweragéssrin Mombasa

and selected Townwithin the Coast Regioover the nexttwenty-five (25) yeard.e. up to Year
2040,to improve the quality of effluent to rivers, Indian Ocean and groundwater and to safeguard
the health of the residentsf the StudyArease

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

Executionof 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 of the Existing Facilities
D3 ¢ Immediate Urgent Works Report / Fir2esign Report

D4 ¢ Detailed Designs and Tender Documents for Immediate Urgent Works

D5A¢ Technical Note & Socio Economic Conditions, Mapping & Land, Use

D5B¢ Technical Note 2 Waste Water Flow Predictions & Formulation of Sewerage
Development Straggies

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

Investment Schedule for Sewers and Waste Water Treatment Plants

= =4 -4 -4 4

1 D8 - Preliminary Environmental and Social Impact Assessment (ESIA) & Preliminary
Resettlement Action Plan (RAB) the Preferred Development Strategy

The Final WastewaterMaster Plan Reporpresents theoutputs of the Feasibility Study, the
selected Development Strategy atitk Preliminary Design of the planned infrastructdioe the
Sanitation System ofoi Town

1 D9 ¢ Final Master Plan Report
Objectives of this Report

Thecomponents of the Final Wastewater Master Plan Rejatude the following:

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

Analysis of Sewage Generation and Network Analysis

Formulation of Alternative Wastewater Management Strategies

Detailed Evaluation of the Alternative Wastewater Management Strategies including
Wastewater Teatment, Social / Environmental Assessment, Economic and Financial
Analysis and MukCriteria Analysis

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

Proposed Implementation / DevelopmeS8thedule

Conclusiorof the Master Plan

=A =4 =4 =4

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

2.1 Locationand Administration

Voi isthe largest Town in Taita Taveta County in the Coastal Regiorituaied approximately
160km North West ofMombasaalong Mombasa Nairobi Highway at its junction with the Voi

TavetaRoad to Arusha, Tanzania. It lies within longitud€@& Q n n €

91 & °H-pytR1 &l G A

South. Itborders Tsavo East National Park to the East, Sagala Hills to the South and Voi Sisal
Esate to the Westlt has a coverage area of approximate X3&.

Administratively, Voi Town lies within Voi sabunty in the larger Taita Taveta County. It covers
parts of Mwangea, Ndara / Sagala, Kaloleni, Mraru and Tausiacations. It also coverEsavo

East National Park.

The railway line serving the hinterlands of the three East African Countries passes through the
Town. Voi is a fagirowing metropolis with future development expected to concentrate along
the Nairobi¢ Mombasa- Taveta junctionThe Townrhas several institutions, including Jomo
Kenyatta University of Agriculture afiéchnology, Taitdaveta Campus, etc.

The Water Supply and Sanitation Systems in Voi is managed by Taita § &eété/ater and
Sewerage Company Limited (TAVEVO).

2.2 Sudy Area

The study area fovoi Wastewater MastePlanis confined within the boundary of Vébwn It
comprises of parts of six stibcations and covers approximately 30% of Voi-Sulmty.

The subocationsformingVoi Town anddtal cverage areaas well as the study areagiven in

Table2.1below;

Table2.1: Sublocations and Study Area

Sublocations Total Area (km2) Covezgez |(r|1(::2<; Study
Mwangea 20.3 20.1
Ndara/ Sagala 70.5 3.5
Kaloleni 77.9 21.7
Mraru 36.1 7.3
Tausa 32.9 0.5
Tsavo East National Park 0.0 10.5
Total 237.7 63.7

Figure 2.1on Page 22 shows the Study Area of Wastewater Master Plan for Voi Town
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Figure2.1: Study Area of Wastewater Masterplan faroi Town
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2.3

24

25

2.6
26.1

Climate

The climatic conditiosof Voi Towrand thelarger Taita Taveta County asinilar. Voi Towiis

dry, except for high catchments areas in the hills. The effect of the seasterly winds
influences the climate of the area. The hilly areas have ideal conditions for condensation of
moisture, which results in relief rainfall.

It experiencedwo rainy seasons in a year. The long rains fall between March and May and the
short rains between November and December. The rainfall distribution is uneven in the area,
with the highlands receiving higher rainfall than the lowland ar&ag. average rafall ranges

from 400mm in the hinterland to over 1200 mnT.his, coupled with the cooler temperatures,
makes the highlands have more potentialproducehorticultural crops, maize and beans. The
lowland areas, which are mainly ASAL, are only suitabj@dating of crops with shornaturity
period like sorghum, millet and maize varieties.

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

Topography Geologyand Soils

Voi Town is situated at the foot of Mwakingali Hill on sloping planes and is therefore prone to
soil erosion.Gullies developing within theTown are a common occurrencdopographic
elevation rangs between 520 nabove sea leel (al) and 640 masl.

The altitude of thesub-countyvaries between 481m above sea level in the lowlands to 2,200m
above sea level for the highlands, giving two distinct climatic characteristics, with the hills
experiencing lower temperatures compartmthe lower zones.

The majorgeologicformation of the Town is lateritic stone which makes excavation of pit
latrines and septic tanks very difficult.

Economic Activities

Voi is a market place for the agricultural and meat products from the fertile Taita Hills as well
as other surrounding areas but industries are rexistent. Its Town centre consists of mostly
general stores, shops, markets, kiosks and a few hotel$ésolbas branches of major banks like
KCB, Cooperative Bank, Equity Bank and Barclays Bank. It is a major Tourist Ceetrerahd
lodges and hotels have sprung up in Voi Town due to its proximity to Tsavo National Parks.

Existing Water Supply and Saatton Systems
Water Supply

Voi Town is presently served with water from Mzima Springs, through Mzima pipeline. Other
Towns being served by Mzima pipeline include Mombasa, Mazeras, Kaloleni and Mariakani. The
installed capacity of Mzima pipeline is approximately 35,000 m3/d. Tipacity of Mzima
Pipeline is expected to increase significantly upon the construction and commissioning of
Mzima Il pipeline.

Themajor offtake on Mzima Pipeline conveys water to Voi Town reservoirs. A Pumping Station
has been situated at the Town reseirs to pump water to &igh-levelreservoir at Mwakingali
hill from where water distribution is done by gravity.

The existingVater Qupply Systemcompriseof the main components given ifable2.2onPage
2-4:
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2.6.2

2.7

Table2.2: Main Components of Existing Water Supply System

Water Source MzimaMombasa pipeline from Mzima Springs
Water Treatment Chlorination at BPT 2 (along Mzima Spring Pipeline)
Water Pumps 2 No. Vertical Pumps (3Gfhr)

4km DN 250/200/150 AC/GI from Mzima Pipeline to Town

Water Mains .
Reservoir

450 n?and 125 mMat Pumping Station

Water Storagé-acilities 450n7 reservoir (Mwakingali Tank)

14km of Gl pipes from DN 50 to DN 200

5km of AC pipes from DRb6 to DN 250

Water DistributionSystem  3km of uPVC pipes from DN 100 to DN 150

8,000 connections of which 4,000 are active and 10% meterec

Water Qupply forVoi Townis inadequateto serve the Towrand cater for the future needs of
its growing population Development of additional water resources and extension of the
distribution network ighereforerequired.

Upon completion of the plan Mzima Il Pipeline, it is expected that the Water Supply for Voi
Town willbe increased. Besidesrgparation of Water Btribution Master Plan fovoi Town is
currently in progresand its implementation will result to further improvement of water supply
situation

Sanitation System

At present,VoiTown has no sewerage systefheuse ofon-plot sanitation systems such pg
latrines and septic tanks for disposal of effluent is prevalent. The major problem faced is the
lack of aproper Sludge Handling Facility feffluent discharge by thexhaustvacuum tankes
(Waste Stabilization Pondsr Sudge Drying Beds). Currentlyseptage from septic tanks is
discharged directly to the environmentar the boundary of Tsavo National Park

The use of ofplot sanitation systemthough unsustainable environmentalily manageablat
present due tahe suppressedvater supply situation ivoi Town. If additional water resources
are developed and distribution network expansion carried out, the use gfloinsanitation
systems will not suffice antthus health andenvironmentalhazards are bound to oac

In summary the current sanitation infrastructure invVoi Town is insufficient to meet the
sanitationneeds of the growing populatioand there is need for development of avater-
borne sanitationsystemwhich is sustainable

Immediate Measures fothe Improvement of Sanitation Systems

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

In consideration of the current sanitation systems and the growing sanitation needs,
immediate intervention isirgentlyrequired. hus Immediate Sanitation Measures have been
developed. These aasuresinclude construction of Ablution Blockis selected Public Places
anda Sludge Handling Fatyl as described in the following stgections

MIBP/ CES/ BOSCH 2-4



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL WASTEWATER MASTER F
Waste Water Master Plan for Mombasa and Selected Towwithin the Coast Region - VOITOWN

271

Ablution Blocks

Ablution Blocks are essential Voi Towrfor improved access to sanitation facilities especially
in public places e.g., markets, bus stogshoolsetc. Theg are important to market vendors,
market customers, long distance travelers, bus operators aaddmeralpublic. Their locations
in Voi Townwill be selected in consultation with the CWSB andKialeCounty Government

Considering the population densities and the number of public utilities, a total of four (4)
Ablution Blocks is proposed for cangction in Voi Town. Each Ablution Block comprises of six
(6) toilets and two (2) Shower Rooms with equal number for each gender i.e. Ladies and Gents.
Theallocatednumber of toiles in eachAblution Block ensurs provision ofsufficientservice

levels br 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 dagaximum
number of720personscan be served in a day

Each section (ladies and genitsprovidedwith atoilet fitted with special amenities for use by
disabled personst KS a DSy i a¢ | bdbrate e o R@dase dekriiide levels
especiallyduringthe peak hours

The slower roons are equippd with a dressing area artthtndwash basins. In addition, a
spacious common area with hamwdash basins, hand driers and wall mounted mirrggs
provided

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

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

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

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

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

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

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

With exception ofthe ScreensSludge Handling Facility relies on biological preesfs the
treatment of sgptage THs results to low capital investment requiremeagwell asOperations

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 within ecoalafistance to the service
area but outside the residential developments and environmentally sensitive akepsesent,
the Water Service ProvidéTAVEVDhas indicated availability of land for construction of this
facility at Voi area. This location habeen evaluated and found to be suitabfer the
development of Sludge Handling Facility

TheproposedSludge Handling Faciliill compriseof the following units;

a. Exhaust Vacuum TankBischargeéBay

b. Sludge Drying Lagoons

c. Septic Tanks complete with Sdaits and French Drains

d. Associateddte and AncillanfWorksincluding Operators Office / Guard House

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

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

MIBP/ CES/ BOSCH 2-8



Water and SanitatiorServicelmprovement Project; Additional Financing (WaSSHAF) FINAL MASTER PLAN REP(
Waste Water Master Plan for Mombasa and Selected Towns within the Coast Region - VOITOWN

LEGEND

CHAINLINK FENCE

4m WIDE GATE WITH 1m
PEDESTRIAN WALKWAY

D PROPOSED STRUCTURES

— - J7]-—  INSPECTION CHAMBER WITH
SEWER LINE

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

—— —®=——— EARTH DRAN

STAND PIPE
PRECAST CONCRETE
FOOTPATH
ACCESS ROAD WITH
INTERLOCKING PAVING BLOCKS

CHAINLINK FENCE 2.7m

HIGH WITH HEDGE - 25mm @ GMS WATER PIPE

2NR SEPTIC TANKS
0 EFFLUENT DISCHARGE

TO SOAK PIT WITH
LATERAL DRAINS

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

STORAGE TANK ON RIS

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

WATER SUPPLY

80mm Dia. WATET\ s

MAIN

O

4NR SLUDGE DRYING
TANKER "
DISCHARGE BAY LABOOKS:

OPERATOR'S|
OFFICE

=]

S5 TANKER b
“.’ DISCHARGE AREA "

< INVERTBLOCKDRAN _ _ _ o

PIPE DRAIN
SO ——— .

SLUDGE HANDLING FACILITY
SITE LAYOUT PLAN

Figure2.4: Schematic LayouPlan of the proposedsludge Handling Facility

MIBP/ CES/ BOSCH 2-9



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

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

2.7.2.1 Exhaust Vacuum Tank@®ischargeBay

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

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

TheDischargeBayrequiresregularly cleaimgfor odour, fliesand other diseas&ectors control
especially after each exhauster discharge sesstostandpipe will be provided to facilitate
washing and flushing of septage once discharged.

2.7.2.2 Sludge Drying Lagoons / Beds

Sptageis mostlyliquid with smallamounts of solids. Treatment of septage entaileducing
sludge weight and volumeith the aim of lowering thelisposal costef the residual sludgand
reducing thepotential health risksssociated with septage.

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

TheSludge Dryingtagoons are made up of the following components
i ConcreteBedsandWalls
1 Sand andGravel asHlter Media
1 Splastslab
1 UnderdrainageSystem
1 AccessStructures

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

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

2.7.2.3 SepticTank

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

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

2.7.2.4 Associated site and Ancillary works

2.7.3

274

To enhance access, proper drainage and security, the follosifegand ancillary works have
beenproposedat the Sudge Handling Facility;
i. Chainlink Fence and 4m wide Gate
ii. Access Roads paved with interlocking concrete blocks
iii. Guard House / Operators Office and Wasbm
iv. Onsite Water Supply and Site Drainage System

DesignCriteria for Sludge Handling Facjlit

A summary oftte Design Criteria adopted in thszing of theproposedSludge Handling Facility
for Voi Townis given inTable2.3below.

Table2.3: DesignCriteria- Sludge Handlingracility

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

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

Components of the Proposefiludge Handling Faciit
Considering that the Immediate Sanitation Measures\MorTown are intended to serve up to
the Year 2020the Facility has been designed to seP@¥% of the projectedurrent population

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

Details of the various components of the propossllidge Handling Facyliin Voi Town are
summarised irmable2.4 below

Table2.4: Commnents of the ProposedI8dge Handling Facility

S/No. Treatment Unit Details

1. Discharge Bay 9 Bar Screen& Collection Chamber
9 Hardstand Washing Ba§ Parking
2. Sludge Dryin¢ § 4 No. Beds; each 13 x10m
Lagoons Beds 9 Sludge drying period: 3 months
1 Treatment zone media = 500 mm thick
3. Septic Tank 1 2Nr TwinTank; each 9.6 x 5.4 x 1.9 m (L x W & t§pacity 98 m?

9 Desludging Interval = 0.2 years

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

Colocation of Sludge Handling Facility and Wastewater Treatment Plant is recommended for

efficient land use and for shared usEcommonunits and facilitiesthus, Voiarea is ideal
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2.7.5 Implementation Cost for Immediate Measures
9y IAYSSNRa /2aid 9aidAYlIiS KFLa 06SSy RSGUSNYAYSR
SanitationSystems in/oi Town based on the unit costs from recent comtsaof similar scope
and nature.
Detailed Unit Costs are discussecCimapter 8of this Report.
A summary of the Implementation Costs is givefable 2.5below.

Table2.5: Implementation Costs for Immediate Measures

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

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

2. Sludge Handling Facility 1 35,499,980 344,660
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3.0 DEMOGRAPHY, LAND USE AND URBAN DEVELOPMENT

3.1 Demography and Population Dynamics fdbi Town

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

3.1.1 Previous Population Trend

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

A summary oprevious ihtercensalpopulationdata forVoi ub-County is given ifiable3.1 below.

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

(Census Period)
1979 1989 1999 2009
Sub-locations

Pop. Area | Pop. Density| Pop. Area | Pop. Densit Pop. Area | Pop. Density| Pop. Area Pop. Density

(km?) [ (person/km?) (km?) | (person/km?) (km?) | (person/knm?) (km?) | (person/km?)
Mwangea - 6,947 42 165.29 12,03 20.2 595.4 17,354 20.3 854.
Ndara/ Sagala - 2,851 69 4132 3,048 70. 42.99 3,073 70.5 43,
Kaloleni - - 9,331 8p 109.78 12,37 82.2 15049 2041 77.9 262.
Mraru 4,48 47.0 95.49 4,617 3B 128.25 5493 36.1 152.16 5,806 36.1 160.
Tausa - 2,864 3 92.39 3,182 287 112.44 2,831 32.¢ 86.

Tsavo East National Park - - - - - - - -

Voi 4,48¢ a7 95.49 26,605 263 101.14 36,12 23 152.04 49,48 23¢ 208.17

It can be noted fronirable 3.1 above that the total area of Voi stimunty varies between the
intercensal periods and some sldrations are norexistent in the earlier census period. In
consideration of this spatial areal variation, the analysis of the population growth rate for the
overall study areandindividual sublocation has been analysed based on population densities.

The previousnitercensalnnualpopulation growth ratevased on the population densitiésr the
sublocationscovered byoi Townare given ifTable3.2 below.

Table3.2: PreviouslntercensalAnnual PopulationGrowth Rates

3.1.2

Intercensal Period
Sublocations
1979-1989 . 1989-1999: 1999-2009

Mwangea - 13.68% 3.68%
Ndara/ Sagala - 0.40% 0.14%
Kaloleni - 3.20% 5.71%
Mraru 2.99% 1.73% 0.55%
Tausa 2.02% -2.67%
Tsavo East National Park

Total 0.58% 4.16% 3.19%

FromTable3.2 above the annualpopulationgrowth rate forVoiTownin the last intercenal period
(1999to 2009 is3.1%%6.This idower than4.2% projected for urban growth rate under Millennium
Delsf 2LIYSYy(d D2Ffa 6a5DQa0 08 HAMpPOD

The above population dynamicefers to the resident category The mn-resident category
comprising otourists/ visitorsis consideredunder the respectie contributoryLandUse activities

PopulationGrowth Scenarios
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Population trends are influenced biactors such agertility, mortality and migration levels and
patterns as well as the national so@conomic development momentum.

Continuedrapidgrowth is expected in the study argansidering the infrastructural developments
plannedfor Voi Townn the Integrated Development Plan fbaita Tavet&ounty andhe potential
of Voi Towrfor further growth. These factorawill resultto future immigraion and urbanization.

As at the last census (2009), the population within Voi Town24d300. To forecast the future
population of the study area up to the design horizon (year 2040), the following factors have been
considered:

1 Previous Demographic Trds in Voi Town and 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 ratescenarioshave been assessed for the study area based on the data
obtained fromKenya National Bureau of Statistics, Census Reports and other ref@aaning
documents. These scenarios are briefly described below;

High Growth RateThis growth rate scenariassunesthat the population will growat an average
growth rate of 5.5%in twenty-five years (20158040) i.e. theoverall natural growth will continue
and inmigration will gradually increase due totensive investment.With this assumption, the
population ofVoi Townwill be expected tagrow to127,317by year 2040

Medium Growth Rate This scenari@assumeghat the population will grow at varyinggrowth

rate of4.3%to 4.0%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 infrastructure (especially speed
transport connectivity) will work in balancing migration. Thte, projectedpopulationwithin the

Study Area of Voi Town by year 204ill be 83,741

Low Growth RateThis scenariassumeghat the population ofvoi Town will grow at a decreased
average growth rateof 3.1% in the next twenty-five years (2018040). It is assumed that
population growth (both natural growth rate and-migration) will reduce considering that
population deflection will take place and the flow of return will be diverted to the development of
new areas. Therefore, theopulation in horizon year 2040 will I62,385 This can happen only, if
strict measures are taken to control population both in terms of natural growth asmdigmation.

It requires intensive efforts by government in terms of educating people and promptipulation
control measures on one hand and to provide ample economic opportunities in the région
combat irmigration.

Projected populations for the aboy@opulation growth rate scenaricare given inFigure3.1 on
Page 33;
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3.1.3
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Figure3.1: Projected Populations based on Growth Rate Scenarios

FromFigure 3.1above,the population forecast is highly sensitive populationgrowth rate high
growth scenario results t2%more the projectedopulationin the medium growth ratescenario
while low growth rate results t@6% less thenedium growth ratgpopulation forecast.

ProjectedPopulationfor Voi Town

Voiis the largest urban centre ifiaita TavetaCounty. Ithas a highepopulationcompared to the
adjacent areas because of the better infrastructure amdbre employment opportunities.
Howeverthe headquarter offaita Tavet&Lounty isTaita Tavetd own, which is onl§10 km away
from Voi Town It is expectedthat with time, Taita TavetaTown will experience improved
infrastructure and increased employment opportunities and thus compete Wibh Town for
resources including human resources (labour).

In consideration of the above foreseen situatidhe medium growth rate scenariaonsidered
under the population growth scenariojs the most probablescenario for the future population
projections of Voi Town up to the 2040 design yeairt considersthe demographic dynamics
betweenVoiand neighbouring Towns, possililends in fertility, mortality andmigration levels
and patterns as well as the so@oonomic developmentBesides, it has thaet minimal risls
associatedwith under-utilization or overoading of the proposed sanitatiorsystemwithin the
design horizon

Table 3.2elow gives summary of the projected populatidior VoiTownupto the design horizon
of year204Q based on the adopted medium growth ra&nging from 40%to 4.3%per annum

Table3.3: Summaryof the Projected Population

Sublocations Population Growth Rate
2009 Pop. 2015 2020 2025 2040
- 4.1% 4.3% 4.1% 4.0%
Mwangea 17,152 21,828 26,942 32,938 59,319
Ndara / Sagala 156 198 245 299 539
Kaloleni 5,690 7,241 8,938 10,927 19,679
Mraru 1,173 1,493 1,843 2,253 4,057
Tausa 43 54 67 82 148
Tsavo East National Par - - - - -
Total 30,815 38,035 46,498 83,741
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3.2
3.2.1

Land Use and Urban Development

Introduction

Voi Town lies along MombasBairobi Roadapproximately 14Bm from Mombasa, 36i from
Wundanyi and 18k from Mwatate. TheTowns lies in the low lands of Taita Taveta Coumityia
sandwitched betweenMwakingali and Sagalla Hillsisthe main commercial and administrative
centre of the Voi Sulbounty in Taita Taveta County. Thewn borders Tsavo Eastabbnal Park to
the East andNorth, Sagala Hs to theSouth and VoiSisal Btate to theWest. Growth of theTown
is originally attributed to it being a major railway and road trapsiint for people and goods to
Taveta and areas lyond. It is among the fastest growingivns in the coastal region of Kenya.

A Study was conducted by PelHarskainenin Voi Town on the factors that contribute to the
squatter problem. The study indicated that majority of the people settle in informtilesnents
because of the affordable rents in the informal settlements and also because of lack of formal low
income housing.

Residentialcommercial and industriareasscatter around VoTown leaving manyoids near the
core of the Bwn. This is becae the plysical development plan of theovn gives not guidance of
the growth The factors constraining land administratioeludelack of updated land information
as well as increasing number of squattéEoK, 2002).

To overcome the challenges faciagd administration, the Taita Taveta District Development Plan
2002-2008 provided the following strategies: provision of adequate staff, computerizing land
information and alienating public land for settlement scherf@ekK, 2002).

The oldest residentiadreas of Voifown are the lower, upper and central Kariakoo settlements.
They are characterized by orderly arrangement afictires, availability of piped water, presence

of roads and footpaths between housing blocks which implies the informal settlenaets
accessible. They are also characterized by poor sanitation and poor waste managesyartilic

of Kenya & GTZ, 2001). Few people have title deeds. Thislsittt to failure to enforce the law.

It was concluded that informal settlements should beeq the first priaity in future planning of

Voi Town with a keen interest in solving land ownership issues since majority of the challenges
facing the informal settlements originate from their informal natkurskainen2004).

A study was also condigd by Thomas Waithaka regarding the impact of land use changes on
humanelephant conflict i'Voi district. The area and population of Voi has been increasing rapidly
contributing to the invasionby elephants tdhe abandoned sisal plantatiofifhomas2006).

A study was also conducted to identify the social and environmental impact ofthsha
Holili/TavetaVoi road PPoject. The study indicated that thedject has a great potential to promote
regional integration, minimize the cost of transportatiocreate employment opportunities,
improve access to social services, increase agricultural productivity, minimize traffic congestion and
improve transport safety and comfortHowever, during constructiorincreased traffic volume,
movement of constructin equipment and other construction activities will result to air pollution.
Dust generation will be minimized by sprinkling water while pollution caused by emissions will be
minimized by ensuring proper maintenance of construcegguipment. The ®ject wil also lead

to an increase in the value of land in areas thiowghich it passes through. Theofect will also

have several negative impacts such as loss of langettlements, grazing land and disruption of
water and power supply. It will also lead tocreased waste generatiomollution of water
resources, soil erosiodjsruption of public utilities, increased transmission of HIV/AIDS, comgribu

to climate changeamong other issues. Mitigation measures have been establishadinimize

the negatie impacts of theProject. For instance, a rehabilitation plan has been develojed
ensure the areas damaged during construction are rehabilitated and ensure the sites are
compatible to future uses.
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Plnning has been evident in th@Wn since preparationfahe Physical BvelopmentPlan of Voi
Town. ThePan addressed several issues such.asdusearrangementA major shortcomingf
the Ran was failure to identify any developmestrategiesincludingstrategic growth of the Town
(Republic of Kenya an@TZ, 2001)Another Planning Document is the firBaita Taveta County
Integrated DevelopmentlBn (20132017) Some of thelans for Voi Town include improved roads
and construction of Sewerage Ystem and Sewage Treatmentfor enhance&l wastewater
managemen

Based on the concept of Uniform Analysis Zones (WALJ,own hasTwo Hnesseparated by Voi
River. Otter factors which determineoning are: sub locations, administrative, physical features as
well as tke current development pattern

Future growthof the Townis expected inZone 2 since there is minimalpace for urban
development in Zone 1. Theown is expected to grow towards th&uth-east owing to the
following limiting factors

I Sagala Hills towards theokth
i Sisal Estate towards the st
1 Tsavo Hills towards the East
1 A Hill towards the &uth

Upgrading dthe ArushaHolili/TavetaVoi Rvad will enhance growth of parts of Voi which the road
passes throughA buffer will be provided along the Arushilili/TavetaVoi road. It has also been
provided in the areas around Tsavo EaatibhalPark and Voi River. Tsavo East Natioadk 5 a
conservation zone.

3.2.2 Existing Land ke

The total area oWoiincluding theTowrship and the perurban areass approximatelyha. The
main landuse typologies are Residential, Commercial, Transportation, Public Purpose,
Educational,Industrialand Recreational In terms of coverage areathe activeland-use type with
the largest land coverage is agricultuviile the leasis Industrial.

Table3.4below shows a summary of existing Land Us€aif
Table3.4: Summary of Existing Land Use

LandUse ~ Zone 1 (Are€CoveredHa) = Zone 2 (Are&overedHa)
Agricultural - 200 207
Commercial 35 1.6
Conservation 10 -
Educational 51 16
Industrial 10 =
Public Rirpose 46 0.7
PublicUtility 05 -
Recreational 34 -
Residential kgh Density 193 105
Residential bw Density 83 -
Residential Medium Density 31 173
Transportation 29 11
Undeveloped and 66 143
Total 760 645

Figure3.2 on Page3-6 shows the existing Land Use PlaVof.
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Themaindrivers of growth invoiTown areas follows

i) Infrastructure

Minimal developments are edent along the NairoBMombasa kbhway. However,
developments are expected to take place along the highway in future.

VoiTown is a major stop over for majority of the travellersich boosts commerce in the Town
throughattraction ofinvestments due to availability of market from ttravellers and the local
community. Infrastructural improvements will enhance access to social services, stimulate
investment and industrial development, boost the tourism, mining, agricultural and trade
sectors hence steesociceconomic growth of the Gwn.

Upgrading 6the ArushaHolili/ TavetaVoi Pad wil also stimulate growth of VoiZTg y @ L G Q&
transport corridor of the East African region which links the northern corridor at Voi to the
central corridor across the common border at Holili/Taveta thylo Arusha, Babati to Dodoma

and Singida. Upgrading of thed will enhance cross border tradedtourism. Construction

of the RPoad will create employment opportunities for the local communiépd boost
agricultural productivityas well as improvingccess to social services among other benefits.

ii) Standard Gauge Railway (SGR)

The SGR is a flagshimject which will play a kel f S Ay | OKA Sdshwv2D30i0 2 F
Millennium GoalThe SGR is expected to connect Mombasanto MalabaTownand pass

through Voi Townlt will run along the Nrthern Gorridor which is considered as the transport

artery of: Kenya, Rwanda, Burundi, Uganda, Northern Tanzania, Eastern DRC, Southern Sudan
and EthiopiaThe total length of the SGR Project is 1300km

Construction of theSGRwill create employment opportunities to the local community hence
minimize the poverty leMéhrough increased urbanization and efficiency in transportation

iii) Voi-lkanga Railway Terminus

The proposed Voikanga Railway Terminder the SGR Bject as well as upgraay of the
Ikanga Axstrip is planned to handle bicargos from the nearby Air striphesewill lead to
growth andboostin the tourism sector.

There is also a propostl develop an Inland Containeepot at Maunguwhichis 15km from
the Town. Tis will create employment opportunigs to the peopleand stimulate the socio
economic growthof Voi own.

iv) Tourism

Voi Town is bordered by Tsavo Eaatidha Park to the East and North as well as Sagala Hills
to the Duth; these are tourist attraction sitesdestinations

The tourism sector creates employment opportunities to the local community hence plays a
key role in minimizing povertyit isalso among the main sources ob¥&rnment revenue.).

V) Mining

Gemstoneis mined at Sagalailld. Exploitation of this mineral has created employment
opportunities to the local ammunity. It also provides theoWwn with potential to attract
industrial development due to availability of gemstone which can be used as a rawahateri

Thishas steered sociaceconomic development of Vdiown. However, most of the income
generated from the mining sector has not ploughed backnto local development
(Mwandambo, 2004).
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vi) Agriculture

Sisal Estate are located to the West ofVoi Town. These estates createmployment
opportunities to the local communitgind provide a source of revenue to tlievernment.

vii) Trade

Voi serves as a market place for agricultural and meat products from Hidlgaand other
adjacent areas. This impliggat the Town has a gregtotential for growth since itsione of the
major marketswithin the region The market attracts investments such as hotels and
restaurants due to availability aharket Improvements in infrastructural projectsill also
stimulate growthof the trade sector.

viii) Industrialization

Industries are also evident within theoWn. The industries create employment opportunities
to the local community hence plays a key raleminimizing poverty. It is also a source of
Government revenue. The presea of gemstone, labour, market and Nairdbombasa
highway which enhances accdsbiy and mobility within the Town provides the Wwa with
great potential for industrial developmenindustrial development in theolvn will stimulate
sociceconomic growthof the Town.

ix) Social Infrastructural Developments

There areseveral social infrastructuraréjects that are nderway or set to begin in Vooilvn
includingthe upgrading othe Taita Taveta University College to a constituesite@e of Jomo
Kenyatta University of Agriculture and Technology, establishment of tlaiadal Youth
Service Trainingdlegeand establishment gbrivate universities

Implementation of these sodi@menities will stimulate theX g y Q& tHrdlighonéed for
accommodation and associated businesses thereby creating employment opportunities.

X) Proposed County Headquarters

MgenoTownwhich is located 14krfrom Voi Dwn is the proposed headquarter of Taita Taveta
County Establishment of Mgeno d@ke County ldadquarter will boost socieconomic growth

of Voi Dwn. This is because the level of investment will increase. This is attributed to increased
demand for housing, commercial facilities among others. It will also contribute to improvement
of the physical infrastructure of thedlvn as well as create employment opportunities to the
local community.

The factors constrainingti2 g y Q& 3INB GG K | NBY
a) Hills

The Dwn is characterized by Mwakigalills to the Nrth and Sagall#dills to the South. This
limits growth of the Town towards the &th andSuth hence limiting urban development.

b) Tsavo National &k

Tsavo Mtional Park is located at the eastern and northern part of th@vn. This limits the
¢t26yQa INRPoOK (2¢l aRa (GKS b2NIK yR GKS 9

¢) Sisal Rwintation

Voi $sal Estate is located to the western part ofi¢ Town hence posing a hindrance to the
TRoyQa INRPog@Westizgl NRa (K
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3.2.3 LandUse Planning and Policy

3.24

All LandUseactivitiesdepend on the regulations and practices that govern langhership. Land
allocation and ownership require proper planning for optimal utilisation.

Landuse planning encompasses the systematic social and economic assessment of land and water
potential including the alternative landses for the selection anadoption of the best landise
options. It seeks to regulate langse in efficient and ethical way and prevent lamk conflicts.
Landuse planning is practiced to manage the development of land within jurisdictions, plan for the
needs of the community andafeguard the natural resources.anduse planning often lead to
land-use regulations, which typically encompaszasing.

Zoning regulates the type of activities that can be accommodatedmeca of land, as well as the
amount of space devoted to tse activities, and the ways that buildings may be situated and
shaped. Conventional zoning does not regard the way buildings relate to one another or the public
spaces around them, but rather provide a pragmatic system for mapping jurisdictions per
permitted land use.

The primarypurpose of zoning is to segregate uses that are thought to be incompatible. In practice,
zoning is used to prevent new developments from interfering with the existinguardactivities

YR (2 LINBASNIBS (KS ZonityKiscdihmdnlySohkolle® By the yocall NB | @

governments such as County Governments, though the nature of the zoning regime may be
determined or limited by the national planning authorities or through enabling legislation.

Zoning may include regulation thfe kinds of activities which will be acceptable on particular plots
(such as Open Spaces, Residential, Agricultural, Commercial or Industrial), the densities at which
those activities can be performed (from L&»ensity Housing such as Single Family HamElggh

Density such as HigRise Apartment Buildings), the height of the building etc.

The projectedpopulatiors including 83,741 in Year 2040Refer toTable 3.3 on Page3-3) are
proposed to be accommodatedithin the coverage ofoi Townwithout anyexpansion

It is also proposed that the existingndevelopedland be utilised (including a 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 gmulation and proposed density.

In mostTowns,ResidentiaLland-use hasthe highest land requirement. The currecbverage of
Residential Landse isapproximately594 ha and is expected to increase to 617 Ha in Year 2040
to accommodate thdncreasing population in all the various housing densifié® additional
coverage required for the Highensity, MediurrDensity and LoviDensity Residentidlanduse are
11.8ha,3.3haand8.1harespectively

The proposed population densities for each category of Residentialhsmntlavebeen worked

out based on the projected population, land available for future developntéetpotential of

the developed area$or densification andexperiencein Townsof similar natureand keeping
sufficient room within the current planning boundary for future urban expansion i.e. beyond year
2040.

Details of existingand useand projectedandrequiremensare given inrable3.5on Page 310.
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Table3.5: ExistingLand Useand Projected LandRequirement

Land e Exsting Land WWe Projected Land Yea Projected Land Yea

2015(Area, ha) 2025 Area, 2040 Area, ha)

Zone 1 Zone 2 Zone 1 Zone 2 Zone 1 Zone 2
Agricultural 200.35 207.08 - - - -
Commercial 35.86 1.59 5.78 0.26 1.41 0.06
Conservation 10.26 - - - - -
Education 51.96 1.57 8.37 0.25 2.04 0.06
Industrial 10.76 - 1.73 - 0.42 -
Public Rirpose 43.65 0.69 7.02 0.11 1.71 0.03
Public Uility 3.32 - 0.53 - 0.13 -
Recreational 3.37 - 0.58 - 0.13 -
ResidentialHigh 193.58 105.93 31.18 17.05 7.59 4,16
ResidentialLow 83.82 - 13.44 28.00 3.29 -
Residential medium 31.42 178.82 5.06 - 1.23 6.82
Undeveloped bBnd 66.43 143.74 - - - -
Total 734.770 | 634.44 73.65 45.67 17.95 11.13

The develpment pattern exhibited in Voiolwn isdependent on the two zones separated by Voi
River. At presenZone 1 is more developed thafone 2although uban voids are present ifone
1.

Future developments in V@own are expected to take placedbne 2 since there is minimal space
for urban development iZone 1.

VoiTown lacks an Integrated Strategic Urban Development Plan (ISUDP). It is essential to prepare
0KS ¢26y Qa profndtebsustaiiable and orderd/ development. The ISUDP should ensure
consolidation and reservation of land for future use. The resetaed will accommodate the
projected land uses as detailedTiable3.5above

The ISUDP should also aim at enforcing development control, establishing adequate, decent and
affordable housing, conservation of the green spaces and the environameipirovide a road map
for provision of services and facilities.

Layout Plaashowing the Proposed Land UBkans for Year 2025 and 2040 gieen inFigures 3.3
and3.4on Pages 3-11 and 3-12 respectively

Table 3.6onPage 313 to 3-16 shows a summargf adoptive standards for Urban Planning

MIBP/ CESBOSCH 3-10



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL MASTER PLAN REP(
Waste Water Master Plan for Mombasa arklected Towns within the Coast Region - VOITOWN

450000 451000 452000 453000 454000 455000 456000

N VOI TOWN
PROJECTED LAND USE MAP (2025)

Legend

g g | —H Fxisting railway line
k=3 o . . .
b 8 Standard gauge railway line
m ®| —— High voltage powerline
| = River
| High voltage powerline buller
| | Proposed railway bufter

' 1=, Proposed riperian reserve
2 /l o Fishnet
=3 =3
g < “‘ — 8| Existing landuse  Projected landuse 2025
8 8

\ X . 3 { i ~ o Agricultural [ Commercial
//////, / @G ¥ B Commercial 2 Liducational
7 '/’ ~ G g ‘ I Conservation M Industrial
(/ o

Educational Wi Public pu_r!mse
g Bl rublic utility

L I"du?mal Y Recreational

Public Purpose g Residential high
Il Public Utility %/ Residential low
777 Recreational @ Residential medium
I Transportation
B Rcsidential high
I Residential medium

Residential low

9625000
9625000

n ~ Undeveloped Land
g 8 e —————lometers
3 3 9 0125025  ©5 075 _ 1
2 ©
@ -3

1:7,500

9623000
9623000

450000 451000 452000 453000 454000 455000 456000

WATER AND SANITATION SERVICES IMPROVEMENT PROJECT (WaSSIP] - ADDITIONAL FINANCING e sa M e ST

WEESIP Ay

[repp— emmaEniee [ ey =3

£

B@scH

OLD NGS

Figure3.3: ProposedLand UsePlan forYear 2@5

MIBP/ CES/ BOSCH 311



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

Waste Water Master Plan for Mombasa arklected Towns within the Coast Region - VOITOWN
450000 451000 452000 453000 454000 455000 456000
VOI TOWN
PROJECTED LAND USE MAP (2040)
Legend
3 g H—F lixisting railway line
] -2 I Standard gauge railway line
§ § = Iligh voltage powerling
— River
57 High voltage powerline bulfer
_ Proposed railway bufter
20 Praposed riperian reserve
Fishnet
D Proposed boundary
E _% Existing landuse
g § © Agricultural Recreational
B Commercial B 1ransportation
I Conscrvation I Rosidential high
Mducational - Residential medium
B 1hdustrial Residential low
T Public Purpose i Undeveloped Land
I vublic Utility
S 2 [Projected landuse 2025 Projected landusc 2040
E g - Commereial - Commercial
3 8| % educational 8 Educational
TIndustrial i
% Public purpose @ :‘L‘T.“‘"“I o
B Public wility HEPETRS
m Recicationil - Public utility
- tesidential high B residential high
WY Residential low B8 Residential low

W Rosidential medium BB Regidential medium

- — — OGS
0 0.1250.25 0.5 075 1

9624000

1:7.600

8623000
9623000

453000 454000 455000 ] 456000

FNT 330IFCT (WaSSIPL - ADRITIONAI  FNANGING
AR}

450000 452000

WATFR ANR SANTATION 37RVICTS IMFROY

AN ERR OURSSE SNSRI
WITHIY - COAST REAISH

% =T e

ES

C ... BléscH

Figure3.4: ProposedLand UsePlan forYear 2040

MIBP/ CES/ BOSCH 3-12



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF

Waste Water Master Plan for Mombasa arklected Towns within the Coast Region

FINAL MASTER PLAN REP(
- VOITOWN

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 industry may be practised
A Secondary School may be
Residential Bungalows 35 25 0.4 Ha Low Density Single Dwelling Units developed in appropriate site
Residential Bungalows, 25 25 0.2 Ha Medium density Single Dwelling Units
Residential Bungalows, 25 25 0.2 Ha Medium density Single Dwelling Units
Residential Maisonettes 50 50 0.1 Ha Low Medium density Two residentialnits allowed ;| Shops allowedn plots fronting 9 M
Town houses per plot roads
Duplexes 50
50
Residential Maisonettes 50 0.1 Ha Low Medium density Two residentialinits allowed | Shops allowedn plots fronting 9 M
Town houses 50 per plot roads
0 Duplexes
Maisonettes 50 Two residentialnits allowed ;| Shopsallowedon 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 allowedn plots fronting 9 M
Swabhili houses - allowed roads
Guest/Boarding houses 0.045
Mixed developments: Town houses
Duplexes 65 65 0.045 High Density Multiple residential units Shops allowedn plots fronting 9 M
Swabhili houses allowed roads
Guest/Boarding houses
Mixed developments: Town houses 65 65 0.03 High Density Mixed houseypes allowed Upgrading areas
Duplexes -
Flats 0.045
Swabhilihouses
Guest/Boarding

MIBP/ CES/ BOSCH
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Proposed Land Use

hardware stores

Types of Development
Allowed

Min Plot Size

Density of
Development

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

No. of DwellingUnits

Other Requirements

Zone

Educational

Proposed Land Use

Classes, offices and
dormitories
Sanitation block

Types of Development
Allowed

10

BCR

30

PR

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

Pri. school

College

Min Plot Size

N/A

Density of
Development

N/A

No. of Dwelling
Units

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

Institutional Housing allowed

Other Requirements

Recreation Conservation/
Green Park

Recreation Conservation/
Green Park

Recreation Conservation/
Green Park

MIBP/ CES/ BOSCH
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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 compactness
Headquarters government; local Public parking
authorities, parastatals, Accessibility

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

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

Future commercial core

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

Zone 7: Transportation

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

Government

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

MIBP/ CES/ BOSCH
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4.0 WATER DEMAND FORECAST

Water demand is definel & &G KS @2f dz2¥YS 2F 61 GSN) RAFFSNBY G C
O2yadzyYS Ay | 02y SEThe @afer dizylaNddi anMFeis dependardzdlbie & €
climate, economicansiderations, sanitation facilities, industrial and commercial requirements.

Thetotal water demand can be expressed as follows;

Total water demand

=AT T HTHHCHHT 8 1717 "HIHG THE BT © T °H HIHHHT "H
&1 "H1 L THHE HT HT 71 7R THHT "HBAE THT H

For a more accurate determination of thetal waterdemand, it § important to adopaccuratewater
consumption rates for each of the water demand categories.

4.1  Analysis ofWater ConsumptiorRates

The Design Manual for Water Supply in Kenya (MWI, 2§1083 guidingalues of water consumption

rates for the various categories of Water Demardbwever, from individual studies and in
consideration of various local conditignseveral Consultants have adopted varied water
consumption rates for the determination of WatBemand irlvoi Town.

A summary of the Studies / Designs prepared by the various Consultants for Water Sugpily in
Townand the other Coastal Towins givernbelow:

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

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

1 Gauff JBGAngerieure finalised Detailed Design Report fdoi Water ServiceProvidet
October 2010

1 Suereca / Mangat finalised Second Mombasa & Coastal Water Supply Project, Final Design
Report, January 1998

A comparison of water consumption rates adopted in the above Studies / Designs including those
recommended in the Practice Manual for Water Supply Services in Kenya is giabteihl on Page
4-2.
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Table4.1: Comparison of Water Consumption Rates
Domestic Water consumption Institutions Water Consumption Commercial Industrial
(I/c/day) Water Water
Consultant Name of Report Low Medium High Boarding Day Schools: Regional | Consumption | Consumption
Density Density Density Schools with WC Hospitals @ (I/head/day) (I/ Ha/day)
(I’lhead/day) : (I/head/day) - (I/bed/day)

Water Supply Master
Tahal Group /
Bhudia Plan for Mombasa and 250 150 75
Associates other Towns; August

2013

Rehabilitation &

Expansion of Mombas
Egis bceom/ | Water Supply & 250 100 60 6 25 000
Mangat Sewerage Projec

Final Design Repoct

July 2011
Gauff Detailed Design fovoi
IBG/Inaenieure Water Service Provide 200 120 60 100 20 365 83 30,000

9 ¢ October 2010

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

Report¢ January 1998
Ministry of DesignManual for 20.000
Water and Water Supply in Kenye 250 150 75 50 25 400 '
Irrigation (MWI, 2008
(MWI, 2008)

MIBP/ CES/ BOSCH
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After analysis of the water consumption rates indicated able 4.1on Page 42, the following water
consumptionrateshave beeradoptedin the Study

a) Residential Water Demand

From the findingdy different Consultantst is evident that the type dfiousing and mode of water
supply are relevant indicators for classifying domestic consumers.

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

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

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

b) Institutional Water Demand

The institutional water demantias been determinetiased orthe following commonly accepted
demand criteria by type of institution:

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

Dispensary and Healtbentre
Administrative Offices

5000l/day
251/head/day

=A =4 =8 =8 =4

c¢) Commercial Water Demand

The commercial water demariths been determinetlased orthe following commonly accepted
demand criteria by type afommerciaffacility:

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

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

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

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

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

Water Demand Projections

VoiTownis likely to grow at an increasing ratger the design period (ujp 2040) due tahe robust
tourism industry planned improvements of thmfrastructuralnetworkin VoiTown in relation to the
restof the County and potential for new settlemeni®us, water demand is anticipated to increase

with time.

The water demansifor Voi Townin the Design Horizaa2025 and 2040 hae been calculatedased
on the projected population and proposed future lande Summaryof the water demand by sub-
locationin the Design Horizons Year 2025 and Year 204@jven inTables 4.3 and 4.4 below.

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

: Water Demand (r/day)
Sublocation : : : : :
Domestic | Health : Education: Recreational Commercial: Industrial Total
Mwangea 3,640 12 141 77 16 812 4,699
Ndara/ Sagala 33 0 1 1 0 7 43
Kaloleni 1,208 4 47 26 5 269 1,559
Mraru 149 0 6 3 1 33 193
Tausa 9 0 0 0 0 2 12
Tsavo East i ) i i i i i
National Park
TOTAL 5,039 17 195 107 22 1,124 6,504
Table4.4: Water Demand for Long erm Plan HorizorYear 2040
Sub Water Demand (n¥day)
location Domestic | Health : Education: Recreational Commercial: Industrial Total
Mwangea 6,556 22 254 139 29 1,463 8,462
Ndara/ Sagala 60 0 2 1 0 13 77
Kaloleni 2,175 7 84 46 10 485 2,807
Mraru 269 1 10 6 1 60 347
Tausa 16 0 1 0 0 4 21
Tsavo East i ) i i i i i
National Park
TOTAL 9,075 30 352 192 40 2,025 11,714
The water demand projection fafoi Town is shown ifrigure4.1 below.
14,000
12,000
z
T 10,000
E
T 8,000 -
3 6,000 —
£ 4000 _—
=
2,000
2015 2020 2025 2030 2035 2040
Year
Figure4.1: Water Demand Projection
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5.0

5.1

511

5.1.2

5.1.3

WASTEWATER FLOW PREDICTIONS

Design Criteria

The determination of the wastewater flowadoptedin the design of the Sewsiand Waste Water
Treatment Plant forVoi Town has been guided and based the Standard design criteria
described in the following subections;

Principal References

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

The principal References used to formulate the design criterigdof own are 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 (WHO Report No. 9)

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

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

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

The Criteria outlined in these principal References have been evaluated in the context of the
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 is allowed into the sanitary sewers

1 Combined $stems:Storm 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 storm 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 designed for separa

agaitSvaoe

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

Waste water collected in the Sewerage System is generated from;

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

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

1 Quantity ofwater supplied to the building

1 Chaacteristics of the housing type

1 Climate with higher losses associated with arid conditions

9 Ground conditions with higher losses asstaikwith high gromd porosity

Sewagecontribution factor varies from 75% to 85% of water suppligtgpending on the
different categories of consumers as outlined in WHO Report N0.9 and summaricaiolénb.1
below.

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

S/No. Category Wastewate(:)rf ?Near:g:a;tjspzlaiz 3 Percentag
1 High Income Housing 75
2 Medium 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 inrKenya

5.1.3.2Industrial 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 hishown, WHO Report No. 9 recommends a rate of 25,000
I/ha/day. This has been adopted in the Study.

5.1.3.3Infiltration and Inflow

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

pipe capacity for infiltration and storrwater inflow. If significant amounts of water from these
20KSNJ a2dz2NODSa INB tft2gSR Ayd2 GKS aSgSNAIZI
capacities, 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 defeet pipes, joints, connections, or manholes.

The rate of infiltration into sewer pipes depends generally on the depth of the water table, the
sub-soil conditions, thevorkmanshipduring construction, the age and condition of the pipes,
and the frequency obccurrence of improper connections. Another significant facsdhe
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.

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

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

In addition to infiltration, Nairobi City Coundilanuall £ 82 NBO2YYSy Ra (KS dz
lEf26FyO0Sesr gKAOK Aa A yinadiEable Qdinx watehehtly and §or | £ f 3
authoriseddrainage of open industrial and comnoél areas, i.ed A Yy ¥ 2 g€ @ ¢CKAA |
taken as a percentage of the domestic wastewater flow and ranges from 5% to 30% depending
upon the predominant housing type i.e.

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

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 occuo dizdly, diurnal
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 pflakv, where peak dry weather flow is

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

I = Infiltration Rate (I/s)

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

DWF = 3 & @ y '

Where:
3& = Sewage Reduction Factor (%)

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

3! = Inflow/Splash Allowance as % of P x G (litres per day)
% = Industrial Waste Water Flow ftha/day)

! = Industrial Drainage Area (Ha)

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

! = Domestic Drainage Area (Ha)

Thedaily peak flow in a sewer is a function of the area contributing to the sewer, which, in turn,
determines the contributing population and, hence, the size of the pipe. An increase in the
contributing area results in a lower peak factor, hence largekisawers 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 sewers, are
shown inTable 5.2 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 QAW 60 &l ea, o amo 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.

Theempirical formulas adopt in the computation of peak flows f&foi Town are 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 generated within a servigeais 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 componemtsdassuming a regular / unsuppressed water supplyfaiid
water distribution network the projected wastewater generation for the sidzationscovered
by VoiTownhas been determined and is givenTiable5.4 below;

Tableb5.4: ProjectedWastewater Generation up td'ear 2040

. Area Wastewater Generation (rfid)
SubLlLocation

(Ha) 2009 2015 2020 2025 2040
Mwangea 2,006 2,990 3,539 4,140 4,844 7,944
Ndara/ Sagala 354 27 32 38 44 72
Kaloleni 2,172 992 1,174 1,373 1,607 2,635
Mraru 733 204 242 283 331 543
Tausa 50 7 9 10 12 20
Tsavo East Nationa 1,053 ) i i i i
Park
Total 6,368 4221 499 5845 = 6839 = 11215
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However, achieving conditions of regular / unsuppressed water supply and full sewer
connections in a Town with Sewerage System is nearly impossible. Tbaised by thdimited
development of water resourcedo serve Voi Town, inadequate water distributon and
seweragenetworks and theprevalent use of onplot sanitation systems due to topography,
affordability, unplanned settlement, 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 fooi 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 Income with Individual Water Connection 60% 80%
Low Income without Individual Water Connection 30% 40%

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

Water Supply Status as a % of
Population Category Based on Income Levels Regular Water Supply
2021¢ 2030 2031- 2040
HighIncome 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

12,000

= With Ideal Conditions - 100% Connectivity & Regular|
Water Supply

« & » » With Projected Built-out of Sewer Connections &
10,000 Suppressed Water Supply

8,000

6,000 "/‘

4,000

....
eso?

Dry Weather Flow, m3/day

2,000

2020 2025 2030 2035 2040

Medium-'rerm Year Lonngrm Plan
Plan Horizon Horizon

Figure5.1: Projected Wastewater Flowap to Year 2040
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From Figure 5.1 on Page 55, the projected wastewater generatiorbased on the realistic
conditions ofsuppressedvater supply andyradual mplementationof sewer connectionsinthe
Years 2025 ang040 i4,200m?/day and 8,400m3/day respectively.

The design of Waste Water Treatment Plaaid Sewerage System haveen based on the
wastewater flow generationdetermined from the realistic conditiors of suppressedwater
supply and projected buileup of sewer connections.
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6.0 DESIGN CRITERIA FOR SEWERAGE SAISDEWASTEWATER TREATMENT
PLANTS

6.1 Design of Sewers
6.1.1 Minimum Size of Sewer

Many sewer blockages imban areas occur in the first length of sndikmeter 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

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

To reduce the tendency of blockages, 200mm diameter has been adopted as a misawam
size forVoi Sewerage SystentHowever, & the upper ends of sewer lines, the expected flows
would not ahieveselfcleansing velocities except at rather steep sewer gradiéritss 150mm
diameter sewers il be adoptedin the upper lengths of the sewers &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 been regarded asftrenulathat closely
relates both pipeline theonand observed pipeline losses. Thmin disadvantagés the
cumbersome iterative calculations necessary for its solution. However, with thenaaf
computers and published Design Charts timsgtation 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 glitity. Although
it is empirical, it gives arcaurate aswer, given the uncertainties associated with the flows
generated (population projections, connected population, water consumption per person,
etc.). The formula is as follows:

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

6.1.3 SeltClearsing Gradientsand Velocities

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

A minimum velocity is required in a sewerensure settling of solids do not occuér.velocity of

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

laying sewers at a gradient that will give a velocity of 1.0 m/s at full Hove. The Nairobi City

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

flowing full.

Sewer velocity is more important in tropical clireatsuch as iloi Town since it has been noted

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

This requirement is more important for trurdewersand isinappropriate for house connections
or the secondary sewefer VoiTownwhere flows may be intermittent and retention times short.
A minimum velocityof 0.75m/shas been adopted with exception of some critical circumstance
where a velocity of 0.6m/s has been allowed.

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

to reduce the number of pumping stationRegular flushing of sewers should be carried out at
the flush manhole$o be provided at the upper sewer sectiotmsprevent 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 the pipe internal linings through scouring effects. Such effects were said
to occur at flow velocities exceeding 4.0 m/s. But studies have shown that erosion effects
observed at velocities greater than this threshold value are minimal andéno upper limit of

flow velocity is recommended.

The following velocity guidelines have been adopted in the design:

1 Minimum velocity at peak flow 0.75 m/s
1 Minimum velocity in exceptional circumstances 0.6 m/s
1 Maximum velocity 3.0 m/s
1 Maximumflow 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 sewer walls above the sewage
level oxidise the hydrogen sulphide gas to sulphuric atith attacks thesewer pipesvall and

result torapid deteriorationof concretepipes and corrosionf ferrous pipes

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

6.1.6

1 Sewag strength and sulphate content

9 Dissolved oxygen concentration

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

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

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

In Pumping Mains, sewage retention time less than 30 minutes has been provided to avoid
anaerobic conditions and generation of hydrogen sulphide. Injection of air into the main by a
compressor is proposed where retention times exceed 30 minutes. Where tkehigh flow
volume with turbulence 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 generatiaalse sulphides generation result
from slime and sewage deposits.

Ventilation of Sewers

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

To ensure adequate ventilation, ventilation columns with extensions should be installdd at a
house connectiondfumping3ations andManholes where pumping mains discharge. Male
covers should alste provided withventilation 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 connection to the existingd future properties

within the sewered area. Besides, adequate cover to the seiseegjuired to ensurgrotection
against damages from live loads transiting on the overburden cover surface.

Nairobi City Council Manual recommendsimum depth of sewersf 1200mm in roads and
900mm in all other areagidopting this recommendation at thepgtream sewer sections flat
areas lead to unnecessarily deep sewdteweveradditional protection can be provided at the
upstream section of sewers if shallow depths are adoptedimit sewer depthsand result to
savings from deep excavations of eatsewer length

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

Table6.2: Minimum Sewer Depths and Pipe Protection

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

6.1.8

The depth of sewers Voihas beerdictated by the constructability of soil conditions given the
flat topography, loose sandy soils, depth of the water table and economic considerations.

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

Manhole Spacing and Sizes

Manholes permit the inspection and cleaning of sesvand the removal of blockageshey
should be provided on sewers at allactges of direction, sewer change of gradient, at every
junction, where pipe size changes and generally throughout the sewerage system at intervals
sufficiently close t@asesewer cleaning.

Manhole spacin@nd sizdor the various sewer pipdiameters have beenadoptedbased orthe
guidelinesof the Nairobi City Council Manual as showTable 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 diameter sewers. Thus, for pipe diameters smaller
than 225 mm, it is proposed to reduce the manhole spatindOm for eag of cleaning and
maintenance The spacing of intermediate manholigsthe Sewerage System f¥ioi Townhas
beenguided by theproposed wer 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 ingéhSewerage System fioi Town combnation of various
pipe materials, which are manufactured locally to internationally recognized standaags,
been consideredThese include;

i. Precast Concrete Pipes

Spun concrete pipes are manufactured locally by several companies in Kenya. Thay are t
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 condespipes.

Rigid jointed pipesre rarely used for sewers. They are connected usngd hessian and
cement mortar Ogee jointed pipgscommonly used for surface water drainage systeans,
available in sizes from 100 mm to 1525 mm diameter.

Concrete pgies are usually laid on a concrete bed and provided with a haunch and surround
or reinforcement to meet the loading requirements.

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

ii. UPVC Pipes
Un-plasticised PVC pipes are 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 asociated wittthe 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, exposure tstrong sunlighbver 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 Contractorsyo |
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 additionalafeguardagainst corrosion attacks
and overburden

iii. HDPE Pipes
HDPE pipe areideal for many different applications including municipal, industrial, energy,
geothermal, landfill and more. HD®fipe arestrong, durable, flexible and light weight. When
fused together, HDPE has a zdeak 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 methodwing 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
including eduction 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 Kenyrathe sewerage systemhey ae used forexposed
locations such as river crossingsimpumping mainsHowever, potection against corrosion
is required internally and externallyhis is provided usingtbmen sheathing with external
sheathing reinforcedand glass fibre windingsAlternatively, 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@$eshigh cost of steel pipeslso
dismuragegheir 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 pipes are the most
appropriate pipes for use in large diameter sewer construction in Kenya. For smaller
diameters, uPVC sewer pipes are more cost effective. Steel pipawaiblefor aerial river
crossings, pumping mains, high impeegistance and bridging abilitgither spun iron or mild

steel pipes can be used. Standardisation of pipe materials and fittings within the jurisdiction
of TAVEV@as also been considered.
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The Gravity Sewes for Voi Town will consist of HDPE/ uPVC pipes asutket& spigot
concrete pipes.Shallow sewer sections or those laid on road crossings shall consist of
flexible jointed concrete pipeprotected with a reinforced concrete raft slab

6.1.9 PropertyConnections

As the designed Sewer Network 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 byAVEVQ & (i S NJi Jrogxdnor HSmaliGidudl plot owners. It is

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

6.2 Design of Wastewater Treatment Plants
6.2.1 SelectionCriteria forTreatment Process / Technology

Wastewater treatment technology has been selected after taking due consideration of the
pertinent technical, operational and economic factors, limitations amustraints. In this regard,
the technologies have been evaluated based 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
system selected has ensured the attainment of required pollutant removal effics.

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 various treatment technolotiiesConsultant
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

2,000 +———

Waste Stabilization
Ponds

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 fodifferent wastewatertreatment technologies
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iii) PhysicalConstraints- Land

Land required for installation of treatment plant is the principal physical constraint due
to the availability and acquisition cost. Land available at the selected site in consideration
of the site topography and terrain for the hydrad 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 Rguirementsfor the various Treatment €chnologies

iv) Operational Skills

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

v) Sludge Production

Different technologies generatearied amountf sludge duringvastewatertreatment

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

vi) Energy Recovery

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

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

vii) Fertilizer Recovery
The presence afutrients such asitrogen, phosphorous and potassium makes sludge a
valuablefertilizer resource after stabilization. Natural and mechanical composting can be
practised for convesion of sludge into fertilizer.
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viii) Sludge Handling
In the absence of energy and fertilizer recovery, generated sl(rdgstly 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 Dryingt&eds, e
prior to transportation 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
dispcsal. The sludge may also be combined with grits and screenings from the Plant for
dumping. The Sludge Dump site shall preferably be developed near the Waste Water
Treatment Plant site to reduce the hauling distance and to minimize cost of
transportation. he dumped sludge is compacted 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 Topogramy of the land and its potentials for erosion and runoff
1 Soil Characteristics

T Soil depth to ground water

T Accessibility & proximity to critical areas

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

X) Mechanical Equipment

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

xi) Nuisance

The degree of colour, odour and noise shall be below the nuisance thddhespecially,
regarding the proximity of the Waste Water Treatment Plant to the bugdareas.

6.2.2 Alternative WastewaterTreatment Processs/ Technolodes

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
L G I Sludge)

{1 Household {1 Household reywaler (@ Sludge)

F Neighbourhood %] Shared Outputs: @ Effluent @ Sludge

%] City %] Public

Waste Sabilization Ponds (WS§) are large basins enclosed by earth embankments in
which raw wastewaters treated by entirely natural processes involving algae and
bacteria. Since these processes are unaided, the rate of oxidation is slowethiand
hydraulic retention times are longehan in conventional wastewater treatmenty/SPs

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 priripal types of WSP: anaerobic, facultative and maturation ponds
which are linked in series. Anaerobic ponds and facultative ponds are desigrig@@or
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(biochemical oxygen demand) removal, and maturation ponds are designed for faecal
bacterial removal. Somemoval of faecal bacteria (especially\dbrio choleragoccurs

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 nutients (N and P).

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

Raw
wastewater

e N By I v B o

Final
effluent

% 1 anaerobic % 2 facultative % 3 aerobic maturation %

Figure6.3: Layout of Waste Stabilization Ponds

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

if) Trickling Filters

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

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

A trickling filter is a fixetbed, biological reactor that operates under (mostly) aerobic
conditions. Presettled wastewater iszy 0 A ydz2 dzaft & WIiGNRO]lt SRQ 2N
using sprinkler as shown igure6.4 below.

sprinkler

filter

S

air

outlet
—

collection I

‘il
1.;%...
35

feed pipe D: —

filter support : i TR (NI CRRNRYARET NI

-
=9
-
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 covering the filter material. They produce high quality effluents (e.g. <20 mg
BODI and <30 mg SS/I) without requiring large areas of land or consuming vasitipgnt

of electricity. In many situations in developing countries they are much more appropriate
than activated sludge. Trickling Filters comprisga 2 deep bed of 5100 mm rock.

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

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

iii) Oxidation Ditch/ Extended Aeration

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

I Housahold CJ Household G Browmwater € Greywater

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

%] City %] Public

Oxidation ditches are a direct modification of conventional activated sludge. Their
essentialoperational features are that they receive raw wastewater (after preliminary
treatment) and provide longer retention times: the hydrauktention time is commonly
0.5¢1.5 days and that for the solids D days. The latter, achieved by recycling >95 per
cent of the activated sludge, ensures minimal excess sludge production and a high degree
of mineralization in the small amount of exceksdge that is produced. Sludge handling

and treatment is almost negligible since the small amounts of waste sludge can be readily
dewatered without odour on drying beds. The other major difference is in reactor shape:
the oxidation ditch is a long continue channel, usually oval in plan angB2n deep.

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

Currently, here are few oxidation ditches in developing countries sinaste
Sabilization Ponds are usually more favourable, both in terms of costs and faecal
bacterial removal; although where there is a reliable electricity supply but insufficient
land for pond€Oxidation Ditchesre increasinglypeingused.

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

The limitations / disadvantages o$ing oxidation ditches include;
High energyonsumption

Constant supply of energy

High capital and operating costs

Require operation and aintenance by skilled personnel

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

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

1Household I Household h— & Greywa

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

(%] City (%] Public

The Sequencing Batch Reactor (SBR) is an activated sludge process designed to operate
under nonsteady state conditions. An SBR operates in a true batch mode with aeration
and sludge settlement both occurring in the same tank. The major difference between
SBR and conventional continueflew activated sludge system is that the SBR tank
carries out the functions of equalization aeration and sedimentation in a time sequence
rather than in the conventional space sequence of contindtms systems thus smaller
footprint (seeFigure6.5below).

Sequential Batch Reactor

Raw Sewage | : Filling
|

x

* | Aeration

Decant | |
B Pk Air Blower |

UV System *

Treated Water > o

< Settling
smagenuscharge“

| occasionally |

Figure6.5: Schematic Showing SBR operational cycle

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

SBRs require controls to reduce eggconsumption and enhance the selective pressures

for BOD nutrient removal, and control of filaments. This range from a simplified float
and timer based system to a more complex PC based systems. An appropriately designed
SBR process is a unigw®mbination of equipment and software. Working with
automated control reduces the number of operator skill and attention requirement.

SBRsloes not includgrimary settling tanks; screening of solids and oil / grease removal
should be accomplished prito the activatedsludge process. Flow equalization is also
critical where significant variations in flow rates and organic mass loadings are expected.
A plant utilizing an influent equalization basin will be able to have a true batch reaction.

Preliminary Treatment

Regardless of the Wastewater Treatment technology considered, it is important to have a
preceding preliminary Treatment Process at the Waste Water Treatment Plant.

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

Some of the eliminary treatmentprocesses are briefly described below;
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a) Screening

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

Manually cleanedcreens require little or no equipment maintenance and are suitable for
small WWTPs with few screenings. However, they require frequent raking to avoid clogging
and high backwater levels that cause bdildl of solids mat on the screen. The increased
rakingfrequency increaselsbour costs

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

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

b) Grit Removal

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

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

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, removiieafly, organic
content, and cost.

c) FlowControland Overflow

Flow control requires that a flow control device be incorporated at the inlet works to restrict
the forward flow to treatment i.e. to avoid hydraulic overloading of thebsequent
treatment units.

A summary of the descriptive comparison of the above wastewater treatment technologies /
processes is given ifable6.4 on Page 613.
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Table6.4: Descriptive Comparison of Wastewater Treatmenhéchnologies / Processes
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6.2.3

Vi.

Vil.

viii.

Identification of Ste for the Wastewater Treatment Plant (WWTP)

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

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

LandUse

In the Landuse Map different areasof Voi Town have been assigned variedisting 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 WWTP site to the finaleiing environment such as the river and ocean
is an important consideration in site selection. Preference is giveretsitbshat requireshorter
lengths of Outfall Sewes.

Topography of the Sewered Area

An ideal WWTP site should be located omwa-lying 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 impermeable is consideredwitealespect 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 invVoiTown comprise od mixtureof 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 lo@hese soils are suitable for WWTP
(Wast Stabilization Ponds) construction.

Existing Infrastructure

Proximity to infrastructural systems suels 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

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 raise application

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

Land Acquisition

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

7.1

FORMULATION QAL TERNATIMBEEVELOPMENT STRATEGIES

Delineation of Drainage Areas

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

Due to the definite topgraphy of Voi Town, one (1) drainage area has been formulated for the
entire study areaThis Drainage Area has been divided into three zones to estimate sewage
generated by the different parts of the town.

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

Table7.1: Summary of Sewage and BeBenerated per Contributing zone

Year 2025 Year 2040
Coverage
Zones Ha)
( DWF (m¥/d) . 25m 0 DWF(m¥d) . 25m 6

1 2006 2782 523 5,757 537

2 2526 1202 461 2,268 495

3 783 217 392 375 439
Mean - - 459 - 490
Total 5,315 4,200 - 8,400 -

The Projected Dry Weather Flow for the study are¥@fTown at the Design Horizon (Year 2040)
is approximatel\8,400 n¥/day.

A Layout Plan showing the proposed drainage aaed the contributing zoneis given irFigure
7.1 onPage7-2.
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Figure7.1: Proposed Drainage Areas
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7.2 Description ofWastewater ManagemenScheme

The definite topography of Voi Town hdnited the feasiblesite for the development of
Wastewater Treatment Plant to a single low poinuatieveloped site located dahe boundary
with the Tsavo East National Park.

This site has been selected after evaluation of pertinent physical, environmental and economic
considerations including the ease with which wastewater generated fiwn Towncan be
conveyed bygravityto the site, land availability in this toheveloped aga and its safe distance
from the builtup areas.

From preliminary investigations, the site @ly suitable for the construatin of Waste
Stabilization PondS husa single Wastewater Management Schelnasbeen formulated foloi
Town i.e.Centralized 8heme with a Wastewater Treatment Plant at the Boundary with Tsavo
East National Park.

Thiscentralized sheme involves gravity based Trunk and Secondary Sewerseawhstewater
Treatment Plant at the boundary with Tsavo East National Park; ultimatgrdeapacity 8,400
m?/day. No pumping is required.

A 1ull conventional Wasteater Treatment Plantencompassing Waste Stabilisation Pohds

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

1 Inlet Works

1 Waste Stabilization Ponds (Anaerobic, Facultative and Matur&to$
9 Sludge Drying Beds

1 Staff Houses and Administration Buildings

9 Site and AncillaryWorks

Details of the Proposed Scheme formulated for Voi Town is summariZedbia 72 below;

Table7.2: Details of the Proposed Schenge/oi Town

Conveyance System Wastewater Treatment Plants
Secondary No. of Ultimate Design Land
. . . Treatment .
and Trunk Pumping Location Capacity Technolo Required
Sewers (km) Stations (ms3/day) 9y (Ha)
Next to Tsavo East Waste
40 Nil National Park boundary 8,400 Stabilization 25
along Voi River Ponds

A detailed LayouPlanfor Proposed Schemis given irFigure 72 on Page 74.
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Figure7.2: Proposed Wastewater Management Scheme for Voi Town
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