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EXECUTIVE SUMMARY

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

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

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

B OBJECTIVES OF THIS REPORT

The Final Wastewater Master Plan Report presents the outputs of the Feasibility Study, the
Selected Development Strategy and the Preliminary Desigregslanned infrastructure for the
Sanitation System dflariakani

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, EconmmdicFinancial
Analysis and MuliCriteria Analysis

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

Proposed Implementation / Development Schedule

Conclusion of the Master Plan

=A =4 =4 =4 =4

=A =4 =4 =

B3 STUDY ARA AND DEMOGRAPHY

The study area foMariakani Wastewater MasterPlan is confined within the boundary of
Mariakani urban centre

The suHocationsforming Mariakaniand otal cmverage areags well as the study arda given

in TableElbelow;
TableE> Sublocations and Study Area
Sublocations Total Area (km?) Coverage in the Study Area (km?)
Kawala/ Kadzonzo 46 8.2
Mariakani/ Mitangoni 82 24.4
Mwatate 41 0.2
Kalalani 62 6.1
Total 230.7 38.9

Figure Elon Page E2 shows the coverage of the StydArea of Wastewater Master Plan for
Mariakani
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From the analysis of previous demographic data obtained féemtral Bureau of Statistics (CBS),
the average annual growth rate for the Studyea in the intercensal period of 1992009 is
3.3%. This is expected to increase because of the planned improvement of infrastructure in
Mariakaniand the adjacent Towns and urban centres

Based on a medium growth rate scenario, annual population drowate ranging from3.4%to
3.8%within the Study period has been adoptdad project the futurepopulation.

A summary of the projected population of the Study Area is givamlte Edelow.

TableE2 Summary of Population Projection within the Studyrea

) Population Growth Rate
Sublocations

2009 Pop. 2015 2020 2025 2040

- 3.4% 3.5% 3.6% 3.8%

Kawala/ Kadzonzo 187 229 272 324 567
Mariakani/ Mitangoni 8,894 10,870 12,910 15,407 26,958

Mwatate 48 59 70 83 146
Kalalani 1,112 1,360 1,615 1,927 3,372
Total 10,242 12,517 14,866 17,742 31,042

E WATER DEMAND FORECAST

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

Figure E2on Page E3 shows the water demand projection fdariakaniup to the Ultimate
Design Horizon (year 2040).
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FigureE2 Water Demand Projection
B WASTEWATER FLOW PREDICTIONS

The total wastewater generated within a service area is determined by the water consumed
(sewage contribution factor of 80%), infiltration into the sewers and splash flows. Assuming a
regular water supply condition and full coverage of water distribution system, the projected

wastewater flow folMariakaniin the year 2040is approximatelhb,300 ne/day.

However, achieving conditions of regular / unsuppressed water supply and full semrgections

in a Town with Sewerage System is nearly impossible. This is necessitated by limited development
of water resources, inadequate water distribution and sewerage networks and prevalent use of
on-plot sanitation systems due to topography, affatility, unplanned settlement, etc.

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

Table E3 Sewer Connectivity adopted for Realistic Wastewater Generation Projection

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

TableE4 Water Supply Status adopted for Realistic Wastewater Generation Projection

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

Figure En Page E4 shows the comparative projected wastewater flows kariakaniup to

Year 2040 under the Ideal condition (Regular Water Supply, Extensive Water Distribution &
Sewerage Networks and 100% Sewer Connections) and Realistic condition (Suppressed Water
Supply, Inadequate Water Distribution & Sewerage Networks gi#fdual improvements and
Gradual Sewer Connections);
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FigureE3 Projected Wastewater Flowap to Year 2040

FromFigure E&bove, the projected wastewater generation, based on the realistic conditions of
suppressed water supply and gradual implemeintatof sewer connections, in the Years 2025
and 2040 i2,000 m3/dayand 4,400 m3/dayrespectively

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

B WASTEWATER MANAGEMENT STRATEGIES

The Final Wastewater Master Plan fdariakanidescribes the development strategy for the leng
term water-borne sanitation system comprising of a wasater collection / conveyance system
and the treatment / proper disposal of treated effluents. However, this {@rgn sanitation
strategy is not planned for immediatsplementation

In consideration of the current sanitation systems and the growingjtaton needs,an
immediate intervention isurgently required. ThusImmediate Sanitation Measures have been
developed. These aasuresncludeconstruction of4Nr Ablution Blockst selected public places
anda centralized Sludge Handling Facility

As alongterm strategy, two alternative Wastewater Management Schemes have been
formulated for Mariakani;

a) Alternative 1.Centralized Scheme with a Wastewater Treatment RMAVTPat Kawala

b) Alternative 2: Decentralized Scheme with 2 Nr WWTPs at Kawala awaduwhbo

A summary of the two Alternative Wastewater Schemes is giv&alie EJelow.

TableES Summary of Alternative Wastewater Management Schemes

Conveyance System Wastewater Treatment Plants
Alternative  gecondary No. o Design oo Land
Scheme and Trunk Pumping Location Capacity 1\ Required

Sewers (km) Stations (m3/day) oy (Ha)

1 43.2 3 Kawala 4,400 Waste 15

Kawala 3,700 Stabilization 15

2 425 1 Ponds
Mwavumbo 700 5

The locations of the Alternative Sites for the WWTPs&i@wvn inFigure E4on Page Eb.
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FigureE4 Locatiors of the Alternative Wastewater Treatment PlanSites

E/ MULTICRITERIA ANALYSIS AND REVIEW OF DEVELOPMENT STRATEGIES

In the Multi-criteria Analysis, alternative treatment trains and schemes hmen evaluated to
determine the most suitable wastewater treatment scheme Ntariakani

Simmaiies of the weighted totals for the Alternative Wastewater Treatment Transl two
Alternative Schemes formulated for Mariakani @reen inTableE6and E7respectively;

Table E6:Weighted Totals for the Alternative Wastewater Treatment Trains

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

Table E7:Weighted Totals for the Alternativé&schemes
Simplicity of

Operations M Environmental FEiEnE Land Land | Weighted
Present for L Rank
and Impacts Acquisition: Use Totals
. Value Reuse
Maintenance
Centralized
Scheme with 1 0.746 0.254 0.746 0.774 0.595 0.636 0.628 1

Nr WSP System
Decentralized
Scheme with 0.254 0.746 0.254 0.367 0.283 0.236 0.343 2

2Nr WSP Systen
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From the Multicriteria Analysis, a Centralized Wastewater Treatment Plant at Kawala comprising
of Waste Stabilization Ponds System is the most suitable Wastewater Management Scheme and
is recommended for Mariakani SanitatiGtrategy

Table E®elowshows thedetails of the recommended Wastewater Management Scheme.

Table E8 Details of Recommended Wastewater Management Schen@entralized Scheme

Conveyance System Wastewater Treatment Plants
Alternative  geconday No. of Design i ont Land
Scheme and Trunk Pumping Location Capacity Technolo Required
Sewers (km) Stations (m3/day) oy (Ha)
Waste
1 43.2 3 Kawala 4,400 Stabilization 15
Ponds

B3 PROJECT COSTS

The Capital Cost of the selected Wastewater Management rdehfer Mariakani has been
worked out on the following basis;

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

b) The Cost of Civil Works constitute the following fractiothef components total costs;
1 Wastewater Treatment Plamgt95%
9 Pumping Statiorr 60%
I Sewers; 100%

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

TableB below;
Table E9: Capital Costs for proposed Wastewater Magement Scheme
S/No. Component Cost (Ksh) Cost (USD}!
1 Land Acquisition 75,000,000 728,155
2 Civil Works 1,383,476,015 13,431,806
2.1 | Wastewater Treatment Plant 485,454,017 4,713,146
2.2 | Pumping Stations 22,494,017 218,389
2.3 | Sewers 875,527,80 8,500,272
3 ElectroMechanical Works 40,546,223 393,653
3.1 Wastewater Treatment Plant 25,550,211 248,060
3.2  Pumping Stations 14,996,012 145,592
Total Capital Cost 1,499,022,238 14,553,614

A summaryof the Phased Investment cost fbtariakaniWastewater Management System is
given inTableELO belowand TableEL1 on Page E/.

TableELO: Costs for MediumTerm Plan (Year 20202025)

S/No. Component Cost (Kshs) Costs (USD)
1 Land Acquisition 75,000,000 728,155
2 Sewerage System 496,738,468 4,822,704
3 Wastewater Treatment Plant 351,404,539 3,411,695
Total 923,143,007 8,962,554
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TableEL1: Costs for Longerm Plan (Year 20262040)

S/No. Component Cost (Kshs) Costs (USD)
1 Sewerage System 416,279,54 4,041,549
2 Wastewater Treatment Plant 159,599,690 1,549,512
Total 575,879,231 5,591,061

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

a) Electricity Costs at the Pumping Stations l@en assumed to increase annuallythe

population growth ratedue to increased sewage flow from the increased connections

b) Annual Maintenance Costs of the Schemes have been calculated as the sum of 1% of the

Costs of the Civil Works and 5% of the Eteiechanical Works

¢) Replacement of the Electifdlechanical Items to be carried out every 10 Years with repair

works planned for every intermediate 5 years between the replacement schedule

A siammary of the Annual Operations & Maintenance Costs folPttgnsedSchemes in the first
year of operation is given ihableE12 below;

Table E12: Annual Operations & Maintenance Costé the Proposed Schemes (Year 1)

S/No. Component Cost (Ksh) Cost (USDY
1 Maintenance Costs 15,862,071 154,001
2 Electricity ©sts 792,873 7,698
3 Staff Costs 5,064,000 49,165
Total O&M Cost 21,718,945 210,864

[1¢ Exchange Ratet USD = 103 Kshs

FINANCIABAND ECONOMIENALYSIS OF THE SELECTED DEVELOPMENT STRATEGY

To provide indicators of economic viability and sursability of the proposed sanitation system,

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

The Capital Costs for the Investment Phases #radr associated Operations and Maintenance
Costs have been used to project the Annual Project Expenditure as summarizgaerEB on
Page BB;
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Table EB: Schedule of Annual Project Expenditures
Year Project Cost, Kshs O&M, Kshs Depreciation, Kshs Total Cost, Kshs
2021 230,785,75 - 230,785,75
2022 230,785,75 - - 230,785,75
2023 230,785,75 21,718,94 - 252,504,69
2024 230,785,75 21,747,48 26,849,31 279,382,55
2025 - 21,777,05 35,799,08 57,576,14
2026 57,587,92 21,807,69 35,799,08 115,194,70
2027 57,587,92 21,839,43 37,833,75 117,261,10
2028 57,587,92 21,872,31 40,066,98 119,527,22
2029 - 21,906,37 42,300,22 64,206,60
2030 86,381,88 21,941,67 42,300,22 150,623,77
2031 115,175,84 21,978,231 45,650,07 182,804,15
2032 143,969,80 22,016,10 45,876,37: 211,862,29
2033 57,587,92 22,055,35 47,219,29 126,862,56
2034 - 22,096,00 45,212,35: 67,308,35
2035 - 22,138,12 40,972,18: 63,110,30
2040 - 22,181,75 40,972,18: 63,153,94
2045 - 22,226,96 40,112,70 62,339,66
2046 - 22,273,79 39,054,65 61,328,44
Adopting the proposed tariffs and attaing ofthe projected sewer connections, the projected

financial statemento be achieved isummarized imable B4 below,

Table EZ: Projected Financial Statement of the Project

Project Income and expenditure Financial statement (Kshs)

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

2023 61,533,627 6,153,363 55,380,265 21,718,945 26,849,315 48,568,273 6,811,992
2024 61,533,627 6,153,363 55,380,265 21,747,488 35,799,087, 57,546,588 -2,166,324
2025 73,436,386 7,343,639 66,092,747 21,777059 35,799,087 57,576,160 8,516,588
2026 . 106,337,844 10,633,784 95,704,059 21,807,695 37,833,753 59,641,461 36,062,598
2027 . 106,337,844 10,633,784 95,704,059 21,839,433 40,066,988 61,906,435 33,797,624
2028 106,337,844 10,633,784 95,704,059 21,872,314 42,300,223 64,172,551 31,531,508
2029 . 106,337,844 10,633,784 95,704,059 21,906,379 42,300,223 64,206,616. 31,497,443
2030 . 145,404,839 14,540,484 130,864,355 21,941,670, 45,650,075 67,591,760 63,272,596
2031 . 145,404,839 14,540,484 130,864,355 21,978,231 45,876,374 67,854,621 63,009,735
2032 . 145,404,839 14,540,484 130,864,355 22,016,109 47,219,290 69,235,415 61,628,940
2033 . 145,404,839 14,540,484 130,864,355 22,055,351 45,212,354 67,267,721 63,596,634
2034 . 145,404,839 14,540,484 130,864,355 22,096,005 40,972,184 63,068,205 67,796,150
2035 145,404,839 14,540,484 130,864,355 22,138,122 40,972,184 63,110,323  67,754032
2036 . 145,404,839 14,540,484 130,864,355 22,181,756 40,112,703 62,294,477 68,569,878
2037 . 145,404,839 14,540,484 130,864,355 22,226,961 39,054,654 61,281,633 69,582,722
2038 . 145,404,839 14,540,484 130,864,355 22,273,793 37,996,606 60,270,417 70,593,939
2039 . 145,404,839 14,540,484 130,864,355 22,322,311 37,996,606, 60,318,935 70,545,420
2040 . 223,062,158 22,306,216 200,755,942 22,372,575 36,409,532 58,782,127 141,973,815
2041 . 223062,158 22,306,216 200,755,942 22,372,575 34,293,434 56,666,030: 144,089,913
2042 . 223,062,158 22,306,216 200,755,942 22,372,575 31,648,312 54,020,908 146,735,034
2043 . 223,062,158 22,306,216 200,755,942 22,372,575 30,590,263 52,962,859 147,793,083
2044 ¢ 223,062,158 22,306,216 200,755,942 22,372,575 30,590,263 52,962,860 147,793,082
2045 1 223,062,158 22,306,216 200,755,942 22,372,575 30,590,263 52,962,860 147,793,082
2046 | 223,062,158 22,306,216 200,755,942 22,372,575 30,590,263 52,962,861 147,793,081
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Besides the above revenue collected, the following additional direct/indirect benefits have been
considered in the economic analysis:

1 Cost savings to customers in terms of lle®enefits
1 Cost savings in terms of safe sewage disposal to the environment

The results of the codtenefit analysis confirm that the project has favourable BC ratios of
betweenl1.01to 1.22 The financial analysis confirms that the project has poshiP®'s oKsh
259,026,13%t 5% cost of capital aridsh8,211,452at 8% cost of capital and Financial Internal
Rates of Return (FIRR)816%.

Sensitivity analyses also indicate that the project viability can is susceptible to shocks of 10% and
20% on banges in Project Cost, Net Income and O&M CHsis confirms that the project is
financially viable at cost of capital less than 8.16%.

The results of the economic analysis after including other economic benefits showed that the
project have gositive NPV of Ksh480,889,673and EIRR of 1%at 10% cost of capitallhese
indicators confirm that the project is economically viable.

CONCLUSIONF THE MASTER PLAN

The current sanitation system Mariakani omprising of omplot sanitation means such asptic
tanks and pit latrines and lacking a proper sludge management and disposal facility is a health
hazard to the residents and an environmental risk.

As an immediate intervention, construction of 4Nr Ablution Blocks at selected Public Places and
a centralized Sludge Handling Facility is necessary. It is equally important to ensure procurement
of Exhaust Vehicles to provide desluging and transport services. A summary of the Immediate
Sanitation Measures and their costs estimates are giaes E15 and E16 below.

TableE15: Details of the Ablution Blockg Immediate Sanitation Measures

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

TableE6: Details of the Sludge Handling Faciliymmediate Sanitation Measures

Total Capital Cost

S/No. Component Details
Ksh. uUsD
1 Tanker Discharge: T Bar Screens, Collection Chamber, Har
Bay stand Washing Bay & Parking Space
Sludge Drying

4 Beds; each 13 x 10m
Beds T 35,499,980 344,660

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

4 Land Requirement § 0.5 Ha

Exhaust Dischargé § Minimum 1 Nr (Either owned by
Tanker KIMAWASCG®r Private Providers)

To provide a sustainable sanitatiogstem, a centralized Wastewater Management Scheme
comprising of sewage conveyance systémeluding 3Nr Pumping Stationsnd a Waste
Stabilization Ponds system (ultimate capaci#,400 m3/d) at undeveloped land &awalahas
been selected as the suitabWastewater Management Scheme.
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The implementation of this strategy is to be carried out in 2 phases i.e. Medium Term Plan (2021
-2025) and Long Term Plan (2028040).

The implementation details of the selected Wastewater Management Scheme including the

associated costs in the 2 Phases are givérabies EL7 and E18 below.

TableE17: Summary of Implementation Cost: Mediwerm Plan Plan (2022025

S/No. Component Details Cost (Kshs) Cost (USD)
1 Land Acquisition | 1 15 Ha
5 s 1 225¢ 450 mm Dia; Approx. Total
ewers Length 24.5 km 923,143,007 8,962,554
3 Wastavater 1 Waste Stabilization Ponds; Capacity
Treatment Plant 3,000 m3¥/d
TableE18: Summary of Implementation Cost: Losigerm Plan Plan (2022040)
S/No. Component Details Cost (Kshs) = Cost (USD)
1 225¢ 300 mm Dia; Approx. Total
i Length 204 km 575,879,231 5,591,061
) Wastavater 1 Waste Stabilization Ponds; Capacity T U
Treatment Plant 1,400 m3/d

The analysis of the selected schentonfirmseconomic viability of the Project andinancial
viability at cost of capital less than 8.16%
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1.0

MAIN REPORT

PROJECT BACKGROUND

The Government of Kenya (GoK) through the Ministiafer and Irrigation (MWhas received
G ONBRA (¢ T nibaveldpyiehtAsklsciatipi (DY) to undertake the Waater Master
Plan for Mombasa and Selected Towns within the Coast Region.

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

The primary outcome of this Study will be to obtain the agreement of all major Stakeholders to a
preferred Sewerage Development Strategy teggplicable 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 Counti& This autonomy of the Counties vest
powers and privileges in each County especially on the provision of essential public services such
as Water, Sanitation, Education and other Social Services.

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

Tablel.1l: Project Selected Towns

S/No. County Urban Centre

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

2. Kwale Kwale,Ukunda / Dianand Part of Mariakani

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

4, Taita Taveta Voi and Taveta

5. Lamu Lamu Island

6 Tana River Hola

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

It is therefore required that the formulated Program shall be aligned to respect and respond to

the requirements of the new Constitiain. A key benchmark of the new Constitution is stipulated

under Chapter NBILL OF RIGHTS, paragraph 4b6§nd (d) which stipulateé: 9 @S NE LIS NA& 2 y
the right to (b)............ reasonable standards of sanitation and (d) clean and safe water in
adequ G S ljdz yOGAGASE DE

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

1.2

1.3

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

The key objective of the proposatfastewaterMaster Planfor Mariakaniis to come up with a
phased investment programme for Immediate / Short Term Plan (202®&20), Medium Term
Plan (202X 2025), Long Term Plan (2022040) and recommend a treated effluent disposal /
reuse strategy for the effluenih Mariakani

Execution of the Study

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

D2 ¢ Report on Condition Survey and Environmental Audit of the Existing Facilities
D3 ¢ Immediate UrgenWorks Report / Findesign Report

D4 ¢ Detailed Designs and Tender Documents for Immediate Urgent Works

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

D5B¢ Technical Note 2 Wastavater Flow Predictions & Formulation of Sewerag
Development Strategies

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

Investment Schedule for Sewers and Wasiter Treatment Plants

= =4 -4 -4 4

1 D8 - Preliminary Environmental and Social Impact Assessment (ESIA) & Preliminary
ResettlementAction Plan (RAP) for the Preferred Development Strategy

The Final WastewaterMaster Plan Reporpresents theoutputs of the Feasibility Study, the
selected Development Strategy atitk Preliminary Design of the planned infrastructdioe the
Sanitation $stem ofMariakani

1 D9 ¢ Final Master Plan Report
Objectives of this Report

Thecomponents of the Final Wastewater Master Plan Rejatude the following:

1 Present Sanitation Situation in the Study Area & Proposed Immediate Interventions
Future Seweaage 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, Sad / Environmental Assessment, Economic and Financial
Analysis and MukCriteria Analysis

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

Proposed Implementation / Development Schedule

Camclusionof the Master Plan

=A =4 =4 =4

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

2.1 Locationand Administration

Mariakani is an urban centre located in Kilifi County at its border with Kwale County and is
approximately 36 km northwest of the port city of Mombasa. It lies within knlgi 3%28Q H p €
East and Latitude 031Qny ¢ { 2dziK® ¢KS | @SNI 3IS |t GAGdRS
level. The greater Mariakani covers an area of approximately 230 km? while the urban centre
coverage is about 40 km2. Mariakani was formerly a T@auncil within Kilifi District.

Administratively, Mariakani Urban Centre is situated within KaloleniGuimnty, in Kilifi County
and covers parts of the sdbcations; Kawala, Mariakani, Mwatate and Kalalani. It borders
Kwale County to the South, Ralsab-County to the SoutfEast, Kilifi South Sutounty to the
East and Ganze Swbunty to the North. Mariakani is not a designated town but is only an

f M

SYSNHAY3 dzNbBlFy OSYyiGNB SgAGKAY GKS | NBF 27F 2dz

growing uban centres in Kenya hence the need to plan the town to ensure sustainable
development. The urban centre of Mariakani is concentrated on the Mombasacrsatbleni
junction.

The Water Supply and Sanitation Systemblariakaniis managed b¥ilfi ¢ MariakaniWater
and Sewerage Company LimitédNIAWASQO).

2.2 Study Area

The Study Area for this Wastewater Master Plan has been demarcated in consideration of the

location of Mariakani core urban area and its projected l-aisé Plans for years 2025 and 2040,

as well as the present nature of development and population densities in the Urban Centre in

comparison to the neighbouring urban centres and pglian areas.

In deliberation of the above factors, thetudy area forMariakaniWastewater MastePan is

limited within the core urban area of Mariakani. The Study Area (Mariakani) comprises of four

sub-locations; Kawala, Mariakani, Mwatate and Kalalani.

The suHocationsforming Mariakani urban centreand tal coverage areaas well as the study
areais givenin Table2.1 below;

Table2.1: Sublocations and Study Area

Sublocations Total Area (km?) Covezge(; 'g(:‘:‘f; S
Kawala/ Kadzonzo 46 8.2
Mariakani/ Mitangoni 82 24.4
Mwatate 41 0.2
Kalalani 62 6.1
Total 230.7 38.9

Figure 2.1on Page 22 shows the Study Area of Wastewater Master PlarMariakani
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Figure2.1: Study Area of Wastewater Masterplan fovlariakani
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2.3 Climate

The pattern of ranfall in Mariakani is bimodal. The long rafali from Aprilto July, with a peak
in May. The short rains, on the other hand, fall from Octohrd November.The average
annualrainfall variesbetween900mm and1,100mm dueto the effectsof monsoonwindsand
the topographywith marked decrease in intensity to the hinterland

It is generallyhot and humid all the yearround. The annual temperaturerangesbetween
21°Cand 30°C.The lowesttemperatureisexperienceduringthe longrainyseasons. Average
relative humidity alongthe coastalbelt is 65%but decreasedowards thehinterland.

24 Topography Geologyand Soils

Kilifi County has four major topographical features with marked geological and rainfall
characteristics which dictate the resource pati@ahand land use patterns. These are the Coastal
Plain, the Foot Plateau, the Coastal Range and the Nyika Plateau.

Thecoastalplainis a narrow belt, varyingin width between 3 km and 20km. It lies below 30
m above sealevel, exceptfor occasionalprominent peakson the Western boundary,which
includes major hills like Mwembetungu and Mamburi sand dunes. The rest of the areais
broken by creeksand Sabakiestuaries,givingrise toexcellentmarine andestuarineswamps,
with mangroveforests and untapped potential for marine culture. Thezone is composedof
Triassicsedimentsof marine and deltaic origin, and includescoral limestonemarble, clay
stonesandother alluvialdeposits yieldingdeepsoilswhich supportagriculture.

TheFoot Plateau lies to the westof the Coastal Plain, with slightly undulating terrain
between 60m and 135maltitudes. The plateau is characterisedby a seawardsloping pine
plain,where the surfaceis coveredin dry water courseswith underlying Jurassicsediments
consistingof shell sandstoneand impervious clayslt supports grasslandand stunted
vegetationwith a highriskof soil erosion.

The CoastalRangeZone hasa distinct low rangeof sandstonehills of about 150 mto 420 m
high. Thesehills (peaks)include Daka,Wacha,and Gaaboin the North-West, SimbaKiwara,
and Jibanain Kilifi area; and Mazerasand Mwangeain Kaloleni.Thiszone has goodainfall
andfertile soils,containingsomeofthe bestfarming areasinthe County.Thishinterlandforms
the rangelandsf Coast Province.

The Nyika Plateauoccupiesthe lower-lying ground along the western side of the district.
Mariakani falls within the Nyika Plateau of Kilifi Coutthaccountsfor about 60%of the total
district area.lt hasgentlyundulatingterrain, whichdropsfrom 300m to 180m above sea level
It is overlain by sandstone and posoils.The zongangesfrom semiaridto arid, with little
basisfor rain fed crop farming. It is mainly suited for livestockdevelopmentandpineapple
or horticulturalcropproduction (insomeareas).

25 Economic Activities

Mariakaniis one of the growing urban centres in the Coastal region besides Mazeras and
Mtwapa. It is characterised by commercial activities, small scale trading, heaving industries
(steel makers, Doshi, MabatRolling Mills, Nyumba and Kaluworks among others) and
residential developments.

Formal sector activities in Commerce, Trade and Servicesare mainly concentratedalong
the Mombasa; Mariakani.There exists a Railway Station in Mariakani.

Rural parts of Mriakani is characterised with huge tracts of empty land, livestock keeping and
scatteredhomesteads However, an emerging trend of commercial developments along the
Mombasac Mariakani corridor is significant.
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2.6 Existing Water Supply and Sanitation Systems
26.1 Water Supply

The bulk water supply source fitariakani isMzima Springs located southwest of the Chyulu
Hills in Tsavo National Pafhe Existing Headworks at Mzima Springs was constructed in 1956.
The abstracted water is transmitted to various the tiletion towns through Mzima Pipeline.

Apart from Mariakani, other Towns depending on bulk water supply from Mzima Spring include;
Mombasa, Mazeras, Kaloleni and Voi. The installed capacity of Mzima Pipeline is approximately
35,000 m3/d. it is expectedhtit construction of Mzima Il pipeline will improve the combined
capacity of the Mzima Pipelines.

Presently, Mariakani abstracts an estimated 6,700 m3/d from Mzima pipeline at aéakeff
which is distributed to its service area.

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

Upon completion of the plan Mzima Il Pipeline, it ip@osted that the Water Supply for
Mariakani will be increased. Besides,rgparation of Water Distribution Master Plan for
Mariakaniis currently in progresand its implementation will result to further improvement of
water supply situation

2.6.2 Sanitation Sysem

At present,Mariakanihas no sewerage systeriiheuse 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 aproper Sludge Handling Facility feffluent disharge by theexhaustvacuum tankes
(Waste Stabilization Pondsr Sudge Drying Beds). Currentlyseptage from septic tanks is
discharged directly to the environment.

The use of ofplot sanitation systemthough unsustainable environmentally manageablat
present due tdhe suppressewvater supply situation iMariakani If additional water resources
are developed and distribution network expansion carried out, the use gfloinsanitation
systems will not suffice arthus health andenvironmentalhazads are bound to occur

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

2.7 Immediate Measures for the Improvement of Sanitation Systems

The Final Wastewater Master Plan fdariakanidescribes the development strategy for the
longterm water-borne sanitation system comprising of a wastewater collection / conveyance
system and thereatment / proper disposal of the treated effluents. However, this loegn
sanitationstrategy is not planned for immediateplementation

In consideration of the current sanitation systems and the growing sanitation needs,

immediate intervention isirgentlyrequired. Thusimmediate Sanitation Measures have been
developed. These gasuresinclude construction of Ablution Blockis selected Public Places

anda Sludge Handling Fatjl as described in the following stdections
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2.7.1 Ablution Blocks

Ablution Blocks are essentiad Mariakanifor improved access to sanitation facilities especially
in public places e.g., markets, bus stogshoolsetc. Theg are important to market vendors,
market customers, long distance travelers, bus operators andeheralpublic. Their locations

in Mariakaniwill be selected in consultation with the CWSB andHitié County Government

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

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

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

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

The slower roons are equipped with a dressirayea andhandwash basins. In addition, a
spacious common area with hamwdash basins, hand driers and wall mounted mirrggs
provided

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

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

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

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

the entrance of the facility witlgrilled opening for ease of payment before use

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

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

With exception ofthe ScreensSludge Hadling Facility relies on biological proces$or the
treatment of sgtage THs results to low capital investment requiremea well afOperations

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

An ideal location for a Sludge Handling Facility is a site within ecoalafistance to the service

area but outside the residential developments and environmentally sensitive areas, the
location of the Wastewater Treatment Planjposed aKawalaarea in the Wastewater Master

Plan, should be given a priority in the site selection for the Sludge Handling Facility. It is
preferred that a Sludge Handling Facility site be located within 8 km radius to the core urban
centre / CBD and kere land is available including sufficient buffer zone for odour and other
nuisance control. Existence of infrastructure such as motorable Roads, Water and Electricity
should be considered. The proposkdwalasite is privately owned and Land Acquisitiamd
Resettlement Action Plan are necessary. In the meantimekKtwalasite has been evaluated

and found to be suitabléor the development of Sludge Handling Facility

TheproposedSludge Handling Faciliyill compriseof the following units;

Exhaustvacuum TankebDischargeBay

Sludge Drying Lagoons

Septic Tanks complete with Soak Pits and French Drains

Associatedte and AncillanfWorksincluding Operators Office / Guard House

coop

Constructed wetlands are the alternative treatment unit to Septic Tamkpdlishing of filtrate

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

A Schematiclayout Plan showing the arrangement dhe units for the Roposed Sudge
HandlingFacilityis given inFigures2.4 on Page2-9
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2.7.2.3

A briefdescription of the constituent treatment units in the proposdddgye Handling Facility
is given in the followingub-sections;

Exhaust Vacuum Tankd@ischargeBay

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

The discharged septage and wash wdtem the Washing Bayre 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 ther diseasevectors control
especially after each exhauster discharge sesstostandpipe 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 lowering thelisposal costef the residual sludgand
reducing thepotential health risksssociated with septage.

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

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

A SludgeDryingLagoon has intrinsic processliability and flexbdility. 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 roddig chambers
b) Periodic monitoring and replacement Bfter Media when necessary
¢) Maximum permissible sludge accumulation leieebe observed for optimum operation
d) Proper drying of sludge once a bed is filled up
e) Careful removal of dried up sludgétiwout scoging of filter media
f) Safe disposal of dried sludge to landfills, agricultural use, etc.

SepticTank

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

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

2.7.2.4 Associated site and Ancillary works

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

2.7.3 DesignCriteria for Sludge Handling Facjlit

A summary oftte Design Criteria adoptein thesizing of theproposedSludge Handling Facility
for Mariakaniis given inTable2.2 below.

Table2.2: DesignCriteria- Sludge Handlingracility

Treatment Unit Design Parameter Value
Sludge Dryin@ed 1 Sludge accumulation rate 0.025 n¥/calyr
9 Sludge drying period 3 Months
91 Depth of media 300 mm
1 Sludge accumulation depth 150 mm
Septic Tank 1 Aggregatedsewage generation factor 0.25*
1 Retention period 1 day
1 Sludge accumulation 0.04 ni¥/capital/lyear

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

2.7.4 Components of the Proposefiludge Handling Faciit
Considering that the Immediate Sanitation MeasuresMariakaniare intended to serve up to
the Year 2020the Facility has been designed to seBdds of the projecteaurrent population

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

Details of the various components of the proposglidgeHandling Facilt in Mariakaniare
summarised irmable2.3 below

Table2.3: Components of the Proposedigige Handling Facility

S/No. Treatment Unit Details

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

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

Lagoons Beds { Sludge drying period: 3 months

1 Treatment zone media = 500 mm thick

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

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

Colocation of Sludge Handling Facility and Wastewater Treatment Rlaecommended for
efficient land use and for shared usEcommon units and facilitieshus, Kawalasite is ideal
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2.7.5 Implementation Cost for Immediate Measures
9y IAYSSNRa /2aid 9aidAYlIiS KFLa 06SSy RSGUSNYAYSR
SanitationSystems irfMariakanibased on the unit costs from recent contracts of similar scope
and nature.
Detailed Unit Costs are discussedimapter 8of this Report.
A summary of the Implementation Costs is givefable 24 below.

Table2.4: Implementation Costs for Immediate Measures

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

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

2. Sludge Handling Facility 1 35,499,980 344,660
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3.0 DEMOGRAPHY, LANISE AND URBAN DEVELOPMENT
3.1 Demography and Population Dynamics fistariakani
Demographic data from Central Bureau of Statistics (CBS), for thecarisus periodbetween
1979 to 2009 have been analysed to estabtismographidrends in terms of populabn sizeand
inter-census growth rateand help @velop future population projection patterns Mariakani
3.1.1 Previous Population Trend

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

A summary of Intercensal Population data for part of KaloleniGoibnty in whictiMariakani falls
part of is given iMable3.1 below.

Table3.1: Intercensal PopulatiorData (1979¢ 2009) forPart of Kaloleni SuCounty

Sub-locations 1979 : 1989 : 1999 : 2009 :
Pop. Area | Pop. Density| Pop. Area | Pop. Density Pop. Area | Pop. Density Pop. Area | Pop. Densit

(km?) | (person/km?) (km?) [ (person/km?) (km?) [ (person/km?) (km?) | (person/km?)

Kawala/ Kadzonzo 2,393 10 239.3p 4,690 30 156.33 9,691 46.4 208.8613,333( 46.2 288.4
Mariakani/ Mitangon 5,653 91 62.1P213,660 72 189.712 20,469 80.1 255.5429,866 81.8 365.]]
Mwatate 4,164 20 208.2p 7,210 41 175.45 8,618 42.8 201.3610,791( 411 262.
Kalalani 6,865 87 78.91 6,806 61 111.97 8,370 61.7 135.6611,190 61.6 181.49
Total 19,07 20B 232,366 204 1%9 47,14 231 204 65,18( 231 2

It can be noted fromTable 3.1 above that the total area oMariakani varies between the
intercensal periodsin consideration of this spatial areal variation, the analysis of the population
growth rate for the overall study areand individual subocation has been analysed based on
population densities.

The previousnitercensalnnualpopulation growth ratevased on the population densitiésr the
sublocationscovered byMariakaniare given ifrable3.2 below.

Table3.2: PreviousIntercensalAnnual PopulationGrowth Rdes

Intercensal Period
Sublocations
1979-1989 . 1989-1999: 1999-2009
Kawala/ Kadzonzo -4.2% 2.9% 3.3%
Mariakani/ Mitangoni 11.8% 3.0% 3.6%
Mwatate -1.7% 1.4% 2.7%
Kalalani 3.5% 2.0% 3.0%
Total 5.7% 2.5% 3.3%

From Table 3.2 above the annud population growth rate for Mariakaniin the last intercenal
period (1999to 2009 is 3.3%. This islower than 4.2% projected for urban growth rate under

Millennium De$ £ 2 LIY Sy (i

D21l t a

06a5DQav

0e

HAMp @

The above population dynamicefers to the resident category The mn-resident category
comprising otourists/ visitorsis consideredunder the respectiveontributoryLandUse activities
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3.1.2 PopulationGrowth Scenarios

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

Continuedapid growth is expected in the study areansidering the infrastructural developments
planned for Mariakaniin the Integrated Development Plan féilifi Cownty, its proximity to
Mombasa Towrandthe potential of Mariakani urban centréor further growth. Tlese factorswill
resultto future immigration and urbanization.

As at the last census (2009), the population witkiariakaniwas10,00Q To forecast thduture
population of the study area up to the design horizon (year 2040), the following factors have been
considered:

1 Previous Demographic TrendshtariakaniandKilifi County
1 The dynamics of Land Use and Trends of development
1 The correlation of watereimand and income / type of housing, population density etc.

Three population growth rate scenarios have been assessed for the study area based on the data
obtained from Kenya National Bureau of Statistics, Census Reports and other relevant planning
documents. These scenarios are briefly described below;

High Growth RateThis growth rate scenarimssumeghat the population will grow at an average
growth rate of4.2%in twenty-five years (20158040) i.e. the overall natural growth will continue
and inmigration will gradually increase due to intensive investment. With this assumption, the
population ofMariakaniwill be expected to grow t86,667by year 2040.

Medium Growth Rate This scenari@assumeghat the population will grow at a varying growth
rate of 3.4%to 3.8%in twenty-five years (20182040) and that improved medical / health facilities
will result in decrease in mortality rate and increase in life expectancy. It is presumed that with
economic growth, employment opportunities and improvedrastructure (especially speed
transport connectivity) will work in balancing migration. Thus, the projected population within the
Study Area oMariakani ly year 2040 will b&81,042

Low Growth RateThis scenariassumeshat the population oMariakaniwill grow at a decreased
average growth rate oR.6% in the nexttwenty-five years (2018040). It is assumed that
population growth (both natural growth rate and-migration) will reduce considering that
population deflection will take place and the flafreturn will be diverted to the development of
new areas. Therefore, the population in horizon year 2040 wilh€96 This can happen only, if
strict measures are taken to control population both in terms of natural growth amdigmation.

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

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

FromFigure 3.1above,the population forecast is highly sensitive populationgrowth rate; high
growth scenario results th8%more the projectedopulationin the medium growth ratescenario
while low growth rate results t@7% less thenedium growth ratgoopulation forecast.

ProjectedPopulationfor Mariakani

Mariakani is an urbamentre located in Kilifi County at its border with Kwale Couittyhus

benefits from the infrastructural developments and investment in the two neighbouring counties.

In addition, Mariakani ispproximately 36 knaway from theport city of Mombasawhid is a
major commercial hub in the coastal regidni Q& F Y2y 3 GKS Tl ai
Kenya and developments are concentrated on the Mombasa ¢d&aloleni junction.

It is thus expectedthat with more infrastructural developments planned fdariakani and the
neighbouring Towns and urban centréise population will continue to grow at a moderate pace
comparable with the adjacent centres

In consideration of the aboveircumstancesmedium growth rate scenarids the most probable
scenario or the future population projectionsof Mariakani up to the 2040 design yeart
considerghe demographic dynamicsetweenMariakaniand adjacentTowns, possiblérends in
fertility, mortality andmigration levelsand patterns as well as the so@gonomc development.
Besides, it has tha@et minimal risls associatedwith under-utilization or overoading of the
proposed sanitatiorsystemwithin the design horizon

Table 3.3below gives asummary of the projected populatiofor Mariakaniup to the design
horizon ofyear204Q based on the adopted medium growth rat@nging from 40%to 4.3%per
annum

Table3.3: Summary of the Projected Population

i Population Growth Rate
Sublocations

2009 Pop. 2015 2020 2025 2040

- 3.4% 3.5% 3.6% 3.8%

Kawala/ Kadzonzo 187 229 272 324 567
Mariakani/ Mitangoni 8,894 10,870 12,910 15,407 26,958

Mwatate 48 59 70 83 146
Kalalani 1,112 1,360 1,615 1,927 3,372
Total 10,242 12,517 14,866 17,742 31,042
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3.2 Land Use and Urbabevelopment
3.2.1 Introduction

Mariakani is an urban centre located in Kilifi County at its border with Kwale County. It thus
benefits from the infrastructural developments and investment in the two neighbouring counties.

In addition, Mariakani is approximayeB6 km away from the port city of Mombasa, which is a

major commercial hub in the coastal regidn.i Qa F Y2y 3 (GKS FradSad 3INE
Kenya and developments are concentrated on the Mombasa ¢d&aloleni junction.

Owing to the strategic lo¢®n and economic potential, Mariakani requires adequate Planning to
ensure sustainable developments in the future.

Planning ievidentin Mariakani Urban Centre; for instance, teafgic Urban DevelopmentPan

for Mariakani (20142013)is available ThePlan assessed several sectors facing challenging in
Mariakani includingdetermination of the existing potential of resources, transport assessment,
infrastructure and utility needs, land use and see@mnomic surveys among othersSAort Term
and Long &rm Strategic Plan has also been prepa@g@romote sustainable socieconomic and
environmental development of Mariakani town.

The ongoing ypgrading of the MombasMariakani road and theonstruction ofStandard Gauge
Railway will contribute tdfurther growth of Mariakanithrough attraction of investments and
improvement ofaccess to social services due to enhanced accessibilitynabdity. The buffers
provide for theA109 and the SGWRithin Mariakani is expected toonsume land designated for
urban cevelopment. Theespectivdand uses will be compensated at the eastern pdiariakani.
This implies that Mariakani will grow eastwards

3.2.2 Existing Land &k

At presentthe dominantactiveLanduse in Mariakani is Agriculture, coveriagproximately 456
of the total land coverageResidential landise is the secondctive Laneuse categoryn terms of
coverage, accounting for 27.6% of Mariakani with High Density, MeDiensity and LoviDensity
Residential Zones covering 157, 129 and 16 Ha respectiaiymercial land usie also significant
with an estimated coverage of 2.4%

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

LandUse INGCERGED) Percentage
Agriculture 496.50 45.5%
Commercial 25.80 2.4%
Education 6.70 0.6%
Industrial 6.70 0.6%
Public Purpose 5.30 0.5%
Recreation 2.60 0.2%
High Density Residential 157.00 14.4%
Medium Density Residential 128.70 11.8%
Low Density Residential 15.70 1.4%
Undeveloped 243.10 22.3%
Water Feature 4.00 0.4%
Total 1,092.10 100%

Figure3.2 on Page3-5 shows the existing Land Use PlamMariakani
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The drivers of grown in Mariakani are:

W Standard Gauge Railway

LGQa + FflF3aKAL LINP2SOUG 6KAOK gAfft LXL& |
SGR is expected to connect Mombasa to Malaba. It will run along the northern corridor
which is conlered as the transport artery of the following countries: Kenya, Rwanda,
Burundi, Uganda, Northern Tanzania, Eastern DRC, Southern Sudan and Ethiopia. The
railway track from Mombasa to Malaba is expected to be 1300km long while the route
length from Nairbdi-Mombasa is 472km. The total length from Mombasa to Nairobi is
609km.The railway passes through Mariakani town, Kilifi County. Construction of the
railway will create employment opportunities to the local community hence minimize the
poverty level in Maakani town. The investment level in the towns through which it passes

will increase due to the modern and efficient transport system. Completion of the project

is expected to lead to a reduction of transportation costs in the region by more than 60%
and ncrease in trade. This will steer economic development at both local and regional level
since the benefits outweigh the costs.

w Agriculture.

Mariakani town and Kilifi County as a whole is characterized by fertile soils and favourable
climatic conditios for agriculture. The agricultural sector will steer semionomic
development of the town since it creates employment opportunities to the local
O2YYdzyAilié KSyOS YAYAYATS GKS tS@St 2F LROS
government revenue.

W Key infrastructural improvements.

Upgrading of the Mombasklariakani road will steer economic development at both local
and regional level. At local level, it will attract investments such as residential and
commercial developments among others. Ined level of investment is attributed to
eased transportation. It will create employment opportunities to the local community
hence lead to a reduction in poverty level.

3.2.3 LandUse Planning and Policy

All LandUseactivitiesdepend on the regulations andactices that govern land ownership. 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 landsesfor the selection and adoption of the best lande
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 and safguard 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 to those 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 mappirigdictions per
permitted land use.

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

and to preserve thed OKI NI OG SNE 2 F dorgmonly NdBtroked b 2he Nofall A &
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.
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Zoning nay include regulation of 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 shicas Single Family Homes to High
Density such as HigRise Apartment Buildings), the height of the building etc.

The projectedpopulatiors including31,042in Year 2040Refer toTable 3.3 on Page3-3) are
proposed to be accommodatedithin the coverage bMariakaniwithout any expansion

It is also proposed that the existingndevelopedland be utilised (including a small part of
agricultural land and part of hilly terrain at low height where the slope is gentle and favourable) for
developmentand accormodating part of the pojected population.

3.2.4 LandUse Rquirement per Land Use Dne

Land requirement in zoning depends on projected population and proposed density.

In Mariakanj Agricultural andResidentiaLand-uses have the highest land requirementboth in
the Existing and Projected Plaoempared to other active Lanases Equally significant is the
coverage of the undeveloped land.

By 2025the ResidentiaLandUse category isxpectedincrease from 301 Ha at present to 358 ha.
Reduced coverage éxpected in both the Agricultural Laiuse and Undeveloped land in the same
period (2015¢ 2025) from 497 ha to 472 ha and 243 ha to 198 ha respectively. Similar trend is
expected from 2025 to 2040 among these 3 L-alsds; Agricultural, Residential and @mdloped

Land.

Details of existingand useand projectedandrequiremensare given inrable3.5 below.

Table3.5: ExistingLand Useand Projected LandRequirement

Existing Laneuse

Projected Laneuse Projected Lanelse

Land Use

Year 2015Kla) Year 2025 (Ha) Year 2040 (Ha)
Agriculture 496.5 472.4 470.49
Commercial 25.8 38.4 39.6
Education 6.7 8.2 8.6
Industrial 6.7 12 12.8
Public Purpose 5.3 6.7 7
Recreation 2.6 3.1 3.2
High Density Residential 157 184.4 191
Medium Density Residential 128.7 154.7 159.8
Low Density Residential 15.7 18.4 20.3
Undeveloped 2431 197.5 193
Water Feature 4.0 4.0 4.0
Total 1,092.1 1,099.8 1,109.8

The river at the eastern part dflariakaniand the public purpose lahuse at the northwestern

part marks the extent of thelzZND | Yy  QévefoprieBt Tae development pattern exhibited in
Mariakanicomprise ocommercial and residential developments along the main raadag from

the enhanced accessibility and mobilityne MariakarKaloleni road is characterized by residential
developments which exhibit a linear development pattern. In future, these residential
developments will be converted to commercial developments. High density residential
developments will not be lbwed along the A109 since they slow traffic movement. The areas
around the quarries have been proposed as conservation areas
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The buffers provided along the A109 and the railway consumes land for other land uses. This
implies compensation of those landes in other areas. The town will therefore grow towards the
eastern part of the town

¢tKSNBE A& ySSR (2 LinpadotBustaink®: arddriefdevelopméns df
Mariakani town. The ISUDP of Mariakani town should ensure consolidatioeseation of land

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

Layout Plaashowing the Proposed Land UBkans for Year 2025 and 2040 gieen inFigures 3.3
and3.4on Pages 3-9 and 3-10 respectively

Table 3.6onPage 311 to 3-14 shows assummaryof 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 Single Dwelling Units developed in appropriate site
Residential Bungalows, 25 25 0.2 Ha Medium density Single Dwelling Units
Residential Bungalows, 25 25 0.2 Ha Medium density Single Dwelling Units
Residential Maisonettes 50 50 0.1 Ha Low Medium density Two residentialinits 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 residentiaunits 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 developrents ;| Duplexes 65 65 0.03 High Density Multiple residential units Shops allowedn plots fronting 9 M
Swabhili houses - allowed roads
Guest/Boarding houses 0.045
Mixed developments: Town houses
Duplexes 65 65 0.045 High Density Multiple residential units Shops allowedn plots fronting 9 M
Swabhili houses allowed roads
Guest/Barding houses
Mixed developments: Town houses 65 65 0.03 High Density Mixed housetypes allowed Upgrading areas
Duplexes -
Flats 0.045
Swahili houses
Guest/Boarding
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Proposed Land Use

hardware stores

Types of Development
Allowed

Min Plot Size

Density of
Development

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

Allowed

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

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

1 . .

tin smiths, Reuse
Industries

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

welding workshops
allowed

No. of 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 Conservatin/
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
Headquarers government; local Public parking
authorities, parastatals, Accessibility

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

Zone Proposed Land Use | Types of Develoment 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 recommerded

Future commercial core

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

Zone 7: Transportation

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

Governmet

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 SingleDwellng 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

3-14



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL MASTER RLREPOR1
Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - MARIAKANI

4.0

4.1

WATER DEMAND RECAST

Water demand is definel & 6 G KS @2f dz2¥YS 2F 461 GSN) RATFFSNByY
O2yadzyYS Ay | 02y SEThe @afer dizylaNddi anMFeis dependardzdlbie & €
climate, economic considerations, sanitation facilitiedusstrial and commercial requirements.

Thetotal water demand can be expressed as follows;

Total water demand

=AT T HTHHCHHT 8 171 7 HIHG THE BT © 1 " HIHHHT "H
T "H L THHE HT 77T ATHH " HBAETHT H

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

Analysis ofWater ConsumptiorRates

The Degjn Manual for Water Supply in Kenya (MWI, 20§i8&s guidingalues of water consumption
rates for the various categories of Water Demardbwever, from individual studies and in
consideration of various local conditignseveral Consultants have adoptedvaried water
consumption rates for the determination of Water DemandJariakani

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

I Second Mombasa and CodsWater Supply Projeat Final Design Report, January 1998
(Seureca / Mangat)

1 BRUngenierie / GIBB Africa Ltd (Joint Venture) carried out a Feasibility Study for the Water
Supply and Sanitation sector for Kilifi Water Service Provider Area in the y&r 20

1 JBG Gauff Ingézure in association with TRAQ Consulting Engineers carried out a Detailed
Design foKilifi Water Service Provider Area in the yeat@0

The Detailed Design Report by JBG Gauff / TRA®based on the Feasibility Study done by BRL
Ingenierie/ GIBB Africa Ltd in 2008, other documents prepared earlier by other Consultants and
subsequent field investigations and discussions with CWSB and the respective WSP

A comparison of water consumption rates adopted in the above Studies / Désigunding those
recommended in the Practice Manual for Water Supply Services in Kenya is Jiabteihl on Page
4-2.
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Table4.1: Comparison of Water Consumption Rates
Domestic Water consumption Institutions Water Consumption Commercial Industrial
(I/c/day) Water Water
Consultant Name of Report Low Medium High Boarding Day Schools: Regional | Consumption Consumption
Density Density Density Schools with WC Hospitals @ (I/head/day) (I/ Ha/day)
(I’lhead/day) (I/head/day) : (I/bed/day)
Second Mombasa and
Seureca Coastal Water Supply 80 70 50 25 700 5 20,000
/Mangat Project Final Design
Reportg January 1998
Feasibility Study for
pebn ; GIBB  \iiifi wSP Area 200 80 50 10 5 5 20,000
October2008
Detailed Design and
Preparation of Tender
Documents for 6
%iigm / Water Service 200 120 60 42 21 333 25,00
Providers; Detailed
Design Report (Kilifi
WSPY; October 2010
- Practice Manual for
Ministry of Water Supply Services
Waterand . PRl S 250 150 75 50 25 400 - 20,000
N in Kerya¢ October
Irrigation 2005

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

a) Residential Water Demand

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

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

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

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

b) Institutional Water Demand

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

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

Dispensary and Healtbentre
Administrative Offices

5000l/day
251/head/day

=A =4 =8 =8 =4

c¢) Commercial Water Demand

The commercial water demariths been determinetlased orthe following commonly accepted
demand criteria i type ofcommercial facility

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

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

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

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

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

Mariakaniis likely to grow at an increasing rateer the design period (up 2040) due tothe
commerce andobust tourism industryplanned improvements of thénfrastructural network in
Mariakaniin relation to therest of the County and potential for new settlement§hus, water
demand is anticipated to increase with time.

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

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

: Water Demand (r/day)
Sublocation : : : : :
Domestic | Health : Education: Recreational Commercial: Industrial Total
Kawala/ 35.0 1.9 1.4 1.1 2.0 14.0 55.4
Kadzonzo
Mariakanif 1,664.0  91.0 68.9 53.0 92.7 665.3  2,635.0
Mitangoni
Mwatate 9.0 0.5 0.4 0.3 0.5 3.6 14.3
Kalalani 208.1 11.4 8.6 6.6 11.6 83.2 329.6
Total 1,916 105 79 61 107 766 3,034
Table4.4: Water Demand for Lond erm Plan HorizorYear 2040
Sub Water Demand (n¥day)
location Domestic | Health : Education: Recreational Commercial: Industrial Total
Kawala/ 61.2 3.3 2.5 2.0 3.4 24.5 97
Kadzonzo
Mariakani/ 2911.4  159.1 120.6 92.8 162.3 1,164.1 4,610
Mitangoni
Mwatate 15.8 0.9 0.7 0.5 0.9 6.3 25
Kalalani 364.1 19.9 15.1 11.6 20.3 145.6 577
Total 3,353 183 139 107 187 1,341 5,309
The water demand projection fdviariakaniis shown irFigure4.1 below.
6,000
5,000 //
;?%: 4,000 //
E
:g 3,000
] ’
£
é //
% 2,000
=
1,000
2015 2020 2025 2030 2035 2040
Year
Figured.1: Water Demand Projection
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5.0

5.1

511

5.1.2

5.1.3

WASTEWATER FLOW PREDICTIONS

Design Criteria

The determination of the wastewater flowadoptedin the design of the Sewsiand Wastevater
Treatment Plant forMariakanihas been guided and based ¢me Standard design criteria
described in the following subections;

Principal References

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

The principal References used to formulate the design criteriMéotakaniare as follows;

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

i Selection and Design Criteria for Sewerage Prpjeeport No. 9 World Health
Organisation (WHO Report No. 9)

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

1 The Design of Small Bore Sewer Systems by Ricl@tid dnd D, Dacan 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 locadl amternationally accepted
design standards.

Sewerage Collection System

As outlinagd in WHO Report No. $here are three forms ofewerage collection systemsamely

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 dggned to carry both astewater flows and storm water

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

Fom the TORMNeither 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 Mster Plan Study. All sewers shall be designed for separate
atgaitSvaoe

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

Sewage Generation

Wastewater collected in theSewerage System is generated from;

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

Not all the water supplied to a premisgill 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 condions with higher losses assotdd with high ground porosity

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

Tabke 5.1: Portion of Water Used that ends up as Wastewater

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

The Study adopts an overall figuré 80%for the sewage contribution factor in consideration
that it has become a standard practice to ad8pfsin the desgn of Sewerage Systerfus other
Towns in Kenya

5.1.3.2Industrial Effluent

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

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

5.1.3.3Infiltration and Inflow

The design of the sewers is based upon the concept of a separate Sewer System, istregwer

are designed to carry only the anticipated sewage flows with only a nominal allowance in the
pipe capacity for infiltration and storrwater inflow. If significant amounts of water from these
other sources are allowed into the sewers, thenthe sewerg Af f 06S WNRO6OSRQ
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 belowngtdenvel through
such means as defective pipes, joints, connections, or manholes.

The rate of infiltration into sewer pipes depends generally on the depth of the water table, the
sub-soil conditions, thevorkmanshipduring construction, the age and coridit of the pipes,

and the frequency of occurrence of improper connections. Another significant factbe
condition and depth of manholes; where covers are damaged or missing, or where the ground
surface level is above cover level, then surface wataoff enter the sewer as inflow.

Forthe design of the sewers Mariakani it is intended to use an infiltration allowance that is
based upon the area contributing to the sewdihis Study adopts the recommendation of
Nairobi City Council Manuaf a onstant infiltration rate of 0.002%s/ha within the design

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

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

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

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

5.1.4 Peak Flow Factor and Sewer Capacity

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

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

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

I = Infiltration Rae (I/s)

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

DWF = 3& @ — ) !
Where:
3& = Sewage Reduction Factor (%)
0 = Population (no. of persons)
= Water Consumption (litres per person per day)
3! = Inflow/Splash Allowance as % of P x G (litres per day)
% = Industrial Wastevater Flow (mi/ha/day)
! = Industrial Drainage Area (Ha)
) = Infiltration Water Flow Bte (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 large trunk sewers have lower peaks than
small branch sewers.
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5.2

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

Table5.2: Nairobi City Council Manual Peak Flow Factors

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

<120.0 5.0
<600.0 3.8
> 600 3.1

ThesePeak Flowfactors are considerably higher than thosesulting fromthe empirical
formulas commonly used. Some of the commonly used formulas are givi@ble5.3 below.

Table5.3: Common Formulas used to calculate Peak 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 pleakors that more accurately correspond
to the measured peaks in the Sewerage System.

Theempirical formulas adopted in the computation of peak flowsNtariakaniare as follows;
9 Babbit formula for populations less than 7,000 persons
1 Harmon Formula fopopulations greater than 7,000 persons

Projected Wastewater Flows

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

Based upon the above componemtsdassuming a regular / unsuppressed water supplyfaiid
water distribution network the projected wastewater generation for the sidzationscovered
by Mariakanihas been determined and is givenTiatde 5.4 below;

Tableb5.4: ProjectedWastewater Generation up to Year 2040

. Area Wastewater Generation (rfid)
SubLocation

(Ha) 2009 2015 2020 2025 2040
Kawala/ Kadzonzo 824 42 48 54 62 97
Mariakani/ 2,437 2,008 2,291 2,584 2,943 4,603
Mitangoni
Mwatate 18 11 12 14 16 25
Kalalani 611 251 287 323 368 576
Total 3,891 2,312 2,639 2,976 3,389 5,300
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However, achieving conditions of regular / unsuppressed water supply and full sewer
connections in a Town wh Sewerage System is nearly impossible. Thisagsed by thdimited
development of water resourcedo serve Mariakani, inadequate water distribution and
seweragenetworks and theprevalent use of onplot sanitation systems due to topography,
affordability, unplanned settlement, etc.

To consider the above situation, the factors of Sewer Connectivity and Water Supply, given in

Tables5.5 and 5.6 below, have been adopted for the formulation of realistic wastewater
generation projection foMariakani

Tabk 5.5: Sewer Connectivity adopted for Realistic Wastewater Generation Projection

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

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

Water Supply Status as a % of
Popuation 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 Cogetion 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 gradial implementation of sewer

connections

Dry Weather Flow, m3/day

6,000

5,000

4,000

3,000

2,000

1,000

100% Sewer Connectivity & Regular Water

Supply

——a& —= Projected Sewer Connectivity and Suppressed

Water Supply

-
-

——

2015

2020

2025
Medium-Term
Plan Horizon

2030
Year

2035
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LongTerm
Plan Horizon

Figure5.1: Projected Wastewater Flowap to Year 2040
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From Figure 5.1 on Page 55, the projected wastewater generatiorbased on the realistic
conditions ofsuppressedvater supply andyradual mplementationof sewer connectionsinthe
Years 2025 ang040 is2,000 m3/dand4,400 m3/drespectively.

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 SAISDEWASTEWATER TREATMENT
PLANTS

6.1 Design of Sewers
6.1.1 Minimum Size of Sewer

Many sewer blockages imban areas occur in the first length of smaliameter sewer with less
than five house connections. Because this observation Nairobi City Council Manual
recommendsa minimumdiameter of200mm for new sewers. Individual house connectiohs
150mmdiameteris havever sufficient

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

To reduce the tendency of blockages, 200mm diameter has been adopted as a misguwam
size forMariakaniSewerage Systenkowever, &the upper ends of sewer lines, the expected
flows would not @&hieveseltcleansing velocities except at rather steep sewer gradiehisis,
150mm diameter sewers sli be adoptedin the upper lengths othe sewers toalleviate this
situation

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

1 ColebrookWhite Formula The Darcy Weisbach Formula, combined with the Colebrook
White formulation of the friction factor, has long been regarded as themulathat 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 tiiistation 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 simplic&jthough
it is empirical, it gives arcaurate aswer, given the uncertainties associated with the flows
generated (population projections, connected population, water consumption per person,
etc.). The formula is as follows:

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

6.1.3 SelfClearsing Gradients and ®locities

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 tosene settling of solids do not occuk.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 severs at a gradient that will give a velocity of 1.0 m/s at full bitwes. The Nairobi City

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

flowing full.

Sewer velocity is more important in tropical climatestsas ifVariakanisince it has been noted

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

This requirement is more important for trurdewersand isinappropriate for house connections

or the secondary sewer®r Mariakaniwhere flows may be intermittent and retention times
short. A mihimum velocity 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 degi of the 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 flush manholes to be provided at the upper sewer sectiongrevent 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 toereduc
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 valueraneimal and hence no upper limit of

flow velocity is recommended.

The following velocity guidelines have been adopted in the design:

1 Minimum velocity at peak flow 0.75 m/s
1 Minimum velocity in exceptional circumstances 0.6 m/s
1 Maximum velocity 3.0m/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 wallgeatite sewage
level oxidise the hydrogen sulphide gas to sulphuric atith attacks thesewer pipesvall and
result torapid deteriorationof concretepipes and corrosionf ferrous pipes

The onset of Hydrogen sulphide attack depends upon many vasiaitiding;
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6.1.5

6.1.6

1 Sewag strength and sulphate content

9 Dissolved oxygen concentration

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

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

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

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

Flushing of sewers prevents hydrogen sulphide generation because sulphides generation result
from sime and sewage deposits.

Ventilation of Sewers

Sewers must have adequate ventilation to:
1 Remove odorous gases released from the sewage
1 Remove explosive and poisons gases produced in the sewage

1 Maintain adequate supply ofoxygenin sewers andprevent hydrogen sulphide
generation

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

Depth of Sewers

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

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

Nairobi City Council Manual recommendsimum degh of sewersof 1200mm in roads and
900mm in all other areagidopting this recommendation at the upstream sewer sectioniat
areas lead to unnecessarily deep sewdteweveradditional protection can be provided at the
upstream section of sewers ihallow depths are adoptetb limit sewer depthsand result to
savings from deep excavations of entire sewer length

The minimum sewer depths and recommendeibe protection measuresn the various
circumstancesre shown inTable 6.2below.

Table6.2: Minimum Sewer Depths and Pipe Protection

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

MIBP/ CES/ BOSCH 6-3



Water and SanitatiorService Impovement Project Additional Financing (WaSSHAR FINAL MASTER PLAN REP(
Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - MARIAKANI

6.1.7

6.1.8

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

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

Manhole Spacing and Sizes

Manholes permit the inspdion and cleaning of sewsrand 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 toeasesewer cleaning.

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

Table6.3: Guideline to manhole diameter and spacing

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

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

Pipe Materials

The choice of pipe material is influenced by:

Hydraulic and structural desigim consideration of whether it igravity orforced sewer
Resistance to chemical and biological processes internally and externally eagi@or
Physichproperties of the pipe material i.e. strengfto preventabrasion)

Types of joints; in view afater tightness which affecigfiltration

Availability ofrequired sewer diameterand necessaryittings

Cost of materials and installations

=A =4 -4 -8 a9

Due to the vaous requirements in th Sewerage System fbtariakanj combiration of various
pipe materials, which are manufactured locally to internationally recognized standaags,
been consideredThese include;

i. Precast Concrete Pipes

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

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

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

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

Larger sizes and higher strength classes can be manufacturedien
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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-plastidsed PVC pipes are manufactured in Kenya in metric sizes up to 450 mm diameter.
The pipes are manufactured in accordance with K&4%and both rubber ring jointed and
cement jointed pipes are available.

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

However, exposure to strong slightover 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 hArge dimeterpipes. Their use has therefore generally bdiemted to diametersless
than300 mm.Despite of the high cost,is customary to specifne use ofClass 41 uPVC pipes
(with thicker wallsYor sewers to provide the additional safeguaadains$ corrosion attacks
and overburden

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

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

use bymost WaterService Providerghe benefits of using HDPE pipes in Sewerage Systems
including reduction in the@umber of manholes required, ease of useanfined spaces and
resistance to corrosion in theoastal townsmakeHDPE Pipes the idesdwer pipe material

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

From field investigations, itas been found thatvhen steel pipes are exposed to the strong
sunlight, the externalprotective bitumen coating become brittle and crack, thimcome
susceptible to theatmosphere. There are also cases where the pipe couplings, and even the
pipes, have been vandalised and stolen for recycling purp@$estigh cost of steel pipealso
discouragesheir usein 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
approptiate pipes for use in large diameter sewer construction in Kenya. For smaller
diameters, uPVC sewer pipes are more cost effective. Steel pipewai@blefor aerial river
crossings, pumping mains, high impeegistance and bridging abilitgither spun iron or mild

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

The Gravity Sewers foMariakani will consist of HDPE/ uPVC pipes asdcket& spigot
concrete pipes.Shdlow sewer sections or those laid on road crossings shall consist of
flexible jointed concrete pipegrotected with a reinforced concrete raft slab

Property Connections

As the designed Sewer Network will comprise Trunk Sewers and Secondary Sewatgsenly
properties that are adjacent to the sewers will easily / directly connect. Other properties will need
to be connected, either bKIMAWASCOa i S NJi rogxdinor &Smaligidud plot owners.

It is not feasible at theonstruction stage to allovior all individual property connections, but,
wherever, possible, 160 mm diametefiinctions slall be provided on the secondary sewers to
facilitate connections.

6.2 Design of Sewage Pumping Stations

6.2.1

6.2.2

Sewage Pumps

The standardization of pumping stations atitkir equipment is very desirable. It simplifies
design, maintenance and repair, and the training of operatives; it also reduces considerably the
amount of spare parts which must be kept in store against breakdowns.

As per theFinal Practice Manual foe®erage and Sanitation Services in Kenya (MWI, 2688),
following types of pumps are considered most suitable for sewage works in kenya:

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

ii. Submersible pumysets incorporating centrifugal pumps (450,5001/min),
iii. Centrifugal pumps (2,50018,200 |/min),

iv. Mixed-flow pumps (above 18,200 I/min).

However, where the public can be excluded, screw pumps are considered suitable for sewage
Gt ATGeE adrdAaz2yad 2 KSNBEOSNI St SOpukipstor driven bya | Ot
electric motors; elsewhere, diesel engines 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 sludge pumps should be potéel against blockage by screens; for the smallest
pumps, 40 mm clear opening screens are required, but 100 mm openings are suitable for the
larger centrifugal and mixeflow pumps.

Sewage Pumping Stations

There are two basic types of sewage pumpingisiaty & > Gt A TG ¢ adlFdAz2ya | yF
into pumping mains. In the lift station, sewage is merely raised from a low to a higher level, for
subsequent gravity flow.

The design of a pumping station is, considerable extent, dictated by the typlmf 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 sophisticatedtgias, 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, containing special equipment mainly the electrical control
panels, which could be dameg by flooding, above the ground surface.

Sewage pumping stations can be broadly classified as follows;

a) Wet Well Stations (Submersible Pumping Stations)
b) Dry Well Stations (Wet Well / Dry Well Pumping Stations)
c) Packaged Pumping Stations e.g. Screw Pungiismigpns
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Wet Well Stations

At such stations, the pumps are installed in the substructure or Wet Well which contains sewage.
This arrangement ensures that the pumps are always primed. Usually, the prime movers are
located in the superstructure and theide is via cased shafting in case of verigtaft pumps.

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

In recent years, several manufactures have started to produce watertight, submersible, portable
pumping sets suitable for sewage, each comprising a centrifugal pump set (centrifugal pump and
electrical notor). It is preferable to have the compact control equipment above ground level and
the remaining unit lowered into underground chamber. This system considerably reduces capital
costs and simplifies maintenance as within minutes, a standby unit can esplaclty set, which

can then be transported to a workshop for repair.

Itis considered that such installations are suitable in Kenya, for pumping capacity within the range
450¢ 2,500 I/min. This guideline has not been stringently followed in this study

Dry Well Stations

The substructure of such stations comprises two compartments, a Dry Well to house the pumps
and a sewage sump to store the sewage, sludge or effluent to be pumped.

The capital costs of such stations are more expensive than Wettattins of similar pumping
capacity, but it is considered that the ease of maintenance provided by this arrangement
compensates for the differences. It is recommended that all larger sewage pumping stations in
Kenya (> 2,500 I/min) should be of this type.

Dry Well sewage pumping stations usually house centrifugal pumps (horizontal or vertical
centrifugal pump sets). In general, horizontal centrifugal pumps are cheaper and easier to
maintain than vertical pumps. However, vertical pump sets have advartagi¢he prime mover

can be installed above ground level, so that it is protected from flooding caused by heavy rain or
a burst on the pipeline. In such installations, the prime mover and pump are connected by
shafting with universal joints. It is recommeadithat, when centrifugal pumps are used, vertical
sets be adopted.

Reciprocating sludge pumping sets may also be installed in Dry Well Stations. These small sets,
which include the prime mover, are usually located on the floors of the Dry wells to reldeice
suction heads on the pump; otherwise the station resembles one housing a centrifugal pump.

Packaged Pumping Stations

These seltontained, factorybuilt units are recent development. They operate by electricity and
are fully automated. Usually, a iinis installed underground and comprises pumping sets
enclosed in a protected steel substructure. Most are designed as Dry Well stations except that
electric motors are usually clos®upled to vertical pumps so that they are also at bottom.

6.2.3 Siting of Seage Pumping Stations

The sewerage system dictates the approximate locations of all pumping stations. However, the
sites for Sewage Pumping Stations should preferably be constructed away from residential
property and should always be readily accessible.

Sewage Pumping Stations are mostly sited inlgng areas, where flooding may be a risk. As a
precaution, the floor of superstructure to the Pumping Station should always be elevated above
the highest recorded flood level.
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6.2.4

Electrical supply and mechaaldailures are common occurrence at Sewage Pumping Stations.
All Sewage Pumping Stations should therefore be so located that resulting sewage overflow
causes minimum hazard to public health and environment. Where possible, a screened overflow
pipe, for ug only during emergencies should be provided to convey sewage by gravity to a
retention ditch or pond.

Capacities of Sewage Pumping Stations Components

Pumping and Station Capacities

When a Sewage Pumping Station has dyoamic pumps, its total pumpincapacity should be
compatible with peak flows in the sewerage system it serves; if the sewers are not operating at
their design capacities, then the installed pumping capacity should be correspondingly reduced.

It is relatively simple and inexpensivedbange or add pumping sets, and thereby increase the
pumping capacity of a station, if the building is sufficient for future installations. It is reasonable
to install pump sets to serve for 5 to 10 years, depending upon the rate of increase of sewage
gereration in future. Buildings and other ancillary works should have design period of 20 years.

Sewage Pumping Stations with screw pumps or diverters cannot be designed in this way, as once
initial installation is complete, the pumping capacities can oelyncreased by duplicating the
installation. Where such types of stations are provided, it is considered reasonable to design them
for either the maximum flow the sewerage system served can produce or 50 per cent more than
the peak wet weather flows antjgated, whichever is lesser.

If, in the case of diverters, this formula results in design flows of 450 I/minute or more, then
centrifugal pumps rather than diverters should be installed.

Standby Units

In the smallest sewage pumping stations, the pumpeagiipment should be duplicated and
should be so sized that either one of the two pump sets, working alone, can deal with the peak
inflow to the station; that is, there should be 100 % standby.

The percentage of standby may be reduced as the number ofppgets installed in a station
increases; for example, for a station which should deal with a peak inflow of 1,800 I/min, it may
prove cheaper to have three pump sets each rated at 900 I/min rather than two sets each with a
capacity of 1,800 I/min; in thisase, the provided standby is only 50 %.

It is recommended that the percentage standby never drops below 33 %; that is, the total number
of pump sets in larger stations should be such that about thipearters of pumps can deal with
peak flows, with theemaining pump(s) held in staray.

Wet Wells and Sewage Sumps

The rate of inflow to Sewage Pumping Station normally varies throughout the day. As the installed
pump-sets will each have finite capacities, rather than variable, a sewage sump providemggestor

is required to deal with the inflow fluctuations; in the case of Wet Well type of pumping station,
(KS GSN¥a 6280 28tté¢ FyR a{S6F38 [dzYLE I NB &c¢
Effectively, the capacity of sewage sump is the volume between the highest level at which the

pumps start and the lowest level at which they stop. Usually, the highest level will be just below
the invert of lowest incoming sewer, to help prevent surcharging of the sewerage system.

I {Sgl3S {dzyLIQa OF LI OAGe& &K 2 dzth&®pudpScapediiés|tdi SR
reduce wear on the mechanical and electrical equipment in the station by minimizing the number

of pump startsEach pump should be limited to about six starts during any hour; the maximum
number of starts occurs when the station mils is equal to half the pumping capacity of one

pump. On the other hand, if sewage sumps are too large, sewage will tend to become anaerobic
during its retention.
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6.3
6.3.1

It is recommended that the capacity of the sewage sump in a Pumping Station be calculated
following the formula given below;

V =300Q

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

The capacity of the sewage sump given by the above formulae represent thef suecapacities
of the individual compartments if multiple sumps are provided at a Sewage Pumping Station.

At least two compartment of sewage sump is necessary, to facilitate cleaning of the wells and
pipe work and repairs to pumps. These compartmerisutd be interconnected by orifice
through the dividing walls which can be closed by penstocks, when necessary, to isolate a
compartment.

Design of Wastewater Treatment Plants
SelectionCriteria forTreatment Process / Technology

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

i) Nature and Strenth of Wastewater
The physical, chemical and biological treatment processes are primarily governed by the
nature of pollutants to be removed and their strengths in the wastewater. The treatment
system selected has ensured the attainment of required poltutamoval 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 dgamic unitcost as average cost/nof wastewater treated for different
treatment technologies as summarisedrigure6.1 below;

Anaerobic Ponds +
Trickling Filters + .
‘ Maturation Ponds |

| Oxidation Ditch +
Maturation Ponds / /
2,000 / / | |
Waste Stabilization
Ponds

4,000

3,000 ——

|
}
|
|
|
|

Capitla Cost (Ksh, Million Ksh)

1,000

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

Flow, m3/d

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

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

Figure6.2 belowshows the land requirements fohe various treatment technologies.
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Figure6.2: Land Rguirementsfor the various Treatment €chnologies
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iv) Operational Skills

Treatment technologeswhoseskill 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 retssa huge impact on
the capital cost, operational cost and land requirement. Bha&ction of wastewater
treatment technology hasonsideredminimal productiorof sludge and itsafe disposal

vi) Energy Recovery

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

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

vii) Fertilizer Recovery
The presence dfiutrients such asitrogen, phosphorous and potassium makes sludge a
valuablefertilizerresource after stabilization. Natural and mechanical composting can be
practised for convesion of sludge into fertilizer.
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viii) Sludge Handling
In the absence of energy and fertilizer recoyegenerated sludgémostly liquid must be
disposed of in a safe argbund manner to the public and environmeait the Sludge
Dump Site. Dewatering of sludge by use of Sludge thickeners, Sludge Drying Beds, etc.
prior to transportation is necessary. Somoé these techniques are labour and land
intensive and involve mechanical equipment.

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

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

1 Topography of the land and its potentials for erosioml aunoff
1 Soil Characteristics

T Soil depth to ground water

T Accessibility & proximity to critical areas

Availability of clean earth for covering the dumped sludge / solid waste have been
considered to 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 Wasiater Treatment Plant to the buitdp areas.

6.3.2 Alternative Wastewater Treatment Procegs/ Technolodes

The followingbiological Wastewater Treatment Technologies have been analysed in detail using
the criterialisted inSubsection 6.3.1

i) Waste Stabilization Ponds

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

{1 Household {1 Household reywaler (@ Sludge)

F Neighbourhood %] Shared Outputs: @ Effluent @ Sludge

%] City %] Public

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

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

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

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

A typical layout of Waste Stabilization Pond is gindfigure6.3 below;

Raw
wastewater

e N By I v B o

Final
effluent

% 1 anaerobic % 2 facultative % 3 aerobic maturation %

Figure6.3: Layout of Waste Stabilization Ponds

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

if) Trickling Filters

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

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

A trickling filter is a fixetbed, biological reactor that operates under (mostly) aerobic
conditions. Prea SG 0 f SR 61+ a0Sél 0SN) Aa O2y(dAydz2dzaf @
using sprinkler as shawin Figure6.4 below.

sprinkler

filter

S

air

outlet
—

collection I

‘il
1.;%...
35

feed pipe D: —

filter support : i TR (NI CRRNRYARET NI

-
=9
-
i~/
=

Figure6.4: Sectional View of a Circular Biofilter

As the water migrates through the pores of the filter, organics are degraded by the
biofilm covering the filter material. Theyrgrduce high quality effluents (e.g. <20 mg
BODI and <30 mg SS/I) without requiring large areas of land or consuming vast quantities
of electricity. In many situations in developing countries they are much more appropriate
than activated sludge. Tricklifilters comprise a@@ m deep bed of 5100 mm rock.

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

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

iii) Oxidation Ditch/ Extended Aeration

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

I Housahold CJ Household G Browmwater € Greywater

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

%] City %] Public

Oxidation ditches are a direct modification of conventional activated sludge. Their
essentialoperational features arghat 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 D days. The latter, achieved by recycling >95 per
cent of the activated slige, ensures minimal excess sludge production and a high degree
of mineralization in the small amount of excess sludge that is produced. Sludge handling
and treatment is almost negligible since the small amounts of waste sludge can be readily
dewatered wihout odour on drying beds. The other major difference is in reactor shape:
the oxidation ditch is a long continuous channel, usually oval in plan @ thaleep.

The ditch liquor is aerated by several aerators, which impart a velocity to the ditch
conterts of 0.3,0.4 m/s to keep the activated sludge in suspension. The ditch effluent is
discharged into a secondary sedimentation tank to permit solids separation and sludge
return and to produce a settled effluent with loBODand SS. Removals consistentl >9
per cent are obtained for botBODand SS.

Currently, here are few oxidation ditches in developing countries sinaste
Sabilization Ponds are usually more favourable, both in terms of costs and faecal
bacterial removal; although where there is diable electricity supply but insufficient
land for pondOxidation Ditcheare increasinglpeingused.

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

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 =9
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iv) Sequencing Batch React@®BR)

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

1Household I Household h— & Greywa

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

(%] City (%] Public

The Sequencing Batch Reactor (SBR) is an activated sludge process designed to operate
under nonsteady state conditions. An SBR operates in a true batch mode with aeration
and sludge settlement both occurring in the same tank. The major differbateeen

SBR and conventional continueflew activated sludge system is that the SBR tank
carries out the functions of equalization aeration and sedimentation in a time sequence
rather than in the conventional space sequence of contindtms systems tha smaller
footprint (seeFigure6.5below).

Sequential Batch Reactor

Raw Sewage | : Filling
|

x

* | Aeration

Decant | |
B Pk Air Blower |

UV System *

Treated Water > o

< Settling
smagenuscharge“

| occasionally |

Figure6.5: Schematic Showing SBR operational cycle

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

SBRs require controls to reduce energy consumption and enhance the selective pressures
for BOD nutrient removal, and control of filaments. Thiange from a simplified float

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

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

Preliminary Treatment

Regardless of the Wastewater Treatment technology considered, it is important to have a
preceding préminary Treatment Process at the Wastger Treatment Plant.

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

Some of the eliminary treatmentprocesses are briefly described below;

MIBP/ CES/ BOSCH 6-14



Water and SanitatiorService Impovement Project Additional Financing (WaSSHAR FINAL MASTER PLAN REP(
Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - MARIAKANI

a) Screening

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

Manually cleaned screens require little or no equipment maintenance and are suitable for
small WWTPs with few screenings. However, they redu@guent raking to avoid clogging
and high backwater levels that cause bdildl of solids mat on the screen. The increased
raking frequency increaséabour costs

Mechanically cleaned screening systems are popular in modern WWTPs because they
reducelabour costs and improve flow conditions resulting from screen capture. However,
they have a high equipment maintenance costs. A screening compactor is usually situated
close to the mechanically cleaned screen and compacted screenings are conveyed to a
dumpser 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@6HPse screens remwe

large solids, rags, and debris from wastewater, and typically have openings of 6mm or larger.
Fine screens are used to remove materials that may create operation and maintenance
problems in downstream processes, particularly in systems that lack pritresitment.
Typical opening sizes for fine screens are 1.5 to 6 mm

b) Grit Removal

Grit includes sand, gravel, cinder, or other heavy solid materials that have higher specific
gravities than the organic biodegradable solids in the wastewater. Removal pfeyents
unnecessary abrasion and wear of mechanical equipment, grit deposition in pipelines and
channels, and accumulation of grit in anaerobic digesters and aeration basins. Removal of
grit is carried out in a channel or chamber, where the veloditthe incoming wastewater

is adjusted to allow settlement of sand and grit. Grit removal facilities typically precede
primary clarification, and follow screening to prevent large solids from interfering with grit
handling equipment. In secondary treatmeptants without primary clarification, grit
removal should precede aeration (Metcalf & Eddy, 1991).

Many types of grit removal systems exist, including;
0 Aerated grit chambers
0 Vortextype (paddle or jet indua vortex) grit removal systems
0 Detritus tanks (8ort-term sedimentation basins)
0 Horizontal flow grit chambers §locity-controlled channel)
0 Hydrocyclonegcyclonic inertial separation)

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

c) Flow Control and Overflow

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

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

Vi.

Vil.

Viil.

Identification of Ste for the Wastewater Treatment Plant (WWTP)

The location of the proposed Wastewat€reatment Plant(s) is identified after the selection of
wastewater treatment technology and determination of the land required for the installation of
the various units of the WWTP. Possibilities of future extension of the WWTP is also considered.

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

LandUse

In the Landuse Map different areasof Mariakanihave been assigned varieskisting and
proposed uses. Areas earmarked for residential, industries, agriculturestéorand social
amenities are considereddssuitablefor the locationof a Wastewater Treatment Plant (WWTP).
On the other handpublic utility or undeveloped Agricultural Lardcated away from the
sensitive residential areas are preferred.

Distance ofEffluent Discharge Point

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

Taopography 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 regeinents 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 instance, i or clay soils arsuitablefor pond construction.

More often, thegeological formation within a Town is fairly similaor instance, all the candidate
sites inMariakanicomprise of anixture of well drained, deep, dark brown to yellowish brown,
firm, very fine sandy clay loam to clay, with a topsoil of loamy very fine sand to very fine sandy
loam (Uc4)These soils are #able for WWTP (Waste Stabilization Ponds) construction.

Existing Infrastructure

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

Potential for reuse of treated wastewater

Treated vastewater can be reused for beneficial purposes such as agricultural irrigation,
industrial pocesses, ground water recharge, eiroximity to the potential raise application

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

Land Acquisition

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

7.1 Delineation of Drainage Areas

FORMULATION QAL TERNATIMBEEVELOPMENT STRATEGIES

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

A total of three (3drainage areakave been formulateih Mariakani

Based on the projected land ugmopulation and water deman(@cluding suppressed conditions)
as detiled in the previous Chapterthe sewage generate(Dry Weather Flow) at the various

design horizons byones of the Drainagareaincluding BOBis givenin Table7.1 below.

Table7.1: Summary of Sewage @BOL Generated per Drainage Area

SilieaE CavEEes Year 2025 . Year 2040 .
Area  (Ha) DWF (m?/d) o~ /; T DWF (m¥d) - /I;S d
1 662 329 549 721 567
2 247 256 782 595 784
3 2,082 1415 5488 3,083 515
Mean i 0 527 0 537
Total | 3,891 2,000 i 4,400 i

The Projected Dry Weather Flow for the study arellafiakaniat the Design Horizon (Yed4D)
is approximately,400 n¥/day.

Alayout Plan showing the proposed drainage ansagiven irFigure7.1 on Page7-2.
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7.2

Description ofAlternative Wastewater Managment Schems

Two Alternative Wasteater Management Schemes have befemmulated andevaluatedto
serve the sanitation needs of Mariakani up to Year 2040 as briefly described below;

)

Alternative 1¢ Centralized Scheme with a Wastater Treatment Plant aKawala

This Alternative Scheme entails conveyiwastewater generated irMariakani to a
centralized WastewateTreatment Plant (ultimate design capaait$,400 m3/d)located at
Kawala This site has been selectafter evaluation of pertinent physicagnvironmental

and economic considerations including the ease with which wastewater generated from
Mariakanican be conveyed by minimal pumping to the site, land availability in this un
developed area and its safe distance from the bujitareas.

Due tothe nature of topography in Maakani the wastewater will be conveyed to the
proposed centralized Wastewater Treatment Plant gisseries of gravity andimited
pumping systencomprising of3 Nr Pumping Stations.

A full conventional Wastwater TreatmentPlant encompassing Waste Stabilisation Ponds
hasbeen adoptedconsidering availability of land, costs of land acquisition, capital costs and
low operation and maintenance requirements. The main components of the Wastewater
Treatment Plant include:

T InletWorks

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

9 Staff Houses and Administration Buildings

i Site and Ancillary Works

A summary of thedetails of the Sewerage System and Wastewater Treatment Rdant
Alternative 1is given inTable7.2 below.

Table7.2: Alternative Scheme & Sewerage System and WastewatéreatmentPlant

UG Pumping Statios WastewaterTreatmentPlants
Secondary Sewers

. . . Land
Dia. Length Design flow | Pumping : Power Location  Technolo Requirement
(mm) (M) (mh) Head (m)  (KW) 9y q (Ha)
450 1,250 263 5 4
375 2,660 38 78 11 Waste

Kawala | Stabilization 10

300 5,500 47 32 6 Ponds
225 33,850 - - -

A detailed Layout Pldior Alternative Skkeme1lis given irFigure 7.2on Page7-4.
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Figure7.2: Alternative Scheme 1 Mariakani
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