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EXECUTIVE SUMMARY

ElL GOALS AND OBJECTIVES OF THIS STUDY
D2Ff&a FyR 202S00A@Sa NS RSTAYSR Ay (KS ¢2w
is to identify a sound and rational strategy for the development of sewerage services in Mombasa
and selected Townwithin the Coast Regioover the nextwenty-five (25) years to improve the

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

The key objective of the proposed Master Pfan Malindi Townis to come up with a phased
investment progamme for Immediate / Short Term Plan (2618020), Medium Term Plan (2021
¢ 2025), Long Term Plan (20262040) and recommend a treated effluent disposal / reuse
strategy for the effluentn Malindi Town

E2 OBJECTIVES OF THIS REPORT

The Final WastewateMaster 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 Malindi Town.

The components of this Report include the following;
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 Treatment, Social / Environmental Assessment, Economic and Financial
Analysis and MuliCriteria Analysis

Description of Selected Wastewater Management System Developnraite §/

Investment and Financial Management Plan

Proposed Implementation / Development Schedule

Conclusiorof the Master Plan

= =4 =4 4 =4

= = =4 =4

E3 STUDY AREA AND DEMOGRAPHY

The study area foMalindi Wastewater MastePlan is confined within the boundary dflalindi
Town Each of the five sulbcations in Malindi sucounty forms part of Malindi TownThe
coverage of Malindi Town is approximately 23% of MalindiQuinty.

The subocationsforming MalindiTown and ¢tal coverage areass well as the study arda
givenin TableElbelow;

TableEXl Sublocations and Study Area

Sublocations Total Area (km?) Coverage in the Study Area (km?2
Shella 16.2 8.63
Kijiwetanga 19.7 1.51
Barani 11.9 3.08
Central 9.4 1.72
Sabaki 36.9 6.54
Total 94.1 21.48

Figure Elon Page E2 shows the coverage of the Study Area of Wastewater Master Plan for
Malindi Town.
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FigureEl Study Area of Wasteater Master Plan for Malindi Town

From the analysis of previous demographic data obtained fé@mtral Bureau of Statistics (CBS),
the average annual growth rate for the Study Anedhe intercensal period 0£999- 2009 is
4.3%.This is expected to increadsecause of the planned improvement offrastructurein
Malindi Town.

Based on a medium growth rate scenario, annual population growth rate takdn6&s the
population for the Study Area has been projected.

A summary of the projected population of the Study Area is giv@malle Edelow.
TableE2 Summary ofPopulation Projection within the Study Area

Sublocations | 2009Pop. SigjeCciRepH auon
2015 2020 2025 2040
Shella 23,173 30,352 38,005 | 47,588 93,427
Kijiwetanga 1,152 1,509 1,890 2,366 4,646
Barani 8,338 10,921 13,675 17,123 33,616
Central 3,505 4,590 5,748 @ 7,197 14,129
Sabaki 2,894 3,790 4,746 = 5,943 11,667
Total 39,062 51,162 64,063 | 80,217 157,486
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E4 WATER DEMAND FORECAST

Water demand forecast for Malindi Towhas been determined based on the regular /
unsuppressed water consumption rates, projected populations, proposed-lsadHealth,
Industrial, Commercial, Institutional & Residential Zones) and on the premise that the water
distribution network has full cgerage of the Study Area.

Figure Edelow shows the ater demand projectiorior Malindi Town up to the Ultimate Design
Horizon(year 2040)
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FigureE2 Water Demand Projection

ES 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 distributigstem, the projected
wastewater flow for Malindi Town in the year 2049approximatelyl7,100m3/day.

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

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

To consider the above situatip the factors 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 Malindi Town.

TableE3 Sewer Connectivity adopted for RealistWastewater 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 IndividuaVater Connection 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 Malindi Town up to Year
2040 under the Ideal condition (Regular Water Supply, Extensive Water Distribution & Sewerage
Networks and 100% Sewer Connections) and Realistic condition (SuppressedSiyabéy,

Inadequate Water Distribution & Sewerage Networks with gradual improvements and Gradual
Sewer Connections);

18,000

[ [
i With 100% Connectivity & Regular Water /|

Supply
= =@ == With projected build-out of Sewer Connections
and Suppressed Water Supply

16,000 [

14,000
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FigureE3 Comparative Projected Wastewater Flowp to Year 2040

FromFigure B above the projected wastewater generation based on the realistic conditions of

water supply and seweage at the Years 2025 and 20403gl00 m?¥dayand 12,200 m3/day
respectively.

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

B ALTERNATIVE WASTEWATER MANAGEMENT STRATEGIES

The Final Wastewater Master Plan for Malindi fiatescribes the development strategy for the
longterm waterborne sanitation system comprising of a wastewater collection / conveyance
system and the treatment / proper disposal of treated effluents. However, this-lemg
sanitationstrategy is not planed for immediatamplementation

In consideration of the current sanitation systems and the growing sanitation nesds,
immediate intervention isurgently required. ThusImmediate Sanitation Measures have been
developed. These easuresncludeconstruction of6Nr Ablution Blockst selected public places
anda centralized Sludge Handling Facility
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As a longerm strategy, our alternative Wastewater Management Schembave been
formulatedfor Malindi Townand arebriefly described below;

aoop

Alternative 1:Centralized Scheme with a Wastewater Treatment Plant (WWTP) at Sabaki
Alternative 2: Decentralized Scheme with 2 Nr. WWTPs at Sabaki and Shela

Alternative 3: DecentralizedcBemewith 3 Nr. WWTPs at Sabaki, Shela dwe Tanga
Alternative 4: Cenmtlized Scheme with a Long Sea Outfall at Sabaki

The locations of th&Vastevater Treatment Plants considered in the abalernativeschemes
are shown irFigure Edelow;
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FigureE4 Locations of Alternative Wastgater Treatment Plant

A summary of théour proposedschemes for Malindi Town is givenTableEs below.

TableES Summary of Alternative Wastewater Management Schemes

Conveyance System Wastewater Treatment Plants
Alternative : Secondary and  No. of Design Treatment Land
Scheme Trunk Sewers: Pumping Location Capacity Technolo Required
(km) Stations (m3/day) oy (Ha)
1 69 11 Sabaki (TW1) 12,200 @ '/aste Stabilization 30
Ponds
) 66 1 Sabaki (TW1) 4,200 WasteStabilization 10
Shella (TW2) 8,000 Ponds 20
Sabaki (TW1) 4,200 10
Shella (TW2) 6,200 Waste Stabilization 15
3 64 10 :
Jiwe Tanga 1 800 Ponds 5
(TW3) '
Preliminary
4 69 12 Sabaki (TW3) 12,200 Treatment and Long 0.6
Sea Outfall
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E7

MULTICRITERIA ANALYSIS AND REVIEW OF DEVELOPMENT STRATEGIES

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

A summary of the weighted totals for thiternative WastewaterTreatment Trains is given in
TableE6below.

Table E6 Weighted Totals for the Akrnative Wastewater Treatment Trains

Simpliicity &) M Environmental Land Institutional | Weighted
Operations and ;| Present - Rank
. Impacts Requirement:  Strength Total
Maintenance Value
Waste
Stabilization 0.486 0.549 0.503 0.047 0.499 0.484 1
Ponds
Composite 0.109 0.266 0.256 0.090 0.102 0.199 3
Biofilters
Composite
Oxidation 0.109 0.116 0.101 0.187 0.068 0.106 4
Ditches
Long Sea Outfal 0.297 0.069 0.140 0.676 0.331 0.211 2

Similarly, a summary of theeighted totals for theAlternative Schemes developed for Malindi
Town is given iTableE7below.

Table E7:Weighted Totals for theAlternative Schemes

Simplicity of .
Operations Net Environmental Potential Land Land = Weighted
Present for L Rank
and Impacts Acquisition . Use Totals
g Value Reuse
Maintenance
Centralized
Scheme with
1 Nr WSP 0.468 0.159 0.468 0.485 0.373 0.399 0.394 1
System
Decentralized
Scheme with
ONI WSP 0.159 0.468 0.159 0.281 0.147 0.123 0.206 3
System
Decentralized
Scheme with
3Nr WSP 0.095 0.278 0.278 0.166 0.082 0.074 0.176 4
Systems
Centralized
Scheme with 0.278 0.095 0.095 0.067 0.398 0.405 0.223 2
Long Sea
Qutfall

From the Multicriteria Analysis, a Centralized Wastewater Treatment Plant at Sabaki comprising
of Waste Stabilization Ponds System is the most suitable Wastewater Management Scheme and
is recommended for Malindi Sanitation Strategy

Table B below gives a summary of the details of this recommended Wastewater Management
Scheme.

TableBB: Details of recommended Wastewater Management Scheg€entralized Scheme

AlEraiive Conveyance System Wastewater Treatment Plant
Scheme Secondary and | No. of P'umpmg Location Treatment L_""”d
Trunk Sewergkm) Stations Technology Required (Ha)
1 69 11 Sabaki Waste Stabilization 30
Ponds
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B3 PROJECT COSTS

The Capital Cost of theelectedWastewater Management Scheme for Malindi Town has been
worked out on the following basis;

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

b) The Cost of Civil Workenstitute the following fraction of the components total costs;
1 Wastewater Treatment Plamgt95%
1 Pumping Statior 60%
1 Sewers; 100%

Smmary of the Capital Costs for thecommendedSchemes is given TrableE below;
Table E9: Capital Costs for th&electedScheme

S/No. Component Costs (Kshs) Costs (USDY!

1 Land Acquisition 150,000,000 1,456,311

2 Civil Works 2,625,041,556 25,485,840
2.1 | Wastewater Treatment Plant 1,175,974,630 11,417,229
2.2 | Pumping Stations 75,185,951 729,961
2.3 | Sewers 1,373,880,975 13,338,650
3 ElectroMechanical Works 112,017,369 1,087,547
3.1  Wastewater Treatment Plant 61,893,402 600,907
3.2  Pumping Stations 50,123,967 486,640
Total Capital Cost 2,887,058,924 28,029,698

Asummaryof the Phased Investment cost for Malindi Wastewater Managemeiné@eis given

in TablesELO and EL1 below;
TableELQ: Costs for MediumTerm Plan (Year 20202025)
S/No. Component Cost (Kshs) Costs (USD)
1 Land Acquisition 150,000,000 1,456,311
2 Sewerage System 1,020,069,317 9,903,586
3 Wastewater Treatment Plant 738,204,217 7,167,031
Total 1,908,273,534 18,526,928
TableELL: Costs for Longerm Plan (Year 20262040)
S/No. Component Cost (Kshs) Costs(USD)
1 Sewerage System 479,121,575 4,651,666
2 Wastewater Treatment Plant 499,663,814 4,851,105
Total 978,785,389 9,502,771

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

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

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

¢) Replacement of the Electfdlechanical Items to be carried out every 10 Years with repair
works planned for every intermediate 5 years between the replacement schedule
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A simmary of the Anual Operations & Maintenance Costs in the first year of operatictine
Schemas given inTableEL2 below;

Table EL2: Annual Operations & Maintenance Costs (Year 1)

S/No. Component Costs (Kshs) Costs (USDY!
1 Maintenance Costs 31,851,284 309,236
2 Electricity Costs 10,583,440 102,752
3 Staff Costs 5,064,000 49,165
Total O&M Cost 47,498,724 461,153

[1¢ Exchange Ratet USD = 103 Kshs

To provide indicators of economic viability and sustainability of the proposed sanitation system,
it is important to carry out financial aneconomic analysig-inancial and economic analysis is

FINANCIABAND ECONOMIENALYSIS OF THE SELECTED DEVELOPMENT STRATEGY

used to produce standardised information Brojects, as a l&is for makingnvestmentdecision.
Theimportance ofeconomic analysig an investments to help selecta Projecthat contributes
to the welfare of a region or a countrOn the other hand,iancial analysisvaluates Project
liquidity andprofitability.

TheCapital Costs for the Investment Phasesl their associated Operations and Maintenance

Costs have been used to project the Annual Project Expendituseirasnarized inTable B3

below;
TableE13 Scheduleof Annual Project Expenditures

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

2021 477,068,38 - - 477,068,38
2022 477,068,38 - - 477,068,38
2023 477,068,38 47,498,72 55,501,51 580,068,62
2024 477,068,38 47,985,56 74,002,02 599,055,97
2025 - 48,494,79 74,002,02 122,496,81
2026 97,878,53 49,027,45 77,771,76 224,677,75
2027 97,878,53 49,584,61 81,567,45: 229,030,60
2028 97,878,53 50,167,40 85,363,14 233,409,08
2029 - 50,776,99 85,363,14 136,140,14
2030 146,817,80 51,414,63 91,056,67 289,289,11
2031 195,757,07 52,081,60 89,882,98 337,721,67
2032 244,696,34 52,779,25 90,607,14 388,082,74
2033 97,878,53 53,509,00 85,637,76 237,025,30
2034 - 54,272,31 76,872,70 131,145,02
2035 - 55,070,73 76,872,70 131,943,44
2040 - 55,905,88 75,100,35 131,006,224
2045 - 56,779,45 73,302,05¢ 130,081,50
2046 - 57,693,20 71,503,75 129,196,96

Assumingadoption of the proposed tariffs and attainment of the projected sewer connections,

the projected financial statement has been determined and summarizédlabe E4 on Page E

9;
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TableE14 ProjectedFinancial Statemenof the Project

Project Income and expenditure Financial statemg(iishs)
Year Total Project . Billings Not = Net Project Opgrations & AnngaI. Tota_l Net Revenue
Revenue Recovered Revenue Maintenance = Depreciation = Expenditure

2023 | 116,889,679 11,688,968 @ 105,200,711 47,498,724 55,501,518 | 103,000,255 2,200,456

2024 122,009,907 . 12,200,991 : 109,808,916 47,985,563 74,002,023 | 121,987,599 -12,178,683
2025 127,130,135 12,713,014 | 114,417,121 48,494,795 74,002,023 @ 122,496,832, -8,079,711

2026 213,227,562 21,322,756 | 191,904,806 49,027,453 77,771,766 | 126,799,233, 65,105,573

2027 242,367,300 . 24,236,730 | 242,367,300, 49,584,613 81,567,454 131,152,080 111,215,220
2028 271,507,038 27,150,704 | 271,507,038 50,167,402 85,363,141 | 135,530,557 135,976,481
2029 | 300,646,777 30,064,678 @ 300,646,777 50,776,999 85,363,141 | 136,140,155 164,506,622
2030 | 329,786,515 32,978,652 329,786,515 51,414,638 91,056,672 | 142,471,326 187,315,189
2031 @ 363,077,541 36,307,754 363,077,541 52,081,608 89,882,985 | 141,964,609 221,112,932
2032 . 396,368,567 39,636,857 @ 396,368,567 52,779,259 90,607,142 | 143,386,418 252,982,149
2033 | 429,659,593 42,965,959 @ 429,659,593 53,509,002 85,637,768 | 139,146,787 290,512,807
2034 . 462,950,619 46,295,062 @ 462,950,619 54,272,313 76,872,707 | 131,145,037 331,805,583
2035 496,241,646 49,624,165 496,241,646 55,070,737 76,872,707 | 131,943,460 364,298,185
2036 | 529,532,672 52,953,267 @ 529,532,672 55,905,887 75,100,353 | 131,006,258 398,526,414
2037 . 562,823,698 56,282,370 562,823,698 56,779,455 73,302,054 | 130,081,527 432,742,171
2038 596,114,724 59,611,472 | 596,114,724, 57,693,207 71,503,755 | 129,196,981 466,917,743
2039 | 629,405,750 . 62,940,575 @ 629,405,750 58,648,991 71,503,755 | 130,152,766 499,252,984
2040 | 662,696,776 66,269,678 @ 662,696,776 59,648,742 68,806,307 | 128,455,069 534,241,707
2041 . 662,696,776 66,269,678 @ 662,696,776 59,648,742 65,209,710 124,858,472, 537,838,304
2042 . 662,696,776 66,269,678 662,696,776 59,648,742 60,713,963 | 120,362,726 542,334,050
2043 | 662,696,776 66,269,678 662,696,776 59,648,742 58,915,665 | 118,564,428 544,132,348
2044 . 662,696,776 66,269,678 662,696,776 59,648,742 58,915,665 | 118,564,428 544,132,348
2045 . 662,696,776 66,269,678 662,696,776 59,648,742 58,915,665 | 118,564,429 544,132,347
2046 @ 662,696,776 66,269,678 662,696,776 59,648,742 58,915,665 | 118,564,429 544,132,347

Besides the above revenue collect#lag following additionabirect/indirect benefits have been
consideredn the economic analysis:

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

The results of the codienefit analysis confirm that the pregt has favourable BC ratios of
between1.24to 1.76. The financial analysis confirms that the project has positivesPK/sh
1,857,165,056at 5% cost of capital andsh763,623,190at 8% cost of capital anBinancial
Internal Rates ofReturn (ARR) o0fL3.61%.

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

On the other hand, e results of the economic analysis after including other economic benefits
showedthat the project have @ositive NPV of Ksh$,623,076,16(andEIRR of 2%at 10% cost

of capital.

It is therefore concluded that thé>roject is both financially and economically viable
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EI0 CONCLUSIODNF THE MASTER PLAN

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

As an immediate intervention, construati of 6Nr Ablution Blocks aselectedPublic Places and

a centralized Sludge Handling Facility is necessary. It is equally important to ensure procurement
of Exhaust Vehicles to provide desluging and transport services. A summary of the Immediate
Sanitation Measures and their costs estimates are giVebles E15and 16 below.

TableE15 Details of the Ablution Blockg Immediate Sanitation Measures

Details of each Ablution Block Total Capital Cost
Number - —
No. o No. of Shower .
Proposed . W Max. DailyUsers Ksh. USD
Toilets Rooms
6 6 2 720 93,000,000 902,913

TableE18 Details of the Sludge Handling Faciliymmediate Sanitation Measures

Total Capital Cost

S/No. Component Details
Ksh. USD
1 Tanker Discharge: { Bar Screens, Collection Chambeard
Bay stand Washing Bay & Parking Space
Sludge Drying
2 8 Beds; h13x 10
Beds 1 8 Beds; each 13 x 10m 58,299,957 566,019

3 TwinSeptic Tanks T 2 Tanks; each 98 m3 capacity

4 Land Requirement § 0.7 Ha

Exhaust Discharge § Minimum 1 Nr (Either owned by
Tanker MAWASCO dPrivate Providers)

To provide a sustainable sanitation system, a centralized wastewater managegsiames
comprising of a gravity sewage conveyance system with limited pumping (11 Nr Pumping Station)
and a Waste Stabilization Ponds system (ultimeapacity¢ 12,200 m3/d) at Sabaki has been
selected from the developed alternative schemes. The implementation of this strategy is to be
carried out in 2 phases i.e. Medium Term Plan (2@225) and Long Term Plan (2028040).

The implementation detasl of the selected Wastewater Management Schaméhe 2 Phases
including the associated cosige given inTables E17below andTableE18on PageE11.

TableE17 Summary of Implementation Cost: Mediwhierm Plan Plan (2022025)

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

1 Land Acquisition = 1 30 Ha

1 225¢ 600 mm DiaApprox. Total
Length 45km

3 Pumping Stations: T 9 Nr

2 Sewers

1,908,273,534 18,526,928

Waste Water 1 Waste Stabilization Ponds; Capacity
Treatment Plant 6,000 m3/d
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TableE18 Summary of Implementation Cost: LoAerm Plan Plan (202&040)

S/No. Component Details Cost (Kshs) = Cost (USD)
1 Sewers 1 225¢ 375 mm DiaApprox. Total
Length 24km
2 Pumping Stations: 1 2 Nr 978,785,389 9,502,771
3 Waste Water 1 Waste &bilization Ponds; Capacity
Treatment Plant 6,200 m3/d

The financial and economic analysis of the selected scheme corffothdinancial and economic
viahility.
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MAIN REPAT

1.0 PROJECT BACKGROUND

The Government of Kenya (GoK) through the Ministiafer and Irrigation (MWhas received
GONBRAGE FTNRBY LYUGSNYylFrGA2ylFt 5S@St 2waterSidsier | a & 2 (
Plan for Mombasa and Selected Towns within@wast 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, Kwale, Kilifi, Taifltaveta, Lamu and Tana River.

The pimary 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.1: 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. Kilifi Malindi, Kilifi, WatamuMtwapaand 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 coursetidy&ve 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 key benchmarthefnew 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
FRSljdzr GS ljdzr yGAGASa de

A Location Plan for thievelve Project Towns is given Kigurel.1 on Page 12.
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Figurel.l: Location Plan for the Project Towns
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1.1 Goals and Objectives of this Study
D2Ff&a FyR 202S00A@Sa NS RSTAYSR Ay (KS ¢2w
is to identify a sound and rational strategy for the development of sewerage ssividombasa
and selected Townwithin the Coast Regioover the nexttwenty-five (25) yeard.e. up to Year
2040,to improve the quality of effluent to rivers, Indian Ocean and groundwater and to safeguard
the health of the residentef the StudyArease

The key objective of the propos&tiastewaterMaster Plarfor Malindi Townis to come up with
a phased investment programme for Immediate / Short Term Plan (2@020), Medium Term
Plan (202X, 2025), Long Term Plan (202@040) and recommend a treatezffluent disposal /
reuse strategy for the effluerin Malindi Town

1.2 Execution of the Study

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

D2 ¢ Report on Condition Survey and Environme#tatlit of the Existing Facilities
D3 ¢ Immediate Urgent Works Report / Fif2esign Report

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

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

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

Investment Schedule for Sewers and Wasdter Treatment Plants

1 D8 - Preliminary Environmental and8al Impact Assessment (ESIA) & Preliminary
Resettlement Action Plan (RAP) for the Preferred Development Strategy

= =4 =4 -4 4

The Final WastewaterMaster Plan Reporpresents theoutputs of the Feasibility Study, the
selected Development Strategy atite PreliminaryDesign of the planned infrastructufer the
Sanitation System dflalindi Town

1 D9 ¢ FinalWastewaterMaster Plan Report

1.3 Objectives of this Report

Thecomponents of thed-inalWastewaterMaster PlarReportinclude the following:

1 Present Sanitatio®ituation 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 Alteative 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-inancial Management Plan

Proposed Implementation / Development Schedule

Conclusiorof the Master Plan

= =4 =4 =

=A =4 =4 =
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2.0 PROJECT AREA DESCRIPTION

2.1 Locationand Administration

Malindi Townlies withinKilifi @unty, in the SouthEastermpart of Kenyaalong the IndiarDcean

It lies aproximately 12kkm northeast of Mombasaat the mouth of Sabaki Rivandbetween
Longitudes39°and40° 14' Eastand Latitudes2°20' and4° n Qouthofthe Equator. The average
altitude in Malindiis 10 m above sedevel.

Administratively Malindi Town falls under the jurisdiction oMalindi SubCounty of Kilifi
County formerly known as Malindi Distrid¢lalindi ub-County covers an area of 627 kand
bordersthe following SukCounties of Kilifi Countylagharini SubCounty to the North, Ganze
b-County to the West and Kilifi NortBubCounty to the SouthMalindi Town has a high
population compared to adjaceperi-urban anduralareas because @hprovedinfrastructure
andavailability of employmenbpportunities

Water supplyand sanitation systemsg Malindi Townare managed by Malindi Water and
Sewerage Company Ltd. (MAWASCO).

2.2 Study Area

The $udy Area for this WastewaterMaster Plan has been demarcated in consideration of the
location ofMalindi Townand itsprojectedLand-UsePlans for years 2025 and 204 well aghe
presentnature ofdevelopment and population densities the Town in comparison to theest

of Malindi Sub-county.

Indeliberationof the above factors he Sudy Areafor MalindiWastewateMasterPlanis limited

to Malindi Town The Sudy Area (Malindi Town)omprises offive sublocations andcovers
approximately 23%f the Malindi Subcounty. Thecurrent (year 2016)population of the study
area is approximately5000.

The subocationsforming Malindi Townand total coverage areass well as theSudy Areais
given inTable2.1below;

Table2.1: Sublocations and Study Area

Sublocations To'zl'c(llmé)rea Coverage EE r;ch;;e Study Area
Shella 16.2 8.63
Kijiwetanga 19.7 1.51
Barani 11.9 3.08
Central 9.4 1.72
Sabaki 36.9 6.54
Total 94.1 21.48

Figure 2.1on Page 22 shows the Study Area tie WastewaterMaster Plan for Malindi Town
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2.3 Climate

Malindi SubCounty, includindvalindi Town, is marginally serarid with two rainy seasons in

a year. The long rains fall between April and July while the short rains occur between October
and November. Due to topography and the effects of the monsoon winds, Malindi Town
experiences vating annual rainfall of between 900 mm tb,100 mm. There is a marked
decrease in rainfall intensity to the hinterland.

It is generallyhot and humidin Malindi Townthroughout the yearTheannualtemperature
rangesbetween21° Cand 30° C Thelowesttemperatureis experiencedduringthe longrainy
seasongApril¢ July) The averagerelative humidity alongthe coastalbelt is 65%but with a
decreasetowardsthe hinterland.

2.4  Topography Geologyand Soils

Malindi SubCounty lies within the Coastal Plains which is a narrow belt, varying in width
between 3 km and 20 km. It lies below 30 m above sea |&hel.Coastal plain is composed of
Marine sediments, includingoral limestone marble, clay stones and alluvial depositsttha
support agriculture.

To the West of the Coastal plain lies the foot plateau characterised by slightly undulating terrain.
The Plateau falls between 60 and 150m altitude and slopes towards the oced®everabdry

water courses traverse the surface twitinderlying Jurassic sediments consisting of shells,
sandstones and clays. In this zone, grassland and stunted vegetation prevails.

Malindi sub-Countycomprises otthree broad landscape units: (i) the "beach", (ii) the "coral
landscape'and iii) the "plateau"”.

Thedbeaclt¥ cRadiacterizedy coralcliff, sandysoilandis an unstable newduneformation.

The"coral landscape'consistsof higher situated old reefsand lagoons.It is characterizedoy
depressionvith clayishsoilsand areassusceptiblego water logging.

The"plateau"isa prominentareaof shallowsandyclaysoilsunderlainby corallimestoneRock
It is located above the 4.5 m contour.

2.5 Economic Activities

Tourism is the most important economic sectoMalindi Towrwith the significant number of
highstandardhotels,mediumstandardhotelsandtourist villas.Malindi Towncurrently has 12
hotels,classifiedasinternationalstandardtourist hotels.

Other formal economic sectors such@smmerce, Trade and Service rely on tourism. These
activitiesare mainlyconcentratedwithin the Town

Fishing is an important activitp Malindi Townbecause othe adjacentRiver Sabaki which is a
major fresh water fishery resource. Artisan fishermen using-mechanizedsmall vessels and
commercial trawlers are common. Sport fishing off the beaches is also active and popular with
the tourists. Fish marketing is mainly done by local fish dealers, and partly throtmpecative
societies formed by the fishermen.

Agriculture is also practised in Malindi, thoughot technologicallydeveloped.The adopted
techniques of cultivation, planting, food storage and processing are less developed than in most
rural areas of Kenya. The main foadgscultivatedare maize andbeans, while cash crgpuch
ascoconuts citrus, mangoespineapplesand cassavare significant.Livestockraring is also
practised
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Industrialactivitiesare minimalin Malindi Town Onlyagriculturebasedindustryis evidentwith
a few processing enterprises dealing withtton seedsand buds In Gongoniarea, salt is
harvestedfrom solarevaporationpans.

2.6 Existing Water Supply and Sanitation Systems
2.6.1 Water Supply

The main source diulk water supplyto Malindi Town is Batho Wells located approximately
45km awayfrom SabakiRver. The abstracted water is chlorinated and conveyedigeries of
pumping and gravity transmission mains to Malindi Town.

Details of theexistingWater Qupply Systemare summarisedn Table 2.2below:
Table2.2: Summary of Existing Water Supply System in Malindi Town

Water Sources | Baricho wells at Sabaki River

Water Chlorination at Baricho and at Kakuyuni and Ganda reservoirs and new
Treatment Ultrasonic station at Watamu

Water Pumps At Baricho and Watamu Booster Station

Rising Main from Baricho source works is 29.7 km of Dh60§teel pipe.
Water Mains Gravity Transmission Mains DN 8% - 450mm steel & DN 206im uPVC,
28.9km

1,250 n? at Kakuyuni, 225 BBPT

4 No. reservoirs at Kisimani [combined capacity = 9,6p0Om

Water Storage | 3 No. Reservoirs at Ganda [combined capacity = 7,760m

1,250nt reservoir at Jimba

2 No.Reservoirat Kakoneni and Jiloreach capacit@on?

Water

Distribution 180km of AC, GlI, uPVC pipes, 245 kierdifary / consumer pipes

Water Qupply for MalindiTownis 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 implementation of Mwache Darlanned to serve Mombasa and Kwale Counties, which
isat Design Review Staghe bulk water supply from Barichtells will be dedicated to Malindi
Town and the environs to reduce the water deficit. Besidesparation of Water Distribution
Master Plan for Malindi Town is currently in prograssl its implementation will result to more
improvement of water supplyitsiation.

2.6.2 Sanitation System

At present, Malindi Town has no sewerage systéhreuse ofon-plot sanitation systems such as

pit latrines and septic tanks for disposal of effluent is prevalent. The major problem faced is the
lack of apropersludge management system such a&Sladge Handling Facility fore discharge

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

to the environmenincludingunrestricted public utilitysites such asear the slid waste disposal

site at Gahaleni.

In situations of suppressed water supply, such as in Malindi Tdwnde of orplot sanitation
systemsthough unsustainable environmentally manageable. lhe water supply situation is
improved through the devefament of additional water resources andxpansion of water
distribution networls, as planned for Malindi Towthe use of orplot sanitation systems will not
suffice andhus health andenvironmentalhazards are bound to occur

In summary the current sartation infrastructure in Malindi Towiis insufficient to meet the
sanitation needs of the growing populaticend there is need fothe development of a
sustainablevater-borne sanitationsystem
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2.7 Immediate Measures for the Improvement of Sanitation System

The Final Wastewater Master Plor Malindi Towndescribes thelevelopmentstrategy for the
longterm waterborne sanitationsystemcomprising of avastewater collection / conveyance
system and the treatment proper disposal of the treated effluents. However, tloagterm
sanitationstrategy is not planned for immediatmplementation

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

a Sludge Handling Fatylas described in the following stdections

2.7.1 Ablution Blocks

Ablution Blocks are essentiah Malindi Townfor improved access to sanitation facilities
especially in public places e.g., markets, bus stegispols,etc. The are important to market
vendors, market customers, long distance travelers, bus operatatgtsgeneralpublic. Their
locationsin Malindi Townwill be selected in consultation with the CWSB and Hlildi County
Government

Considering the population densities and the number of public utilitiésted of six (6) Ablution
Blocks is proposed faronstruction inMalindi Town EachAblution Block cmprises of six (6)
toilets and two (2) Shower Roométh equal number for each gender i.e. Ladies and Gérite
allocatednumber of toiles in eachAblution Block ensure provision ofsufficientservicelevels
for the target populationlt is estimated thabn average, a user spends 5 minutes in the facility.
Thus, fora single facility with 6 toilets and 10 hours of operation in a dayaximum number of
720personscan be served in a day

Each section (ladies and genisprovidedwith atoilet fitted with special amenities for use by
disabled personst KS &G DSy G aé | NiarateINiBaB fo mbréasedhieivike le¥els
especially during thpeak hours

The slower roons areequipped with a dressing area atdndwash basins. In addition, a
spacious common area with hasweash basins, hand driers and wall mounted miriensrovided

Each of theshowerunitsisfitted with coat hangers behinde doors for convenience. To enhance
natural lighting within the facility, transparent polycarbonate roofing matetiave been
incorporated in the designProper ventilationis ensuredby the louvered windows and gap
between the ring beam and the rodfre gap iditted with louvre blocks and plastic coated coffee
tray wires to prevent insect entry.

A septic tankwith a holding capacity of6lm? is provided athe facility forstorageand partial
treatment of sewageTheseptic tank will require desludging aftevery3 monthswith septage
disposl at the proposed Sludge Handling Faciltty be implemented as part of the immediate
sanitationintervention. In addition, 85,000litre water tankmounted on a 3.5m high reinfoed
concrete tower within the facility provides 3-daystorage ofpotablewater.

Other services provided at the site includdectricity for use at night and for security lighting
controlled access througdm wide metallic gateand boundary chakfink fence where applicable

Permission to use the facility is to be arpayper-usebasis This is an effective model used in
many parts of the country to raise money required for operation and maintenance. A personnel
office complete with ahop for essential commodities ardstorage roomshall be provided at

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

A typical Site Layout, Plan and Elevations of the proposed Ablution Block are driguras 2.2
and 2.3on Page-6 and2-7 respectively.
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2.7.2 Sudge Handling Facility

A Sludge Handling Facility is a srsallle treatment plant for the treatment arghfedisposal of
septagefrom on-plot sanitation systems such agptic tanks or pit latrineseptagefrom the on-
plot sanitation systems is conveyed to the faciitg anExhaust Vacuum Tanker

With exception ofthe ScreensSludge Handling Facility relies on biological preeegw the
treatment of septage Ths results to low capital investment requiremead well aOperations
and Maintenance requirements (skills, colexaty and labour costs), thus making it a suitable
ImmediateSanitation Measure.

An ideal location for a Sludge Handling Facility is a site within ecoaldistance to the service
area but outside the residentiatonesand other socieenvironmentaly sensitive areasAt
present, the Water Service ProviddMAWASCO)as indicated availability of land for
construction of this facility at Sabaki area. This locatgosuitable for siting a Sludge Handling
Facility

The proposedsludge Handling Faciliill compriseof the following units;

Exhaust Vacuum TankBischargeBay

Sludge Drying Lagoons

Septic Tanksomplete with Soakits and French Drains

Associatedte and AncillanfWorksincluding Operators Office / Guard House

aoop

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

from Sludge Drying Beds / Lagoons. However, they require large footprint than the Septic Tanks
and thus not suitable for urban areas likalimdi Towrwhere bnd is limited and the cost of land
considerably high

A Schematic¢ayoutPlan showing the arrangement dfe unitsfor the FroposedSudgeHandling
Facilityis given inFigures2.4 on Page2-9
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2.7.2.2

2.7.2.3

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

Exhaust Vacuum Tank&ischargeBay

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

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

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

Sludge Drying Lagoons / Beds

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

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

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

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

Forefficientoperation of Sludge Dryirigagoonshe following measures need to be undertaken;
a) Periodic unblocking diollection System with aid of rodding chambers
b) Periodic monitoring and rept&ment offHlter Media when necessary
¢) Maximum permissible sludge accumulation leieebe observed for optimum operation
d) Proper drying of sludge oneebed is filled up
e) Careful removal of dried up sludgéthout scooping of filter media
f) Safe disposal of @rd sludge to landfills, agricultural use, etc

Septic Tank

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

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

2.7.2.4 AssociatedSte and Ancillary works

To enhance access, proper drainage and security, the following site and ancillary works have
beenproposedat the Sudge Handling Facility;
i. Chainlink Ferce and 4m wide Gate
ii. Access Roadsavedwith interlocking concrete blocks
iii. Guard Housé Operators Officeand Waskroom
iv. OnsiteWater Supply an&iteDrainageSystem

2.7.2.5 Design Criteria for Sludge Handling Fawilit

A summary oftie Design Criteria adopted in thgzing of theproposedSludge Handling Facility
for Malindi Townis given inTable2.3 below.

Table2.3: DesignCriteria- Sludge Handlingracility

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

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

2.7.2.6 Canponents of the Propose&ludge Handling Faciit
Considering that these Sanitation Measures for Malindi Town are intended to serve the
immediate needsthe Facility $ designed to serve0% of theestimatedcurrent population i.e.

10,000 persons This ishecauseembraement of Sludge Handling Faciliig expectedto be
gradualandrigorous Public Health Campaigns are necedsarfull usagdo be experienced.

Details of the various components of the propostéiddge Handling Facjlitn MalindiTownare
summarised imable2.4 below

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

1 Discharge Bay i Bar Screen& Colllection Champer
1 Hardstand Washing Ba§ Parking
, Sludge Drying i 8|N3. Bzds.; each 1?:jx 10 m )
. Lagoons Beds 9 Sludge drying perio :3 months _
9 Treatment zone media = 500 ntmick
: : : :
3. Septic Tanks 2 3Nr TwinTank; each 9.6 x 5.4 x 1.9 m (L x W & E@pacity 98 m

Desludging Interval = 0.2 years

Approximately0.7Haof landis required for the construction of the proposed Sludge Handling
Facilityto serve the immediate sanitation needslindi Town

Colocation of Sludge Handling Facility and Wastewater Treatment Plant is recommended for
efficient land use and for shared usécommon units and facilitie§ herefore, theSabakkite
recommendel for the development of Wastewater Treatment Plant under this Master Blan
anideallocationof the Sludge Handling Facility
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2.7.3 Implementation Cost for Immediate Measures
9y IAYSSNRa /248G 9adAYFI(GS RSGISNNAYSR afiathd (G KS
Systems itMalindi Townis based on the unit costsf the respective components of the Works
obtainedfrom recent contracts of similar scope and nature.
Detailed Unit Costsral their derivatiors are discussed iChapter 8of this Report.

A summary of the Implementation Costs is givefable 2.5below.

Table2.5: Implementation Costs for Immediate Measures

S/No. Component Numbe-r Dliz Cost,Kshs Cost,USD
Provided

1. Ablution Blocks 6 93,000,039 902,913

2. Sludge Handling Facility 1 58,299,957 566,019
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3.0 DEMOGRAPHY, LAND USE AND URBAN DEVELOPMENT

3.1 Demography and Population Dynamics for Malindi Town

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

3.1.1 Previous Populatiolrend

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

A summary oprevious ntercensalpopulation data for MalindiSub-County is given ifable3.1
below.

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

(Census Data)

Sub-locations 1979 1989 1999 2009
e I o] e Il oL e o L Rl
Shella - - - 17,057 15 1,187 29,79 16.p 1,839 43434 16.p 26
Kijiwetanga 6,31p 35.0 181 6,96} 18 387 9,960 17.8 560  15,02p 19.7 7
Barani - - - 17,69 14 1,264 21,035 11. 1,768 32,06B 11. 2,6
Central - - - - 1 - 942 8.B 1,136  19,18p 9 2,0
Sabaki 4,848 42.0 115 9,649 4 241 10,50 37.8 282 16,31f 36.9 4
Total 11,16} 77. 145 51,371 871 590 80,72) 915 8§2 126,03] 94.1 1,3

Population data is dependent on the coverage consideffed the same Town and time, larger
area give a higher populationThe use of population figurée establish intercensal population
growth ratein a sublocation with varying coverage areas betweantercensal period is inaccurate
due to thevariability of coverage arealt is therefore prudent to adopt the use of population
density as a measure of demographic trend where -dation coverage varies between
intercensal periodasis the casén Malindi Town

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

Table3.2: PreviousIntercensalAnnual PopulationGrowth Rates
Intercensal Period

Area of Interest
(Sublocation/ Town) = 1979-1989 = 1989-1999 = 1999- 2009
Shella - 4.9% 3.8%
Kijiwetanga 7.9% 3.8% 3.1%
Barani - 3.4% 4.3%
Central - - 6.0%
Sabaki 7.6% 1.6% 4.6%
Malindi Town 15.1% 4.1% 4.3%

FromTable3.2 above the annualpopulationgrowth rate for MalindiTownin the last intercenal
period (1999 to 2009 is 4.3%.This is comparable to the 4.2% projected for urban growth rate
under Millennium Deglopment Goal® a 5DQauv 060¢e& HAamp P

The above population dynamicefers to the resident category The mn-resident category
comprising ofourists/ visitorsisconsideredunder the respectiveontributoryLandUse activities
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3.1.2 PopulationGrowth Scenarios

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

Continuedapid growth is expected in the study areansidering the infrastructural delopments
plannedfor Malindi Townm the Integrated Development Plan for Kilifi County #relpotential of
Malindi Townfor further growth. These factorswill resultto future immigration and urbanization.

As at the last censy{2009), the population within Malindi Town wa8,062 To forecast the future
populationof the study areaip to the design horizon (year 204@he following factors have been
considered:

1 Previous Demographic TrenasMalindi Town and Kilifi County
1 Thedynamics of Land Use and Trends of development
1 The correlation of water demand and income / type of housing, population density etc.

Three population growth ratescenariodave beerformulatedfor the populationprojectionin the
study area based on the data obtained frafenya National Bureau of Statistics, Census Reports
and other relevanplanning documents. These scenarios are briefly described below;

High Growth RateThis growth rate scenariassumeshat the residentpopulaion will experience
a highergrowth ratethan the last intercensal period1999- 2009)i.e. at5.5% up to the design
horizon of year 2040. This can ohlyppenif the overall natural growtlof the resident population
continuesbecause oflecreased mortality rates and increased life expectancy wimfaigration

gradually increase due fatensive investmenin Malindi TownUnder this scenario, thprojected

population of Malindi Townat year 204Qwill be 193,660

Medium Growth Rate This growth rate scenarioassumesthat the resident population will
experiencegrowth almostequivalent tothe last intercensal perio(lLl999- 2009)i.e. at4.6%up to
the design horizon of year 204This scenario is possibifethe natural growth of thepopulation
and influx from immigrants balanseut with increased emigrants anchortality rate andthat
growth limiting factorsfor Malindi Townsuch asincreased uptake of family planning practices,
limited employment opportunities and growth of adjacepéri-urban areadhecomesignificart.
Thus,the projectedpopulation of Malindi Townat year 2040based on themedium growth rate
scenario i457,486

Low Growth RateThis scenari@ssumeghat the populationof Malindi Townwill experiencea
lower growthrate than the last intercensal period999- 2009)i.e. at3.1%(national growth rate)

up to the design horizon of year 2040is assumed that population growtldue toboth natural
growth and mmigration) will reduce due to rapid increase in the uptake of family planning
practices, increased mortality armbnsidering that population deflection will take place and the
flow of return will be diverted to the development of nevdjacent urban eeas. Therefore, the
population in horizon yeaP040will be 100,642 This can happen only, if strict measures are taken
to control population both in terms of natural growth andnmgration. Based on the experience
in the developingworld, intensive efforts by governmens irequired to educate people and
promote population control measures on one hand and to provide ample economic opportunities
in the regionto combat inrmigration.

Projected populations for the aboy@opulation growth rate scenaricgre given inFigure3.1 on
Page3-3;
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3.1.3
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Figure3.1: Projected Populations based on Growth Rate Scenarios

FromFigure 3.1above,it can be deduced thgtopulation forecast is highly sensitivepiopulation
growth rate high growth scenarigesults to 3% more the projectedpopulationin the medium
growth ratescenariowhile low growth rate results to 35% less theedium growth ratgpopulation
forecast.

ProjectedPopulationfor Malindi Town

Malindi is the largestown /urban centre irKilifi County. Ihas a higlpopulationcompared to the
adjacent areas because of the better infrastructure amdre employment opportunities. Under

the current administrative dispensation, the headquarter of Kilifi County is Kilifi Town, which is only
50 km awayfrom Malindi Town It is expectedhat with time, Kilifi Town will experience improved
infrastructure and increased employment opportunities and thus compete with Malindi Tomn
resources including human resources (labour).

In consideration ofie above foreseen situatiorthe medium growth rate scenariacconsidered
under the population growth scenariojs the most probablescenario for the future population
projectionsof Malindi Townup to the 2040 design yealtt considerghe demographic dynamics
between Malindi and neighbouring Towns, possitstknds in fertility, mortality and migration
levelsand patterns as well as the so@oonomic developmentBesides, it has minimal risk
associatedwith under-utilization or overoading of the proposed sanitatiorsystemwithin the
design horizon

Table 3.3below gives aummary of the projected populatiofor Malindi Townup to the design
horizon ofyear204Q based on the adopted medium growth rai€4.6% p.a

Table3.3: Summary of the Projected Population

Sublocations 2009 Projected Population

Census 2015 2020 2025 2040
Shella 23,173 30,352 38,005 47,588 93,427
Kijiwetanga 1,152 1,509 1,890 2,366 4,646
Barani 8,338 10,921 13,675 17,123 33,616
Central 3,505 4,590 5,748 7,197 14,129
Sabaki 2,894 3,790 4,746 | 5,943 11,667
Total 39,062 51,162 64,063 80,217 157,486
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3.2 Land Use and Urban Development
3.2.1 Introduction

Malindi Town s thelargesturbancentrein Kilifi @unty. It is the main economic hub of the County
owing to the significant tourism activities aratlequately developed infrastructurancluding
transport facilities such adalindi Airport.

Thereexistplanningefforts for the Townas highlighted ithe MalindiDistrict SrategicPlan (2005

¢ 2010 and Hlifi County¢ First County Integrated Development Plan (2012017) The issues
addressed in these Plamscludehigh rates of unemploymentjnadequate water supplyyasteand
wastewater disposal problems(sanitation) weak integration of population concerns in
development planning, long distance to heaftcilities minimal rates of male involvement in
family planning measurekjgh illiteracy ratesnd environment degradation.

The Northern parts dflalindi are expected togrow towards the hinterland since the CBD and the
coastlineare not onlydevelopedobut alsoprovide limited land for further urban developmerithe
Arabuko Sokoke Forest, a conservation area, hinders grovittedestern and Southa parts of
Malindi Town

A Sudy was conductedn theland use compatibility for optimal development of Malimdiport

by Rashid Abdullalf2014) TheSudy indicated that thdand usewithin the vicinity of theAirport

is mainly residential (68%) with significant coverage of commercial activitid9%9. Part of the

finding of ths Study is that theAirport has boosteccommercial activities in the locality and more
specifically thgourism sector. Some of the negative impacts of the Airport were foundnicdude

noise and air pollutionwhich make theAA N1J2 NIi Q& f 2 OF G A 2hg cukegitO2 Y LI {
surrounding land use$:or compatibility there is need to limit development of land uses that are
sensitive to noise such as residential developments, schbo$pitals and churches among others

and develop industries, which are the most compatible

3.2.2 Existing Land Bk

The total area of Malindncluding theTowrship andhe periurban areass approximatehd5,473
ha. Themain landuse tymlogiesare Residential, Commercial, Transportation, Public Purpose,
Educational,Industrialand Recreationalln terms of coverage areathe activeland-use type with
the largest land coverage is agricultuviile the leasis Industrial.

Table3.4 below shows a summary of existing Land Use of Malindi.
Table3.4: Summary of Existing Land Use

Land Use Area CoveredHa) Coverage (%)
Residential 1,719 6.85
Industrial 26 0.10
Educational 214 0.85
Commercial 234 0.93
Recreational 100 0.40
Public Purpose 100 0.40
Public Utility 43 0.17
Transportation 1,160 4.62
Agriculture 18,265 72.81
Conservation 127 0.51
Undeveloped Land 3,098 12.35
TOTAL 25,086 100.00

Figure3.2 on Page3-5 shows the existing Land Use Plan of Malindi.
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Themaindrivers of growth in Malindfown areas follows
i) Tourism

Malindi Townis endowed with tourist attraction sitesuch asMialindi Marine National Park
and Beaches.Tourism sector plays a key role in seeiconomic growth in Malindi own by
minimizing poverty It creates employment opportunities to the local communignd isthe
main source oGovernmentRevenuein Malindi

i) Agriculture

Agriculture is dominanin MalindiWest. Itcreates employment opportunities in Malindi Town
and thus promotesits growth. Itis also a source @overnmentRevenue.

iii) Infrastructure

Infrastructural developments in Malindi Town are superior to the neighbouring Towns within
Kilifi County.

Malindi Airport is one of the main Transport Infrastructure in Malindi Town. In addition, major
roads such aB8 and C103 Roagsss through MalindlTown.

Welldeveloped electricity and water supply systems in Malardialsoapparent.

Tourism, agriculture, commerce and economic activitielglalindi Town have been enhanced
by its well-developedinfrastructural and soci@conomic structure For instance, tle C103
Road enhances m@ment of tourists from Malindi to Tsavoaktional Park. With more
infrastructural developments plared for Malindi Towngsociceconomic growth of Malindi
Town is expected to continue.

Themainphysicakonstrains of growttior Malindi Town are:

a) The

Being a conservation zone, Arabuko Sokoke Forestmaia growth limiting factor for
Malindi South and MalindMWestasit cannotbe interfered with.

b) Marine NationalPark- Malindi

The Marine National Pk located at the shoreline of Malindi Townalso aconservation
areawith its strict andunique requirements of buffer and adjacent lande

3.2.3 LandUse Planning and Policy

All LandUseactivitiesdepend on the regulations and practices that govern lanahership. 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 and agtion of the best lanelse
options. It seeks to regulate landse in efficient and ethical way and prevent lamgke conflicts.
Landuse planning is practiced to manage the development of land within jurisdictions, plan for the
needs of the community andage-guard the natural resourcetanduse planning often lead to
land-use regulations, which typically encompaszasing.

Zoning regulates the type of activities that can be accommodatedpeca of land, as well as the
amount of space devoted tthose 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.
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The prmarypurpose 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 existinguaedactivities
YR G2 LINSASNBS {KS& zZanioK ischidnOnlySohkolle® 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 regulatiaf the 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 Ld¥ensity Housing such as Single Family étotm High

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

The projectedpopulatiors including157,486in Year 2040(Refer toTable 3.3 on Page3-3) are
proposed to be accommodatedithin the coverage of Malindi Townithout any expansionlt is

also proposed that the existingndevelopedand 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 padf the projected population.

3.2.4 LandUse Rquirement per Land Use Dne
Land requiremenin zoningdepends on projected gaulation and proposed density.

In most TownsResidentiaLand-use hasthe highest land requirement. The currecbverage of
Residential Landse is1,719ha. To absorb the projected year 2040 populatiohMalindi Town,
the additional coverage required for the Higrensity, MediurrDensity and LoviDensity
Residential Landse are261ha,356haand1,023harespectively

The poposed population densities for each category of Residential-uaachavebeen worked

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

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

Details of existingand useand projectedandrequirementare given ifTable3.5below.

Table3.5: ExistingLand Useand Projected LandRequirement

Existing BndUse 2015 ProjectedLandRequirement2040

Lt Lk (Area,ha) (Area,ha)
Residential 1,719 3,359
Industrial 26 80
Educational 214 526
Commercial 234 353
Recreational 100 1,407
Public Purpose 100 285
Public Utility 43 242
Transportation 1,160 1,160
Agriculture 18,265 15,488
Conservation 127 127
Undeveloped Land 3,098 2,059
TOTAL 25,086 25,086
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Developments in Malindiownare coreentrated between the B&ad and the coastlinespecially
within the Gentral BusinessDistrict. The ®wn is characterized by mixed developmenatsdis a
cosmopolitan tourist centre. lts dominated by roadside cafes, casinos and clubs. Meaine
NationalPark Beachesand Malindi Airportare the mainboosters of thetourism sector

The development pattern exhibited in Malindi varies. Malildést is less developed due to
individual ownership of lage tracts of land which are used for agricultural productiom the
presence ofhe ArabukoSokokd-orest On the other hand, evelopments irthe southern parts of
Malindi originate fromWatamu Malindi North is expected to develop towards the hinterland.

Malindi Town lacks aspecific Integrated Strategic Urban &velopmentPan (ISUDP)which is
essentiafor asustainable and orderly developmethirough consolidation and reservation of land
for future use With implementation of an ISUDP, the projected L-aisé detailed infable 3.50n
Page 37 can be attained without conflicts. AIBUDP aisiat enforcing development control,
establishing adequatejecentand affordable housing, conservation of the greencgsaand the
environmentand providing a road map for provision of services and facilities.

In the Proposed Landse Plan, Malindi Town is expected to have sustainable urban development.
ResidentiaLanduse will bemost dominant lanelisetype, with integrated ducational facilitiegor
improved accesdo educational facilitiesThe Western part of Malindi Town is expected to
comprise ofargest size dRecreationalandUsewith patches of land in the Northern and Southern
Parts of theTown planned for &reationalLand-use.

AlLayout Plan showing the Proposed Land Use is giveigime3.3 on Page3-9.

Table 3.60n Pages 3-10 to 3-13 shows a summargf adoptive standards for Urban Planning
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Table3.6 : Adoptive Standards for Urban Planning

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

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
FurnitureMakers small allowed

1 . .

tin smiths, Reuse
Industries

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

welding workshops
allowed

No. of Dwelling Units

Other Requirements

Zone

Educational

Proposed Land Use

Classes, offices and
dormitories
Sanitation block

Types of Development
Allowed

10

BCR

30

PR

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

Pri. school

College

Min Plot Size

N/A

Density of
Development

N/A

No. of 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

Futurecommercial 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 | Typesof 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

3-13



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

4.0 WATER DEMAND FORECAST

Water demand is definetl & G 0 KS @2t dzyS 2F 41 GSNJI RAFFSNBy
G2 O02y&adzyS Ay | 02y iiBewateRdeEmaddyoNadd aréaNsidépénfedrt od dzLJL.
the climate, economic considerations, sanitation facilities, industrial and commercial
requirements.

Thetotal water demand can be expressed as follows;

Total water demand

=AT T HTHHCHHT 8 171 7 HIHG THT BT © T " HIHHHT "H
€1 "HI L "HHE HT FHD 7171 i THOHT "HEAHE THT "H

For a moreaccurate determination of theotal water demand, it § important to adoptaccurate
water consumption rates for each of the water demand categories.
4.1 Analysis ofwater ConsumptiorRates

The Design Manual for Water Supply in Kenya (MWI, 200&s guidingvalues of water
consumption rates for the various categories of Water Demétwivever, from individual studies
and in consideration of various local conditipesveralConsultants have adopted varied water
consumption rates for the determination of WatBemand in Malindi Town.

A summary of the Studies / Designs prepared by the various Consultants for Water Supply in
Malindi Townand the other Coastal Towis giverbelow:

1 Tahal Group and Bhudia Associates finalised the Water Supply Master Plan foaéomb
County and selected Townluding Malindin 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 IJBG/Ingerieure finalised Detailed DesigReport for Malindi Veiter Service
Provider October 2010

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

T Kittelberger Consult GmbH Consulting Engineers Joint Venture with Mangat, 1.B. Patel &
Partners finalised Malindi Sanitation & Hygiene Education Feasibility Study ibh9gzhar

1 Norconsult A.S. Consulting Engineers finalised the Malindi Sewerage MastenBlan
Preliminary Desig Storm Water Feasibility Study

A comparison of water consumption rates adoptadhe abowe Studies / Desigriacluding those
recommended in the Practice Manual for Water Supply Services in k&egivan inTable4.1 on
Page4-2.
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Table4.1: Comparison of Water Consumption Rates

Domestic Water Institutions Water Consumption Commercial Industrial
consumption (l/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)
Tahal Group / Bhudic water Supply Master Plan for
Associates Mombasa and other Towns 250 150 75
August 2013
Egisbceom /Mangat  pepapilitation & Expansion of
Mombasa Water Supply &
Sewerage Project Final Design 250 100 60 6 25.000
Reportc¢ July 2011
Gauff JBG/Ingeaure ed . lind
Detailed Design for Malindi Wate
Service Provider October 2010 200 120 60 100 20 365 83 30,000
Seureca /Mangat Second Mombasa and Coastal
Water Supply Project Final Desig 200 80 70 50 25 700 5 20,000
Reportg January 1998
Kittelberger Consul
GmbH Joint Venture: Malindi Sanitation and Hygiene
with  Mangat, |.B. Education Feasibility Study 300 150 75 50 25 400 25 29,400
Patel & Partners March 1994
CN:orcor:fult Enai S-A Malindi Sewerage Master Plan
onsufting ENGINEers anqg preliminary Design Storm
Water Feasibility Study 300 150 75 50 25 400 - 15,000
November 1978
Ministry of Water &
Irrigation Practice Manual for Water Suppl
Services in KenyaOctober 2005 250 150 S 50 25 400 i 20,000
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After analysis of thevater consumption rategndicated inTable 4.1on Page 42, the following
water consumptionrateshave beeradoptedin the Study

a) Residential Water Demand

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

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

Table4.2: AdoptedHousing Categorie& per Capita Water Consumption

Category Description ConSL(llr;; %I)O n Rate
Low Density Residential Houses and Maisonettes 200
Medium Density = Flats and Estates 120
High Density Traditional Houses (Informal Settlements and Swahil 60

b) Institutional Water Demand

The institutional water demandas been determinedased onthe following commonly
accepted demand criteria by type of institution:

Boarding Schools - 501I/head/d

Day School with WC - 25I/headd

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

Administrative Offices - 25l/head/day

=A =4 =4 =4 =9

c¢) Commercial Water Demand
The commercial water demandhas been determinedased onthe following commonly
accepted demand criteria by type edmmercial facility

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

d) Industrial Water Demand

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

1 Intensive mdustrial activity - 25,0001/day/ha
1 Small scale industrial activity 600l/day/ha

e) Tourism Water Demand

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

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

The water demand favalindi Townis anticipatedo increag over the design period (up 2040)
due tothe projected increase in populatioepmmerceand industrialization. Some of the major
drivers for this projected improvement include therobust tourism industry planned
improvements of thanfrastructuralnetwork andthe potential for new settlements

The water demansifor Malindi Townhave been calculatedased on the projected population
and proposedlanduse Pns Summaryof the water demand by sublocationin the Design
Horizons Year 2025 and Year 2646 gven inTables4.3 and4.4 below.

Table4.3: Water Demand foiMedium-Term Plan HorizoaYear 2025

SubLocation Water Demand (m3/d)
Domestic. Health : Education: Recreational: Commercial: Industrial Total
Barani 1,849 56 72 37 10 115 2,140
Central 777 73 26 15 75 29 995
Kijiwetanga 256 6 9 5 1 1 278
Sabaki 670 24 8 16 26 30 774
Shella 5,140 165 182 112 77 177 5,852
Total 8,691 325 297 185 189 353 10,040
Table4.4: Water Demand for Longerm Plan Horizor Year 2040
) Water Demand (m3/d)
SubLocation : : : : :
Domestic . Health : Education: Recreational : Commercial: Industrial Total
Barani 3,631 110 142 73 20 226 4,202
Central 1,526 143 51 30 146 58 1,954
Kijiwetanga 502 13 17 10 1 2 545
Sabaki 1,315 47 15 32 49 72 1,529
Shella 10,090 324 358 219 151 347 11,489
Total 17,063 637 583 364 369 705 19,719
The water demand projection for Malindi Town is showkFigure4.1 below.
25,000
20,000
'"E /
£ T
= 15,000
E —
£
A 10,000
% /
2 5000
2015 2020 2025 2030 2035 2040
Year

Figure4.1: Water Demand Projection
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5.0 WASTEWATER FLOW PREDICTIONS

5.1 Design Criteria

511

5.1.2

5.1.3

The ctermination of the wastewater flowsdopted in the design of the Sewsr Pumping
Stationsand Wastevater Treatment Plant for Malindi Town has been guided based orthe
Standard design criteria described in the following-sabtions;

Principal References

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

The principal References used to formulate the design criteria for Malindi Town 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 Maal)

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 Rep No. 9,there 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

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

I Partially Separate SystemaVith thesesystems, 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 Malindi Town
Sewage Generation

Wastawvater 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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5.1.3.1 Domestic 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 supplietepending on the
different categories of consumers as outlined in WHO Report No.9 and summaricaiolenb. 1
below.

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

S/No. Category Wastewate(:)rf ?Near:gaétjspelliz 3\ Percentag
1 High Income Housing 75
2 Medium Income Housing 80
3 Low Income Housing 85
4 Communal ablution/ latrine block 85
5 Dayschools, shops and offices 85
6 Other Institutions 80

The Study adopts an overall figuré 80%for the sewage contribution factor in consideration
that it has become a standard practice to ad8pfsin the design of Sewerage Systefmsother
Towns inKenya

5.1.3.2 Industrial Effluent

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

5.1.3.3 Infiltration and Inflow

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

pipe capacity for infiltration and storwater inflow. If significant amounts of water from these
20KSN) a2dzNOSa INB fft26SR Ayid2 GKS aSoSNEX
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 defeed 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 factaghe
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 in Malindi Town, it is intended to use an infiltration allowance that
is based upon the area contributing to the sewé&his Study adopts the recommendation of
Nairobi City Council Manualf a constant infiltration rate of 0.002Bs/ha within the design

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

In addition to infiltration, Nairobi City Counéiflanuall £ a 2
lft26l yOSéx 6KAOK Aa A yina®labl8 faint waed ehtly and §6r | £ f

NEO2YYSYyRa

authoriseddrainage of open industrial and wonercial areas, ied A Yy ¥ 2 g€ @
taken as a percentage of the domestic wastewater flow and ranges from 5% to 30% depending
upon the predominant housing type i.e.

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

GdKS

¢ KAa

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

determination of Splash flow contribution

5.1.4 Peak Flow Factor and Sewer Capacity

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

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

Sewers are normally designed to flow half fullpsiak flow, where peak dry weather flow is
defined as:

Peak Dry Weather Flow, PDWFFR (DWH) + |

Where:

PDWF

FR

DWF=

Peak Dry Weather Flow (I/s)
Peak Factor

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

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

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

%)

Sewage Reduction Factor (%)

Population (no. of persons)

Water Consumption (litres pgrerson per day)

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

Industrial Drainage Area (Ha)
Infiltration Water Flow Rate (I/sec/ha)
Domestic 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 largektisewers 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 calcula®eak Flow 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.

The empirical formulas adopt in the computation of peak flows for Malindi 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 sewiarea is determined by the wastewater generated
from the water consumed (sewage contribution factor of 80%), infiltration into the sewers and
splash flows.

Based upon the above componemsdassuming a regular / unsuppressed water supply faiid
water distribution network the projected wastewater generation for the sidzationscovered
by Malindi Townhas been determined and is givenTiable5.4 below;

Table5.4: ProjectedWastewater Generation up torear 2040

. Area Wastewater Generation (rfid)
SubLocation

(Ha) 2009 2015 2020 2025 2040
Barani 863 2,712 3,466 4,271 5,278 10,102
Central 151 135 172 212 262 502
Kijiwetanga 308 976 1,247 1,537 1,899 3,635
Sabaki 172 410 524 646 798 1,528
Shella 655 339 433 533 659 1,262
Total 2,149 4,572 5,842 7,199 8,896 17,029
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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 resourceso serve Malindi Town inadequate water distributionand
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 for Malindi 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 withndividual 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
High Income 50% 80%
Medium Income 50% 80%
Low Income with Individual Water Connection 50% 80%
Low Income without Individual Waté&onnection 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

18,000

=——g— With 100% Connectivity & Regular Water
Supply /l
= =@ == With projected build-out of Sewer Connections
and Suppressed Water Supply

16,000 |

14,000

12,000

-
v .
/ -
.
10,000 ‘

:

6,000

Average Dry Weather Flow, m3/day

4,000 =

2,000

2015 2020 2025 2030 2035 2040

Medium-Term yr g

R LongTerm Plan
Plan Horizon g

Horizon

Figure5.1: Projected Wastewater Flowap to Year 2040
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From Figure 5.1 on Page 55, the projectedwastewater generationbased on the realistic
conditions ofsuppressedvater supply andyradual mplementationof sewer connectionsinthe
Years 2025 and 204033100 m3/dayand 12,200 m3/dayespectively.

The design of Wastgater Treatment Plantand Sewerage System havween 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 NEGTBMSTEWATERBHATMENT

PLANTS

6.1 Design of Sewers

6.1.1 Minimum Size of Sewer

Many sewer blockages imban areas occur in the first length of sndithmeter 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 100mab0mm for Propdy Drains.

To reduce the tendency of blockages, 200mm diameter has been adopted as a misawam
size forMalindi Sewerage Systerhlowever, athe upper ends of sewer lines, the expected flows
would not ahieveselfcleansing velocities except idther steep sewer gradient3hus150mm
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 the advent of
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 simplicity. Although
it is empirical, it gives arcaurate aswer, given the uncertainties associated with the flows
generated (population projections, connectedpulation, water consumption per person,
etc.). The formula is as follows:

Where:

6=
1=

diameters.

28 @38
T

velocity of flow, (m/s)
pipe roughness coefficient
2 = hydraulic radius, (m)
3 = slope of the pipeline, (M)

Table6.lbelowK 2 gad (GKS al yyAy3aQa

t ALJS NRdzAKySaa 0287

Table6lY CNAOGA2Y CI OG2NJ T2NJ al yyAy3IQa C2N¥YdL |

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 ChartstferColebrooké/Nhite Equation, developed by the
Hydraulic Research Station in UK.

6.1.3 SeltClearsing Gradients and 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 sewer to ensure gaitlbf solids do not occuA 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 gradient that will give a velocity of 1.0 m/s at full bdlew. The Nairobi City

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

flowing full.

Sewer velocity is more important in tropical climates such asafiridi 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 buidof hydrogen sulphide gas. Without
oxygen, sulphate reducing bacteria breakwiothe 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 problemsvedocity of 1.0 m/s is considered necessary in
tropical climates, (WHGectorial Report No 9 deal with thisproblem.

This requirement is more important for trurdewersand isinappropriate for house connections

or the secondary sewefsr Malindi Townwhere flows may be intermittent and retention times
short. A minimumvelocity of 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 tife upper reaches 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 flushmanholes to be provided at the upper sewer sectitmprevent 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 aremmhiand hence no upper limit of

flow velocity is recommended.

The followingvelocity guidelines havieeen adopted in the design:

1 Minimum velocity at peak flow 0.75 m/s
1 Minimum velocity in exceptional circumstances 0.6 m/s
1 Maximumvelocity 3.0m/s

1 Maximum flow in exceptional circumstances 6.0 m/s
6.1.4 Sulphide Generation

Hydrogen sulphidés the main sourcef corrosion in sewer pipes, particularly with high ambient
temperatures and long retention times. Aerobic bacteria on the sewer walls above the sewage
level oxidise the hydrogen sulphide gas to sulphuric acid which attacks the wall of sewer pipe and
resul to corrosion of ferrous and concrete watlausingheir rapid deterioration.

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 vebcity, 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 totemperateareas

A welldesigned and constructe8ewerageSystem is the best way of preventingcurrence of
sulphide attack. It is considered that the relatively sheeiwerlengths proposed irMalindi
Sewerage Systertogether with adequate gradients, make the @®f sulphide attack unlikely.
HDPE/ uPVC pipes will be used as much as possible in flatter gradients.

In Pumping Mains, sewage retention tiness than 30 minutes has been provided avoid
anaerobic conditions and generation of hydrogen sulphide. tigeof air into the main by a
compressor igproposedwhere retention times exceed 30 minutes. Where there is high flow
volume with turbulence and splashing, hydrogen sulphide will easily be generated. Proper design
of gradient changes in manholes, espégiback drop manholes should prevent this.

Flushing of sewers prevents hydrogen sulphide generation because sulgleidesation result
from slime andsewagedeposits.

Ventilation of Sewers

Sewers must have adequate ventilation to:
1 Remove odorougases 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 shoulididtelled at #
house connectionsumping Sations andManholes where pumping mains discharge. Manhole
covers should alste provided withventilation slots. Forced ventilation using compressors
shouldbe used where necessary.

Depth of Sewers

Sewers ee 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 seisegexjuiredto ensureprotection
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 the upstreassawer sectionin flat
areas lead to unnecessarily deep sewétsweveradditional protection can be provided at the
upstream section of sewers if shallow depths are adopgtedimit sewer depthsand result to
savings from deep excavations of entire seveagth

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

Table6.2: Minimum Sewer Depths and Pipe Protection

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

6.1.8

The depth of sewers Malindi has beemlictated 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 all changes of direction, sewer change of gradient, at every
junction, where pipe size changes and generally throughout the sewerage system at intervals
sufficiently close t@asesewer cleaning.

Manhole spacingnd szefor the various sewer pipdiameters have beeradoptedbased orthe
guidelinesof the Nairobi City Council Manual as showmable 6.3below.

Table6.3: Guideline to manhole diameter and spacing

SewerPipe 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 eae of cleaning and
maintenance The spacing of intermediate manholgsthe Sewerage SysterarfMalindi Town

has beerguided by thgproposed $werLayoutPlan

Pipe Materials

The choice of pipe material is influenced by:

Hydraulic and structural desigim consideration of whether it igravity orforced sewer
Resistance to chemical abiblogical processes internally and externally e.gr@&ion
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 in éhSewerage System for Malindi Tgwsombiration of
various pipe materials, which are manufactured locally to internationally recognized standards,
have been consired. These include;

i. Precast Concrete Pipes

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

Flexible jointed pipes amanufactured in sizes ranging from 150mm to 975mm ditanand
are connectedusing rubber ring They arevertically cast in vibrated mouldShey are the
most commonly used type of concrete pipes.

Rigid jointed pipesire rarely used for sewers. They are connected utgingd hessian and
cement mortar Ogeejointed pipes commonly used for surface water drainage systeans,
available in sizes from 100 mm to 1525 mm diameter.

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

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 jointal pipes are available.

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

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

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

iii. HDPE Pipes
HDPE pipe areideal for many different applications including municipal, industrial, energy,
geothermal, landfill and morddDPE pipe arestrong, durable, flexible and light weight. When
fused together, HDPE has a zézak rate because the fusion process creates a monolithic
HDPE system. HDPE @@egealso a more enviramentally sustainable option akey arenon-
toxic, corosion and chemical resistant, Ye&long design life, and@re ideal for trenchless
installation methodowing totheir flexibility.

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

use bymost WaterServiceProviders the benefits of using HDPE pipes in Sewerage Systems
including reduction in the number of manholes required, ease of usenfined spaces and
resistance to corrosion in theoastal townsmakeHDPE Pipes the idesdwer pipe material

iv. SteelPipes
Steel pipes are manufactured in Kenlrathe sewerage systemhey are used foexposed
locations such as river crossingsimpumping mainsHowever, potection against corrosion
is required internally and externallyjhis is provided usingtbmen sheathing with external
sheathing reinforcedand glass fibre windings. Alternatively, modern proprietary epoxy
coatings can be used. Joints are bolted flanges, flexible couplings, or spigot and socket joints.

From field investigations, itas beerfound thatwhen 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 vandséd and stolen for recycling purpos&se high cost of steel pipeslso
discouragesheir 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 atineter sewer construction in Kenya. For smaller
diameters, uPVC sewer pipes are more cost effective. Steel pipesaitablefor aerial river
crossings, pumping mains, high impeegistance and bridging abilitgither spun iron or mild

steel pipes came used. Standardisation of pipe materials and fittings within the jurisdiction

of MAWASCO has also been considered.

MIBP/ CES/ BOSCH 6-5



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

The Gravity Sewers for Malindi Town will consist of HDPE/ uPVC pipesackkt& spigot
concrete pipesvhile Pumping Mains will compris of Steel PipesShallow sewer sections or
those laid on road crossings shall consistfiexible jointed concrete pipesgprotected with
reinforced concrete raft slab

6.1.9 Property Connections

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

G2 0SS 02yySOGSRI SAGKSNI o0& a!z2!{/hQa GSNIAIN
feasible at theconstruction stagdo allow for all individual property connections, but, wherever,
possible, 160 mm diameter-jMnctions shll be provided on the secondary sewers to facilitate

connections.
6.2 Design of Sewage Pumping Stations
6.2.1 Sewage Pumps

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

As per theFinal Practicéanualfor Seweragend SanitatiorServicesn KenyalMW!I, 2008)the
following types of pumps are considered most suitgblesewageworksin Kenya -

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

ii. Submersible pumysets incorporating centrifugal pump450- 2,500 I/min),
iii. Centrifugal pumps (2,50018,200 |/min),

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

However, where the public can be excluded, screw pumps are considered suitable for sewage
aft AFd¢ Wheievei dledtycilly ds available, it iscommended that pumps be driven by
electric motors; elsewhere, diesehgines are considered the better alternative type of prime
mover.

Apart from solids diverters, submersible purspts and screw pumps, it is recommended that all
sewage and sludgpumps should be protected against blockage by screens; for the smallest
pumps, 40 rm clearopening screens are required, badD0 mm openings are suitable for the
larger centrifugal and mixeflow pumps.

6.2.2 Sewage Pumping Stations

7

There are two basic typesofsd IS LJdzY LAy 3 adl GA2yasz at AFde ail
into pumpingmains.In the lift station, sewage is merely raised from a low to a higher level, for
subsequent gravity flow.

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

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

Sewage pumping stations can be broadly classified as follows;

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

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

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

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

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

can then be transported to a workshop for repair.

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

Dry Well Stations

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

The capital costs of such stations are more expensive ter\Well stations of similar pumping
capacity, but it isconsidered that theease ofmaintenance provided by this arrangement
compensates for the difference#t is recommended that all larger sega pumping stationg
Kenya (> 2,500 I/mirghould be of this type.

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

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

Packaged Pumping Stations

These seltontained, factorybuilt units are recentdevelopment They operate by electricity and

are fully automated.Usually, a unit is installed underground and comprises pumping sets
enclosed in a protected steel substructure. Masé designed aBry Well stations except that
electric motors are usuallglosecoupled to vertical pumps so that theye also at bottom

6.2.3 Siting of Sewage Pumping Stations

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

SewagdPumpingSations aremostlysited in lowlyingareas, where flooding may be a rigls a
precaution, the floor of superstructure to theuRmpingStationshould always belevatedabove
the highest recorded flood level.
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Electrical supply and mechanical failusee common occurrence at Sewage Pumping Stations.
All Sewage Pumping Stations should thereforesbelocated that resulting sewage overflow
causes minimunhazardto public healthand environment Wherepossible, a screened overflow
pipe, or use only during emergenciehiould be provided ta@onvey sewage by gravity to a
retention ditch or pond

6.2.4 Capacities of Sewage Pumping Stations Components

Pumping and Station @mcities

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

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

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

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

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

Standby Units

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

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

prove cheaper to have three pump se&tach rated at 900 inin rather than twosets each with a
capacity of 1800 I'min; in this casethe providedstandby is only 5.

It is recommended that the percentage standby never drops belo%3Bat is, the total number
of pump setdn larger statbns should be such that about thre@giarters of pumps can deal with
peak flows, with theemaining pumys) held instandby.

Wet Wells and Sewage Sumps

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

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

A Sevagedzy LJQa O LJ OA e akKz2dZ R 06S NBfFGSR G2 GKS
reduce wear on the mechanical and electrical equipment in the station by minimizing the number
of pumpstarts.Each pump should be lingidl to about six starts during any hour; the maximum
number of starts occurs when the station inflows is equal to half the pumping capacity of one
pump. On the other hand, if sewage sumps are la@e, sewage will tend to become anaerobic
during itsretention.
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It is recommended that the capacity of the sewage sump Rumping Sation be calculated
following theformulagiven below

V =300Q

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

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

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

6.3 Design of Wastevater Treatment Plants

6.3.1 SelectionCriteria for Treatment Process / Technology

Wastewater treatment technology has been selected after taking due consideration of the
pertinent technical, operational and economic factors, limitations and constraints.dmegard,
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 stigths in the wastewater. The treatment
technology selected has ensured the attainment of required pollutant removal
efficiencies.

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

To simplify the evaluation process for the various treatment technolotiiesConsultant
calculated the dynamic undéost as average cost/nof wastewater treated for different
treatment technologies as summarisedrigure6.1 below.

4,000 ——— — — — —— = =
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3,000 — —
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i [
i 1
| }
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2,000 +——

Capitla Cost {Ksh, Million Ksh)

1,000
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Figure6.1: Capital cost for wastewatetreatment technologies
MIBP/ CES/ BOSCH 6-9




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

iif) Physical ConstraintsLand

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

Figure6.2 belowshows the land requirements faine various treatment technologies.
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Figure6.2: Land Rguirements for wastewater treatment technologies

iv) Operational Skills

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

v) Sludge Production

Different technologies generatearied amountf sludge duringvastewatertreatment

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

vi) Energy Recovery

Methane gas is usually generated duringastewater teatment process. Some
technologies such as the Activated Slutigee dominant anaerobic digestioprocesgs
involving sludgevhich roducessubstantiabmounts ofmethane Energyproduction can
also be achieved through direct incineration hfdge.

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 calorificvalue in sludge and
methane gas.

vii) Fertilizer Recovery
The presence dfiutrients such asitrogen, phosphorous and potassium makes sludge a
valuablefertilizerresource after stabilization. Natural and mechanical composting can be
practised for convesionof 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 bge of Sludge thickeners, Sludge Drying Beds, etc.
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 easilyrisported to the Sludge Dump Site for final
disposal. 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 Wétsie
Treatment Plant site to reduce the hauling tdisce and to minimize cost of
transportation. The 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 cautidthsed on
following key factors:

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

1 Soil depth to ground water

1 Accessibility & proximity to critical areas

Availability of clean earth for covering the dumped sludge / solid waste have been
considered to minimize hauling distance 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 maximum of 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 Wasteter Treatment Plant to the buildp areas.

6.3.2 Alternative Wastewater Treatment Procegs/ Technolodes

The following biological Wastewater Treatment Technologies have been analysed in detail using
the criterialistedin Subsection 6.3.1

i) Waste Stabilization Ponds

Application Lewvel: Management Level: | Imputs: Wl Blackwater @80 Brownwater
i G [ Sludge)

( Household {1 Household reywalor W =udge)

F Neighbourhood %] Shared Outputs: @ Effluent @ Sludge

%] City %] Public

Waste Sabilization Ponds (WS§) are large basins enclosed by earth 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 longer than in conventional wastewater treatme@rsPs

are the preferred methodof wastewater treatment in developing countries where
sufficient land is normally available and where the temperature is most favourable for
their operation.

There are three principal types of WSP: anaerobic, facultative and maturation ponds
which are linked in series. Anaerobic ponds and facultative ponds are desigri2@@or
(biochemical oxygen demand) removal, and maturation ponds are designed for faecal

MIBP/ CES/ BOSCH 6-11



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

baderial removal. Some removal of faecal bacteria (especiaNfitmfo 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 alsmove

some of the nutrients (N and P).

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

Raw
wastewater

i e M By B Ve N

Final
effluent

% 1 anaerobic % 2 facultative % 3 aerobic maturation %

Figure6.3: Layout of Waste Stabilization Ponds

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

if) Trickling Filters

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

_Household _J Househald
(# Neighbourhood ] Shared Outputs: @ Effluent @ Sludge
(%] City %] Public

A trickling filter is a fixetbed, biological reactor that operates under (mostly) aerobic
conditions. Prea SG 0 f SR 61+ a0Sél 0SN) Aa O2y(Aydz2dzaf @
using sprinkler as shown kigure6.4 on Page 613.

sprinkler

filter

feed pipe D: ' € X 3 3 : < v _: air

‘ R RN IR R T aém- F Ao 8

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

collection I_)

Figure6.4: Sectional View of a Circular Biofilter

As the water migrates through the pores of the filter, organics are degraded by the
biofilm covering the filter material. They prode high quality effluents (e.g20 mg

BODI and <30 mg SS/I) without requiring large areas of land or consuming vast quantities
of electricity. In many situations in developing countries they are much more appropriate
than activated sludge. Trickling Filters comprisece82n deep bed of 5§ 100mm rock.

The trickling filter is filled with a high specific surface area material, such as rocks, gravel,
shredded PVC bottles, or special ffoemed plastic filter media. A high specific surface
provides a large area for biofilm formation. Organismg tiraw in the thin biofilm over
the surface of the media oxidize the organic load in the wastewater to carbon dioxide
and water, while generating new biomass.
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Theadvantages of trickling filters are;
1 High quality effluentat small footprint & les®lectricity
9 HEficient nitrification
1 Operation at a range of org&c and hydraulic loading rates

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

iii) Oxidation Ditch/ Extended Aeration

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

1 Household 1 Household 5 Brownwater € Greywater

#] Neighbourhood 1 Zhared Outputs: @ Effluent @ Sludge

(%] City (%] Public

Oxidation ditches are a direct modification of conventional activated sludge. Their
essentialoperational features are that they receive raw wastewater (after preliminary
treatment) and provide longer retention times: the hydraulic retention time is commonly
0.5¢ 1.5 days and that for the solids 280 days. The latter, achieved by recycling >95
per cent of the activated sludge, ensures minimal excess sludge production and a high
degree of mineralization in the small amount of excess sludge that is produced. Sludge
handling and treatment is almost negligible since the small amounts of wasteestadg

be readily dewatered without odour on drying beds. The other major difference is in
reactor shape: the oxidation ditch is a long continuous channel, usually oval in plan and
2¢ 3 m deep.

The ditch liquor is aerated by several aerators, which impavelocity to the ditch
contents of 0. 0.4 m/s to keep the activated sludge in suspension. The ditch effluent
is discharged into a secondary sedimentation tank to permit solids separation and sludge
return and to produce a settled effluent with loBCD and 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 favourabkdthough whereelectricity supplyis
reliable butlandinsufficient for pond$xidation Ditchegre increasinglpeingused.

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

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

Constant supply of energy

High capital and operating costs

Require operation and aintenance by skilled personnel

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

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

_1Household {1 Household f— () Greywa

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

(%] City (%] Public

The ®quencing 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 ad conventional continuoufiow 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
[
%

* | Aeration

7

< Settling
SIudgeD!scharqe‘

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 unique combimat 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 prior to theta@ted-sludge 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.

v) Submarine Outfall

This is a submarine pipeline or tunnel tltdschargesvastewaterunder the sea surface.

In the case of municipal wastewater, effluent is often being discharged after having
undergone no or only primartyeatment, with the intention of using the assimilative
capacity of the sea for further treatment.

Themain advantages of marine outfalls for the discharge of waater include
1 Natural dilution and dispersion of organic mattpathogens and other pollutant
9 Ability to keep the sewage field submerydue to deep discharge points
1 Greater dieoff rate of pathogens due to the greater distance ttghouldtravel to
shore
1 Less expensive than advancéfastewvater Treatment Plants i.e. not energy
intensive

MIBP/ CES/ BOSCH 6-14


https://en.wikipedia.org/wiki/Wastewater_treatment

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

For effective operation odutfall andits diffusers, preliminary treatment of wastewater
is important The ombined capital and operatiorost of preliminary treatment isabout
one tenth that ofconventional biologicateatmentand requiremuch less land.

However, submarine outfalls for partially treated or untreated wastewater remain
controversial. The design calculation and computer models for pollutiorodelling
have been criticized, arguing that dilution has been overemphasized and that other
mechanisns work in the opposite direction, such dsoaccumulationof toxins,
sedimentationof sludgeparticles andagglomerationof sewage particles wh grease

Outfall materials includgolyethylene stainless steelarbon steelglassreinforced
plastic, reinforced concretesast ironor tunnels through rock. Common installation
methods for pipelines are float and sink, bottom pull and top pull.

For final polishing of treated effluent (pathogen reduction) before disposal into the environment,
the following processes hadeen consideredo formulate Wastewater Treatment Trains

1 Maturation Ponds

1 Chlorination

1 Sea outfall

Preliminary Treatment

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

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

Someof the preliminary treatmentprocesses are briefly described below;

a) Screening

Screening is the first unit operation used\&astewater Treatment Plants (WWTPs)it
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 cleaned screens require little w0 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 buddfsolids mat on the screen. The
increased raking frequency increadalsour costs

Mechanically cleaned screening systems are popular in modern WWTPs because they
reduce labour costs and improve flow conditions resulting from screen capture.
However, they have a high equipment maintenance costs. A screening compactor is
usualy 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 primary screening device is
out of service.

Coarse screens and fine screens are available for use at the W@@#&tse screens
remove large solids, rags, and debris from wastewater, and typically have openings of
6mm or largerFine screens are used to remove materials that may crepésation 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
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b) Grit Removal

Grit includes sand, gravel, cinder, or other heavy solid materialshtna 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 accumulation of grit in anaerobic digestnd aeration
basins. Removal of grit is carried out in a channel or chamber, where the velocity of the
incoming wastewater is adjusted to allow settlement of sand and grit. Grit removal
facilities typically precede primary clarification, and followestiing 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 systems exist, including;

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

O O oo

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

c) Flow Control and Overflow

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

A summary of the descriptive comparison of the above wastewater treatment technologies /
processes is given fable6.4 on Page 617.
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Table6.4: Descriptive Comparison of Wastewater Treatment Technologiésdécesses
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6.3.3

Vi.

Vil.

viii.

Identification of Ste for Wastewater Treatment Plant (WWTP)

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

The factors considereid the selection ofWWTPocation are briefly discussed below.

LandUse

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

On the otherhand, public utility or undeveloped Agricultural Lardcated away from the
sensitive residential areas are preferred.

Distance of Effluent Discharge Point

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

Topography of the Sewered Area

An ideal WWTP site should be located on a-lpwg area of the sewerage system for gravity
conveyanceOtherwise, pumping stations become necessary thereby increasing both capital cost
and the operation and maintenance requirements of the sewerage 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 considered ideal with respect to
geological considerationsor insaince, it or clay soils arsuitablefor pond construction.

More often, the geological formation within a Town is fairly similar. For instance, all the candidate
sites in Malindi Town comprise afmixture of well drained, deep, dark red to reddish brow
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 IGdrase soils are suitable for
WWTP (Waste Stabilization Ponds) construction.

Existindnfrastructure

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 closdp existing infrastructure are prefezd.

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 potentiare-use application

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

Land Acquisition

In this criterion, preference igiven to sites ownethy government agencies such as Ministries,
County Governments, etd his ensures that the project affected persons are kept to a minimal
andreduces the cost of resettlement and compensation
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7.0 FORMULATION Gt TERNATIMEEVELOPMENT STRATEGIES
7.1 Justification of Study Area

It wasproposed in he World Health Organisation (WHO) Report No. 9 that by the year 2000 all
urban areas that have a population density gredtean 124 persons per hectare should be
connected to sewerage systenihisproposal aims to outline the extent to which tisewerage
projects should be prioritized in thgeveloping nationsThepopulation pattern in Malindi Town
isdistributed and denssettlement exists in dispersed areas. The effed¢hefsparse settlement

on the overall population density in Malindi Towereductive.

The present population densifyear 2016¥or the entire study area is approximateé?y persons
per hectare whiletie projected year 2040 population density is 74 persons per hectaresukhe
location with thehighest projected population density in year 2048 iella witrapproximatively
109 persons per hectare. Thesepulation densities are below the guidelinegioé WHO Report
No. 9 but have beeadoptedin determining the study area for the Master Plan

7.2 Delineation of Drainage Areas

The Sewerage System for Malindi Town has been developed based on drainage dramsagk
area refers to a natural boundanyithin which the topography permitsonvergence of surface
water flowto asingle point at a lower elevation.

A total of fifteen(15) drainage areakave been formulateéh Malindi Town

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

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

Drainage Coverage Year 2025 Year 2040

Area (Ha) DWF (m3d) . BODb 6 Y= DWF(m3d) BODb O Y=
1 61 144 535 526 541
2 118 263 531 964 538
3 205 429 528 1565 537
4 154 182 514 654 529
5 179 313 524 1137 535
6 249 604 538 2213 544
7 128 281 530 1029 538
8 222 511 535 1871 542
9 26 64 542 234 547
10 234 283 550 1018 559
11 64 99 522 361 534
12 66 31 457 104 487
13 112 53 458 34 488
14 217 91 422 312 468
15 115 52 448 178 481

Mean - 0 527 0 537

Total 2,148 3,400 - 12,200 -

The Projected Dry Weather Flow fible study area oMalindi Town atthe Design Horizon (Year
2040) is approximatel$2,200 m3/day.

A layout Plan showing tlsedrainage areas is givenigure7.1 on Page7-2.
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Figure7.1: Proposed Drainage Areas
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