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EXECUTIVE SUMMARY

El GOALS AND OBJECTIVES OF THIS STUDY
Goalsandobjest @Sa ' NB RSTAYSR Ay GKS ¢2w ot | NI INIF LK
is to identify a sound and rational strategy for the development of sewerage services in Mombasa
and selected Towns over the nextenty-five (25) years to improve the quafitof effluent to
NAODBSNEX LYRAIFY hOSIFYy YR 3INRBdzyRgl GSNI FYyR (2
The key objective of the proposed Master Pfan Mombasalsland and NortiMainlandis to
come up with a phased investment programme for Immedia®&hort Term Plan (20162020),

Medium Term Plan (202¢ 2025), Long Term Plan (20262040) and recommend a treated
effluent disposal / reuse strategy for the effluantMombasalsland and NorttMainland

B OBJECTIVES OF THIS REPORT

The Final Wastewter Master Plan Report presents the outputs of the Feasibility Study, the
Selected Development Strategy and the Preliminary Design of the planned infrastructure for the
Sanitation System dflombasa Island and North Mainland

The components of this Repariclude the following;

Present Sanitation Situation in the Study AgeRroposed Immediate Interventions
Future Sewerage System / Coverage Area Expansion

Analysis of Sewage Generation and Network Analysis

Formulation ofAlternative Wastewater Managementiategies

Detailed Evaluation of thélternative Wastewater Managemer&tratedes including
Wastewater Treatment, Social / Environmental AssessmEognomic and Financial
Analysis and MuHCriteria Analysis

Description of Selected Wastewater Managemeydt&m Development Strategy
Investment and Financial Management Plan

Proposed Implemntation / Development Schedule

I Summary and Recommendations of the Master Plan

B3 STUDY AREA AND DEMOGRAPHY

Mombasa County comprises of four distinct Service Areablombasa Island, NortMainland,
South Mainland and West Mainlan@ihe Study Area for this report combines Mombasa Island
and North Mainland service areag he current (year 2016) population of Mombasa Island is
176,000and for Mombasa North Mainland is 8000.

The suHocations forming Mombasa Island and North Mainland, their total coverage areas as
well as the study area are givenTiableElbelow andTable Edn Page B on Page B2,

=A =4 =4 =4 4

= =4 =4

TableEXl Sublocations and Study Area for Mombasa Island

Sublocations Total Area (km?) Coverage(lan:r;;a Study Area
Kizingo 2.16 2.08
Ganjoni 2.13 1.44
Mwembe Tayari 0.63 0.63
Majengo 1.48 1.48
Makadara 0.40 0.40
Mji Wa Kale 0.41 0.39
Bondeni 0.48 0.48
Tononoka 1.01 1.01
Tudor Four 1.72 1.68
Tudor 0.85 0.78
Railway 3.48 2.13
Total 14.75 12.49
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TableE2 Sublocations and Study Area for Mombasa North Mainland

Sublocations Total Area (km?) SR Nt Sy
Area (km2)
Kongowea 8.50 7.10
Maweni 6.47 4.67
Kisauni 8.18 6.19
Magogoni 8.33 7.29
Junda 7.52 3.68
Bamburi 12.45 9.60
Shanzu 7.32 5.29
Mwembe Legeza 11.09 8.29
Total 69.86 52.11

Figure EL below shows the Study Area of Wastewater Master Plan

e s s o o axe
1 L I L 1 I
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NORTH MAINLAND

WEST MAINLAND

INDIAN OCEAN

MEBANMTA

1ne o ' na 5331 > e s
— .
|
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p SOUTH MAINLAN > i
= ; //r/\\,,

Figure E1Study Area of Wastewater Masterpian for Mombassldnd and North Mainland

The analysis of previous demographic data obtained fréental Bureau of Statistics (CBS)
indicates thatthe averageannual growth rates for Mombasa Island and North Mainland in the
inter-censal period (199§ 2009) are-1.8%and4.10%respectively

The futurepopulation of the Study Area has been projected based on a medium rate scenario
with annual population growth rate &.0%to Year 204®ased on the medium growth rate

A summary of the projected population of the Syullrea is given in Table B8d E4 on PageE
for Mombasa Island and North Mainland respectively
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E4

Table E3:Summary of Population Projection within the Study AreaMombasa Island

Sublocations 2009 2015 2020 2025 2040
Kizingo 6,835 8,162 9,462 10,969 17,089
Ganijoni 6,904 8,244 9,557 11,079 17,261
Mwembe Tayari 8,047 9,608 11,139 12,913 20,118
Majengo 31,630 37,767 43,783 50,756 79,077
Makadara 8,795 10,501 12,174 14,113 21,988
Mji Wa Kale 10,095 12,055 13,974 16,200 25,239
Bondeni 9,927 11,854 13,742 15,931 24,819
Tononoka 17,196 20,533 23,804 27,595 42,992
Tudor Four 14,174 16,925 19,621 22,746 35,437
Tudor 16,431 19,620 22,745 26,368 41,080
Railway 5,207 6,217 7,207 8,355 13,017
Total 135,242 161,486 187,207 217,024 338,117

Table E4:Summary of Population Projection within the Stiy Areag North Mainland

Sublocations 2009 2015 2020 2025 2040
Kongowea 54,381 64,934 75,276 87,265 135,956
Maweni 30,954 36,961 42,848 49,673 77,389
Kisauni 61,225 73,105 84,749 98,247 153,066
Magogoni 72,751 86,868 100,704 116,744 181,883
Junda 19,321 23,070 26,745 31,005 48,304
Bamburi 3,682 4,397 5,097 5,909 9,206
Shanzu 19,374 23,134 26,819 31,090 48,438
Mwembe Legeza 6,812 8,134 9,429 10,931 17,030
Kongowea 21,612 25,806 29,916 34,681 54,032

Total 290,112 346,409 401,583 465,545 725,304

WATER DEMAND FORECAST

Water demand has been determinecded on the regular / unsuppressed water consumption
rates, projected populations, proposed lande (health, industrial, institutional, commercial and
residential zones) andn the premise thathe water distribution network has full coverage of

the Study Area.

Figure Edelow shows the projected trend in the combined water demand for the study area
(Mombasa Island and North Mainland) upthee Ultimate Design Horizogydar 2040.
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Figure E2Water Demand Projection
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ES

WASTEWATER FLOW PREDICTIONS

The total wastewater generated with each of tilstudy area has been determined by the
wastewater generated from the water consumed (sewage generation factor of 80%), infiltration
into the sewers andplash flows. Assuming a regular water supply conditima, full coverage

of water distribution systemthe projected combined wastewater flow for the entire study area
in the year 2040, is approximatel6,409m3/day.

However, achieving conditions @gular / unsuppressed water supply and full sewer connections

in a Town with Sewerage System is nearly impossible. This is due to limited development of water
resources, inadequate water distribution and sewerage networks and prevalent usepdton
santation systems due to topography, affordability, unplanned settlement, etc.

To consider the above situation, the factors of Sewer Connectivity and Water Supply, given in
Table B and Table E6 below have been adopted for the formulation of realistic wasatsv
generation projections.

Table E5Sewer Connectivity adopted for Realistic Wastewater Generation Projection

. Sewer Connections
Population Category Based on Income Levels 5051 2030 2031 2040
High Income 20% 80%
Medium Income 100% 100%
Low hcome with Individual Water Connection 60% 80%
Low Income without Individual Water Connection 30% 40%

Table E6Water Supply Status adopted for Realistic Wastewater Generation Projection

Water Supply Statussa % of Regular
Population Category Based on Income Levels 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 Connectic 50% 80%

Figure Edelow shows the comparative trenaé wastewater flow generation for the combined
Mombasa Island and North Mainlastudy areaunder Ideal condition (100% Sewer Connections
and Regular Water Supply) and Realistic conditions;

130,000
[
120,000 ———— 100% Sewer Connections & Regular Water Supply
= = @ = = With Projected Build-out of Sewer Connections and
110,000 Suppressed Water Supply
100,000
g o000
g =
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Figure E3: Comparative Projected Wastewater Flaypsto Year2040
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FromFigure E&bove, the projected wastewater generation based on the projected fmuitcbf
sewer connections and suppressed water supply at the Years 2025 and 28608 m3/dand
87300 mé/drespectively.

The design of Wastewater Managementt@&ane Components i.e. Sewerage System and Water
Treatment Plants, has been based on the wastewater flow generation developed from the
projected build-out of sewer connections and suppressed water supply.

B ALTERNATIVE WASTEWATER MANAGEMENT STRATEGIES

Threealternative Wastewater Management Schemes are feasible for Mombasa Island and North
Mainlandas briefly described below;

a) Alternative 1:Decentralizedsystem withExisting Kizingo WWTP (Preliminary Treatment +
Long sea outfall) for Mombasa Island andNR Waste Water Treatment Plan{§Vaste
Stabilization Pond$dr Mombasa North Mainland dtguu Tatu and Shimo la Tewa

b) Alternative 2: Centralised Waste Water Treatment PlgiWaste Stabilization Pond$yr
Mombasa Island and Mombasa North MainlatdNguu Tatu in Mombasa North Mainland

c) Alternative 3: 2Nr Decentralized Waste Water Treatment Pl@Maste Stabilization Ponds)
in Mombasa North Mainland i.e. &lguu Tatuor Mombasa Island and larger part of North
Mainlandandat Shimola Tewa for northem part of North Mainland.

The locations of these WWTP are showFigure Edelow;

se0sco
|

INDIAN OCEAN

I 1 1

Figure E4: Locations of the Alternative Waste Water Treatment Plant
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A summary of the proposed schemesKtombasa Island and Mombasa North Mainlaralvn is given
in TableE7below.

TableE7: Summary of Alternative Wastewater Management Schemes

Conveyance System Wastewater Treatment Plants
Alternative | Secondary and Design Land

No. of Pumpin . . Treatmen .
Scheme  Trunk Sewers > 2 PUMPING ) ocation Capacity eatment Required
Stations Technolay
(km) (m3/day) (Ha)
Mombasa Island; Mombasa Island: Existing
90 Km 12 Kizingo 25,000 Long Sea Outfal 1.0
1 North Mainland | North Mainland Nguu Tatu 52 300 Waste 115
250 Km 17 Stabilization
Shimo la Tewa: 9,900 Ponds 25
Mom;)gian:sland Mombzli;a sland Trickling Filters
2 North Mainland North Mainland Nguu Tatu 87,300 and I;)/Ig:érsatlon 125
250 Km 17
Mombasa Island.  Mombasa sland Nguu Tatu 77,300 Waste 160
90 Km 12 o
3 North Mainland North Mainland Stabilization
Shimola Tewa 9,900 Ponds 25
250 Km 17

E/ MULTICRITERIA ANALYSIS AND REVIEW OF DEVELOPMENT STRATEGIES

Inthe Multi-CriteriaAnalysis, alternative treatment trains and schemes have been evaluated to
determine the most suitable wastewater treatment scheme fdombasalsland and North
Mainland

A summary of the weighted totals for the alternative wastewater treatment trains is given in

TableB3 below.
Table BB: Weighted Totals for the alternative wastewater treatment trains
Simplicity of Net
Operations Environmental Land Institutional | Weighted
Preent . Rank
and Impacts Requirement  Strength Total
. Value
Maintenance
Waste
Stabilization 0.486 0.548 0.456 0.052 0.410 0.457 1
Ponds
Composite 0.11 0.23 0.26 0.09 0.13 0198 3
Biofilters
Composite
Oxidation 0.108 0.136 0.141 0.192 0.085 0.127 4
Ditches
Long Sea 0.30 0.08 0.14 0.66 0.37 0218 @ 2
Quitfall

Similarly, a summary of theeighted totals for the alternative schemes developedNmmbasa
Island and NorttMainlandis given infableEd on Page E.
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Table E9: Weighted Totals fothe alternative schemes

Simplicity of .
Operations N Environmental PO Land Land | Weighted
Present for . Rank
and Impacts Acquisition . Use Totals
. Value Reuse

Maintenance
Decentralized Scheme witl
1 NrLong Sea Outfall for
Island and2 Nr. WSP 0.12 0.47 0.12 0.12 0.16 0.31 0.20 3
Systenfor North Mainland
Centralized Scheme with
INrTrickling Filters and
Maturation PondsSystem 0.56 0.06 0.32 0.18 0.54 0.58 0.39 2
for both Island and North
Mainland
Decentralized Scheme witt
2Nr WSP Systems for both 0.32 0.47 0.56 0.69 0.30 0.11 0.41 1
Island and North Mainland

Fromthe Multi-CriteriaAnalysisa Dee@ntralizedWastewater Management Scheme with 2 Nr.
Wastewater Treatment Plagat Nguu Tatu and Shimo la Tewamprising of Waste Stabilization
Ponds $stensisthe most suitabléNVastewater Management Schenaad is recommended for

Mombasalsland and Ndh MainlandSanitation Strategy

Table EObelowgives a summary of the details of this recommended Wastewater Management

Scheme.
TableELQ: Details ofrecommendedWastewater Management SchemgDe@ntralized Scheme
Conveyance System Wastewater Treatment Plant
Alternative . Land
SeaEie Secondary and ‘ No. of F_’umplng Location Treatment Required
Trunk Sewers (km) Stations Technology (Ha)
Mombasa Island ~ Mombasa Island ~_Nguu Tatu 160
3 90 Km 12 77,300 ni/d Waste Stabilization
North Mainland- North Mainland-  ghimo la Tewa Ponds
250 17 9,900m¥/d 25
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B3 PROJECT COSTS

The Capital Cost of thselectedWastewater Management Scheme ffombasalslard and
North Mainlandhas been worked out on the following basis;

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

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

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

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

1 Land Acquisition 2,600,000,000 25,242,718

2 Civil Works 14,807,881,043 143,765,835
2.1  Wastewater Treatment Plant 8,776,677,125 85,210,458
2.2 | Pumping Stations 693,065,147 6,728,798
2.3  Sewers 5,338,137,771 51,826,580
3 ElectroMechanical Works 923,974,473 8,970,626
3.1 | Wastewater Treatment Plant 461,930,375 4,484,761
3.2  Pumping Stations 462,044,098 4,485,865
Total Capital Cost 18,331,855,516 177,979,180

Asummaryof the Phased Investment cost fdfombasalsland and North Mainlan@/astewater
Management System is givenTiables ELOand EL1 below;

TableELO: Costs for MediumaTerm Plan (Year 20202025)

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

1 Land Acquisition 2,600,000,000 25,242,718
Sewerage System 6,227,884,420 60,464,897
Wastewater Treatment Plant 5,132,870,065 49,833,690
Total 13,960,754,485 135,541,306

TableELL: Costs for Longerm Plan (Year 20262040)

S/No. Component Cost (Kshs) Costs (USD)
1 Sewerage System 599,926,322 5,824,527
2 Wastewater Treatment Bht 4,581,754,015 44,483,049

Total 5,181,680,337 50,307,576

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

a) Electricity Costs at the Pumping Stations has been assumed to increase ann8&lly at
p.a. (&me as population) due to increased sewage flow from the increased connections

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

c) Replacement of the Electfdlechanical Items to be carried out every 10 Years with repair
works planned for every intermediate 5 years between the replacement schedule
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A simmary of the Annual Operations & Maintenance Costs in the first year of ope@itite
Schemas given inTable EL2 below;

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

S/No. Component Costs (Kshs) Costs (USDY!
1 Maintenance Costs 185,437,155 1,800,360.73
2 Electricity Costs 120,784,521 1,172,665.25
3 Staf Costs 8,286,793 80,454.30
Total O&M Cost 314,508,469 3,053,480.28

[ ¢ Exchange Ratet USD = 103 Kshs

[=¢) FINANCIABAND ECONOMIENALYSIS OF THE SELECTED DEVELOPMENT STRATEGY

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

to the welfare of a region or a countr®n the other hand,ifancial analysisvaluates Project
liquidity andprofitability.

TheCapital Costs fathe Investment Phaseand their associated Operations and Maintenance
Costs have been used to project the Annual Project Expendituseirasnarized inTable B3

below;

TableE13 Scheduleof Annual Project Expenditures

Year Project Cost, Kshs O&M, Kshs Depreciation, Kshs Total Cost, Kshs
2021 3,351,019,37 - - 3,351,019,37
2022 3,351,019,37 - 259,902,168.2 3,610,921,54
2023 3,351,019,37 314,508,468.7 389,853,252.3 4,055,381,10
2024 3,351,019,37 318,132,004.4 519,804,33613 4,188,955,72
2025 - 321,864,246.0 519,804,336.4 841,668,58
2026 492,777,80 325,708,455.0 542,269,971.1 1,360,756,22
2027 492,777,80 329,667,990.2 561,379,681.3 1,383,825,47
2028 492,777,80 333,746,311.5 580,48,391.6: 1,407,013,50
2029 - 337,946,982.4 580,489,391.6 918,436,37
2030 739,166,70 342,273,673.4 609,153,956.9 1,690,594,33
2031 985,555,60 346,730,165.2 585,805,911.2 1,918,091,67
2032 1,231,944,50 351,320,351.7 572,012,720.7 2,155,277,57
2033 492,777,80 356,048,243.8 529,554,964.7 1,378,381,00
2034 - 360,917,972.7 467,987,498.5 828,905,47
2035 - 365,933,793.4 467,987,498.5 833,921,29
2036 - 371,100,088.8 455,577,88.12 826,677,97
2037 - 376,421,373.0 446,524,200.1 822,945,57
2038 - 381,902,295.8 437,470,513.1 819,372,80
2039 - 387,547,646.2 437,470,513.1 825,018,15
2040 - 393,362,357.2 423,889,982.6 817,252,34
2041 - 393,362,357.2 423,889,982.6 817,252,34
2042 - 393,362,357.2 423,889,982.6 817,252,344
2043 - 393,362,357.2 423,889,982.6 817,252,344
2044 - 393,362,357.2 423,889,982.6 817,252,34
2045 393,362,357.2 374,04,704.2 767,457,06
2046 393,362,357.2 374,094,704.2 767,457,06
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Assumingadoption of the proposed tariffs and attainment of the projected sewer connections,
the projected financial statement has been determined and summarizédlae E4 below;

Table E14 ProjectedFinancial Statemenof the Project

Project Income and expenditure Financial statement (Kshs)

Year

Total Project
Revenue

Billings Not
Recovered

Net Project
Revenue

Operations &
Maintenance

Annual
Depreciation

Total
Expenditure

Net Revenue

2023

820,862,529

82,086,253

738,776,276

314,508,469

389,853,252

704,361,734

34,414,542

2024

820,862,529

82,086,253

738,776,276

318,132,004

519,804,336

837,936,354

-99,160,078

2025

1,002,495,389

100,249,539

902245,850

321,864,246

519,804,336

841,668,596

60,577,254

2026

1,451,640,041

145,164,004

1,306,476,037

325,708,455

542,269,971

867,978,440

438,497,597

2027

1,451,640,041

145,164,004

1,306,476,037

329,667,990

561,379,681

891,047,686

415,428,351

2028

1,451,640,041

145,164,004

1,306,476,037

333,746,312

580,489,392

914,235,718

392,240,319

2029

1,451,640,041

145,164,004

1,306,476,037

337,946,982

580,489,392

918,436,389

388,039,648

2030

2,457,689425

245,768,943

2,211,920,483

342,273,673

609,153,957

951,427,646

1,260,492,837

2031

2,457,689,425

245,768,943

2,211,920,483

346,730,165

585,805,911

932,536,092

1,279,384,391

2032

2,457,689,425

245,768,943

2,211,920,483

351,320,352

572,012,721

923,333,088

1,288,587,394

2033

2,457,689,425

245,768,943

2,211,920,483

356,048,244

529,554,965

885,603,225

1,326,317,258

2034

2,457,689,425

245,768,943

2,211,920,483

360,917,973

467,987,499

828,905488

1,383,014,995

2035

2,457,689,425

245,768,943

2,211,920,483

365,933,793

467,987,499

833,921,309

1,377,999,173

2036

2,457,689,425

245,768,943

2,211,920,483

371,100,089

455,577,887

826,677,994

1,385,242,489

2037

2,457,89,425

245,768,943

2,211,920,483

376,421,373

446,524,200

822,945,591

1,388,974,891

2038

2,457,689,425

245,768,943

2,211,920,483

381,902,296

437,470,513

819,372,828

1,392,547,655

2039

2,457,689,425

245,768,943

2,211,920,483

387,547,646

437,470,513

825,018,178

1,386,902,304

2040

4,750,348,174

475,034,817

4,275,313,356

393,362,357

423,889,983

817,252,359

3,458,060,997

2041

4,750,348,174

475,034,817

4,275,313,356

393,362,357

405,782,609

799,144,986

3,476,168,370

2042

4,750,348,174

475,034,817

4,275,313,356

393,362,357

383,148,391

776,510,769

3,498,802,587

2043

4,750,348,174

475,034,817

4,275,313,356

393,362,357

374,094,704

767,457,082

3,507,856,274

2044

4,750348,174

475,034,817

4,275,313,356

393,362,357

374,094,704

767,457,083

3,507,856,273

2045

4,750,348,174

475,034,817

4,275,313,356

393,362,357

374,094,704

767,457,084

3,507,856,273

2046

4,750,348,174

475,034,817

4,275,313,56

393,362,357

374,094,704

767,457,084

3,507,856,272

Besides the above revenue collectétak following additional direct/indirect benefits have been
consideredn the economic analysis:

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

The results of the codtenefit analysis confirm that the project has favourable BC ratios of
between1.14to 1.47 The financial analysis confirms that the project has positive NA$iug
7,611,825,333at 5% cost of capital andshs 1,758,548,758t 8% cost of capital and Financial
Internal Rates of Return (FIRRPof0%.

Sensitivity analyses also indicate that the project viability is susceptible to stidhB% and 20%
increase in O&Mind project costsand reduction in net income

On the other hand, e results of the economic analysis after including other economic benefits
showed that the project have positive NPV of Ksh3,061,239,67&ndEIRR of 14%t 10% cost

of capital.

It is therefore concluded that theProject is both financially and economically viable
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E10

CONCLUSIONF THE MASTER PLAN

The currentwaterborne system inMombasa Island requires extensive rehabilitation and
expansion to sever the needs of the growing urbarteernn areas of Mombasa Island and North
Mainland where residents use eiot sanitation means such as septic tanks and pit latrines and
lacking a proper sludge management and disposal facility is a health hazard to the residents and
an environmental risk

As an immediate interventiomghabilitation works on existing sewerage systeorstruction of

Ablution Blocks at designated Public Places and a centralized Sludge Handling Facility is necessary.
It is equally important to ensure procurement of ExhiaM&hicles to provide desluging and
transport services. A summary of the Immediate Sanitation Measures and their costs estimates
are givenrables E15and 16 below.

TableE15 Details of the Ablution Blockg Immediate Sanitation Measures

Number Details of each Ablution Block Total Capital Cost
Proposed Nq. of No. of Shower Max. Dfe\ily Ksh. USD
Toilets Rooms capacity
6 6 2 720 93,000,000 902,913

TableE18 Details of the Sludge Handling Faciliymmediate Sanitation Measures

Total Capital Cost

S/No. Component Details
Ksh. uUsD
1 Tanker Discharge: | Bar Screens, Collection Chamber, Har
Bay stand Washing Bay & Parking Space
Sludge Drying
2 B ; hi1 1
Beds T 8 Beds; each 13 x 10m 58,299,957 566,019

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

4 Land Rquirement  § 0.7 Ha

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

Table E17 Details of Rehabilitation Workg Immediate Sanitation Measures

Total Capital Cost

Rehabilitation Works on Mombasa Island sewers

Ksh. Usb
1 Replacement of missing / vandalised manhole covers
1 Repair of broken manholes,
91 unblocking of partially / fully blocked sections of t
sewer line and flushing,
1 Identify, expose and raise above ground levels bu 24,781,000 2,147,694

manholes,

Replacement of dtapsed sections of the sewer line,
Supply of Aluminium Telescopic Ladders

1 Ancillary works on Pumping Stations.

= =

To provide a sustainable sanitation systengeacentralized wastewater management system
comprising of a gravity sege conveyancsystem with limited pumping2® Nr Pumping Station)
and a Waste Stabilization Ponds systeradthWastewater Treatment Plantiltimate capacies

¢ 77,300 m3/dat Nguu Tatuand 9,900m?3/d at Shimo la Tewa anltas been selected from the

MIBP/ CES/ BOSCH E11



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF FINAL WASTEWATER MASTER F
Wastewater Master Plan for Mombasa and Selected Towns within the Ceastion MOMBASA ISLAND AND NORMAINLAND

devebped alternative schemes. The implementation of this strategy is to be carried out in 2
phases i.e. Medium Term Plan (202025) and Long Term Plan (2028040).

The implementation details of the selected Wastewater Management Scheme in the 2 Phases
aregiven inTables E17and TableE18below.

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

S/No. Component Details Cost (Kshs) Cost (USD)
1 Land Acquisition = T 185 Ha
2 Sewers 1 225¢ 1,200 mm Dia; Totdength340km
8 | Pumping Stations | ¥ 28Nr 10,804,077,515 104,893,956
Waste Stabilization Ponds;

4 Waste Water 1 Capacity38,6% m3/d at Nguu Tatu

Treatment Plant . .
I Capacity5,000m3/d at Shimo la Tewa

TableE18 Summary of Implementation Cost: Lofigerm Plan Plan (202&040)

S/No. Component Details Cost (Kshs) | Cost (USD
1 Sewers 9 100¢ 225mm Dia; Total lengtB1 km
2 | Pumping Stations T 1 Nr
Waste Stabilization Ponds; 4,927,778,000 47,842,505
3 Waste Water 9 Capacity38,63 m3/d at Nguu Tatu

Treatment Plant . :
9 Capacity5,000m3/d at Shimo la Tewa

Financialanalysis of the selected Wastewater Management Scheme presented the following
FnancialRatios/ Performancelndicators

1 Benefit¢ Cost (BC) Ratio; 1.14-147

9 Net Present Values (NPV); Ksh.7,611,825,333 5% cost ofapital
Ksh.1,758,548,75@ 8% cost of capital

1 Financial Internal Rate of Return (FIRR);9.70%

On the other hand, economic analysis presented the followsrformancelndicators

9 Net Present Values (NPV); Ksh.3,061,239,678 10% cost of capital
Ksh. 1,188,043,219 @ 8% cost of capital
1 Economidnternal Rate of ReturnBIRR); 14%

Sensitivity analyses also indicate that the project viability is susceptible to stidb% and 20%
increase in O&Mind project costsand reduction in net income

Thus, it can be concluded that the selected scheme is both financially and economically viable.
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MAIN REPORT

1.0 PROJECT BACKGROUND

The Government of Kenya (GoK) through the Ministiafer and Irrigation (MWhas received
GONBRAGE TNRBY opmei BINdciatianyIRA) to indeéstak&thef Waster 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 Irrigtion. CWSB covers six Counties which are
Mombasa, Kwale, Kilifi, Taifltaveta, Lamu and Tana River.

The primary outcome of this Study will be to obtain the agreement of all major Stakeholders to a
preferred Sewerage Development Strategy most applicabtéeir needs.

In August 2010, Kenya enacted a new constitution. The Constitution of Kenya 2010 has
dramatically altered the administrative structure of the Government from the initial 8
Administrative Provinces to 47 Semitonomous Counties. This autumy 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 Towns in six Cdi@s 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 North Mainland

2. Kwale Kwale,Ukunda / Dianand Part of Mariakani

3. Kilifi Malindi, Kilifi, WatamuMtwapaand Part of Mariakani

4, Taita Taveta Voi and Taveta

5. Lamu Lamu Island

6 Tana River Hola

The Terms of Reference (ToR) included seven Towns but in treearuhe 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 Constitution. A key lsbmark of the new Constitution is stipulated

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

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 Goals and Objectives of th Study

1.2

1.3

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 Towns over the next twefftye (25) yarsi.e. up to Year 204Qp improve the
quality of effluent to rivers, Indian Ocean and groundwater and to safeguard the health of the
residentsof the Study Areas.

The key objective of the proposed Master Plan Mwmbasalsland and Ndh Mainlandis to
come up with a phased investment programme for Immediate / Short Term Plan (2Z2020),
Medium Term Plan (2024 2025), Long Term Plan (20262040) and recommend a treated
effluent disposal / reuse strategy for the effluentiMombasa Island anddvth Mainland

Execution of the Study

To meet the goals and objectives of the Study, the following reports have been submitted:

1 D1 ¢ Inception Report

1 D2 ¢ Reporton Condition Survey and Environmental Audit of the Existing Facilities

1 D3 ¢ Immediate Urgent Wiks Report / FineDesign Report

1 D4 ¢ Detailed Designs and Tender Documents for Immediate Urgent \Works

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

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

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

Investment Schedule for Sewers and Waste Water Treatment Plants

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

The Final Master Plan Report presents the outputs of the Feasibility Study, the selected
Development Strategy and the Preliminary Design of the planned infrastructure for the Sanitation
System of Mmbasalsland and Ndah Mainland.

1 D9 ¢ Final Master Plan Report

Objectives of this Report

The Tasks to be addressiethe Final Master Plan Repannclude the following:

Present Sanitation Situation in the Study Area

ImmediateMeasuredor the improvanent of Sanitation Systems

Future Sewerage System / Coverage Area Expansion

Analysis of Sewage Generation and Network Analysis

Formulation of Alternative Wastewater Management Strategies

Detailed Evaluation of the Preferred Development Strategy includfastewater
Treatment, Social / Environmental Assessment, Economic and Financial Analysis and
Multi-Criteria Analysis

1 Selection of Wastewater Management Strategies

1 Resolution of Issues raised by the detailed Evaluaiimsiuding Preliminary Risk
ManagementPlan

Investment and Financial Management Plan

Proposed Implementation / Development Schedule

Conclusiorof the Master Plan

=A =4 =4 =8 -8 =9

=A =4 =
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2.0 PROJECT AREA DESCRIPTION

2.1

2.2

Location and Administration

Mombasa is the second largest city and major seaport of Kenya, locatedtimesstern part
within the country. It is located between thHaatitudes3° 80" and 4° 10” S ahdngitudes39° 60°
and 39° 80" E.

Mombasa is the most important port city ihe East African Region. In the national context, after
Nairobi (the capital city Mombasa acts as a natural magnet for urbranal migration due to its
location, economic opportunities and administrative role within Kenya. Some of the other main
urbancentres/ towns surrounding Mombasa are Malindi, Kwale, Kilifi, Lamu, Mariakar¥and
Administratively, Mombasa County is divided into six-sabnties/ constituencies namely
Changamwe, Jomvu, Kisauni, Nyali, Likoni and Mvita.

The water supply and sanitation systems in Momb@santyis managed byMombasa Water
Supplyand Sewerag€ompany LtdMOWASCQ

Study Area

Mombasa County comprises of four distinct Service Areas that are physically separated by the
creeks that surround Mombasa Island. The four Service Areas are Mombasa Island, North
Mainland, South Mainland and West Mainth

The Study Area for this report combines Mombasa Island and North Mainland service areas and
the possibility of managing wastewater from Mombasa Island separately or combined with
MombasaNorth Mainland ha been exploredn this Master PlanOther corsiderations used in
delineation of Study Area are the projected Lduske Plans for year 2040 and the nature / trend

of developments and population densities.

Mombasa Island has a total of eleven (&@p-locations Since the whole Island is classifiecdas
urban area, all the eleven sdbcations form part of the study aredhe current (year 2016)
population of Mombasa Island 156,000.

MombasaNorth Mainland is made up of ten (10) sldzations. The coverage of the study area
for the Wastewater MastePlan comprises of parts 8fsub-locationsmaking up approximately
75% of Mombasa North Mainland. The current (year 2016) population of the study area in
Mombasa North Mainland 468,000.

The suHocations forming Mombasa Island and North Mainland, thietal coverage areas as
well as the study area are givenTiables 2.1and2.2on Page 22;
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Table2.1: Sublocations and Study Areq Mombasa Island

Sublocations Cover_?lgtzllxi;gl(igzc)iy ALY
Kizingo 2.16
Ganjoni 2.13
Mwembe Tayari 0.63
Majengo 1.48
Makadara 0.40
Mji Wa Kale 0.41
Bondeni 0.48
Tononoka 1.01
Tudor Four 1.72
Tudor 0.85
Railway 3.48
Total 14.75

Table2.2: Sublocations and Study Areg Mombasa North Mainland

Coverage in the Study

Sublocations Total Area (km2) Area (km?)
Kongowea 8.50 7.10
Maweni 6.47 4.67
Kisauni 8.18 6.19
Magogoni 8.33 7.29
Junda 7.52 3.68
Bamburi 12.45 9.60
Shanzu 7.32 5.29
Mwembe Legea 11.09 8.29
Total 69.86 52.11

Figure 2.1on Page 23 shows the coverage of the Study Area of Wastewater Master Plan for
Mombasa Island and North Mainland
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Figure2.1: Qublocations inStudy Area of Wastewater Masterplan faombasalsland and NorthMainland
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2.3 Climate

Mombasa has a tropical wet and dry climal@e rains occur during the intenonsoonal period,
with the long rains starting from March to June, while thei rains occur from October to
December.

Mombasa is generally hot and humid all year round. The mean daily temperature ranges
between 22°C to 29.5°C. Average relative humidity along the coastal belt is 65% but decreases
towards the hinterland. The lovet temperature is experienced during the long rains season.

2.4 Topography, Geology and Soils
MombasaCountyis divided into three physiographic belts i.e.

¢ KS W/ 2t ail fwhitefsandypaach@sextiartie Indid ®ceahe land formation
isa buildup of eroded reef material i.e. corals, sand and alluvial deposits on the inshore side of
the reef.

¢tKS wc220 tftlFaSrdzQ 200dzNE F FGSNI GKS O2Fadl
broken/dissected through erosion. In some places, dvisrlain with residual sandy plateau.

The Nyika Plateau is in the higher areas covered by Duruma Sandstone series and older rocks to
the west.

2.5 Economic Activities

Tourism is the most important econonméctivity in Mombasalsland and NortiMainlandwith
asignificant number of hightandardhotels,mediumstandardhotelsandtourist villas.

Mombasa Porbn Mombasa Island the largessea portin East Africa antdandles goods for
Kenya, Uganda, Southern Sudan and other neighbouring countries. Thigeperates a large
transit population which creates demand for services in Mombasa.

Mombasa Island is also the administrative centre for Mombasa County and Commercial
developments are also prevalent providing services to the huge residential papulati

2.6 Existing Water Supply and Sanitation Systems
2.6.1 Water Supply

Mombasa County is supplied by bulk water from four different sources; Baricho Wellfield,
Mzima Springs, Marere Springs and Tiwi Aquifer. These ground water sources require minimal
treatment after abstraction. Water is then conveyed to Mombasa anedrarte towns and

urban centres.

Details of the sources of these water supply schemes for Mombasa County are summarised in
Table 2.3andFigure 2.2on Page 25.

MIBP/ CES/ BOSCH 2-4



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF
Wastewater Master Plan for Mombasa and Select@@dwns within the Coast Region

FINAL WASTEWATER MASTER F
MOMBASA ISLAND AND NORTH MAINLA

Table2.3: Summary of Existing Water Systems for Mombasa County

Mombasa West

Baricho Wellfield; | Location Baricho Waterworks, Kilifi County
Serving .
Abstractionmethod
Mombasa North 8 Boreholes
Mainland and part = Total Yield
A . 3
of Mombasa Island pprox. 96,000 m/cay
Mzima Springs | Location Tsavo National Park, Taita Taveta County
serving .
Abstractionmethod Headworks at Mzima 1

Mainland and part
of Mombasa Isladh

Current Production

Approx. 35,000 m3/d

Marere Springs  Location: Shimba Hills Game Reserve, Kwale County
serving
Mombasa Island, = Abstractionmethod Headworks
West Mainland
and Current Abstraction: 10,000 m/d
South Mainland
Tiwi Wellfield Location KwaleCounty
serving Abstractionmethod 12 Boreholes

South Mainland

CurrentProduction

10,000 m?/d

“~BARICHO -

Current
WELLFIELDS .~ Capadity [mmmTmsmemmmmmeeeen
) - 98,000m%d !
- —_— I
4 | NORTH
n . MAINLAND
%; :
z Nguu Tatu
< Reservoirs
’E’ZE;” S et E: 27,1007 'Y
urren| - (Bulk Supply)
‘ Capacity P
‘?’_JRING_S_ 35,000m?d { \‘-‘ -—
w S
<2 Y
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=0 Reservois |
. _ 20,700m? 1
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S S— C ‘r
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Mazeras il '
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81,000m* w Kayabombo
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SPRINGS .
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Figure2.2: Schematic oExistingWater SupplySystemin Mombasa

The Water Supply favlombasa Countys generallyinsufficiert and requires extension of the
Souce Works anDistribution Network to adequately serve tlheban and perurban areas and
cater for the future needs of the growing populatidreparation of a Water Distribution Master
Plan is in progress to address thahallenges.

Also upon implementation of Mwache Dam for Mombasa and Kwale Counties which is currently
at design review stage, it is expected that the water deficit will greatly reduce.
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2.6.2 Sanitation System
2.6.2.1 Mombasa IslandSystem

In 1962, a piped Seweaga Scheme was built on Mombasa Island to serve the densely populated
area of the Old Town. This was the first phase of a strategy to provide sewers to the whole of
Mombasa Island which only covered a small area of the Central Business District. Since then,
minimal expansion has been undertaken on the sewerage system.

Within the Sewerage system, four small pumping stations are located along the edge of the
sewered area adjacent to the sea, to lift wastewater from localized low areas into the Sewerage
Colletion System. A Tunnel links the sewer network with Kizingo Wastewater Treatment Plant,
located in the Soutieast corner of the Island at Ras Serani. A short sea outfall of approximately
40 m long discharges the partially treated effluent from the Treatniélant into the Ocean. A
Layout Plan outlining the Island Sewerage System and location of Kizingo WWTP is provided in
Figure 23 on Page 27.

SmallSewerage Schemes to seimdividualHousing Estates on the Island, such as Tudor Estate
Buxton Estateard MakandeEstatewere constructed in the 1960s. Each of the Hou&istates
located at the opposite end of the Island to tKézingoTreatmentPlantwas provided with its
own communal septic tank and soakage pit. Tudor Estate and Makande Estate wemegrovi
with pumping stations to pump the wastewater into the septic tanks. None of the sewerage
schemes as well as pumping stations is operational

The Old Town Wastewater Collection System excluding the Main Outfall Tunnel, has a total sewer
network lengthof approximately 20 km, with pipe sizes varying in diamét@mn 150mm up to
600mm. The 150mm size pipes are made of pitch fibre and the remainder are precast concrete
pipes. Noexpansion of the Old Town Sewerage System has taken place since its d¢mstruc
overfifty years ago.

The Major Collection Tunnel that connects Old Town Sewerage Network to the Kizingo Treatment
Plant has a crossectional area of 1.9/ The estimated capacity of the tunnel3s/s and it

was clearly designed to accept the e wastewater flows from a large part of the Island, not
only the Old Town.

The Treatment Plant at Kizingo was designed to prowitg preliminarytreatment (screening

and grit removal) and primatyeatment (sedimentation).The Inlet Works was designémt a Dry
Weather Flow of 32,50fn%day. nstruction of theSedimentationTanks was phased and the
initial installation hasa settlement capacity for a Dry Weather Flow of or8y000n*day. The
Treatment Plant heibeen out of operation for many yes All the M&E equipment is missing

(Jan 2015) and a kpass arrangement directs discharge of sewage into the ocean through a 40m
long outfall pipe at Ras Serani. The Outfall Pipe is broken at a point approximately 18m offshore
and leakage at this point issible.

No treatment was provided to the sludge collected from the Sedimentation Tanks in the Kizingo
Treatment Plant; instead, it was pumped directly into the ocean each day through the outfall pipe
during periods when the tide was going out, so thatduld be transported by the tide out to deep
water for greater dilution.

2.6.2.2 MombasaNorth Mainland System

There is no sewerage system in the Mombasa North Mainland except for minor schemes to serve
specific housing estates, such as Kisauni Estate ondhé Nlainland. Most of these privately
owned systems are in poor condition.

Since sewer network is neaxistent in these service areas, majority of the institutions /
households make use of egite disposal systems such as pit latrines, open defecatioinseptic
tanks for their sanitation needs.
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2.7 Immediate Measures for the Improvement of Sanitation Systems

In situations of suppressed watewumply, the use of omlot sanitation systems though
unsustainable environmentally is manageable. If the water supply situation is improved through
the development of additional water resources and expansion of water distribution networks, as
planned for Manbasa Island and North Mainland, the use ofpdot sanitation systems will not
suffice and thus health and environmental hazards are bound to occur.

In summary, the current sanitation infrastructure in Mombasa Island and North Mainland is
insufficient to meet the sanitation needs of the growing population and there is need for a
development of a wateborne sanitation system which is environmentally sustainable.

The Final Wastewater Master Plan fdfombasa Island and North Mainlardkescribes the
developnent strategy for the longerm waterborne sanitation system comprising of a
wastewater collection / conveyance system and the treatment / proper disposal of the treated
effluents. However, the lonterm sanitation strategy is not planned for immediate
implementation

In consideration of the current sanitation systems and the growing sanitation nesds,
immediate intervention isurgently required. ThusImmediate Sanitation Measures have been
developed. These easuresncluderehabilitation of the existig sewerage systenspnstruction

of Ablution Blocksn public placesand Sludge Handling Facilitias described in the following
sub-sections

2.7.1 Rehabilitation Works orMombasa Island
a) Existing Sewerage System

From condition survey carried out, it was dstiahed that he Mombasa Island Sewerage
System comprises of the following:

1 Total number of Manholes - 503Nr
1 Length of Sewers as follows:
- 150mm - 972m
- 175mm - 12,915n
- 225mm - 2,26Im
- 300mm - 555m
- 375mm - 413m
- 450mm - 417m
- 600mm - 2,347
- Total Lengt - 19,878n
1 Sewered Area - 1.6knt

b) Results of Condition Survey
A summary of the results of the Condition Survey is outlinéthinie?.4 below.

Table2.4: Outline of Results of Condition Survey of Secongd&ewers Jan 2015

Item Nr Description Unit Quantity
1. Partially blocked manholes Nr 60
2. Fully blocked manholes Nr 26
3. Manholes with minor flow obstruction Nr 28
4, Partially blocked sewers m 1,414
5. Fully blocked sewers m 1,012
6. Sewers with unobstructkflow m 3,565
7. Overflowing manholes Nr -

8. Buried manholes that require raising above the groun| Nr 37
9. Missing / broken manhole covers Nr -
10. | Damagednanhole cover slabs Nr -
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c) Rehabilitation Workson sewerage system
The following rehabilitation workeill be carried out:

Replacement of missing / vandalised manhole covers

Repair of broken manholes

Unblocking of partially / fully blocked sections of the sewer line and flushing
Identify, expose and raise above ground levels buried manholes
Replacement ofollapsed sections of the sewer line

Supply of Aluminium Telescopic Ladders

= =4 -8 A A -9

d) Rehabilitation of Mombasa Island Pumping Stations

1 The structures of all the pumping stations (Total 4Nr) were reported to be sound with
no visible sign of deterioration. Howeverehabilitation works are required for
buildings and site and ancillary wotikes. security lighting, drainage system, buildings,
fencing, etc.

2.7.2 Ablution Blocks

Ablution Blocks are essential Mombasalsland and Ndh Mainlandfor improved access to
sanitation facilities especially in public places e.g., markets, bus stops, etc. They are important to
market vendors, market customers, long distance travelers, bus operators and the general public.
Their locations iMombasalsland and North Mainlandiill be selected in consultation with the
CWSB and th®lombasaCounty Government.

Considering the population densities and the number of public utilities, aabfade (5) Ablution

Blocks is proposed for constructionMombasalsland and total ofhree (3) for MombasaNorth
Mainland.Each Ablution Block comprises of six (6) toilets and two (2) Shower Rooms with equal
number for each gender i.e. Ladies and Gents. The allocated number of toilets in each Ablution
Block ensures provision of sufficient servieeels for the target population. It is estimated that

on average, a user spends 5 minutes in the facility. Thus, for a single facility with 6 toilets and 10
hours of operation in a day, a maximum number of 720 persons can be served in a day.

Each sectio (ladies and gents) is provided with a toilet fitted with special amenities for use by
disabled personst KS aDSydaé¢ | NBE LINPDGARSR gA0GK aSLI NI
especially during the peak hours

The shower rooms are equipped with aedsing area and hangdash basins. In addition, a
spacious common area with haswash basins, hand driers and wall mounted mirrors is provided.

Each of the units is fitted with coat hangers behind the doors for convenience. To enhance natural
lighting within the facility, transparent polycarbonate roofing material have been incorporated in
the design. Proper ventilation is ensured by the louvered windows and gap between the ring
beam and the roof. The gap is fitted with louvre blocks and plastic coatdéeectohy wires to
prevent insect entry.

A septic tankwith a holding capacity of 16 his provided at the facility for storage and partial
treatment of sewage. The septic tank will require desludging after e¥empnths with septage
disposal at the propsed Sludge Handling Facility, to be implemented as part of the immediate
sanitation intervention. In addition, a 5,00ire water tank mounted on a 3.5m high reinforced
concrete tower within the facility provides aday storage of clean water.

Other sevices provided at the site include; electricity for use at night and for security lighting,
and security / controlled access through chain link fence and a 4m wide metallic gate.

Permission to use the facility is to be on a {mey-use basis. This is a&ffective model used in
many parts of the country to raise money required for operation and maintenance. A personnel
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office complete with a storage room shall be provided at the entrance of the facility with grilled
opening for ease of payment before use.

A typical Site Layout, Plan and Elevations of the proposed Ablution Block are drigurés 24
and 25 on Pages 2Ll1and2-12 respectively.
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2.7.3 Sludge Handling Facility

A Sludge Handling Facility is a srsallle treatment plant for the treatment and safe disposal of
septage fron on-plot sanitation systems such as septic tanks or pit latrines. Septage fromthe on
plot sanitation systems is conveyed to the facility via an Exhaust Vacuum Tanker.

With exception of the Screens, Sludge Handling Facility relies on biological profcgstes
treatment of septage. This results to low capital investment requirement as well as Operations
and Maintenance requirements (skills, complexity and labour costs), thus making it a suitable
Immediate Sanitation Measure.

An ideal location for a Siige Handling Facility is a site within economical distance to the service
area but outside the residential zones and other semiwironmentally sensitive areagit
present, the Water Service ProviddMOWASCO) has indicated availability of land for
constuction of this facility aGhimo la Tewarhislocation is suitable for siting a Sludge Handling
Facility.

The proposed Sludge Handling Facility will comprise of the following units;

Exhaust Vacuum TankBischargeBay

Sludge Drying Lagoons

Septic Tank complete with Soak Pits and French Drains
Associated Site and Ancillary Watks A y Of dzZRA Yy 3 hLISNF G2NDa h¥FTFA

aoop

Constructed wetlands are the alternative treatment unit to Septic Tanks for polishing of septage
from Sludge Drying Beds / Lagoonswdver, they require large footprint than the Septic Tanks
and thus not suitable for urban areas likeoMbasalsland and North Mainland/here land is
limited and the cost considerably high

A Schematic Layout Plan showing the arrangement of the uniteédProposed Sludge Handling
Facility is given iRigures 26 on Page 214.
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2731

2.73.2

2.7.3.3

A brief description of the constituent treatmenniis in the proposed Sludge Handling Facility
is given in the following subections;

Exhaust Vacuum Tanker Discharge Bay

TheDischargeBay comprises of a septage discharge area which serves dsléh&Vorks for
the Sudge HandlingFacility. AnExhaustVacuumTanker dischargeseptage atthe Discharge
Bay throughBar Sreens into aollection Chamber.The Discharge Bay is alsmvidedwith

Hard-standWashingBay andParkingSpace.

The discharged septage and wash wdtem the Washing Bagire pooledinto the Collection
Chamber and conveyed to the Sludge DryBeyl /Lagoonviaan OpenChannel to be provided
with precast concrete cover slabs agdardails for safety.

TheDischargeBayrequiresregularly cleamgfor odour, flies and other diseasectors control
especially after each exhauster discharge sesstostand pipe will be provided to facilitate
washing and flushing of septage once discharged.

Sludge Drying Lagoons / Beds

Septageis mostlyliquid with smallamounts of solids. Treatment d septage entailseducing
sludge weight and volumaith the aim of lowering th&lisposal costsf the residual sludgand
reducing thepotential health risk@ssociated with septage

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

The Sludge Dryingiagoons are made up of the following parts
1 ConcreteBedsandWalls
I Sand and>avel asHlter Media
1 Splasislab
1 UnderdrainageSystem
9 AccessStructures

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

Forefficientoperation of Sludge Dryirigagoonshe following measures need to be undertaken;
a) Periodic unblocking dfollection System through the rodding chambers
b) Periodc monitoring and replacement &ilter 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 sludgéthout scooping of filter mdia
f) Safe disposal of dried sludge to a landfill, agricultural use etc.

Septic Tank

A septic tank refers to a watgight, covered, sutsurface receptacléor wastewater treatment.
At the Sludge Handling Facility, Septic Tanks will be adopted for pglishthe filtrate from
Sludge Drying Beds before discharge into the environrttenugh soak pits French Drains

Septic Tanks achieveolishing of septage filtrate by carrying out the following processes
a) Separaion of settleable andloating solids fran the liquid
b) Digeston oforganic matte by anaerobic bacterial action
c) Storage ofdigested solidsluring detention period
d) Allowingclarified liquids to discharge for final dizsal

Septic tanks require periodic desludging after accumulation of solid eladd disposal of
residual sludge through burying or conversion into fertilizers.
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2.7.3.4 Associated site and Ancillary works
To enhance access, proper drainage and security, the following site and ancillary works have
beenproposedat the Sudge Handling Fachit

i. Chainlink Fence and 4m wide Gate
ii. Access Roads paved with interlocking concrete blocks
ii. hLISNF G2NR&a hFFAOST {(i2NB>X 2 aKNR2Y | YR Ddz
iv. Site drainage system
v. Onsite water supply

2.7.4 Design Criteria for Sludge Handling Facility

A summary of the Designitéria adopted in the sizing of the proposed Sludge Handling Facility
for Mombasalsland and NorttMainlandis given inTable 25 below.

Table2.5: Design Criteria Sludge Handling Facility

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

*Aggregatedsewage generation factor of 25% is based on the distributive use of Septic Tanks and Pit
Latrines by the respective Income Levels of the Population and sludge reduction inRl¢ Sanitation
Systemslue to the anaerobic digestion during the period of storage by thplansanitation systems

2.7.5 Components of the Proposed Sludge Handling Facility

Considering that these Sanitation Measures foorvbasa Island and Ndrt Mainland are
intended to serve themmediate needs, the Facility is designed to serve 20% of the estimated
current population i.e10,000 personsThis is because embiag of Sludge Handling Facility is
expected to be gradualRgorous Public Health Campaigns are necessary for full usajge
experienced.

Details of the various components of the proposed Sludge Handling Faciliynibddalsland
and North Mainlandaire summarised iffable 26 below

Table2.6: Details of the Treatment Uits at the Proposed Sludge Handling Facility

S/No. Treatment Unit Details

1. Discharge Bay i Bar Screens & Cgllection Champer
1 Hardstand Washing Bay & Parking

, Sludge Drying i 8|N§. Bzds.; each .13(;.x 10m X

. Lagoons / Beds 9 Sludge drying perio : 3 months |

1 Treatment zone media = 500 mm thick

3 Septic Tanks 1 3Nr TW|r.+Tank; each 9.6 x5.4 x 1.9 m (L x W x H) & capacity 98 m
9 Desludging Interval = 0.2 years

Approximately0.7Haof landis required for the construction of the proposed Sludge Handling
Facilityto serve the immediate sanitation needs obMbasalsland and NortliMainland

Colocation of Sludge Handling Facility and Wastewater Treatment Plant is recommended for
efficient land use and for shared use of common units and facilities. Therefor&im® la
Tewasite recommended for the development of Wastewater Treatment Plant under this
Master Plan is an ideal location of the Sludge Handling Facility.
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2.7.6 Implementation Cost for Immediate Measures

9y IAYSSNDa

[/ 2ai

94l A YLl (Meashr8sifohtidoveryictf SRr@aidni K S

Systemin Mombasalsland and North Mainlanbdased on the unit costs from recent contracts of
similar scope and nature. Detailed Unit Costs and their derivations are discusSkdpter 8of

this Report.

A summary bthe Implementation Costs is givenTiable 27 below.

Table2.7: Implementation Costs for Immediate Measures

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

1. Rehabilitation Works - 24,781,000 2,147,694

2. Ablution Blocks 8 124,000,052 1,203,884

3. Sludge Handling Facility 1 58,299,957 566,019

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

3.1 Demography and Population Dynamics

Demographic data from Central BureauSihtistics (CBS), for the inteensalperiodsbetween
1979 to 2009 have been analysed to establish trends in terms of popukitieand intercensal
growth rates, to develop future population projection patternsNfombasa Island and North
Mainland.

3.1.1 Previous Population Trend

From he analysis of the previous Kenya Population and Housing Census data, it is construed that
between intercensal periods, existing siiications are split to form new sdbcations and the
areas covered by the stlbcations, in such cases, vary between ithter-censal period.

A summary of previous interensal population data for Mombasa Islazad North Mainlands
given inTable3.1and3.2below.

Table3.1: Inter-censal PopulatiorData (1979 2009) forMombasa Island

(Census)
Sub-locations 1979 1989 1999 2009
Pop. Area Pop. Density Pop. Area | Pop. Densit Pop, Area | Pop. Densit Pop. Area | Pop. Densit
(km2) (person/km?) (km?) | (person/km?) (km? _[(person/km?) (km? _[(person/km?)
Ganjoni 11,366 2. 5,683/0 10,761 4. 2,690.28 11,62 24 5,536.19 10,41 22 4,735 4
Kizingo 11,654 2. 5,827|0 5,534 4. 1,383.5( 7,16 22 3,256.8p 7,163 22 3,255.9
Majengo 15,322.G - 15913 1. 15,913.0 18,804 14  17,09455 30,92 15 20,6133
Mwembe Tayari| 12,634.C - 10,543 1. 10,543.04 7,81 05 15,620.0p 7,914 06 13,190.0
Makadara 11,705.C - 8,00 0.4 20,000.0Q 10,12 04 253225 8,656 04 21,640.0
Mji wa Kale 8,284.G - 8,923 1. 8,923.0Q 11,387% 04 28,467.5p 10,05 04 25,140.0
Railway - - § - 8,388 34 2,467.0
Bondeni 8,187. - 8,30¢ 0. 27,686.67 8,80 05 17,600.0p 10,15 05 20,314.0
Tononoka 19,058.C 1. 19,058.p 17,817 2. 8,908.5Q 20,244 13 1557231 17,35 10 17,356.0
Tudor 4 9,219.G 1. 9,219/0 11,40% 2. 5,700.5Q 13,14 14 9,3914B3 14,47 17 8,511.7|
Tudor Estate 7,937. - 7,902 1. 7,902.0Q0 14,07% 0.7 20,110.0p 17,63 08 22,0375
Total 115,36 6 19,227.67 105,10 1f7 6,293123,19¢ il 11,622 143,12 1B 9,73
Table3.2: Inter-censal Population Data (1972009) forMombasa North Maitand
(Census)
1979 1989 1999 2009
Sub-locations
pon. | et |0 DS pon | | 8. DS) pon | (e |70 0oty | e | op oot
Bamburi 4,843 100 484.30 25,662 32 801.94 12,02 13. 904.36 24,918 12.3 2,025.8]
Maunguja 1,172 70 167.43 - - 1526 11.1 137.4)
Mwakirunge 2,059 270 76.26 3,635 47 7734 5712  40. 142.80 7,403 31.3 236.5
Mwembelengeza . - - 18,324  11. 1,621.5p 28,803 11.1 2,594.8|
Shanzu 6,766 70 966.57 - 9,23 6. 1,420.0p 9,264 7. 1,286.6
Junda 0 0 - 13,564 9. 1,507.1pt 39,432 7. 5,257.6]
Kisauni 20,420 13,0 1,570.7| 71,997 31 2,322.48 51,25 8.2 6,250.0p 79,811 8. 9,853.2
Magogoni - - - 53,07 6. 8,041.6[7 82,718 8. 9,966.0]
Kongowea 29,333 13 2,256.3B 52,030 16 3,251.88 49,15 8. 6,144.5D 63,993 8. 7,618.2
Maweni - - - 37,52 6. 5,517.9¢ 42,187 6. 6,591.7
Total 64,593 1 838.87] 153,324 126 1216.84 249,861 11 2277.69 380,05p 117 3402.44

Population data is dependent on the coverage considered; for the same Town and time, a larger
area wouldgive a higher population. The use of population figures to establish-osesal
population growth rate in a sulmcation with varying coverage areas between intensal period

is inaccurate due to the variability of coverage area. It is therefore prutteadopt the use of
population density as a measure of demographic trend wherelscfition coverage varies
between intercensal period, as is the case in Mombasa Island amthMWainland.
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3.1.2

The intercensal Annual Population growth rates based on thpypation densities for the sub
locations within the study area of Mombasa Island and North Mainland are givebla3.3 and
3.4below.

Table3.3: Previousinter-censalAnnual Population Growth Rates in &nbasa Island

Annual Growth Rateger inter-censal period
Sublocations

19791989 19891999 19992009
Ganjoni -7.2% 7.5% -1.6%
Kizingo -13.4% 8.9% 0.0%
Majengo 0.0% 0.7% 1.9%
Mwembe Tayari 0.0% 4.0% -1.7%
Makadara 0.0% 2.4% -1.6%
Miji wa Kale 0.0% 12.3% -1.2%
Railway 0.0% 0.0% 0.0%
Bondeni 0.0% -4.4% 1.4%
Tononoka -7.3% 5.7% 1.1%
Tudor 4 -4.7% 5.1% -1.0%
Tudor Estate 0.0% 9.8% 0.9%
Total 6.3% -1.8%

Table3.4: Previousinter-censalAnnualPopulation Growth Rates in Mombasa North Mainland

Annual Growth Rateper inter-censal period
Sublocations

19791989 19891999 19992009
Bamburi 5.17% 1.21% 8.40%
Maunguja - - -
Mwakirunge 0.14% 6.32% 5.18%
Mwembelengeza - - 4.81%
Shanzu - - -0.98%
Junda - - 13.31%
Kisauni 3.99% 10.41% 4.66%
Magogoni - - 2.17%
Kongowea 3.72% 6.57% 2.17%
Maweni - - 1.79%
Total 3.79% 6.47% 4.10%

FromTables 3.3and3.4above onthe analysis of previous Kenapulation and Housing Census
data, the population of the study area of Mombasa Island and North Mainland invéer 2009
are 143,128and 380,055respectivelywhile their respective annual population growth rates in
the last intercensal period (1992009) are-1.8%and4.10%

The above population dynamic is mainly for the resident category. Theresident category
comprising of tourists / visitors is considered under the respective contributory -Uaad
activities.

PopulationGrowth Scenarios

Population trends arenfluenced by fertility, mortality and migration levels and patterns as well
as the national socieconomic development momentum.

More rapid population growth igxpected in Mombasa Island due to improved infrastructure
development resulting ithe plamed development of more high storey residential apartments
to replace the dominant singldetached dwellings. On the other hand, it is expected that North
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Mainland will experience decrease in population growth rdire to development of other peri
urban aeas e.g. MtwapasNorth Mainlandbecomes more saturated, cost of land increases and
more commercial and industrial activities establish. The alpmilation growth predictiornas
been donedeterminedin corroboration with the Integrated Development Pléor Mombasa
County.

Futurepopulatiors of both Mombasa Island and North Mainlahéve been projected up to Year
2040 based on mediurgrowth ratescenario, with aonstantannual population growth rate of
3% up to Year 2040This is comparable to thaverage national growth ratef 3.19% for the
period 1999 to 2009 as detailed in the 2009 Kenya Population and Housing Census.

In the last census (2009), it was established that the population wMloimbasa Islands 143,128

and within Mombaa North Mainlandis 380,055 This gives a total population &23,183 To
forecast the future population up to the design horizon (year 2040), the following factors have
been considered:

1 Percentage inter census global growth rates

1 The dynamics of Lands& and Trends of development

1 The correlation of water demand and income / type of housing, population density etc.
1 Integrated Strategic Urban Development Plan for Mombasa County (Year 2015)

Three population growth ratescenarioshave been formulated fothe population projection in
the study area based on the data obtained fratenya National Bureau of Statistics, Census
Reports and other relevamianning documents. These scenarios are briefly described below;

High Growth RateThis growth rate scenariassumes thathe residentpopulation will growat a

highergrowth ratethan that reported in the last intecensal period i.e. &.0%up to the design
horizon of year 2040. This can only happen ifakerall natural growtlof the resident population
continuesbecause of decreased mortality rates and increased life expectancy wiiligiation

gradually increasedue tointensive investmerg Under this scenario, the projectgabpulation

for Mombasa Island and North Mainlaatlyear 204Qwill be 2,374,225

Medium Growth Rate Thisgrowth ratescenario assumes that thresidentpopulation will grow

at a moderategrowth rateincreasing fronB3.0% up to the design horizon of year 2040his is
comparable to theaverage national growth ratef 3.19% for the peod 1999 to 2009 as detailed

in the 2009 Kenya Population and Housing Cenkhisscenario is possible if the natural growth

of the population and influx from immigrants balances out with increased emigrants and mortality
rate while growth limiting factes such as increased uptake of family planning practices, limited
employment opportunities and growth of adjacent perban areas take significancéhus,the
projectedpopulationat year 2040 under the assumed medium growth rate scenalfi¢8i38,000

Low Growth RateThis scenario assumes that the populatiend in the 1999 2009 intercensal
period will be experienced i.e. a decrease in Mombasa Island populatiind9s and an increase

in Mombasa North Mainland Population by 4.1 to the desigrorizon of year 2040n this
scenariothe population in horizon year 2040 will B&7,268.However, from an Urban Planning
perspectivethe trend of population growth in Mombasa Island is expected to be reversed due to
the current improvements in infrasicture and conversion of single unit residential
developments into multstorey units. The trend of population growth in Mombasa North
Mainland has been on the decline as land prices are prohibitive and the availability of suitable
alternative developmenareas in the adjacent petirban area of Mtwaparhis trend is expected

to continue.
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3.1.3

Projected populations for the above population growth rate scenarios are givérgure 3.1
below;

2,500,000

—&— High Growth Rate
2.000,000 = =@ -=- Medium Growth Rate
— 4= Low Growth Rate

1,500,000

1on

pulat

Po

1,000,000

500,000

2010 2015 2020 2025 2030 2035 2040
Year

Figure3.1: Projected Populations based on Growth Rate Scenarios

From Figure 3.1 above, it can be deduced that population forecast is highly sensitive to
population growth rate; [gh growth scenario results ®1% additional population to the
medium growth rate scen# while low gowth rate scenario results to 42 less the medium
growth rate scenario.

Projected Population for Mombasa Island and North Mainland

With the current improvements in infrastructur@nd the current emphasis of the County as the
administratve centreunder the new devolved structure of the Kenyan Governnrestlting in
an increase in opportunities for employment, investmergepulation in and arounombasa
Islandand North Mainlands set to grow

Thus,the medium growth rate scenari@onsidered under the population growth scenario, is
the most probable scenario for the future population projections bfombasa Island and North
Mainland Town up to the 2040 design yearlt considers the demographic dynamiesth
neighbouring Towns, possibtrends in fertility, mortality and migration levels and patterns as
well as the soci@conomic development. Besides, it has the minimal risk associated -under
utilization or overinvestments as a result of the population growth deviating from the adopted.

Tables 3.5 and3.6on Page 35 gives asummary of the projected populatidior Mombasa Island
and North Mainland upo the design horizon of ye@040, based on the adopted medium growth
rate scenario.
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3.2
3.2.1

Table3.5: Summary of the Projected Populatiolor Mombasa Ifand
Projected population

Table3.6: Summary of the Projected Populatidior Mombasa North Mainland

Sublocations 2009
2015 2020 2025 2040

Ganjoni 10,418 12,440 14,421 @ 16,718 . 26,046
Kizingo 7,163 8,553 9,915 11,495 @ 17,908
Majengo 30,920 36,920 . 42,801 | 49,618 | 77,302
Mwembe Tayari 7,914 9,450 10,955 12,700 . 19,786
Makadara 8,656 10,336 11,982 @ 13,890 @ 21,641
Mji wa Kale 10,056 12,007 : 13,920 16,137 25,141
Railway 8,388 10,016 © 11,611 13,460 20,971
Bondeni 10,157 12,128 14,060 @ 16,299 . 25,393
Tononoka 17,356 20,724 24025 | 27,851 | 43,391
Tudor 4 14,470 17,278 20,030 . 23,220 . 36,176
Tudor Estate 17,630 21,051 = 24,404 | 28,291 | 44,076
Total 143,128 | 170,902 198,123 229,678 357,82

Projected population

Qub-locations 2009

2015 2020 2025 2040
Bamburi 24,918 29,753 34,492 39,986 @ 62,297
Maunguja 1,526 1,822 2,112 2,449 3,815
Mwakirunge 7,403 8,840 10,247 = 11,880 @ 18,508
Mwembelengeza 28,803 34,392 ¢ 39,870 @ 46,220 @ 72,010
Shanzu 9,264 11,062 ¢ 12,824 @ 14,866 @ 23,161
Junda 39,432 47,084 54,583 @ 63,277 | 98,583
Kisauni 79,811 95,299 | 110,477 128,073 199,534
Magogoni 82,718 98,770 | 114,501 132,738 206,802
Kongowea 63,993 76,411 88,581 102,690 159,988
Maweni 42,187 50373 @ 58,397 67,698 105,471
Total 380,055 | 453,806 526,085 609,877 950,168

Land Use and Urban Development

Introduction

Mombasabegan as a trading port in the ®2entury as a key node in the complex Indian Ocean
trading networks and has played a pivatale in development of Kenya and East Africa.

YI AYy L} | yayas thdearfy Setienieiitsiof tieatie Swabills O |
to the modern geometric planning of regular grids and urban blocks. The city lies within
interesting geograpic set up where it is located on an Island and sprawls to the surrounding

¢KS

i26yQa

mainlands.

Mombasa County has transformed fractusteredtraditional settlementsin the colonial era to
now avibrant Coastal City. With this rapid urbanizatiganning effortshave been superceeded
by the development rates thus sprouting of informal setilents and urplanned developments.
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This chapter analyzes Mombasa city in four zones borrowing the transport analysis concept of
Uniform Analysis Zongb®)/AZ). The town is dded into three zones which are the southern zone,
6SaiSNYys y2NIKSNY FyR AatrlryR® ¢KS T O0d2NA
sublocations, administrative, physical features as well as the current development pattern of
Mombasa town. The analigsis to inform on preparation of waste water management needs for
period of year 2015 through the year 20M0ombasa Island and North Mainland are analysed as
seperate zones.

The Island is separated from the mainland by two creeks: Tudor Creek anghKiiarbour It is
connected to the mainland to the north by the Nyali Bridge, to the south by the Likoni Ferry, and
to the west by the Makupa Causeway

There have been several planning efforts for Mombasa County with the Mombasa district
strategic plarfor year 20052010.At that time theTown was at its initial stages of development
thus its structure and form was not yet well established and its future growth pattern was
uncertain. The First Countyntegrated Development Rn (year 20132017) is the rost recent
planning effort. It addressawajor development challenges which include poor infrastructure,
inadequate skilled labour, low agricultural productivity, environment and climate change,
poverty, poor marketing system etc. The plan outlidegselopment priorities, constraints and
strategies in Infrastructure, Energy, ICT, Agriculture, Tourism, Trade, Health, Education,
Administration, Socieultural issues, Gender, Environmental Protection, Water, Housing, Land
Tenure and Mineral Resources.

3.2.2 Eisting Land Use
The total area of Mombasa Island and North Mainla®pproximately9,640 ha.

The main types of land useevident in the ©wn are: residential, industrial, educational,
recreational, public purpose, public utility, agriculture, hospitalitgl @ommercialln Mombasa
Island, he largest portion of land isesidentialcoveling an area of approximate$57 ha which
represents36.4% of the total landfollowed byindustrialland use which coverapproximately
325hawhich represent25.9% of totalland In Mombasa North Mainland, undeveloped land and
residential uses are predominampveing an area of approximatel8,045ha and 3,047ha
respectivelywhich represent86.4%and 36.3%f the total land

Table3.7 on Page 37 shows a summary of exisg Land Use of Mombasa Island and North
Mainland.

The existing Land Use Plan for Mombasa Island and North Mainland is girgargB.2and 3.3
on Page3-8 and 3-9 respectively.
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Table3.7: Summaryof Existing Land Use

Mombasa Island Coverage Mombasa North Coverage
Land Use - Area Covered %) Mainland - Area (%)
(He) Covered (Ha)

Agricultural - - 436 5.2
Commercial 112 8.9 238 2.8
Educational 102 8.1 206 25
Heavy Industry 178 14.2 38 0.5
Medium Industry 1 0.1 14 0.2
LightIndustry 146 11.6 19 0.2
Public Purpose 97 7.7 451 5.4
Public Utility 21 1.7 128 15
Recreational 64 5.1 208 25
Residential High 144 11.5 2,006 23.9
Residential Low 240 19.1 843 10.1
Residential Medium 73 5.8 196 2.3
Undeveloped 31 25 3,047 36.3
\(’:Vrzt:i Features/ 41 3.3 8 0.1
Future Development 7 0.6 265 3.2
Forest - - 282 34
TOTAL 1,257 100 8,385 100
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Themain divers ofMombasa Island andMorth Mainland are as follows
i) Tourism

Tourismis the most important economic activity Mombasalsland andNorth Mainlandwith

a variety of attractionsncludng Fort JesusQIld Town, white sandy beaches efourism
creates employment opportunities to the local communitine coastline is characterised by
resorts, hotels and other entertainment centrescieates employment opportunities to the
local communityand in addition ishe main source oovernmentRevenue.

ii) Standard Gauge Railway (SGR)

LGQa | 7T undeacknstiLktidddier&/alitionize transport of people and goods
through the East Aican region.The SGR is expected to connect Mombasa to Malabgs.
wilplayal $&8 NRBtS Ay | ORKEISYSyd 2F YSyel Q&

iii) Industries

Cement factories are a major industry in Mombasa due to abundance of limestone deposits.
The cement factories cate employment opportunities to the local community and is also
among sources of government revenue.

iv) Agriculture

Agriculture in Mombasa North Mainland is an important source of food and livelihood to the
local community attracts investments into the tow and is also a source of government
revenue hence plays &k role in economic development.

3.2.3 LandUse Planning and Policy

AllLandUseactivitiesdepend on the regulations and practices that govern land ownership. Land
allocation and ownership require gper planning for optimal utilisation.

Landuse planning encompasses the systematic social and economic assessment of land and
water potential including the alternative langses for the selection and adoption of the best land

use options. It seeks to ratate landuse in efficient and ethical way and prevent laumsk
conflicts. Laneuse planning is practiced to manage the development of land within jurisdictions,
plan for the needs of the community and safeard the natural resources. Lande planning

often lead to laneduse regulations, which typically encompassesiig.

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

The primary purpose of zoning is to seggate uses that are thought to be incompatible. In
practice, zoning is used to prevent new developments from interfering with the existingind
FOGAGAGASA I'yR (2 LINB &SN SonimérfycoatOliéd byihedcd Nk 2 F
governmens such as County Governments, though the nature of the zoning regime may be
determined or limited by the national planning authorities or through enabling legislation.

Zoning may include regulation of the kinds of activities which will be acceptabrbcutar plots

(such as Open Spaces, Residential, Agricultural, Commercial or Industrial), the densities at which
those activities can be performed (from Ldé¥ensity Housing such as Single Family Homes to
HighDensity such as HigRise Apartment Buildinyjsthe height of the building etc.

The projectedpopulations1,308,000in Year 204QRefer toTable 35 and 3.6on Page 35) are
proposed to be accommodatealithin the coverage athe study arealt is also proposed that the
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existing vacant land be utiksl including the range landswhere the slope is gentle for
developmentto accommodate part of thempjected population.

3.2.4 LandUse Rquirement per Land Use Dne
Land requiremenin zoningdepends on projected gmlation and proposed density.
The proposeghopulation densities for each category of Residential baswlhavebeen worked
out based on the projected population, land available for future developméstpotential of
the developed areafor densification and experience fownsof similar natureand keeping

sufficient room within the current planning boundary for future urban expansion i.e. beyond
year 2040.

Details of existing Land use and projected land requirerientMombasa Island and North
Mainlandare given infable3.8 and 3.9 belowandon Page 312 respectively

Table3.8: ExistingLand Useand Projected LandRequirement¢ Mombasa Island

Land Use Existing Land Use 201 Projected LandJse
(Area, ha) 2040 (Area, ha)

Agricultural - -

Comnercial 112 113

Educational 102 102

Heavy Industry 178 178

Light Industry 146 146

Medium Industry 1 1

Public Purpose 97 97

Public Utility 21 25

Recreational 64 64

Residential High 144 150

Residential Low 240 251

Residential Medium 73 77

Undeveloped 31 4

Water Features 41 41

Future Development 7 7

TOTAL 1,257 1,257
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Table3.9: ExistingLand Useand Projected LandRequirement- Mombasa North Mainland
Existing Land Use 2015 Projected LandUse

Land Use (Area, ha) 2040 (Area, ha)
Agricultural 436 368
Commercial 238 352
Educational 206 313
Forest 282 341
Heavy Industry 38 38
Light Industry 19 20
Medium Industry 14 15
Public Purpose 451 552
Public Utility 128 118
Quarry

Recreational 208 1,202
Residential High 2,006 2,979
Residential Low 843 1,252
Residential Medium 196 291
Transportation

Undeveloped 3,047 271
Water Features 8 8
Future Development 265 265
TOTAL 8,385 8,385

The development pattern in Mombasa Island and NorthrNéaid varies.In the proposed land

use plan, Mombasa is expected to have sustainable urban development. Residential land use will
be most dominant land use type with integrated education facilities for improved access to
education.

Agricultural, undevelped and future development land uses will be converted to accommodate
development of residential and commercial developments. Population density in the residential
areas will also increase. The industries are mainly the port and oil industries incheliragiway
depots which are a key part of the economy of Mombasa. Mombasa North Mainland has plenty
of undeveloped landvhich can be used for futunesidential and commercial developments.

With implementation of theMombasa CountySUDRYear 2015)the projected Lanelse can be
attained. The ISUDP should also aim at enforcing development control, establishing adequate,
decent and affordable housing, conservation of the green spaces and the environment and also
provide a road map for provision of sengcand facilities.

LayoutPlans showing the Proposed Land Use for Mombasa Island and North Mainland are given
in Figure 34 and3.5 on Page 313 and 314 respectively

Table 310on Page 315to 3-18 shows a summary of adoptive standards for Urban Ptanni
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Table3.10: 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 Single Dwelling Units
0
Residential Bungalows 35 25 0.4 Ha Low Density Single Dwelling Units Cottage industry may be practised
ASecmdary School may be
Residential Bungalows 35 25 0.4 Ha Low Density Single Dwelling Units developed at arappropriate 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 residential units Shops allowed on plots frontingn®
Town houses allowed per plot roads
Duplexes 50
50
Residential Maisonettes 50 0.1 Ha Low Medium density Two resiéntial units Shops allowed on plots frontingn®
Town houses 50 allowed per plot roads
Duplexes
Maisonettes 50 Two residential units Shops allowed on plots frontingn®
Residential Town houses 50 0.1 Ha Low Medium density allowed per plot roads
Duplexes 50
Town houses
Mixeddevelopments ;| Duplexes 65 65 0.03 High Density Multiple residential units Shops allowed on plots frontingn®
Swabhili houses - allowed roads
Guest/Boarding houses 0.045
Mixed developments: Town houses
Duplexes 65 65 0.045 High Density Multiple residential units Shops allowed on plots frontingn®
Swabhili houss allowed roads
Guest/Boarding houses
Mixed developments: Town houses 65 65 0.03 High Dasity Mixed house types allowed : Upgrading areas
Duplexes -
Flats 0.045
Swabhili houses
Guest/Boarding
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dormitories
Sanitation block

Sec. School4.5
College 10.2
University 50.0

Zone Proposed Land Use | Types of Development | BCR PR Min Plot Size : Density of Development No. of Dwelling Units Other Requirements
Allowed
1 Industrial Industrial plant 50 150 0.2 N/A N/A
Garages, furniture and
Light Industry RepaitWorkshops, 50 75 0.045 N/A welding workshops
Hardware stores allowed
Furniture Makers small
tin smiths, Reuse
Industries
Godowns, warehouse, Garages, furniture and
Light Industry hardware stores 50 75 0.045 N/A welding workshops
allowed
Zone Proposed Land Use | Types of Development | BCR PR Min Plot Size Density of No. of Dwelling Units | Other Requirements
Allowed Development
Nursery Sch0.1 Storeyed buildings recommended
2 Educational Classes, offices and 10 30 Pri. school 4.0 N/A N/A for effective use of space

Sharing of recreational facilities
recommended
Institutional Housing allowed

Proposed Land Use | Types of Development Min Plot Size Density of No. of Dwelling Other Requirements
Allowed Development Units
Recreation Conservation/
Green Park
Recreation Conservation/
Green Park
Recreation Conservation/
Green Park

MIBP/ CES/ BOSCH

3-16



Water and SanitatiorService Improvement Projeat Additional Finanang (WaSSIPAF

Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region

FINAL MASTER PLAN REP(
MOMBASA ISLAND AND NORTH MAINL/

Zone 4: Public purpose
Zone Proposed Land Use | Types of Development | BCR PR Min Plot Size Density of No. of Dwelling Other Requirements
Allowed Development Units
4 Governmat Civic offices: County Spatial compactness
Headquarters government; local Public parking
authorities, parastatals, Accessibility
trade unions, political
party offices, library
entertainment, etc.
Zone Proposed Land Use | Types of Development | BCR PR Min Plot Size Density of No. of Dwelling Other Requirements
Allowed Development Units
Densification and diversification
5 Commercial Compatible mixed use | 75 600 0.045 N/A Commercial recommended
Flats and high rise buildis
recommended
Future commercial core
Zone Proposed Land Use | Types of Development | BCR PR Min Plot Size Density of No. of Dwelling Other Requirements
Allowed Development Units
6
Zone 7: Transportation
Zone Proposed Land Use | Types of Development | BCR PR Min Plot Size Density of No. of Dwelling Other Requirements
Allowed Development Units
Lorry park N/A N/A 2 N/A N/A To be developed through public
7 private partnership
Bus park To be developed byddnty
Government

MIBP/ CES/ BOSCH
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Zone Future Land Use Types of Development | BCR PR Min Plot Size Density of No. of Dwelling Other Requirements
Allowed Development Units
8
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
LD Residential Bungalows 35 25 0.4 Ha Low Density Single Dwelling Agriculture may be practised
Units
Residential Bungalows 35 25 0.4 Ha Low Densit Single Dwelling Agriculture may be practised
Units
Residential Bungalows 35 25 0.4 Ha Low Density Single Dwelling Agriculture may be practised
Units
Residential Bungalows, 25 25 0.2 Ha Medium density Single Dwelling
MLD Units
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 residential Shops allowed on plots frontingr®
Town houses units allowed per roads
duplexes 50 plot
Residential Maisonettes 50 50 0.1 Ha Low Medium density | Two residential Shops allowed on plots frontingr®
Town houses units allowed per roads
duplexes 50 plot
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4.0 WATER DEMAND FORECAST

Water demand is defined & GG KS @2t dzyS 2F 41 GSNI RATFSNByY
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climate, economic considerations,rstation facilities, industrial and commercial requirements.

Water demand
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For a more accurate determination of the Total Water Demand, it is important to salopirate
water consumption rates for each of the water demand categories.

4.1 Analysis of Present Water Demand

The Design Manual for Water Supply in Kenya (MM08) gives guiding values of water consumption
rates for the various categories of Water Demand. However, from individual studies and in
consideration of various local conditions, several Consultants have adopted varied water
consumption rates for theetermination of Water Demand in Mombasa Island and North Mainland.

A summary of the Studies / Designs prepared by the various Consultants for Water Supply in
Mombasa Countgand other Coast Towns is given below:

i Tahal Group and Bindia Associates fingled the Water Supply Master Plan for Mombasa
County and selected Towns in year 2013

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

1 Gauff JBG/TRAQ ConsultingnfineersDetailed Design Report fdKilifi Water Service
Provider October 2010.

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

1 Kittelberger Consult GmbH Consulting Engineers Joint Venture vatigi, |.B. Patel &
Partners finalised Malindi Sanitation & Hygiene Education Feasibility Study in year 1994

1 Norconsult A.S. Consulting Engineers finalised the Malindi Sewerage Master Plan and
Preliminary Desig Storm Water Feasibility Study, November 1978

A comparison of water consumption rates adopted in the above Studies / Designs including those
recommended in the Practice Manual for Water Supply Services in Kenya is Jiabteihl on Page
4-2.
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Table4.1: Comparison of Water Consumption Rates

Consultant Name of Report Domestic Water consumption Institutions Water Consumption Commercial Industrial
I/c/day) Water Water
Low Density | Medium High Boarding Day Schools Regional | Consumption Consumption
Density = Density Schools with WC Hospitals | (I/head/day) (I/ Ha/day)
(I’lhead/day) @ (I/head/day) (I/bed/day)

Tahal Group / | Water Supply Master

Bhudia Plan for Mombasa and 250 150 75 - - - - -

Associates other Towns Aug 2013

Egis Bceom/ | Rehabilitaton &

Mangat Expansion of Mombase
Water Supply & 250 100 60 : : : 6 25.000
Sewerage Project
Final Design Repott
July 2011

Gauff IBG / Detailed Design for

TRAQ Kilifi Water Service 200 120 60 100 20 365 83 30,000
Providerg Oct 2010

Seureca / Second Mmbasa and

Mangat Coastal Water Supply
Project Final Design 200 80 70 50 25 700 5 20,000
Report- January 1998

Kittelberger Malindi Sanitation and

Consult GmbH Hygiene Education

Joint Venture: Feasibility Study

with Mangat, March 1994 300 150 75 50 25 400 25 29,400

.B. Patel &

Partners

Norconsult S.A Malindi Sewerage

Consulting Master Plan and

Engineers Preliminary Design 300 150 75 50 25 400 - 15,000
Storm Water Feasibility
Study- November 1978

Ministry of Practice Manual for

Water & Water SupphServices 250 150 75 50 25 400 - 20,000

Irrigation in Kenya
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After analysis of these water consumption rates indicatedable 4.1on Page 4.2the water
consumptionrates adoptedin this Study for the various consumer categor&s described
below:

a) Residential Viter Demand

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

Based on per capital demand observed in similar socio economic and clooatext but without
restriction of water supply, the Consultant proposed to adopt the following consumption rates
for each category of domestic consumer as summarisdebie4.2 below.

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

Category Description ConSLEIr/T; |/3;|)on RCLS
Low Density Residential Houses and Maisonettes 200
Medium Density | Flats and Estates 120
High Density Traditional Houses (Informal Settlements and Swabilises 60

b) Institutional Water Demand

The institutional water demand wasalculated based on the following commonly accepted
demand criteria by type of institution:

1 Boarding Schools - 50I/head/day

1 Day School with WC - 251/headday

1 Regional Hospt - 200l/bed/day plus 50001/day
1 Dispensary and Health Centre 5,0001/day

1 Administrative Offices - 25 fhead/day

c¢) Commercial Water Demand

The commercial water demand waalculated based on the follamg commonly accepted
demand criteria by type of commercial facility:

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

The following criteria was adopted for thedimstrial water demand based on commonly
accepted demand criteria

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

The following criteria was adoptetbr tourism demand based on commignaccepted
demand criteria

9 Four and five star hotels - 600l/occupied bed/ day
9 Other hotels - 300l/occupied bed/ day
9 Tourist cottages complexes - 200l/occupied bed/ day
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4.2 Water Demand Projections
The water demand for Mombasa Island and Northiffend is expectedto increaseover the
design period (upto 2040) due tothe projected increase in population, commerce and
industrialization. The major drivers for this development include the tourism industry, improved
infrastructuralnetwork within the rest of the County and potential for new settlements.

The water demandyy consumer categorjor the Design Horizan2025 and 2040 has been
calculatedbased on the projected population and proposed future larsg A summary of the
water demand bysubrlocation for Design Horizons Year 2025 and Year B0gi0en irTables4.3
and4.4 below.

Table4.3: Projected Water Demand for Mediudierm Horizon Year 2025

Service Water Demand (m?/d)

Area Domestic | Health = Education: Recreational Commercial: Industrial Total
Mombasa = ,) 75 1553 1274 172 110 3,136 = 27,521
Island
North
Mainland 61,699 457 581 89 58 5168 68,051
Total 82,974 2,010 1,855 261 168 8,304 95,572

Table4.4: Projected Water Demanébr LongTerm Horizon Year 2040

Service Water Demand (m3/d)

Area Domestic | Health : Education: Recreational: Commercial: Industrial Total
Mombasa | 53146 | 2305 @ 1,851 268 172 4,886 @ 42,628
Island
North
Mainland 96,124 711 905 139 90 8,052 106,021
Total 129,270 3,016 2,756 407 262 12,938 148,649

The water demand for Mombasa Island and North Mainland has been projected to increase
within the design period as shown kigure4.1 below.

150,000

140,000 /

130,000 /

120,000 /

110,000
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90,000 /-/
80,000 /
70,000 '/

60,000

Water Demand (m3/day)
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Figure4.1: CombinedwWater Demand Projection
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5.0 WASTEWATER FLOW PREDICTIONS

5.1 Design Criteria

The ctermination of the wastewater flowsdopted in the design of the Sewsr Pumping
Stationsand Wastavater Treatment Plant foMombasalsland and Ndah Mainlandhas been
guided and based atle Standard design criteria described in the following-sabtions;

5.1.1 Principal References

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

The principal References used to formulate the design criteridfmmbasalsland and North
Mainlandare as follows;

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

i Selection and Design Criteria for Sewerage Project, Report iJoW8rld Health
Organisation (WHO Report No. 9)

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

1 The Desigof Small Bore Sewer Systems by Richaddid.and D, Duncan Mara (1985)
1 Domestic Wastewater Treatment in Developing @tdes by D. Duncan Mara (2003)
The Criteria outlined in these principal References have been evaluated in the context of the

Consultats experience, knowledge and complemented with local and internationally accepted
design standards.

5.1.2 Sewerage Collection System
As outling in WHO Report No. $here are three forms ofewerage collection systemsamely

1 Separate SystemsSStorm waterand 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, oahe network of pipes is provided and
those pipes are designed to carry botlastewater flows and storm water

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

From the TORd&Neither CWSB nor the WSPs have the responsibility for the provision or
maintenance ofstorm waterdrainage systems and so the study and reviefitlvose facilities is

not included in this Wastewater Master Plan Study. All sewers shall be designed for separate
aeadsSvaosg

In line with the TOR, a separaganitary sewesystem has been proposed for the design of the
Trunk and Secondarg®ersin Mombasalsland and NortiMainland

5.1.3 Sewage Generation

Wastewater collected in the Sewerage System is generated from;

i Domestic, instittional and Commercial consumers
1 Industrial Effluent
9 Infiltration and Inflow into the Sewerage System
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5131

51.3.2

5.1.3.3

Domestic and Commeral Consumers Sewage Contribution Factor

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

1 Quantity ofwater supplied to the building

1 Chaacteristics of the housg type

1 Climate with higher losses associated with arid conditions

9 Ground conditions with higher losses asstaikwith high ground porosity

Sewagecontribution factor varies from 75% to 85% of water suppligtgpending on the
different categories of cosumers as outlined in WHO Report No.9 and summarisédhie 5.1
below.

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

S/No. Category Wastewacl)tfe\:v g;aer:esrl:j\;clli :j g/)}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 faor in consideration
that it has become a standard practice to ad8pfsin the design of Sewerage Systefmsother
Towns in Kenya

Industrial Effluent

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

for future industries whose type is not known, WHO Report No. 9 recommends a rate of 25,000
I/ha/day. This has been adopted in the Study.

Infiltration and Inflow

The dsign of the sewers is based upon the concept of a separate Sewer System, i.e. sewers that

are designed to carry only the anticipated sewage flows with only a nominal allowance in the
pipe capacity for infiltration and storswater inflow. If significantmounts of water from these
20KSN) a2dzNOSa INB ff26SR Ayidi2 GKS aSéeSNEZ
capacities, treatment plants of their process performance capabilities and the pumping costs
will increase significantly. Howevergnall amount of watesstill enters the sewers from other
sources, normally referred to as infiltration and inflow.

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

The rate of infiltration into sewer pipes depends generally on the depth of the water table, sub
soil conditions, workmanship during construction, age and condition of the pipes and the
frequency of occurrence of improper connections.offrer significant factor can be the
condition and depth of manholes, damaged or missing covers or where the ground surface level
is above cover level, then surface water runoff can enter the sewer as inflow.

Forthe design of the sewers in Mombasa Islaand North Mainland, it is intended to use an
infiltration allowance that is based upon the area contributing to the sewer. This Study adopts
the recommendation of Nairobi City Council manual afoastant infiltration rate of 0.0025
I/s/ha within the desgn coverage area
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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 draitts, e

In addition to infiltration, Nairobi City Coundilanuall £ 82 NBO2YYSy Ra (KS dz
lEf26FyO0Seésr gKAOK Aa A yinakiEable Qdinx watehehtly and §or | £ f 3
authoriseddrainage of open industrial and commercial areas,d.d y ¥ 2 g € @ ¢CKAA |
taken as a percentage of the domestic wastewater flow and ranges from 5% to 30% depending
upon the predominant housing type i.e.

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

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

5.1.4 Peak Flow Factor and Sewer Capacity

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

Sewers are normally designed to flow half full at peak flow, wherek g weather flow is

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

I = Infiltration Rate (I/s)

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

DWF = 3 & (/] 3 ) ! !
Where:
3 & = Sewage Reduction Factor (%)
0 = Population (no. of persons)
= Water Consumption (lies 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 Rate (I/sec/ha)

! = Domestic Drainage Area (Ha)

Thedaily peak flow in a sewer is a function of the area contributing to the sewer, which, in turn,
determines the contributing population and, hence, the size of the pipe. An increase in the
contributing area results in a lower peak factor, hence largek sewers have lower peaks than
small branch sewers.
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Manymethods and formulae are used to predict peak factors in sewers. The factors derived by
Nairobi City Council in the 1960s, after a comprehensive survey of the Capital City's sewers, are
shown n Table5.2 below.

Table5.2: Nairobi City Council Manual Peak Flow Factors

DWE (litres/sec) Peak Factor
<6.0 7.5
<12.0 6.6
<60.0 5.5

<120.0 5.0
<600.0 3.8
> 600 3.1

ThesePeak Flowfactors areconsiderably higher than thoseesulting fromthe empirical
formulas commonly used. Some of the commonly used formulas are giviebie5.3 below.

Tablebs.3: Common Formulas used to calculate Peak Flow &ract

w o e v . B P
Legg Formula, for population < 7,000 Persons 6 Q&G b rw as ¢

B~ mE Ta gy v
Babbit Formula, for population < 7,000 Person b ROALOO e a Bo 0t ¢

. R AR pT
Harmon Formula, for population > 7,000 Persc VROOL WO 8l a5 @6 0t ¢

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

Theempirical formulas adopted in the computation of peak flowsMmmbasasland and North
Mainlandare as follows;

9 Babbit formula for populations less than 7,000 persons

9 Harmon Formula for populations greater tha®@) persons

5.2 Projected Wastewater Flows

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

Based upon the ab@/components and assuming a regular/unsuppressed water supply and full
water distribution network, the projected wastewater generation for the dotations covered

by the study area of Mombasa Island and North Mainland have been determined and are given
in Table5.4and5.5below;

Table5.4: ProjectedWastewater Generation up to Year 2040

. Dry Weather Flow (DWF), m3/day
Service Area
2009 2015 2020 2025 2040
Mombasa Island 14,659 17,455 20,194 23,371 36,061
North Mainland 36,912 43,825 50,600 58,453 90,348
Total 51,571 61,280 70,794 81,824 126,409

However, achieving conditions of regular / unsuppressed water supply and fullvese
connections in a Town with Sewerage System is nearly impossible. This is due to limited
development of water resources to supplyombasa Island and North Mainlandnadequate
water distribution and sewerage networks and the use of ot sanitation systems due to
topography, affordability, unplanned settlements, etc.
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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
generdion projection forMombasa Island and North Mainland

Table5.5: Sewer Connectivity adopted for Realistic Wastewater Generation Projection

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

Table5.6: Water Supply Statuadopted 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 Waté&onnection 50% 80%
Low Income without Individual Water Connection 50% 80%

Figure 5.1below shows the projected wastewater flows up to Year 2040 for the ideal conditions
of regular water supply and sewer connection condition (100% Sewer Connectiontheand
realistic conditions of suppressed water supply and gradual implementation of sewer

connections;
130,000
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Figure5.1: Comparative Projected Wastewater Flowp to Year 2040

FromFigure5.1above, the projectedvastewater generation based on the realistic conditions of
water supply and sewer connections at the Years 2025 and 2@40680 m3/dand87,200 m3/d
respectively.

The design ofthe Wastewater Treatment Planind Sewerage Systetrave been based on the
wastewater flow generationdetermined from the ealistic conditiors of suppressedwater
supply and projected builebut of sewer connections.
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6.0 DESIGN CRITERIA FOR SEWERAGE NWETBMSTEWATER TREATMENT
PLANTS

6.1 Design of Sewers

6.1.1 Minimum Size of Sewer

Many sewer blockages iarban areas occur in the first length of sm@ithmeter sewer with less

than five house connections. Because of this observation, Nairobi City Council Manual
recommends a minimum diameter of 200mm for new sewers. Individual house ciomeof
150mmdiameter is however sufficient.

This recommendation is comparable to that of WHO Report No. 9; 225mm minimum diameter
for Trunk and Branch Sewers and 100m&50mm for Property Drains.

To reduce the tendency of blockages, 200mm diameter been adopted as a minimusewer
size forMombasalsland and NortiMainland Sewerage Systetdowever, &the upper ends of
sewer lines, the expected flows would natéeveselfcleansing velocities except at rather steep
sewer gradientsThus,150mm dianeter sewers sall be adoptedin the upper lengths of the
sewers to alleviate 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 Weisbaclofnula, combined with the Colebrook
White formulation of the friction factor, has long been regarded as the formula that closely
relates both pipeline theory and observed pipeline losses. The main disadvantage is the
cumbersome iterative calculations nesasy for its solution. However, with the advent of
computers and published Design Charts this limitation has been overcome and the formula
universally used as the basis for most computer programs used in the design of sewers.

1 Manning Equation:TheManningequation is widely used because of its simplicity. Although
it is empirical, it gives an accurate answer, given the uncertainties associated with the flows
generated (population projections, connected population, water consumption per person,
etc.). Theformula is as follows:

28 @38
I
Where:
6 = velocity of flow, (m/s)
] = pipe roughness coefficient
2 = hydraulic radius, (m)
3 = slope of the pipeline, (nm)
Table6.lbelowK 2 ga G KS al yYAy3IQa t ALIS NEpdmdeyidsanm 02 ST
diameters.
Table6.lY CNAOGA2Y CIFOG2N) F2NJ alyyAy3aQa C2N)NdzZ |
Pipe Material Pipe Dia, mm Friction Coefficient, n
Spun Concrete <=300, <600 0.015
>= 600 0.014
Cast Concrete All sizes 0.018
uPVvC All sizes 0.013
Pitch Fibre 100 & 150 0.014

In this study, manning equation has been adopted for the design of gravity sewers. It has been
complimented by Design Tables and Charts for the Colebrddhkiee Equation, developed by the
Hydraulic Reearch Station in UK.
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6.1.3 SeltClearsing Gradients and Velocities

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

A minimum velocity is required in a sewer to ensure settling of solids do not occur. A velocity of
NOTp Yka Aa O2yAMARISINSBRY I ASKS OWaI 8t UK G GAff
suspension. It is important that this velocity is ackig\at least once a day. This is ensured by
laying sewers at a gradient that will give a velocity of 1.0 m/s at full bore flow. The Nairobi City

| 2dzy OAf Qa ! R2LIGAGS {0l yRIFNRa NBO2YYSyRa GKI
flowing full.

Sewe velocity is more important in tropical climates such as in MomHakad and North
Mainland Town since it has been noted that at high temperatures, increased biological activity
rapidly reduces the dissolved oxygen content of the sewage and can resbiilidup of
hydrogen sulphide gas. Without oxygen, sulphate reducing bacteria break 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 simmngoroblems. A velocity of 1.0 m/s is
considered necessary in tropical climates, (WHO Sectorial Report No 9) to deal with this problem.

This requirement is more important for trunk sewers and is inappropriate for house connections
or the secondary sews for Mombasalsland and NortiMainland Towrnwhere flows may be
intermittent and retention times short. A minimum velocity of 0.75m/s has been adopted with
exception of some critical circumstance where a velocity of 0.6m/s has been allowed.

In areas whez ground slopes are flat, the adoption of a minimum velocity of 1.0m/s places a
severe constraint on the design of the upper reaches of systems due to the steep gradients
required. Thus, flatter gradients have been adopted to decrease the resultant sewptrsdand

to reduce the number of pumping stations. Regular flushing of sewers should be carried out at
the flush manholes to be provided at the upper sewer sections to prevent silting.

The Ministry of Water & Irrigation Practice Manual for Sewerage and&ion Services in Kenya
(December 2008) on Page 144 explains that the maximum flow velocities were previously
specified in order to reduce the possibility of pipe erosion through scouring effects. Such effects
were said to occur at flow velocities exatting 4.0m/s but studies have shown that erosion effects
observed at velocities greater than this threshold value are minimal 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 0.75m/s
1 Minimum velocity in exceptional circumstances 0.6 m/s
1 Maximum velocity 3.0m/s

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

Hydrogen sulphide is the main source of corrosioreines pipes, particularly with high ambient
temperatures and long retention times. Aerobic bacteria on the sewer walls above the sewage
level oxidise the hydrogen sulphide gas to sulphuric acid which attacks the wall of sewer pipe and
result to corrosion oferrous and concrete walls causing their rapid deterioration.

The onset of Hydrogen sulphide attack depends upon many variables including;
1 Sewage strength and sulphate content
9 Dissolved oxygen concentration
1 Velocity of flowg at low velocity, anaerobiconditions result through silt and sludge
accumulation. Natural oxygen recovery from the atmosphere is also low at low velocities
1 Temperatureg sewer corrosion is more frequent and intensive in in warm climates as
compared to temperate areas
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6.1.5

6.1.6

A welldesignel and constructed Sewerage System is the best way of preventing occurrence of
sulphide attack. It is considered that the relatively short sewer lengths proposed in Mombasa
Island and NorttMainland Sewerage Systemgether with adequate gradients, makedlonset

of sulphide attack unlikely. HDPE/ uPVC pipes will be used as much as possible in flatter gradients.

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

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

Ventilation of Sewers

Sewers must have adequate ventilation to:
1 Remove odavus gases released from the sewage
1 Remove explosive and poisonous gases produced in the sewage
1 Maintain adequate supply of oxygen in sewers and prevent hydrogen sulphide
generation

To ensure adequate ventilation, ventilation columns with extensions shioeilthstalled at all
house connections, Pumping Stations and Manholes where pumping mains discharge. Manhole
covers should also be provided with ventilation slots. Forced ventilation using compressors
should be used where necessary.

Depth of Sewers

Sewes are designed to flow as much as possible in the direction of the natural ground slope.
They should also blaid at depths that permit connection to the existing and future properties
within the sewered area. Besides, adequate cover to the sewers iFreelo ensure protection
against damages from live loads transiting on the overburden cover surface.

Nairobi City Council Manual recommends minimum depth of sewers of 1200mm in roads and
900mm in all other areas. Adopting this recommendation at the @astr sewer sections in flat
areas lead to unnecessarily deep sewers. However, additional protection can be provided at the
upstream section of sewers if shallow depths are adopted to limit sewer depths and result to
savings from deep excavations of entisngr length.

The minimum sewer depths and recommended pipe protection measures in the various
circumstances are shown rable 6.2below.

Table6.2: Minimum Sewer Depths and Pipe Protection

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

The depth of sewers in Mombadaland and NorthMainland has been dictated by the
constructability of soil conditions given the flat topography, loose sandy soils, depth of the water
table and economic considerations.

Standard details for b&élling sewers and its surround have been provided to ensure protection
of sewers from unnecessary damages and overburden.
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6.1.7

6.1.8

Manhole Spacing and Sizes

Manholes permit the inspection and cleaning of sewers and the removal of blockages. They
should be prowed 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 to ease sewer cleaning.

Manhole spacing and size for the varioesver pipe diameters have been adopted based on the
guidelines of the Nairobi City Council Manual as shovilralrle 6.3below.

Table6.3: Guideline to manhole diameter and spacing

Sewer Pipe Size Manhole Spacing Manhole Diameter
(mm) (m) (mm)
225-375 60 1,050
450- 600 80 1,200
675¢ 900 100 1,500
Greater than 900 100 1,500

Most sewer blockages occur in the smaller diameter sewers. Thus, for pipe diameters smaller
than 225 mm, it is proposed to reduceetimanhole spacing to 40m for ease of cleaning and
maintenance. The spacing of intermediate manholes in the Sewerage System for Mdsténada

and NorthMainland Town has been guided by the proposed Sewer Layout Plan.

Pipe Materials

The choice of pipe matial is influenced by:

Hydraulic and structural design; in consideration of whether it is gravity or forced sewer
Resistance to chemical and biological processes internally and externally e.g. Corrosion
Physical properties of the pipe material i.e. sigém(to prevent abrasion)

Types of joints; in view of water tightness which affects infiltration

Availability of required sewer diameters and necessary fittings

Cost of materials and installations

=A =4 -4 -8 8 9

Due to the various requirements in the Sewerage Systermifonbasadsland and NortiVainland
Town, combination of various pipe materials, which are manufactured locally to internationally
recognized standards, have been considered. These include;

i. Precast Concrete Pipes

Spun concrete pipes are manufacturedadly by several companies in Kenya. They are the
most commonly used for sewer pipes.

Flexible jointed pipes are manufactured in sizes ranging from 150mm to 975mm diameter and
are connected using rubber rings. They are vertically cast in vibrated mdiildg.are the
most commonly used type of concrete pipes.

Rigid jointed pipes are rarely used for sewers. They are connected using tarred hessian and
cement mortar. Ogee jointed pipes, commonly used for surface water drainage systems, are
available in sizzfrom 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 manufactured on order.

The dsadvantages of using concrete pipes include their high friction coefficient and
susceptibility to corrosion due to the generation of hydrogen sulphide gas especially at high
ambient temperatures and long retention time.
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ii. uPVC Pipes
Un-plasticised PVC g 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.

Their main advantage is the low costs associated with thehasge, transportation, handling
and laying. Most contractors are also experienced in handling uPVC pipes. In addition, uPVC
pipes are resistant to attack from corrosive atmosphere, soils or wastewater conditions.

However, exposure to strong sunlight oxelong period can cause brittleness of uPVC sewers.
This is less common with modern pipes. There has also been reservation regarding the quality
of the locally manufactured large diameter uPVC pipes and the ability of Contractors to lay
these large dimetepipes. Their use has therefore generally been limited to diameters less
than 300 mm. Despite of the high cost, it is customary to specify the use of Class 41 uPVC pipes
(with thicker walls) for sewers to provide the additional safeguard against corrasiacks

and overburden.

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

With manufacture of HDPE Pipes gaining momentum in the country and considering its rapid
use by most Water Service Providers, the benefits of using HDPE pipes in Sewerage Systems
including reduction in the number of mholes required, ease of use in confined spaces and
resistance to corrosion in the coastal towns, make HDPE Pipes the ideal sewer pipe material.

iv. Steel Pipes
Steel pipes are manufactured in Kenya. In the sewerage system, they are used for exposed
locatiors such as river crossings or in pumping mains. However, protection against corrosion
is required internally and externally. This is provided using bitumen sheathing with external
sheathing reinforced and glass fibre windings. Alternatively, modern pr@pyietpoxy
coatings can be used. Joints are bolted flanges, flexible couplings, or spigot and socket joints.

From field investigations, it has been found that when steel pipes are exposed to the strong
sunlight, the external protective bitumen coating beee brittle and crack, thus become
susceptible to the atmosphere. There are also cases where the pipe couplings, and even the
pipes, have been vandalised and stolen for recycling purposes. The high cost of steel pipes also
discourages their use in other moal conditions.

All the foregoing four pipe materials have been used in the construction of the existing
Sewerage Systems countrywide successfully.

Considering performance, cost and availability, HDPE and concrete pipes are the most
appropriate pipes dr use in large diameter sewer construction in Kenya. For smaller
diameters, uPVC sewer pipes are more cost effective. Steel pipes are inevitable for aerial river
crossings, pumping mains, high impact resistance and bridging ability; either spun irdd or mi
steel pipes can be used. Standardisation of pipe materials and fittings within the jurisdiction
of MOWASCO has also been considered.

The Gravity Sewers for Mombasa Island and North Mainlamidl consist of HDPE/ uPVC
pipes andsocket& spigot concreé pipeswhile Pumping Mains will comprise of Steel Pipes
Shallow sewer sections or those laid on road crossings shall considtegible jointed
concrete pipegprotected with reinforced concrete raft slab
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6.1.9

Property Connections

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

to be connected, either by MOWASh Qa4 (GSNI AL NE &aS6SNB 2Ndoto6e Ay
feasible at the construction stage to allow for all individual property connections, but, wherever,
possible, 160 mm diameter-jMnctions shall be provided on the secondary sewers to facilitate
connections.

6.2 Design of Sewage Pumping Stations

6.2.1

6.2.2

SewagePumps

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

Sewage pumps commonly used in Kenya as observed in existing Sewerage Systems in Mombasa
and as per thé-inal Practice Manudbr Sewerageand SanitatiorServicesn Kenya(MWI, 2008)
are:

i. Solids divertes

ii. Submersible pumysets incorporating aatrifugal pumps

iii. Centrifugal pumps

iv. Mixedflow pumps

v. ScrewPumpé { S¢I 3S Wi ATFIQ adldAzyao

Screw Pumpsi(S ¢ I li#SBtatighg are suitablevhere thepump station can be located away

from human settlementsWherever electricity is available, it is recoranded that pumps be
driven by electric motors; elsewhere, dieselgines are considered the better alternative type of
prime mover Renewable energy e.g. Solar or wind power systems can also be used especially for
smaller pumps.

Except solids diverterand screw pumpst is recommended that all sewage and slugaemps
should be protected against blockage by screens; for the smallest pumpan4fear opening
screens are required, bd00 nm openings are suitable for the larger centrifugal and miled:
pumps.

Sewage Pumping Stations

¢CKSNBE INB (62 oFlaAro GellSa 2F aSél 3S LlzyLIAy3a a
into pumpingmains.In the lift station, sewage is merely raised from a low to a higher level, for
subsequent gravity flo.

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

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

Sewage pumping stations can be broadly classified as follows;

a) Wet Well Stations§ubmersible Pumping Statigns
b) Dry Well StationgWet Well / Dry Well Pumping Stations
c) Packaged Pumping Stations esgrew Pumping Stations
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6.2.3

Wet Well Stations

At such stations, th@umps are installed in theubstructure oMet Well whichcontains sewage.
Thisarrangementensures that the pumps aralways primed. Usually, the prime movers are
located in the superstructure and the driigvia cased shaftinop case of verticathaft pumps

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

Inrecent years, several manufactures have started to produce watertight, submersible, portable
pumping setsuitablefor sewage, each coprising a centrifugal pump saténtrifugalpump and
electrical moto}. It ispreferable to have the compact control equipment above ground lardl

the remaining unit lowered into underground chamber. This system considgnauucescapital
costsand simplifies raintenance as within minutes, a standby unit can replace a faattywhich

can then be transported to a workshop for repair.

Itis consideed that such installations amiitablein Kenyafor pumping capacity within theange
450¢ 2,500 I/min

Dry Well Stations

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

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

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

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

Packaged Pumping Stations

These seltontained, factorybuilt units are recent developmenthey operate by electricity and

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

Siting of Sewage Pumping Stations

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

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

Electrcal supply and mechanical failuras2 common occurrence at Sewage Pumping Stations.
All Sewage Pumping Stations should thereforesbelocated that resulting sewage overflow
causes minimunhazardto public healthand environmentWherepossible, a screemkoverflow

pipe, or use 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

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

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

to install pump sets tserve for 5to 10 years, depending updhe rate ofincrease of sewage
generation in future. Bildings and dter ancillary works should have design perio@@fyears.

SewagePumpingSations with screw pumps or divters cannot be designed in thigy, as once
initial installationis complete, the pumpig capacities can only becreasedby duplicating the
installation. Where such types of statieare provided, it is considered reasonable to design them
for either the maximum flow the sewerage system seread produce or 50 per cent more than
the peak vet weather flows anticipated, whicheverlesser

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

Standby Units

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

The percentage of standby may be reddcas the number of pump sets installed in a station
increases; for exampléor a station which should deal with a peak inflow ¢8d0 fmin, it may
prove cheaper to have three pump sets each rated at O@@nirather than twosets each with a
capacity ¢ 1,800 I'min; in this casethe providedstandby is only 5.

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

Wet Wells and Sewage Sumps

The rate of inflow to SeagePumpingSation normally varies throughout the day. As the installed
pump-sets willeach have finiteapacitiesrather than variable, a seage sump providing storage
is required to deal with the infloiluctuations; in the case aiVet Well type of pumping station,
0KS GVeNNSHE f& |y RdzYaLP:SsyHogESous.

Effectively, the capacity of sewage sump is the volume between the hitghedtat which the

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

A SevagedzY LJIQa O LJ OA (& &Hh&ratdadf Rflow &d tNeSpurhplc&pReitids, 2o
reduce wear on the mechanical and electrical equipment in the station by minimizing the number
of pumpstarts.Each pump should be limited to about six starts during any hour; the maximum
number of starts occw when the station inflows is equal to half the pumping capacity of one
pump. On the other hand, if sewage sumps are la@e, sewage will tend to become anaerobic
during itsretention.
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It is recommended that the capacity of the sewage sump Rumping Sation be calculated
following theformulagiven below;

V =300Q

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

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

At least two compartment of sewage sump is necessaryatilitate cleaning of the wells and
pipe work and repairs to pungp These compartmentsshould be interconnected byrifice
through the dividing walls which can be closky penstocks, when necemy, to isolate a
compartment.

6.3 Design of Wastewater Treatment Plants

6.3.1 SelectionCriteria for Treatment Process / Technology

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

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

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

To simplify the evaluation process for the various treatment technolotliebnsultant
calculated the dynamic und@ost as average cost/nof wastewater treated for different
treatment technologies as summarisedrigure6.1 below;

4,000

Anaerobic Ponds +
Trickling Filters +
Maturation Ponds

3,000 — —

Oxidation Ditch +

| Mamration&// /
2000 ||| / / T

T
|
/./ /'%szabilizaﬁon

Ponds

Capitla Cost {Ksh, Million Ksh)

1,000

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

Flow, m3/d

Figure6.1: Capital cost for wastewatetreatment technologies
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iif) Physical ConstraintsLand
Land required for installation of treatment plant is the principal physical constraint due
to the availability and acquisition cost. Land available at the selected site in consideration
of the site topography ashterrain for the hydraulics at the WWTP has been assessed for
adequacy for the selected treatment technology.

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

iv) Operational Skills

Treatment technologies whose skill requirement for operation and maintenance can be
obtained locally, with minimum training of operators, has also been given preference.

v) Sludge Production

Different technologies generate varied amounts of sludge during wastewater treatment
process. The amount of sludge generated and its disposal or reuse has a huge impact on
the capital cost, operational cost and land requirement. The seleatiowastewater
treatment technology has considered minimal production of sludge and its safe disposal.

vi) Energy Recovery
Methane gas is usually generated during wastewater treatment process. Some
technologies such as the Activated Sludge have dominargrab& digestion processes
involving sludge which produces substantial amounts of methane. Energy production can
also be achieved through direct incineration of sludge.

It is ideal to collect and utilize the produced methane gas for the generation ofrpovee
thereby reduce the cost of energy at the WWTP. However, this is only economically and
financially viable for treatment technologies with high calorific value in sludge and
methane gas.
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vii) Fertilizer Recovery
The presence of nutrients such as niteog phosphorous and potassium makes sludge a

valuable fertilizer resource after stabilization. Natural and mechanical composting can be
practised for conversion of sludge into fertilizer.

viii) Sludge Handling
In the absence of energy and fertilizer recoyegenerated sludge (mostly liquid) must be
disposed of in a safe and sound manner to the public and environment at 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 with grits screenings from the Plant for
dumping. The Sludge Dump site shall preferably be developed near the Wastewater
Treatment Plant site to reduce the hauling distance and to minimize cost of
transportation. The dumped sludge is compacted with bulldozercanvered 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 erosioul annoff

1 Soil Characteristics

1 Soil depth to ground water

1 Accessibility & proximity to critical areas

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

X) Mechanical Equipment

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

xi) Nuisance

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

6.3.2 Alternative Wastewater Treatment Procegs/ Technolodes

The following logical Wastewater Treatment Technologies have been analysed in detail using
the above criteria%ubsection6.3.1):

i) Waste Stabilization Ponds

Application Lewveal: Management Leval: | Inputs: @l Blackwatar @ Brownwater
G | Sludga)

{1 Household I Household S Greywater (@l Sludge]

F Neighbourhood (F 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 slower, and thus
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hydraulic retention times are longer than in conventional wastewater treatmérPs

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

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

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

A typical layout of Waste Stabilization Pond is givdfigure6.3 below;

Raw
wastewater

Ry e S I v B

Final
effluent

% 1 anaerobic % 2 facultative IE 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 lagdirements and odour release.

if) Trickling Filterd Biofilter

Application Level: Management Level: | Inputs: @ Effluent @l Blackwater
Br tar G

1 Household 1 Household €= Brownwater € Greywater

(# Neighbourhood ] Shared Outputs: @ Effluent @ Sludge

%] City & *] Public

A trickling filter is a fixetbed, biological reactor that operates under (mostly) aerobic
conditions. Prea SG G f SR ¢ a0Sgl GSNJ Aa O2y(Aydz2dzat e
using sprinker as shown ifrigure6.4 below.

sprinkler
filter
feed pipe D: g ’ ~ 3 X el air
: e . .”E':g.nl 2 SRRR T fgal 5 e s
filter support FEIANI NIRRT AN AR ARRA A AN AN N AONNT
outlet
collection I_)

Figure6.4: Sectional View of a Circular Biofilter
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As the water migrates through the pores of the filter, organics are degraded by the
biofilm covering the filter mateal. They prodae high quality effluents (e.g20 mg
BODI and <30 mg SS/I) without requiring large areas of land or consuming vast quantities
of electricity. In many situations in developing countries they are much more appropriate
than activated sludgeTrickling Filters comprise a¥m deep bed of 500 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 large area for biofilm formation. Organisms that grow in the thin biofilm over
the surface of the media oxidize the organic load in the wastewater to carbon dioxide
and water, while generating new biomass.

Theadvantages of trickling filters are;
1 High quality effluentat small footprint & lesglectricity
9 Hficient nitrification
1 Operation at a range of orgi& and hydraulic loading rates

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

iii) Oxidation Ditch/ Extended Aeration

Application Level: Management Leval: | Imputs: @ Effluent @l Blackwatar
1 Household 1 Household S Browmwator S Greywaler

#| Neighbourhood {1 Shared Outputs: @ Effluent @ Sludge
(%] City & %] Public

Oxidation ditches are a direct modification of conventional activated sludge. Their
essentialoperational features are that they receivaw 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 sludge, ensures imiial 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 without odour on dring 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
contents of 0.80.4 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 consistently >95
per cent are btained for bothBODand SS.

Currently, here are few oxidation ditches in developing countries sindaste
Sabilization Ponds are usually more favourable, both in terms of costs and faecal
bacterial removal; although where there is a reliable eledyrisupply but insufficient
land for pondOxidation Ditchegre increasingly being used.

Theadvantages of Oxidation ditches include;
1 Resistance to @anic and hydraulic shock loads
9 High reduction oBOD and pathogens (up to 99%)
1 High nutrient removal pssible
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The limitations / disadvantages of using oxidation ditches include;
1 High energyonsumption
1 Constant supply of energy
1 High capital and operating costs
1 Require operation and aintenance by skilled personnel

iv) Sequencing Batch Reactor (SBR)

Application Level: Management Level: | Inputs: & Effluent Sl Blackwatar
Brownwater G -

Household " Household @ Brownwater ] Graywater

(_#] Neighbourhood {1 Shared Outputs: @ Effluent @ Sludge

(%] City %] Public

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

Sequential Batch Reactor

Raw Sewage | : Filling
- |
%

Decant |
UV System * A
| >

Treated Water X :

< Settling
PRI

Figure6.5: Schematic Showing SBR operational cycle

Sludge Discharge |
| occasionally

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

SBRs require controls to reduce energy consumption and enhance the selective pressures
for BOD nutrient removal, and control of filaments. This range fromnapéified 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 attention 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 and organic masliriga are expected.

A plant utilizing an influent equalization basin will be able to have a true batch reaction.

v) Submarine Outfall

This is a submarine pipeline or tunnel that dischargastewaterunder the sea surface.
In the case of municipal wasteer, effluent is often being discharged after having
undergone no or only primaryeatment, with the intention of using the assimilative
capacity of the sea fdurther treatment.
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Themain advantages of marine outfalls for the discharge of wastewatdude
1 Natural dilution and dispersion of organic matter, pathogens and other pollutant,
9 Ability to keep the sewage field submerydue to deep discharge points
9 Greater dieoff rate of pathogens due to the greater distance they shdtdstel to
shore
1 Less expensive than advancelfastevater Treatment Plants i.e. not energy
intensive
For effective operation of outfall and ithffusers, preliminary treatment of wastewer
is important The ombined capital and operatiorost of preliminary treatment iabout
one tenth that ofconventional biologicateatmentand requiremuch less land.

However, submarine outfalls for partially treated or untreated wastewater remain
controversial. The design calculation and computer models for pollution modelling
have been criticized, arguing that dilution has been overemphasized and that other
mechanisms work in the opposite direction, such hi®accumulationof toxins,
sedimentationof sludgeparticles andagglomerationof sewage particles witlgrease

Outfall matrials includgolyethylene stainless steelarbon steelglassreinforced
plastic, reinforced concreteast ironor tunnels through rock. Common installation
methods for pipelinesr@ float and sink, bottom pull and top pull.

For final polishing of treated effluent (pathogen reduction) before disposal into the environment,
the following processes have been considered to formulate Wastewater Treatment Trains:

1 Maturation Ponds

9 Chloriration

1 Sea outfall

Preliminary Treatment

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

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

Some of the geliminary treatmentprocesses are briefly described below;

a) Screening

Screening is the first unit operation used\@hstevater Treatment Plants (WWTPs)t
removes coarse objects such as rags, paper, plastics, and metals to prevent damage and
clogging of downstream equipment, piping, and appurtenances. 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 require frequent raking to avoid
clogging and high backwater levels that cause buddf solids mat on the screen. The
increased raking frequency increaselsdar costs

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

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

b) Grit Removal

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

Many types of gt removal systems exist, including;

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

O O oo

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

c) Flow Control and Overflow

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

A summary of the descriptive comparison of the above wastewater treatment technologies /
processes is given irable6.4on Page 617.
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Table6.4: Descriptive Comparison of Wastewater Trteaent Technologies / Processes
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6.3.3 Identification of Ste for Wastewater Treatment Plant (WWTP)

6.3.4 Identification of Site for the Wastewater Treatment Plant (WWTP)

The location of the proposed Wastewater Treatment Plant(s) is identified after the selextio
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 factors that have been considered to select appropriatation of the WWTP are:

6.3.4.1 LandUse

In theLanduse Map different areasof Mombasa Island and North Mainland have been assigned
varied existing and proposed uses. Areas earmarked for residential, industries, agriculture,
forests and social amenities earconsidered Iss suitable for the locationof a Wastewater
Treatment Plant (WWTP). On the other hapdplic utility or undeveloped Agricultural Land
located away from the sensitive residential areas are preferred.

6.3.4.2 Distance of Effluent Discharge Point

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

6.3.4.3 Topography of the Sewered Area

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

6.3.4.4 Topography of Site

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

6.3.4.5 Geological Conditions

A site with low water table and whessoils are impermeable is considered ideal with respect to
geological considerationsor instance, i or clay soils arsuitablefor pond construction.

More often, the geological formation within a Town is fairly similar. For instance, all the esadid
sites inMombasa Island and North Mainlamdmprise ofa mixture of well drained, deep, dark

red to reddish brown, friable, sandy clay loam to sandy clay, with top soil of loamy sand and well
drained, very deep, yellowish red, very friable, fine salwdyn to fine sandy clay loanThese

soils are suitable for WWTP (Waste Stabilization Ponds) construction.

6.3.4.6 Existing Infrastructure

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

6.3.4.7 Potential for reuse of treated wastewater

Treated vastewater can be reused for beneficial purpose such as agricultural irrigation,
industrial processes, ground water recharge, &wmximity to the potential raise application

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

6.3.4.8 Land Acquisition

In this criterion, preference is given to sites owrladgovernment agencies such as Ministries,
County Governments, etd his ensures that the project affected persons aret ke@ minimal
andreduces the cost of resettlement and compensation.
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7.0 FORMULATION QAL TERNATIMBEEVELOPMENT STRATEGIES

7.1 Justification of Study Area

It was proposed intte World Health Organisation (WHO) Report No. 9 that by the year 2000 all
urban ar@s that have a population density greater than 124 persons per hectare should be
connected to sewerage systenihisproposal aims to outline the extent to which the sewerage
projects should be prioritized in the developing natioiife population patterin Mombasa
Islandand North Mainlandis distributed and dense settlement exists in dispersed areas. The
effect of the sparse settlement on the overall population density is reductive.

Thepresent population density for the Mombasa Island (year 2016) bas determined ag33
persons per hectare while the projected year 2040 mean population density is 271 persons per
hectare. The highest projected population density in year 2040 is recorded in Mji wa Kale sub
location at approximatively 641 persons per tae.

In MombasaNorth Mainland, thepresent estimated mean population density (year 2016) has
been determined as 53 persons per hectare while the projected year 2040 mean population
density is 107 persons per hectare. The highest projected populatiositgiein year 2040 is
recorded in Magogoni sulocation at approximatively 250 persons per hectare.

Theseestimated populatiordensities have been adopted for the design of Sanitation System for
the study arean consideration of the WHO recommendation

7.2 Delineation of Drainage Areas

The Sewerage System felombasalsland and NortitMainlandhas been developed based on
drainage areas. drainagearea refers to a natural boundawyithin which the topography permits
convergence of surface water flaw a single point at a lower elevation.

The total number of drainage areas formulated in Mombasa Island and North Mainland are
twelve (13) and thirtyseven(37) drainage areas respectively.

Based on the projected land ug®pulation and water deman@hcludingsuppressed conditions)
as detailed in the previous Chaptethe sewage generate(Dry Weather Flowat the various
design horizons bprainage areancluding BOBIs givenin Table7.1 belowfor Mombasa Island
and onTable 7.2on Page 72 for Mombasa Nah Mainland

Table7.1: Summary of Sewage arBOR Generated per Drainage AreaMombasalsland

Drainage: Coverage Year 2025 Year 2040

Area (Ha) DWF (m?/d) BODb 0 Y= DWF (m¥d) BODb 0 Y =
1 135 69 650 160 572
2 171 101 688 258 573
3 323 161 733 336 661
4 43 41 779 100 697
5 4 15 953 38 931
6 11 18 970 42 956
7 27 99 785 295 643
8 67 31 752 61 684
9 16 20 867 47 812
10 30 34 763 88 670
11 168 332 1,017 1,112 650
12 138 146 855 441 617
13 529 2,415 1,036 8,376 654

Mean - - 877 - 685

Total 2,479 6,136 - 19,916 -
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Table7.2: Summary of Sewage arBOR Generated per Drainage AreaNorth Mainland

Drainage: Coverage Year 2025 Year 2090

Area (Ha) DWF (m?/d) BODb 0 Y= DWF (m¥d) BODb 0 Y =
1 78 793 288 738 426
2 134 655 661 625 1,162
3 168 691 1,613 650 3,058
4 238 728 4,542 670 8,905
5 88 705 1,879 657 3,608
6 57 663 598 630 1,051
7 143 641 380 617 661
8 222 719 3,315 665 6,454
9 154 655 739 626 1,312
10 96 602 121 597 211
11 420 741 4,500 676 8,903
12 82 751 1,584 643 3,343
13 121 763 2,353 648 5,013
14 362 754 2,786 644 5,900
15 131 686 601 617 1,181
16 322 649 595 597 1,119
17 99 696 238 631 396
18 51 867 150 809 215
19 27 684 283 621 512
20 243 648 473 597 872
21 130 710 227 643 363
22 329 637 345 587 570
23 59 932 140 896 192
24 70 739 1,195 639 2,495
25 253 648 489 597 904
26 70 861 155 802 222
27 51 860 152 800 219
28 29 947 131 918 180
29 63 807 168 737 251
30 53 855 153 793 222
31 78 890 151 839 211
32 248 733 232 662 343
33 660 661 348 594 492
34 65 842 159 778 231
35 64 880 150 825 212
36 126 845 171 781 241
37 260 742 230 670 336

Mean - - 753 - 696

Total 5,974 32,446 - 62,185 -

The Projected Dry Weather Flow fitre study area oMombasalsland and NortiMainlandat
the Design Horizon (Year 2040approximately82,300 m3/d ay.

Alayout Plan showing tteedrainage areafor Mombasa Island and North Mainland ayieen in
Figure7.1 on Page7-3 and Figure7-2 andon Page7-4 respectively
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FINAL MASTER PLAN REP(
MOMBASASLAND AND NORTH MAINLAI
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Figure7.1: Proposed Drainage AreasMombasa Island
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Figure7.2: Proposed Drainage AreasMombasa North Mainland
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