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EXECUTIVE SUMMARY

El GOALS AND OBJECTIVES OF THIS STUDY
D2Ff&a FyR 202S00A@Sa NS RSTAYSR Ay (KS ¢2w
is to identify a sound and rational strategy for the development of sewerage services in Mombasa
and selected Towns over the nettenty-five (25) years to improve the quality of effluent to
NAOBSNEX LYRAIFIY hOSIFYy |yR 3INRBdzyRgl GSNI YR (2
The key objective of the proposed Master PlanMombasaWestMainlandis to come up with
a phased investment programme for Immediate / Short Term Plan (2@020), Medium Term

Plan (202X, 2025), Long Term Plan (202@2040) and recommend a treated effluent disposal /
reuse strategy for the effluent iMombasaWestMainlard.

B OBJECTIVES OF THIS REPORT

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

The components of this Report include 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 Management Strategies

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

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

Proposed Implermantation / Development Schedule

Conclusiorof the Master Plan

B3 STUDY AREA AND DEMOGRAPHY
The jurisdiction of Mombasa VgeMainland covers six sdbcations namely; Kwa Shee, Birikani,
Changamwe, Chaani, Miritini, Jomvu Kuu and Port Reitz. The study area for the Wastewater
Master Plan covers all these sldzations.
The suHocations forming Mombasa West Mainland and tataVerage areas as well as the study
area is given ifable Ebelow,

=A =4 =8 =8 =4

= =4 =4 =4

Table E1:Sublocations and Study Area

Sublocations Total Area (km?) - Coverage in the Study Area (km?2
Kwa Shee 3.79 2.92
Birikani 2.35 0.12
Changamwe 3.81 3.74
Chaani 421 1.92
Miritini 10.39 5.84
Jomvu Kuu 21.25 13.21
Portreitz 8.04 5.08
Total 53.84 32.83

Figure Elon Page E2 shows the coverage of the Study Area of Wastewater Master Plan for
Mombasa West Mainland.
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Figure E1: Study Area of Waste Water Master PlanMambasa West Mainland

From the analysis of previous demographic data obtained f@mtral Bureau of Statistics (CBS),
the average annual growth rate for the Study Area of West Mainland in the lastciensal
period (1999 2009) is8.1%. This is expectbto decrease within the service area as the housing
densities approaches High Density Status.

Based on a medium growth rate scenario, annual population growth rate take3%gashe
population for the Study Area has been projected.
A summary of the projected population of the Study Area is giv@malie E2 below.

Table E2:Summary of Population Projection within the Study Area

. 2009 Projected Population
Sublocation :
Population 2015 2020 2025 2040

Kwa Shee 30,242 36,111 41,862 48,530 75,607
Birikani 1,572 1,877 2,176 2,523 3,930
Changamwe 9,114 10,883 12,616 14,625 22,786
Chaani 52,440 62,616 72,589 84,151 131,104
Miritini 21,559 25,743 29,843 34,596 53,899
Jomvu Kuu 33,077 39,496 45,786 53,079 82,695
Portreitz 61,718 73,695 85,432 99,039 154,300
TOTAL 209,722 250,421 290,304 336,543 524,32

E4  WATER DEMAND FORECAST

Based on the regular / unsuppressed water consumption rates, projected populations, proposed
future landuse (health, industrial, institutional, commercial and residential zones) and assuming
full coverage of water distribution in the study area, the pobggl water demand for each of the
service areas of Mombas&estMainland has been determined.
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Figure EDelowshows the projected trend in the combined water demand for the study area up
to year 2040.
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Figure E2Water Demand Projection
WASTEWATER FLBAREDICTIONS

The total wastewater generated with each of the service areas in the study has been determined
by the wastewater generated from the water consumed (sewage generation factor of 80%),
infiltration into the sewers and splash flows. Assuming guter water supply condition, the

projected combined wastewater flow for the entire study area in the year 2040, is approximately

62,200m3/day.

However, achieving conditions of regular / unsuppressed water supply and full sewer connections
in a Town withSewerage System is nearly impossible. This is occasioned by limited development
of water resources, inadequate water distribution networks and the use gblohsanitation
systems due to topography, affordability, unplanned settlement, etc.

To consider th above situation in the formulation of realistic wastewater generation projection
for the study area, the factors of Sewer Connectivity and Water Supply, giVebles B below
andE4 on Page E4 have been adopted.

Table B: Sewer Connectivity adoptetbr 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 withoutndividual Water Connection 30% 40%
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Table B: Water Supply Status adopted for Realistic Wastewater Generation Pro

jection

Population Category Based on Income Levels

Water Supply Status as a % of Regul
Water Supply

2021¢ 2030 2031- 2040
Highlncome 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 trends of wastewater flow generation for the study area
under Ideal condition (100% Sewer Connections and Regular Water Supply) and Realistic
conditions;
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Figure E3: Comparative Projected Wastewater Flayesto Year 2040

FromFigure E&bove, the projected wastewater generation based on the projected fmuitcbf
sewer connections and suppressed water supply at the Years 2025 and 28415&m?3/d and
44,290 m3/d respectively.

The design of Wastewater Management Schenmaniponents 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.

ALTERNATIVE WASTEWATER MANAGEMENT STRATEGIES

The Final \&stewater Master Plan for bimbasa West Mainlandescribes the development
strategy for the longerm water-borne sanitation system comprising of a wastewater collection
/ conveyance system and the treatment / proper disposal of treated effluents. Howdhisr,
longterm sanitation strategy is not planned for immediate implementation.

In consideration of the current sanitation systems and the growing sanitation needs, an
immediate intervention is urgently required. Thus, Immediate Sanitation Measures hae be
developed. These measureshabilitation of the Kipevu Wastewater Treatment Plant & the
existing sewer lines and tre@nstruction of2Nr Ablution Blockat selected public.

As a longerm strategy, two alternative Wastewater Management Schemes have rbee
formulated forMombasa West Mainlandnd are briefly described below;
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a. Alternative 1: Centralized Scheme with a Wastewater Treatment Plant (WWTP) at Kipevu
Site
b. Alternative 2: Decentralized Scheme with 2 Nr. WWTPs at Kipevu and Miritini

The locations othese WWTP are shown kigure Edelow;

Figure E4: Locations of the Alternative Waste Water Treatment Plant

A summary of théwo proposed schemes fddombasa West Mainlang given inrable &5 below.

Table B: Summary of Alternative Wastewater Management Schemes

Conveyance System WastewaterTreatment Plants
Alternative  gecondary No. of Design S Land
Scheme and Trunk Pumping Location Capacity Technolo Required
Sewers (km) Stations (m3/day) 9y (Ha)
9 Existing Oxidation Ditch
4ANr. . with a
1 40 fiProposed Kipevu (TW 1) 44,300 Chlorination 9
5Nr. System
Oxidation Ditch
. . with a
1 Existing- Kipevu (TW 1) 35,600 Chlorination 7.5
4Nr.
2 45 System
9 Proposed
ANT Waste
’ Miritini (TW 2) 8,700 Stabilization 21
Ponds
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MULTICRITERIA ANALYSIS AND REVIEW OF DEVELOPMENT STRATEGIES

In the Multi-CriteriaAnalysis, alternative treatment trains and schemes have been evaluated to
determine the most suitable wastewater treatment scheme NbwmbasaWestMainland
A summary of the weighted totals for the alternative wastewater treatment trains is given in

TableBb below.
Table B6: Weighted Totals for the alternative wastewater treatment trains
Simplicity of Net
Operations Environmental Land Institutional | Weighted
Present . Rank
and Impacts Requirement  Strength Total
. Value
Maintenance
Waste
Stabilization 0.486 0.548 0.456 0.052 0.410 0.244
Ponds
Composite 0.11 0.23 0.26 0.09 0.13 0.113
Biofilters
Oxidation
Ditches with 0.108 0.136 0.141 0.192 0.085 0.335
Chlorination
Long Sea Outfall 0.30 0.08 0.14 0.66 0.37 0.308

Similarly, a summary of theeighted totals for the alternative schemes developedNtombasa
WestMainlandis given irTable E below.

Table &: Weighted Totals for the alternative schemes

SIEIEET o Net Potential
Operations Environmental Land Land Weighted
Present for . Rank
and Impacts Acquisition: Use Totals
. Value Reuse
Maintenance
Centralized
Scheme with 1Nr
Oxidation Ditch 0.67 0.75 0.33 0.67 0.67 . 0.67 0.58 1
System
Decentralized
Scheme with 1 Nr
Oxidation Ditches 0.33 0.25 0.67 0.33 0.33 0.33 0.42 2
& INr WSP
System

From the Multi-Criteria Analysis,a Centralized Wastewater Management Schena Kipevu
comprising ofOxidation Ditches with Chlorinatibie-Chlorination Facilitys the most suitable

and is recommended fdlombasawWestMainlandSanitation Strategy

Table B on Page E/ gives a summary of the details of this recommended Wastewater

Management Scheme.
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Table B: Details of recommendedVastewater Management SchemeDeentralized Scheme

Conveyance System Wastewater Treatment Plant
Alternative . Land
S Secondary and = No. of F"umplng Location Treatment Required
Trunk Sewers (km Stations Technology (Ha)
Oxidation Ditches
4Nr Existing . with Chlorinatiory
1 40 km 15 Nr Proposed Kipevu (TW 1) De-Chlorination 9
Facility

E8 PROJECT COSTS

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

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

b) The Cost of Civil Works constitute the following fraction of the components total costs;
1 Wastewater Treatment Plargt95%
1 Pumping Statiorg 60%
T Sewers; 100%

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

S/No. Component Alternative 1 = Alternative 2
1 Land Acquisition (Kshs) 30,000,000; 1,226,731,860
2 Civil Works (Kshs) 7,121,603,056  7,214,060,417

pq  \Wastewater Treatment 5,355,968,760  5,827,319,231
Plant (Kshs)

2.2 | Pumping Stations (Kshs) 115,561,134 105,207,110

2.3 | Sewers (Kshs) 1,650,073,162  1,281,534,075

3 (Eéﬁg} Mechanical Works 358,933,849 376,839,086

31 | Vastewater Treatment 281,893,093 306,701,012
Plant (Kshs)

3.2 . Pumping Stations (Kshs) 77,040,756 70,138,074
Total Capital Cost (Kshs) 7,510,536,905 8,817,631,362
Total Capital Cost (USB) 72,917,834 85,608,071

A summary of the Phased Investment cost fdvlombasa West Mainland Wastewater
Management System is givenTiables EObelowandEL1 on Page EB;

Table BO: Costs for MediurdTerm Plan (Year 20202025)

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

1 Land Acquisition 30,000,000 291,262
Sewerage System 1,707,679,513 16,579,413
WastewaterTreatment Plant 635,854,457 6,173,344
Total 2,373,533,970 23,044,019
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Table B1: Costs for Longerm Plan (Year 20262040)

S/No. Component Cost (Kshs) Costs (USD)
1 Sewerage System 134,995,539 1,310,636
2 Wastewater Treatment Plant 5,002,007,396 48,563,179
Total 5,137,002,935 49,873,815

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

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

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

Costs of the Civil Works and 5% of the EleMexrhanical Vérks

c) Replacement of the Electfiglechanical Items to be carried out every 10 Years with repair

works planned for every intermediate 5 years between the replacement schedule

A summary of the Annual Operations & Maintenance Costs in the first yegoeotionof the
Schemas given inTableEL2 below;

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

S/No. Component Alternative 1 Alternative 2
1 Maintenance Costs (Kshs) 89,161,677 90,982,558
2 Electricity Costs (Kshs) 64,208,669 69,851,008
3 Staff Costs (Kshs) 15,465,773 20,105,505
Total O&M Cost (Kshs 168,836,118 180,939,071

[11¢ Exchange Rate: 1 USD = 103 Kshs

liquidity and profitability.

TheCapital Costs for the Investment Phasesl their associated Operations and Maintenance

FINANCIABAND ECONOMIBNALYSIS OF THE SELECTED DEVELOPMENT STRATEGY

To provide indicators of economic viability asuistainability of the proposed sanitation system,

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

Costs have been used to project the Annual Project Expendituseiasarized inTable E13

below;

Table E13Schedule of Annual Project Expenditures

Year Project Cost, Ksh O&M, Ksh Depreciation, Ksh:  Total Cost, Ksh
2021 593,383,492 - 593,383,492
2022 593,383,492 46,022,311.08 639,405,804
2023 593,383,492 168,836,118.27 69,033,466.62 831,253,077
2024 593,383,492 169,713,893.71 92,044,622.15 855,142,008
2025 - 170,579,987.69 92,044,622.15 262,624,610
2026 513,700,294 175,732,140.13 104,812,068.24 794,244,502
2027 513,700,294 180,535,398.78 124,733,143.74 818,968,836
2028 513,700,294 185,052,299.51 144,654,219.24 843,406,812
2029 - 189,328,666.93 144,654,219.24 333,982,886
2030 770,550,440 193,399,269.18 174,535,832.49 1,138,485,542
2031 1,027,400,587 196,624,788.07 203,475,892.52  1,427,501,268
2032 1,284,250,734 199,740,985.01 242,376,490.31 . 1,726,368,209
2033 513,700,294 202,758,275.29 251,395,474.84 967,854,044
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Year Project Cost, Ksh 0&M, Ksh Depreciation, Ksh: Total Cost, Ksh
2034 - 205,685,518.47 = 240,493,383.87 446,178,902
2035 - 208,530,325.49 @ 240,493,383.87 449,023,709
2036 - 211,299,291.95 @ 238,208,922.40 449,508,214
2037 - 213,998,178.24 | 228,770,831.52 442,769,010
2038 - 216,632,050.47 = 219,332,740.63 435,964,791
2039 - 219,205,392.28 @ 219,332,740.63 438,538,133
2040 - 221,722,194.50 : 205,175,604.31 426,897,799
2041 - 221,722,194.50 | 205,175,604.31 426,897,799
2042 - 221,722,194.50 | 205,175,604.31 426,897,799
2043 - 221,722,194.50 @ 205,175,604.31 426,897,799
2044 - 221,722,194.50 . 205,175,604.31 426,897,799
2045 221,722,194.50 | 153,266,104.45 374,988,299
2046 221,722,194.50 | 153,266,104.45 374,988,299

Assumingadoption of the proposed tariffs and attainment of the projected sewer connections,
the projected financial statement has been determined and summarizédlite E1dbelow;

TableE14 ProjectedFinancial Statement of 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

460,050,906

46,005,091

414,045,816

168,836,118

69,033,467

237,869,598

176,176,218

2024

460,050,906

46,005,091

414,045,816

169,713,894

92,044,622

261,758,529

152,287,287

2025

529,072,996

52,907,300

476,165,697

170,579,988

92,044,622

262,624,623

213,541,073

2026

766,111,799

76,611,180

689,500,619

175,732,140

104,812,068

280,544,222

408,956,397

2027

766,111,799

76,611,180

689,500,619

180,535,399

124,733,144

305,268,557

384,232,063

2028

766,111,799

76,611,180

689,500,619

185,052,300

144,654,219

329,706,533

359,794,086

2029

766,111,799

76,611,180

689,500,619

189,328,667

144,654,219

333,982,901

355,517,718

2030

1,387,967,728

138,796,773

1,249,170,955

193,399,269

174,535,832

367,935,117

881,235,838

2031

1,387,967,728

138,796,773

1,249,170,955

196,624,788

203,475,893

400,100,696

849,070,259

2032

1,387,967,728

138,796,773

1,249,170,955

199,740,985

242,376,490

442,117,491

807,053,464

2033

1,387,967,728

138,796,773

1,249,170,955

202,758,275

251,395,475

454,153,767

795,017,189

2034

1,387,967,728

138,796,773

1,249,170,955

205,685,518

240,493,384

446,178,919

802,992,036

2035

1,387,967,728

138,796,773

1,249,170,955

208,530,325

240,493,384

449,023,727

800,147,229

2036

1,387,967,728

138,796,773

1,249,170,955

211,299,292

238,208,922

449,508,232

799,662,723

2037

1,387,967,728

138,796,773

1,249,170,955

213,998,178

228,770,832

442,769,028

806,401,927

2038

1,387,967,728

138,796,773

1,249,170,955

216,632,050

219,332,741

435,964,810

813,206,146

2039

1,387,967,728

138,796,773

1,249,170,955

219,205,392

219,332,741

438,538,152

810,632,803

2040

2,414,926,596

241,492,660

2,173,433,936

221,722,194

205,175,604

426,897,818

1,746,536,118

2041

2,414,926,596

241,492,660

2,173,433,936

221,722,194

186,299,423

408,021,637

1,765,412,299

2042

2,414,926,596

241,492,660

2,173,433,936

221,722,194

162,704,195

384,426,410

1,789,007,526

2043

2,414,926,596

241,492,660

2,173,433,936

221,722,194

153,266,104

374,988,320

1,798,445,616

2044

2,414,926,596

241,492,660

2,173,433,936

221,722,194

153,266,104

374,988,320

1,798,445,616

2045

2,414,926,596

241,492,660

2,173,433,936

221,722,194

153,266,104

374,988,321

1,798,445,615

2046

2,414,926,596

241,492,660

2,173,433,936

221,722,194

153,266,104

374,988,322

1,798,445,615

Besides the above revenue collected, the following additional direct/indirect benefits have been
considered in the economic analysis:
9 Cost savings to customers in terms of healémefits
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9 Cost savings in terms of safe sewage disposal to the environment

The results of the codienefit analysis confirm that the project has favourable BC ratios of
between1.49to 1.96. The financial analysis confirms that the project has positive [PKsh
6,251,034,284t 5% cost of capital andsh3,008,596,882at 8% cost of capital and Financial
Internal Rates of Return (FIRR)L8f70%.

{SyaArdAoAGe Iylrfaara 2F GKS TAyl yGohaffdctedby | £ & &

10% ad 20% shocks in net income.

On the other hand, the results of the economic analysis after including other economic benefits
showed that the project have positive NPV of Ksh3,202,840,996t 10% of cost of capital and
Ksh. 2163,009,676@ 12% cost otapitaland EIRR of 8%for both 12% and 0% cost of capital.

It is therefore concluded that the Project is both financially and economically viable

CONCLUSIODF THE MASTER PLAN

At present, MombasaVest Maiand has a &verage System that covers approximately 40% of
the area.This sewerage system is malfunctional #mel sewage is treated at the existing Kipevu
Wastewater Treatment Plant ardisposed of ito the Indian Ocean.

Therest of West Mainlandurrenty useson-plot sanitation means such as septic tanks and pit
latrines and lacking a proper sludge management and disposal facility is a health hazard to the
residents and an environmental risk.

As an immediate intervention, construction of Ablution Blocks at desiggh&ublic Places is
necessary. It is equally important to ensure procurement of Exhaust Vehicles to provide desluging
and transport services. A summary of the Immediate Sanitation Measures and their costs
estimates are givefablesE15and 16 below.

TableE15 Details of the Ablution Blockg Immediate Sanitation Measures

Details of each Ablution Block Total Capital Cost
Number _
Proposed No. of No. of Shower Max. Daily Ksh. USD
Toilets Rooms capacity
2 6 2 720 31,000,013 300,971

TableE18 Details of the Sludge Handling Faciliymmediate Sanitation Measures

Total Capital Cost

S/No. Component Details
Ksh. USsD

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

To provide a sustainableanitation system, a centralized wastewater management system
comprising of a gravity sewage conveyangstem with limited pumpingdNr Pumping Station)

and Oxidation Ditches with Chlorinatioh De-Chlorination Facilitysystem based Wastewater
Treatment Plant (ultimate capacity; 44,300 m3/d) at Kipevuhas been selected from the
developed alternative schemes. The implementation of this strategy is to be carried out in 2
phases i.e. Medium Term Plan (202025) and Long Term Plan (2028040).

The implenentation details of the selected Wastewater Management Scheme in the 2 Phases
are given irfablesE17and TableE18on Page EL1
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TableE17 Summary of Implementation Cost: Mediwherm Plan Plan (2022025)

S/No. Component Details Cost (Kshs) Cost(USD)
1 Sewers 1 225¢ 525mm Dia; Total length 1&ih
5 P ing Stati T 5NrNew
umping Stations .
ping 1 4 Nr Rehabilitated 2,373,533,970 23,044,019
3 Waste Water 1 Chlorination /Dechlorination Facility
Treatment Plant (capacity 17,000 m3/day)
TableE18 Summary olmplementation Cost: Longerm Plan Plan (202&040)
S/No. Component Details Cost (Kshs) Cost (USD)
1 Sewers 1 225-375 mm Dia; Total length 22kdn
\Waste Water i OX|dat|on- Dlt.ches W|-t!¢hlor|nat|.0n 5137,002,935 49,873,815
2 /De-chlorination Facility (capacity
Treatment Plant
27,300 n/day)
MIBP/ CES/ BOSCH E11
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1.0

MAIN REPORT
PROJECT BACKGROUND

The Government of Kenya (GoK) through the Ministiafer and Irrigation (MWhas received
GONBRAGE FTNRBY Ly (Asbuyiation \IRAY tb dindebtaketiSe\Waanier $gsier
Plan for Mombasa and Selected Towns within the Coast Region.

Coast Water Services Board (CWSB) is a parastatal (Government Owned and Autonomous) and
operates under theMinistry of Water and Irrigation GNVSB covers six Counties which are
Mombasa, Kwale, Kilifi, Taifleaveta, Lamu and Tana River.

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

In August 2010, Kenya enacted a new constitution. The Constitution of Kenya 2010 has
dramatically altered the administrative structure of the Government from the initial 8
Administrative Provinces to 47 Semitonomous Counties. This autonomy of tBeunties 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 Counties in @Gaastal Region
as follows:

Tablel.1: Project Selected Towns

S/No. County Urban Centre

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

2. Kwale Kwale,Ukunda / Dianand Part of Mariakani

3. Kilifi Malindi, Kilifi, Watamu, Mtwapa and Part of Mariakani

4. Taita Taveta Voi and Taveta

5. Lamu Lamu Island

6 Tana River Hola

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

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

the requirements of the new Constitution. A key benchmark of the new Constitution is stipulated
under Chapter NBILL OF RIGHTS, paragraph 45(1) (b) and @) stigulatesad 9 S NE LIS NE 2 y
the right to (b)............ reasonable standards of sanitation and (d) clean and safe water in
FRSljdzr GS ljdzr yGAGASE de

A Location Plan for the twelve Project Towns is givdfiganrel.1 on Page 12.
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1.1 Goals and Objectives of this Study

Goals and objectives are definedinthe@ w o0t F N} ANJ LK TPo0 | &4 a¢KS
is to identify a sound and rational strategy for the development of sewerage services in Mombasa
and selected Towns over the next tweritye (25) years i.e. up to Year 2040, to improve the
quality of effluent to rivers, Indian Ocean and groundwater and to safeguard the health of the
NBaARSyida 2F (G4KS {GdzRé ! NBI 4 o¢

The key objective of the proposed Master Plan for Momba&&stMainland is to come up with

a phased investment programme for Immediat8Hort Term Plan (20162020), Medium Term

Plan (202X, 2025), Long Term Plan (202@2040) and recommend a treated effluent disposal /
reuse strategy for the effluent iMombasaWestMainland.

1.2  Execution of the Study

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

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

D3 ¢ Immediate Urgent Works Report / Final Design Report,

D4 ¢ Detailed Designs and Tender Docunssior Immediate Urgent Works,

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

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

9 D7 ¢ Preliminary Design Report for Medium TerWorks including Phased

Investment Schedule for Sewers and Waste Water Treatment Plants,
1 D8 - Preliminary Environmental and Social Impact Assessment (ESIA) & Preliminary
Resettlement Action Plan (RAP) for the Preferred Development Strategy

= =4 —a =4 -4 =4

The Final Maste 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 Mombas#estMainland.

1 D9 ¢ Final Master Plan Report
1.3  Objectives of this Reqrt

The Tasks to be addressed in the Final Master Plan Report include the following:
Present Sanitation Situation in the Study Area

Future Sewerage System / Coverage Area Expansion

Analysis of Sewage Generation and Network Analysis

Preferred Sewerag8ystem Development Strategy

Detailed Evaluation of the Preferred Development Strategy including Waste Water

Treatment, Social / Environmental Assessment, Economic and Financial Analysis, Multi

Criteria Analysis

1 Resolution of Issues raised by the detailesaluationincluding Preliminary Risk
Management Plan

1 Investment and Financial Management Plan

Proposed Implementation / Development Schedule

9 Conclusiorof the Master Plan

= =4 =4 4 =

=
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2.0

2.1

2.2

PROJECAREA DESCRIPTION

Location and Administration

Mombasa is the second largest city and major seaport of Kenya, located inesastdrn partof
the country. It is located between the latitudes 3° 80" and 4° 10" S and longitudes 39° 60" and 39°
80" E.

Mombasais the most important port city in 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 Keriye other main urban
centres/ towns surrounding Mombasa akdtwapa, Malindi, Kwale, Kilifi, Lamu, Mariakani and
Voi.

Administratively, Mombasais a County comprisingf four distinct Service Areas that are
physically separated by the creeks that surroundnibasa Island. The four Service Areas are
Mombasa Island, NortMainland, South Mainland and West Mainland.

Mombasa County is divided into six stdunties/constituencies namel¢Zhangamwe, Jomvu,

Kisauni, Nyali, Likoni, and Mvita. Changamwe and Jomvitaagesl inMainland West, which is

the industrial hub of the city. Kisauni and Nyali are situated in Ndamland, which is the most

populous. Likoni is situated in Mainland South and Mvisitisated in the Island, which houses
the most developmentger unit area.

The water supply and sanitation systems in Momb@eanty including Mombasa West Mainland
is managed biMombasa Water and Sewerage Company Ltd. (MOWASCO).

Study Area

The jurisdiction of Mombasa West Mainland covers seveA@cditions namely; Chaani, Birikanii,
Changamwei, Miritini, Kwa Shee, Portreitz and Jomvu Kuu. The study area for the Wastewater
Master Plardoes notcovers all these sulmcationsin fulldue to ranoteness from the core urban
centre of West Mainland, low population density /less intensive hasel andunsuitablehilly
terrain.

The Study Area has been demarcated in consideration of the location, projected land use plans
for years 2025 and 2040 ftne core urban centre dflombasa West Mainland and the nature of
development and population densities in this service dne@omparison to adjacent core urban
centres

The sublocations forming Mombasa West Mainland and total coverage areas as wellstsidye
area is given iffable 2.1below;

Table2.1: Sublocations and Study Area

Sublocations Total Area (km?) Covezgz 'Fkrt:g S
Kwa Shee 3.79 2.92
Birikani 2.35 0.12
Changamwe 3.81 3.74
Chaani 4.21 1.92
Miritini 10.39 5.84
Jomvu Kuu 21.25 13.21
Portreitz 8.04 5.08
Total 53.84 32.83

Note: SuHocations not covered by the Waste Water Master Plan have been excluded in Table 2.2 above.

Figure 2.1on Page 22 shows the coverage of the Study Area of Wastewater Master Plan for
Mombasa West Mainland

MIBP/ CES/ BOSCH
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Figure2.1: Study Area of Wastewater Masterplan
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2.3 Climate

Climatic condition in the Countyf Mombasavary as a result oc56E Monsoon winds (blowing
between April and September) and the NE Monsoons (October to March) and oceanic influence.

The rains occur ding the intermonsoonal period and in two seas® with the long rains
starting from March to Jungndthe short rains from October to December.

The mean rainfall in the coast region ranges from 1,397 mm in the south decreasing to 889 mm
in the north.

Mombasa is generally hot and humid all year rduiThe 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 lowest temperature is experienced during the long rains season.

2.4 Topography, Geology and Soils

MombasaCounty is situated in the coastal lowland with extensive flat areas rising gently from
8 meters to approximately 100 meters above sea level in the WésCounty can be divided

into three main physiographic belts, namely, the flat coastal phatnich is approximately 6
kilometres wide, and includes the Island Division, Kisauni on the North Mainland and Mtongwe
to the South. Next, are found the broken, severely dissected and eroded belt that consists of
Jurassic shale overlain in places by redidaady plateau found in Changamwe division. Finally,
there is the undulating plateau of sandstone that is divided from the Jurassic belt by a scarp
fault.

Nearer the sea, the land is composed of coral reef that offers excellent drainage. Along the
coastine there are beautiful beaches, which together with a variety of coastal resources and a
rich biodiversity, has made Mombasa a favourite tourist destination.

2.5 Economic Activities

Industrial activities aréhe predominanteconomic sector ilMombasaWest Manland with a
significant number oindustries Commercial activities are also evident along the main roads.

2.6 Existing Water Supply and Sanitation Systems

2.6.1 Water Supply
At present, the following bulk water supply sources serve Mombasa West Mainland;
1 TiwiWater Supply Systermdm Tiwi Boreholes Serving the Waééainland partly through
Kaya Bombo Reservoirs, and
1 Marere Water Supply System from Marere, Votia and Mwaluganje Springs in Kwale
(Shimba Hills National Park); serving parts of the West Mainland awdangmenting
the Tiwi System in the South Mainland through Changamwe and-Baydo Reservoirs

A Schematic Layout of the existing Water Supply System is shéwgure 2.20n Page 24.
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Figure2.2: Schematic Layout of the existing Water Supphthin Mombasa County

Sanitation System

The Service Areas of Mombasa County with reticulated sewerage system are West Mainland and
Mombasa IslandAt present, approximately 40% of West Mainland have reticalatewerage
systems.

The sewerage systerm West Mainland was constructed in 1952 and has continually been
expanded to dateThe sewerage system on West Mainland is served by a Wastewater Treatment
Plant located at Kipevu (17,008may capacity), adjacent to Kilindini Harbodrhe WWTP
comprises of Inlet Works, Oxidation Ditches, Settling Tanks, Sludge Drying Beds and an Outfall
Sewer.The areas covered by the sewerage system comprises of Miiikindani,Changamwe,
Portreitz,Chaani and EPZ area.

Immediate Measures for the Improvement of Sanitation Systems

The Final Wastewater Master Plan foroiMbasa West Mainlandescribes the development
strategy for the longerm water-borne sanitation system comprising of a wastewater atidm

/ conveyance system and the treatment / proper disposal of the treated effluents. However, this
longterm sanitation strategy is not planned for immediate implementation.

In consideration of the current sanitation systems and the growing sanitatieeds) an
immediate intervention is urgently required. Thus, Immediate Sanitation Measures have been
developed. These measures include construction of Ablution Blocks in selected Public Places and
a Sludge Handling Facility as described in the followingseations.

Ablution Blocks

Ablution Blocks are essential MombasaWest Mainland for improved access to sanitation
facilities especially in public places e.g., markets, bus stops, etc. They are important to market
vendors, market customers, long distartcavelers, bus operators and the general public. Their
locations inMombasaWest Mainlandwill be selected in consultation with the CWSB and the
MombasaCounty Government

Considering the population densities and the number of public utilities, a totalof2) Ablution
Blocks is proposed for constructionMombasaWestMainland.Each Ablution Block comprises
of six (6) toilets and two (2) Shower Rooms with equal number for each gender i.e. Ladies and

MIBP/ CES/ BOSCH 2-4



Water and Sanitation Service Improvement ProjegAdditional Financing (WaSSHAR FINAL WASTEWATER MASTER F
Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - MOMBASA WESTAINLAND

Gents. The allocated number of toilets in each AblutBlock ensures provision of sufficient
service levels for the target population. It is estimated tbataverage, 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 o720 persons can be served in a day.

Each section (ladies and gents) is provided with a toilet fitted with special amenities for use by
disabled personst KS aDSyidaé¢ | NBE LINPGARSR gAGK aSLI NI (
especially during the @k hours

The shower rooms are equipped with a dressing area and -hash basins. In addition, a
spacious common area with hafweash basins, hand driers and wall mounted mirrors is provided.

Each of the units is fitted with coat hangers behind the doarsdmvenience. 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 istdid with louvre blocks and plastic coated coffee tray wires to
prevent insect entry.

A septic tankwith a holding capacity of 16 tis provided at the facility for storage and partial
treatment of sewage. The septic tank will require desludging afterye¥@nonths with septage
disposal at the proposed 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 proves a 3day storage of clean water.

Other services 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 facilitg to be on a paper-use basis. This is an effective model used in
many parts of the country to raise money required for operation and maintenance. A personnel
office complete with a storage room shall be provided at the entrance of the facility witbdgrill
opening for ease of payment before use.

A typical Site Layout, Plan and Elevations of the proposed Ablution Block are drigurés 23
and 2.4on Pages 2 and 2-7 respectively.
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2.7.2 Implementation Cost for Imnmediate Measures

9y IAYSSNDa

/[ 2al

the Works obtained from recent contracts of similar scope and nature.

Detailed Unit Costs and their derivations are discussé&thepter 8of this Report.

A summary of the Implementation Costs is givefable 22 below.

Table2.2: Implementation Costs for Immediate MeasuresAblution Blocks

S/No.

Component

Number to be
Provided

Cost, Kshs.

Cost, USD

1. Ablution Blocks

2

31,000,013

300,971

9alGAYIGS RSUSNNYAYSR F2NJ GKS
Systems in MmbasaWestMainlandis based on the unit costs of the respective components of
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3.0

3.11

DEMOGRAPHY, LAND USE AND URBANELOPMENT

Demographic data from Central Bureau of Statistics (CBS) for the intercensal periods between
1979 to 2009 have been analysed to establish demographic trends in terms of population size and
inter-census growth rates and help develop future p@tign projection patterns irMombasa

West Mainland

Previous Population Trend

From the analysis of the previous Kenya Population and Housing Census data, it is construed that
between intercensal periods the existing slalcations are split to form new sdbcations and
the areas covered by such sldrations vary between the intercensal period.

A summary of previous intercensal population data foorivbasa West Mainalani given in
Table 3.1below.

Table3.1: Intercensal Population Data (1979©2009) for Mombasa West mainland

(Census)

Sub-location! 1979 1989 1999 2009

ron. | weatan | SRO] pop. | et [P0 pop | e [ 2on Derat] ooy | e | 2o Dt
Chaani - - - - - - - - - 58,2338 42 13,866.1
Changamwsg 12,908 4 3,227.0 10,632 16 665 11,34 3.8 2,985.79 11,013 3. 2,898.1
Portreitz 24,316 3 3,039.5 41,962 4 10,491 54,084 9.6 5,633.76 63,441 8. 7,930.1]
Miritini 4,895 3 611.8 5,616 8 702 15,172 8.9 1,704.7p 25,934 10.4 2,493.6|
Jomvu Kuu - - - - - - 16,12 21.4 753.41 38,776 19. 2,040.8
Kwashee - - - - - - 20,688 4 517226 35,257 38  9,278.1
Birikani - - - - - - 11,796 2.4 4,915.0p 17,520 2. 7,617.3
Total 42,119 40 6,878.3B 58,21p 18 11,857 129,21 50. 21,1649p 250,179 51.5 46124.52

Population data is dependent on the coverage considered; for the dasoationand time, a
larger area gives a higher population. The use of population figures to establish intercensal
population growth rate in a sulmcation with varying coverage areas between intercensal period

is inaccurate due to the variability of coverage area. It is therefore prudent to adopt the use of
population density as a measure of demographic trend whene-lgcation coverage varies
between intercensal period, as is the case ionvbasa West Mainland.

The previous intercensal annual population growth rates based on the population densities for
the sublocations covered biMombasa West Mainlandre given inTable 3.2below.

Table3.2: Previousdntercensal Annual Population Growth Rates

Intercensal Period

Area of Interest

(Sublocation) 1979-1989 = 1989-1999 = 1999- 2009
Chaani 0.0% 0.0% 0.0%
Changamwe -15% 16.2% -0.3%
Portreitz 13.2% -6.0% 3.5%
Miritini 1.4% 9.3% 3.9%
Jomvu Kuu 0.0% 0.0% 10.5%
Kwashee 0.0% 0.0% 6.0%
Birikani 0.0% 0.0% 4.5%
Mombasa West Mainland 5.6% 6.0% 8.1%
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3.1.2

FromTable 3.20n Page 31, the annual population growth rate for dnbasa West Mainlanth
the last intercensal period (1999 to 20098i%%. This igquite high when compared wittine 4.2%

A X 4 A x

LINE2SOGSR F2NJ dzNBFy 3INRGGK NI GS dzy RSNJ artt Sy

The above population dynamic refers to thmesident category. The neresident category
comprising of tourists / visitors is considered under the respective contributory -Uaad
activities.

Population Growth Scenarios

Population trends are influenced by factors such as fertility, mortality amgtation levels and
patterns as well as the national so@oonomic development momentum.

Continued rapid growth is expected in the study area, considering the infrastructural
developments planned foMombasa West Mainlanéh the Integrated Development & for
MombasaCounty and the potential dflombasa West Mainlanfbr further growth. These factors

will result to future immigration and urbanization.

As at the last census (2009), the population withlombasa West Mainlanéas209,722. To
forecast the faure population of the study area up to the design horizon (year 2040), the
following factors have been considered:

1 Previous Demographic Trendshtombasa West Mainlandnd MombasaCounty

1 The dynamics of Land Use and Trends of development

1 The correlatiorof water demand and income / type of housing, population density etc

1 Integrated Strategic Urban Development Plan for Mombasa County developed in Year

2015

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

High Growth RateThis growth rate scenario is based on an assumption that the population will
grow at an average growth rate 686in twenty-five years (2012040) i.e. the overall natural
growth will continue and #migration will gradually increase due to intensiveastment. Thus,
population of Mombasa West Mainland will grow361,728by year 2040.

Medium Growth Rate This scenario is based on an assumption that the population will grow at
an average growth rate @in twenty-five years (201:2040) and that impreed medical / health
facilities will result in decrease in mortality rate and increase in life expectancy. It is presumed
that with economic growth, employment opportunities and improved infrastructure (especially
speed transport connectivity) will work ibalancing migration. Thus, population of Mombasa
West Mainland will grow t&24,322by year 2040.

Low Growth RateThis scenario is based on an assumption that the population of Mombasa West
Mainland will grow at an average growth rate o in twenty-five years (2012040). It is
assumed that population growth (both natural growth rate andniigration) will reduce
considering that population deflection will take place and the flow of return will be diverted to
the development of new areas. Thereforegthopulation in horizon year 2040 will 285,501

This can happen only, if strict measures are taken to control population both in terms of natural
growth and inmigration. Based on the experience in the developing world, it requires intensive
efforts bygovernment in terms of educating people and promoting population control measures
on one hand and to provide ample economic opportunities in the region in order to combat in
migration.

Projected populations for the above population growth rate scenarios are giveigime 3.1on
Page 33;
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Figure3.1: Projected Populations based on Growth Rate Scenarios

FromFigure 3.1above, it can be deduced that population forecast is highly sensitive to population
growth rate;high growth scenario results 82% more the projected population in the medium
growth rate scenario whildow growth rate results t054% less the medium grdiv rate
population forecast.

Projected Population for Mmbasa West Mainland

The medium growth rate scenario considered under the population growth scenario, is the most
probable scenario for the future population projections dlombasa West Mainlandip to the
2040 design yeatt considers the demographic dynamics betweeorivbasa West Mainlandnd

the other Sub Countiesvithin Mombasa Countypossible trends in fertility, mortality and
migration levels and patterns as well as the samionomic developrant. Besides, it has minimal
risks associated with undettilization or overloading of the proposed sanitation system within
the design horizon.

Table 3.2oelow gives a summary of the projected population farivhasa West Mainlandp to
the design horizownf year 2040, based on traopted medium growth rate of 3% p.a.

Table3.3: Summary of the Projected Population

, 2009 Projected Population
Sublocation .
Population 2015 2020 2025 2040

Kwa Shee 30,242 36,111 41,862 48,530 75,607
Birikani 1,572 1,877 2,176 2,523 3,930
Changamwe 9,114 10,883 12,616 14,625 22,786
Chaani 52,440 62,616 72,589 84,151 131,104
Miritini 21,559 25,743 29,843 34,596 53,899
Jomvu Kuu 33,077 39,496 45,786 53,079 82,695
Portreitz 61,718 73,695 85,432 99,039 154,300
TOTAL 209,722 250,421 290,304 336,543 524,32
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3.2
3.21

3.2.2

Land Use and Urban Development

Introduction

MombasacCity began as a trading port in the Zentury. It has servedis a key node in the
complex Indian Ocean trading networks and played a pivotal role in development of Kenya and
East Africa.

Mombasa County has transformed from clustered traditional settlements in the colonial era to
now a vibram Coastal City. With this rapid urbanizatigsanning efforts have been superceeded
by the development rates thus sprouting of informal settlengeahd uaplanned developments.
ThecityQa Y I Ay LI | yy Ay Far &8 thdFearlyBelitlemeMNs o Dative lsvhilis to &
the modern geometric planning of regular grids and urban blocks. The citthédsland and
extendsto the surrounding mainlands.

The island is separated from the mainland by two creeks: Tudor Creek and Kilindini Harbour. 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 Causewakhe Mainlands include Min Mainland, West Mainland

and South MainlandMlombasaWestMainlandhas beeranalysed aa seperate zone

Existing Land Use
The total area of Mombas@/estMainland is approximatel§,419.90ha.

The mainactive land-use typologies are Residentidltangortation and Industial. In terms of
coverage areas, the active lande type with the largest land coverageRssidentialvhile the
least isRecreational

Approximately 48% of land in Mombasa West mainland is classified as undeveloped.
Table 3.4below shows a summary of existing Land Use of Mombésst Mainland.
Table3.4: Summary of Existing Land Use

Land Use Area CoveredHa) Coverage (%) ‘
Agriculture 152.00 2.37
Commercial 30.00 0.47
Education 64.60 1.01
Heavy Industry 118.80 1.85
Medium Industry 29.40 0.46
Light Industry 594.50 9.26
Public Purpose 63.70 0.99
Public Utility 18.00 0.28
Recreational 2.60 0.04
High Density Residential 1,070.00 16.67
Medium Density Residential 113.60 1.77
Low Density Residential 21.70 0.34
Undeveloped 3,100.00 48.29
Creek 423.00 6.59
Future Developments - -
Oblique Social Forestry - -
Transport 618.00 9.63
TOTAL 6,419.9 100
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The main drivers of Mombas&estMainland are as follows:
i) Export Processing Zone (EPZ)

The Export Processing Zone creasgployment opportunities to the local community and is
also among the main sourcesgdvernment revenue at the coastal region ohife

ii) Standard Gauge Railway (SGR)

LGiQa | FflF3aKALI LINP2SOG ¢KAOK gAfft LXLF& | 1
SGR is expected to connect Mombasa to Mal&@mmstruction of theailway linewill create
employment opportunities to the local communityt will also contribute to growth of
MombasaWest Mainland.

iii) Key infrastructure improvements

A Key example ithe construction of the Ndngo Kurdu Bypass. The road will connect
a2 Yo | WéstManland to the $uth Caast(South Mainland)

Upon completion, the projectis expected to boost tourism and promote growth of the
housing sector due to enhard accessibility and mobility withiMombasa County
Construction of the road will also creagenployment opportunities to the local community
hence play a key role in minimizing the level of poverty. Upgrading of the A109 road will also
contribute to growth of Mombasé&Vest Mainland.

iv) Agriculture

It creates employment opportunities, attracts invesnts into theareaand is also a source
of government revenue.

3.2.3 Land Use Planning and Policy

All LandUse activities depend on the regulations and practices that govern land ownership. Land
allocation and ownership require proper planning for optimtlisation.

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

use options. It seeks to regulate lande in efficientand ethical way and prevent lange
conflicts. Lanelse planning is practiced to manage the development of land within jurisdictions,
plan for the needs of the community and sajeard the natural resources. Lande planning

often lead to landuse reguhtions, which typically encompassasning.

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 be situated and
shaped. Convential 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 segregate uses that are thawghe incompatible. In

practice, zoning is used to prevent new developments from interfering with the existinguksnd
FOGAGAGASE YR (G2 LINBASNWDS (GKS aOKI NI} OGSNE 27
governments such as County Governmeritough 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 acceptable on particular plots
(such as OpeBpaces, Residential, Agricultural, Commercial or Industrial), the densities at which
those activities can be performed (from Ld¥ensity Housing such as Single Family Homes to
HighDensity such as HigRise Apartment Buildings), the height of the builditg

The projected populations includirgR4,322in Year 2040 Refer toTable 3.3on Page 33) are
proposed to be accommodated within the coverage of Momb¥i¢ast Mainland. It is also
proposed that the existing undeveloped land be utilised (including a small part of agricultural land
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3.24

and part of hilly terrain at low height where the slope is gentle and favourable) for development
and accommodating part of the prajeed population.

Land Use Requirement per Land Use Zone
Land requirement in zoning depends on projected population and proposed density.

In most Towns, Residential Lande has the highest land requirement. The current coverage of
Residential Landse isl,205ha. To absorb the projected year 2040 population @ifvbasa West
mainland the additionakotal coverage required for the Highensity, MediurrDensity and Low
Density Residential Langseis 740ha.

The proposed population densities for each categgriResidential Lanrdse have been worked

out based on the projected population, land available for future development, the potential of
the developed areas for densification and experience in Towns of similar nature and keeping
sufficient room within thecurrent planning boundary for future urban expansion i.e. beyond
year 2040.

Details of existing Land use and projected land requirement are giviasbie 3.5below.

Table3.5: Existing Land Use and Projedteand Requirement
Existing BndUse 2015 ProjectedLand Requiremen2040

Land Use

((ACEREY) (Area,ha)
Agriculture 152.00 98.00
Commercial 30.00 127.00
Education 64.60 176.60
Heavy Industry 118.80
Medium Industry 29.40 1132.00
Light Industry 594.50
Public Purpose 63.70 197.70
Public Utility 18.00 43.60
Recreational 2.60 129.80
High Density Residential 1070.00
Medium Density Residential 113.60 1945.00
Low Density Residential 21.70
Undeveloped 3100.00 293.00
Creek 423.00 393.00
Future Developments - 604.70
Oblique Social Forestry - 684.00
Transport 618.00 695.00
TOTAL 6,419.9 6519.40

In the proposed Land Use Plan, Mombasa West mainland is expected to have sustainable urban
development. Residential Land Use will be the most dominant Land Use Type with Integrated
Education facilities for improved access to educatidfith implementationof the Year 2015
Mombasa CountySUDP, the projected Lainde can be attained. The ISUSH®uld also aim at
enforcing development control, establishing adequate, decent and affordadtaasing,
conservation of the green spaces and the environment and atsage a road map for provision

of services and facilities

Layout Plans showing the Proposed Land Use are gifegure 3.3n Page 3.

Table 3.6onPages ® to 3-12 shows a summary of adoptive standards for Urban Planning
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Table3.6: Adoptive Standards for Urban Planning

Zone O: Residential

Guest/Boarding
houses

units allowed

roads

Proposed Land Types of Minimum
Zone b Development BCR PR . Density of Development | No. of Dwelling Units | Other Requirements
Use Plot Size
Allowed
Residential Bungalows 35 25 0.4 Ha LowDensity Single Dwelling Units
Residential Bungalows 35 25 0.4 Ha Low Density Single Dwelling Units | Cottage industry may be practised
Residential Bungalows 35 25 0.4 Ha Low Density Single Dwelling Units A Secopdary .SChOOI may be develope
appropriate site
Residential Bungalows, 25 25 0.2 Ha Medium density Single Dwelling Units
Residential Bungalows, 25 25 0.2 Ha Medium density Single Dwelling Units
Maisonettes 50 . . . .
Residential 50 0.1 Ha Low Medium density Two residential units | Shops allowed on plots fronting 9 M
Town houses allowed per plot roads
50
Duplexes
Maisonettes 50 . : . .
Residential 50 01 Ha Low Medium density Two residential units | Shops allowed on plots fronting 9 M
Town houses 50 allowed per plot roads
0 duplexes
Maisonettes 50 . . . :
Residential 50 0.1 Ha Low Medium density Two residential units | Shops allowed on plots fronting 9 M
Town houses 50 allowed per plot roads
duplexes
Town houses 0.03
Duplexes
Mixed Swahili houses 65 65 i High Density Mu_lt|ple residential Shops allowed on plots fronting 9 M
developments units allowed roads
Guest/Boarding 0045
houses
Town houses
i Duplexes
Mixed Multiple residential Shopsallowed on plots fronting 9 M
developments | Swahili houses 65 65 0.045 High Density P b P g
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Mixed
developments

Town houses
Duplexes

Flats
Swahili houses

Guest/Boarding

0.03

0.045

High Density

Mixed house types
allowed

Upgrading areas

Proposed Land Types of . . . . . .
Zone Use Development BCR PR Min Plot Size| Density of Development| No. of Dwelling Units| Other Requirements
Allowed
Industrial Industrial plant 50 150 0.2 N/A N/A
Repair Workshops,
Hardware stores Garages, furniture
Light Industry Furniture Makers 50 75 0.045 N/A and welding
1 small tin smiths, Re workshops allowed
use Industries
. Godowns, warehouse Garages,. furniture
Light Industry ’ | 50 75 0.045 N/A and welding
hardware stores
workshops allowed

Types of . .
Zone Proposed Land Development BCR PR Min Plot Size Density of NO.‘ of Dwelling Other Requirements
Use Development Units
Allowed
Nursery Sch. 0.1 -
i Y Storeyed buildings recommended for
Classes, offices and Pri. school 4.0 effective use of space
2 Educational dormitories 10 30 Sec. School 4.5 N/A N/A Sharing of recreational facilities
Sanitation block College 10.2 recommended
. . Institutional Housing allowed
University 50.0
Zone 3: Recreational
Types of . .
Zone Proposed Land Development BCR PR Min Plot Size Density of No: of Dwelling Other Requirements
Use Allowed Development Units
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Recreation Conservation/
Green Park
Recreation Conservation/
Green Park
3
Recreation Conservation/
Green Park
Zone 4: Public purpose
Types of . .
Zone Proposed Land Development BCR PR Min Plot Size Density of No_. of Dwelling Other Requirements
Use Development Units
Allowed
Civic offices: County
government; local
authorities, Spatial compactness
Government . .
4 parastatals, trade Public parking
Headquarters . L .
unions, political party Accessibility
offices, library
entertainment, etc.
Proposed Land Types of . : Density of No. of Dwelling .
Zone Development BCR PR Min Plot Size ; Other Requirements
Use Development Units
Allowed
Densification and diversification
recommended
5 Commercial Compatible mixed use 75 600 0.045 N/A Commercial Flats and high rise buildings
recommended
Future commercial core
Proposed Land Types of Density of No. of Dwelling
Zone Development BCR PR Min Plot Size ; Other Requirements
Use Development Units
Allowed
6
Zone7: Transportation
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Types of . .
Zone Proposed Land Development BCR PR Min Plot Size Density of NO.’ of Dwelling Other Requirements
Use Development Units
Allowed
Lorry park N/A N/A 5 N/A N/A To be de\{eloped through public private
7 partnership
Bus park To be developed by County Governme
Zone 8: Hospitality Zone
Types of . .
Zone Future Land Usg Development BCR PR Min Plot Size Density of NO.’ of Dwelling Other Requirements
Development Units
Allowed
H
Zone 9: Agriculture
Zone Future Land Use Types of Developmen BCR PR Min Plot Size Density of NO.’ of Dwelling Other Requirements
Allowed Development Units
Residential Bungalows 35 25 0.4 Ha Low Density ﬁl:l?sle Dwelling Agriculture may be practised
. . . Single Dwelling . .

LD Residential Bungalows 35 25 0.4 Ha Low Density Units Agriculture may be practised
Residential Bungalows 35 25 0.4 Ha Low Density 3|nnl?sle Dwelling Agriculture may be practised
Residential Bungalows 25 25 0.2 Ha Medium density inr:?sle Dwelling
Residential Bungalows 25 25 0.2 Ha Medium density | Single Dwelling

Units

Residential Bungalows, 25 25 0.2 Ha Medium density a:ile Dwelling

Maisonettes 50 i i

MLD . . Low Medium TWO residential Shopsallowed on plots fronting 9 M

Residential 50 0.1 Ha . units allowed per

Town houses 50 density plot roads

duplexes

Maisonettes 50 i i

Low Medium TW.O re|T|dent|aI Shops allowed on plots fronting 9 M
idential 50 0.1 Ha densit units allowed per roads

Residen Town houses 50 y plot

duplexes
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4.0

WATER DEMAND FORECAST

Water demand is defined & G0 KS @2t dzyS 2F 41 GSNI RAFFSNBy
G2 O02y&adzyS Ay | 02y iiBewateRdeEmaddyoNadd aréaNsidépénfedrt od dzLJL.
the climate, economic considerations, sanitation facilities, industrial and cnciad
requirements.

The total water demand can be expressed as follows;
Total water demand
=AT T "HTHHTEHT 841 0710 7 "HH THT B T T H T HIHIHAT H
T "HLTIUHHE HT FHU 7171 i THPHTT "HBEHT THT H
For a more accurate determination of the total water demand, it is important to adopt accurate
water consumption rates for each of the water demand categories.

4.1 Analysis d Water Consumption Rates

The Design Manual for Water Supply in Kenya (MWI, 2008) gives guiding values of water
consumption rates for the various categories of Water Demand. However, from individual studies
and in consideration of various local conditiossyeral Consultants have adopted varied water
consumption rates for the determination of Water Demand in Malindi Town.

A summary of the Studies / Designs prepared by the various Consultants for Water Supply in
Mombasa West Mainlandnd the other Coastalowns is given below:
9 Tahal Group and Bhudia Associates finalised the Water Supply Master Plan for Mombasa
County and selected Towns including Malindi in year 2013
1 Egis/bceom/Mangat JV finalised the Detailed Design of Rehabilitation and Expansion for
Mombasa Water Supply and Sewerage System in year 2011
1 Gauff JBG/ Ingenieure finalised Detailed Design Report for Malindi Water Service
Provider, October 2010
I Suereca / Mangat finalised Second Mombasa & Coastal Water Supply Project, Final
Design Report, Januat®98
1 Kittelberger Consult GmbH Consulting Engineers Joint Venture with Mangat, |1.B. Patel &
Partners finalised Malindi Sanitation & Hygiene Education Feasibility Study in year 1994
1 Norconsult A.S. Consulting Engineers finalised the Malindi Sewerage NPéesteand
Preliminary Design Storm Water Feasibility Study
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 giadteid.lon
Page 42.
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Table4.1: Comparison of Water Consumption Rates

Domestic Water Institutions Water Consumption Commercial Industrial
consumption (l/c/day) Water Water
Consultant Name of Report Low : Medium . High Boarding Day Schools Regional Consumption. Consumption
Density . Density Density Schools with WC Hospitals (I/head/day) (I/Ha/day)
(I/lhead/day) : (I/head/day) (I/bed/day)
Tahal Group / Bhudic water Supply Master Plan for
Associates Mombasa and other Towns 250 150 75
August 2013
Egis bceom /Mangat pepapilitation & Expansion of
Mombasa Water Supply &
Sewerage Project Final Design 250 100 60 6 25.000
Reportc¢ July 2011
Gauff JBG/Ingenieure ed . lind
Detailed Design for Malindi Wate
Service Provider October 2010 200 120 60 100 20 365 83 30,000
Seureca /Mangat Second Mombasa and Coastal
Water Supply Project Final Desig 200 80 70 50 25 700 5 20,000
Reportg January 1998
Kittelberger Consul
GmbH Joint Venture: Malindi Sanitation and Hygiene
with  Mangat, |.B. Education Feasibility Study 300 150 75 50 25 400 25 29,400
Patel & Partners March 1994
CN:orcor:fult Enai S-A Malindi Sewerage Master Plan
onsufting ENGINEers anqg preliminary Design Storm
Water Feasibility Study 300 150 75 50 25 400 - 15,000
November 1978
Ministry of Water &
Irrigation Practice Manual for Water Suppl
Services in KenyaOctober 2005 250 150 S 50 25 400 i 20,000
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After analysis of the water consumption rates indicated @ble 4.1on Page 42, the following
water consumption rates have been adopted in the Study:
a) Residential Water Demand
From the findings by different Consultants, it is evident that the type of ingusnd mode of
water supply are relevant indicators for classifying domestic consumers.

Based on per capita demand observed in similar socio economic and climatic context but
without restriction of water supply, the Consultant adopted the following watarsumption
rates for the various categories of domestic consumers as summarigedbia 4.2below.

Table4.2: AdoptedHousing Categories & per Capita Water Consumption

Consumption

Category Description Rate
(/c/d)

Low Density Residential Houses and Maisonettes 200
Medium Density: Flats and Estates 120

Traditional Houses (Informal Settlements and
Swabhili
b) Institutional Water Demand
The institutional water demand has been determined basedthe following commonly
accepted demand criteria by type of institution:

High Density 60

1 Boarding Schools - 50 I/head/d

1 Day School with WC - 25 I/head/d

1 Regional Hospital - 200 I/bed/day plus 5000l/day
1 Dispensary and Health Centre 5,000 l/day

9 Administrative Offices - 25 I/head/day

c) Commercial Water Demand
The commercial water demand has been determined based on the following commonly
accepted demand criteria by type of commercial facility:
1 Shops - 100 l/day
M1 Bars - 500 I/day

d) Industrial Water Demand
The following criteria has been adopted for the industrial water demand based on commonly
accepted demand criteria:
1 Intensive indugtal activity - 25,000 l/day/ha
1 Small scale industrial activity - 600 l/day/ha

e) Tourism Water Demand
The following criteria has been adopted for tourism demand based on commonly accepted
demand criteria:

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

4.2 Water Demand Projections

The water demand favilombasa West Mainlang anticipated to increase over the design period
(up to 2040) due to the projecteidicrease in population, commerce and industrialization. Some
of the major drivers for this projected improvement include the robust tourism industry, planned
improvements of the infrastructural network and the potential for new settlements.
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The waterdemands for Mmbasa West Mainlanddve been calculated based on the projected
population and proposed Langse Plans. Summary of the water demands bylsahtion in the

Design Horizons Year 2025 and Year 2040 are givieablas 4.3and 4.4 below.

Table4.3: Water Demand for MediuriiTerm Plan HorizorYear 2025

_ Water Demand (ri/day)
Sublocation - . . . -
Domestic = Health | Education. Recreational Commercial: Industrial Total
Kwa Shee 6,506.2. 161.6 181.3 28.5 25.9 2,272.2 9,175.8
Birikani 223.8 5.6 6.2 1.0 0.9 78.2 315.6
Changamwe 2,632.8 65.4 73.4 11.6 10.5 919.5 3,713.1
Chaani 6,427.5 159.6 179.1 28.2 25.5 2,244.7 9,064.8
Miritini 3,534.1 87.8 98.5 15.5 14.0 1,234.2 4,984.1
Jomvu Kuu 6,518.6: 161.9 181.7 28.6 25.9 2,276.6 9,193.2
Portreitz 9,800.2. 2434 273.1 43.0 38.9 3,422.6. 13,821.3
Total 35,643 885 993 156 142 12,448 50,268
Table4.4: Water Demand for Londerm Plan Horizor Year 2040
_ Water Demand (n¥day)
Sublocation : : : : :
Domestic. Health  Education: Recreationall Commercial Industrial Total
Kwa Shee 10,136.5 248.6 281.3 43.9 34.9 2,692.0 13,437
Birikani 348.7 8.6 9.7 15 1.2 92.6 462
Changamwe: 4,101.8 100.6 113.8 17.8 14.1 1,089.3 5,438
Chaani 10,013.9 245.6 277.9 43.4 34.5 2,659.5 13,275
Miritini 5,506.0 135.0 152.8 23.9 19.0 1,462.3 7,299
Jomvu Kuu 10,155.8 249.1 281.8 44.0 35.0 2,697.1 13,463
Portreitz 15,268.4 374.5 423.7 66.2 52.6 4,054.9 20,240
Total 55,531 358 405 63 50 3,874 73,613
The water demand for Mombasa&/estMainlandis shown inFigure4.1 on below.
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Figure4.1: Water 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 Wastevater Treatment Plant foMombasaWest Mainland has been gided and
based orthe 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 for the design of Sanitation Projects.

The principal References used to formulate the design criteridfanbasaWestMainlandare
as follows;
1 Practice Manual for Sewerage & Sanitation Services in Kenya, December, 2008
Ministry of Water & Irrigation
i Selection and Design Criteria for Sewerage Project, Report iJonV®rld Health
Organisation (WHO Report No. 9)
1 Nairobi City Councit Sewer Design and ConstructierParameters for Adoptive
Standards, 19 (Nairobi City Cowil Manual)
1 The Design of Small Bore Sewer Systems by Ricl@tid dnd D, Duncan Mara (1985)
1 Domestic Wastewater Treatment in Developing @tdes by D. Duncan Mara (2003)

The Criteria outlined in these principal References have been evaluated imnhext of the
Consultantexperience, knowledge and complemented with local and internationally accepted
design standards.

5.1.2 Sewerage Collection System
As outlined in WHO Report No. 9, there are three forms of sewerage collection systems, namely;

9 Separate $stems:Storm water and wastewater are collected and transported in two
separate systems. Ideally, no storm water is allowed into the sanitary sewers

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

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

Fom the TORAMNeither CWSB nor the WSPave the responsibility for the provision or
maintenance of storm water drainage systems and so the study and review of those facilities is
not included in this Wastewater Master Plan Study. All sewers shall be designed for separate
atgaitSvaoe

In line withthe TOR, a separate sanitary sewer system has been proposed for the design of the
Trunk and Secondary SewersMombasawestMainland

5.1.3 Sewage Generation

Wastewater collected in the Sewerage System is generated from;
1 Domestic, instittional and Commercialonsumers
I Industrial Effluent
1 Infiltration and Inflow into the Sewerage System

5.1.3.1 Domestic and Commercial Consumers Sewage Contribution Factor

Not all the water supplied to a premise will reach the sewers as wastewater. The flow of
wastewater leaving premisels dependent on following;
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5.1.3.2

5.1.3.3

1 Quantity ofwater supplied to the building

1 Chancteristics of the housing type

1 Climate with higher losses associated with arid conditions

1 Ground conditions with higher losses asstemawith high ground porosity
Sewagecontribution factor varies from 75% to 85% of water supplietepending on the
different categories of consumers as outlined in WHO Report No.9 and summaricaiolenb. 1
below.

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

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

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

Industrial Effluent

Indudrial effluent generation varies from industry to industry and therefore, each individual
factory on a Sewerage System must be considered separételyever, for areas designated
for future industries whose type is hot known, WHO Report No. 9 recommerads af 25,000
I/ha/day. This has been adopted in the Study.

Infiltration and Inflow

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

are designed to carry only the anticipated sewage flows with only a radraltowance in the
pipe capacity for infiltration and storwater inflow. If significant amounts of water from these

20KSNJ a2dz2NDSa FNB ff26SR Ayli2 GKS aS6SNEEZ

capacities, treatment plants of their prose performance capabilities, and the pumping costs
where they apply, will increase significantly.

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

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

condition and depth of manholes; where covers are damaged or missing, or where the ground

surface level isbove cover level, then surface water runoff enter the sewer as inflow.

Forthe design of the sewers iMombasaWestMainland it is intended to use an infiltration
allowance that is based upon the area contributing to the sewdrs Study adopts the
recommendation ofNairobi City Council Manuaf a constant infiltration rate of 0.002Bs/ha
within the design coverage

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

LY FTRRAGAZ2Y (2 AYFACGNI GA2YS bFANROA /[ Al@
1 tt2¢6
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authoriseddrainage of open industrial and commercial areas,d.d y ¥ 2 g € @ ¢KAA |
taken as a percentage of the domestic wastewater flow and ranges from 5% to 30% depending
upon the predominant housing typeei
1 30% for low income housing
1 15% for medium income housing
1 10% for high income housing
A conservative value of 5% of the total wastewater flow has been adopted in this fStutig
determination of Splash flow contribution

5.1.4 Peak Flow Factor and Sewer [i@2&ity

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

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

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

I = Infiltration Rate (I/s)

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

DWF = 3 & 10/] 3 ) ! !
Where:
3 & = Sewage Reduction Factn)
0 = Population (no. of persons)

= Water Consumption (litres per person per day)

3! = Inflow/Splash Allowance as % of P x G (litres per day)
% = Industrial Wastavater Flow (mi/ha/day)

! = Industrial Drainage Area (Ha)

) = Infiltration WaterFlow 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 large trunk sewers have lower peaks than
small branch sewers.

Manymethods and formulae are used to predict peak factors in sewers. The factors derived by
Nairobi City Council in the 1960s, after a comprediee survey of the Capital City's sewers, are
shown inTable5.2 on Page 4.
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Table5.2: Nairobi City Council Manual Peak Flow Factors

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

<120.0 5.0
<600.0 3.8
> 600 3.1

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

Table5.3: Common Formulas used to calculate Peak Flow Factor

Legg Formula, for population < 7,000 Persons baaabao 85% b &

Babbit Formula, for population < 7,000 Person: 0 Q a6 éi‘é‘ni’)ﬂb o ¢

. e w s pT
Harmon Formula, for population > 7,000 Perso 0 Q3GEH h o £pi T TE R0 a @00l ¢

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

Theempirical formulas adopteth the computation of peak flows fdvlombasawestMainland
are as follows;

9 Babbit formula for populations less than 7,000 persons
1 Harmon Formula for populations greater than 7,000 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. A drainage area refers to a natural boundary within which tbpography permits
convergence of surface water flow to a single point at a lower elevation

Based upon the above components, the projected wastewater generation for each of the
drainage areas sulocations within the study area, assuming a regular / unsegged water
supply and full coverage of water distribution network, has been determined. A summary of the
projected wastewater generation is givenTiable5.4 below;

Table5.4: ProjectedWastewater Generatio up to Year 2040

T Area Wastewater Generation (rf{d)
(Ha) 2009 2015 2020 2025 2040
Kwa Shee 379 2,723 3,129 3,599 6,519 11,344
Birikani 235 94 108 123 224 390
Changamwe 381 1,103 1,266 1,456 2,638 4,591
Chaani 421 2,691 3,091 3,555 6,440 11,207
Miritini 103.9 1,480 1,699 1,955 3,541 6,161
Jomvu Kuu 212.5 2,729 3,135 3,606 6,531 11,365
Portreitz 80.4 4,103 4,713 5,420 9,820 17,085
Total 1812.8 14,923 17,140 19,715 35,714 62,143
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However, achieving conditions of regular / unsuppressed water supply and full sewer
connections in a Town with Sewerage System is nearly impossible. This restraint is imposed by
the limited development of water resources, inadequate water distribution networks atiee

use of onplot sanitation systems due to topography, affordability, unplanned settlement, etc.

To consider the above situation, the factors of Sewer Connectivity and Water Supply, given in
Tables5.5 and 5.6 below, have been adopted for the formulatioaf realistic wastewater
generation projection for the study area.

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

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

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

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

Figure5.1 below shows the comparative trends of the wastewater flow generation for combined
study area of Mombas#/estMainland under the Ideal condition (100% Sewer Connections and
Regular Water Supply) and Realistic condition (with projected-ouildf Sewer connections and
suppressed water supply);

70,000
65,000
60,000
55,000
50,000
45,000 _®
40,000 -

- =@ - - \With Projected Built-out of Sewer Connections
and Suppressed Water Supply
With 100% Sewer Connections & Regular Water
Supply

35,000 -r°
30,000 -
25,000 N =

Dry Weather Flow, rfiday
\

20,000 -~

15,000 pets

10,000 @
5,000

2015 2020 2025 2030 2035 2040

Year

Figure5.1: Comparative Projected Wastewater Flowp to Year 2040
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From Figure 51 on Page 55, the projected wastewater generation based on the realistic
conditions of water supply and sewer connections at the Years 2025 and 2D40% m3/day
and44,300 m3/dayrespectively.

The design of Wastewater Management Scheme Components i.e. Sewerage System and Water
Treatment Plants, has been based on the wastewater flow generation developed from the
projected buildout of sewer connections and suppressed water supply.
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6.0 DESIGN CRITERIA FOR SEWERAGE SNETBMSTEWATER TREATMENT
PLANTS

6.1 Design of Sewers
6.1.1 Minimum Size of Sewer

Many sewer blockages in urban areas occur in the first length of dimalleter sewer with less
than five house connectiss. Because of this observation, Nairobi City Council Manual
recommends a minimum diameter of 200mm for new sewers. Individual house connections of
150mmdiameter is however sufficient.

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

To reduce the tendency of blockages, 200mm diameter has been adopted as a misawam
size forMombasaWestMainland Sewerage System. However, at the upper ends of sevest, |
the expected flows would not achieve seléansing velocities except at rather steep sewer
gradients. Thus, 150mm diameter sewers shall be adopt¢lde upper lengths of the sewers to
alleviate this situation.

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

1 ColebrookWhite Formula The Darcy Weisbach Formula, combined with the Colebrook
White formulation of the friction factor, has long been regarded as the formula that closely
relates both pipeline theory and observed pipeline losses. The main disadvantage is the
cumbersome iterative calculations necessary for its solution. However, with the advent of
computers and published Design Charts this limitation has been overcome auforthula
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 uncertaiatssociated with the flows
generated (population projections, connected population, water consumption per person,
etc.). The formula is as follows:

28 @38
)
Where:
6 = velocity of flow, (m/s)
] = pipe roughness coefficient
2 = hydraulic radius(m)
3 = slope of the pipeline, (m/m)
Table6.106 St 26 aK2¢6a GKS alyyAy3daQad tALS NRddAKYySaa
diameters.
Table6.lY CNAOGA2Y CIFOG2N) F2NJ alyyAy3aQa C2N)dzZ |
Pipe Material Pipe Dia, mm Friction Coefficient, n
<=300, <600 0.015
Spun Concrete
>= 600 0.014
Cast Concrete All sizes 0.018
uPvC All sizes 0.013
Pitch Fibre 100 & 150 0.014
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In this study, manning equation has been adopted for the design of gravity sewess. lieen
complimented by Design Tables and Charts for the Colebrddikiee Equation, developed by the
Hydraulic Research Station in UK.

6.1.3 SeltCleansing Gradients and Velocities

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

A minimum velocity is required in a sewer to ensure seittfi solids do not occur. A velocity of
NOTp Yka Aa O2 yAIMARISINSRY I ASKS OWAI 8t A K G GAf
suspension. It is important that this velocity is achieved at least once a day. This is ensured by
laying sewers at a gdient that will give a velocity of 1.0 m/s at full bore flow. The Nairobi City

/| 2dzy OAf Q&4 ! R2LIGAGS {GFyRIFINR&a NBO2YYSyRa GKI
flowing full.

Sewer velocity is more important in tropical climates such aédmbasa West Mainlandince it

has been noted that at high temperatures, increased biological activity rapidly reduces the
dissolved oxygen content of the sewage and can result to {upildf hydrogen sulphide gas.
Without oxygen, sulphate reducing bacterigbk down the sulphates always present in sewage
and hydrogen sulphide gas is produced which turns into sulphuric acid. Hydrogen sulphide gas is
known to cause odour and corrosion problems. 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 sewers fdvlombasa West Mainlanevhere flows may be intermittent and
retention times slrt. 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 where ground slopes are flat, the adoption of a minimum velocity of 1.0m/s places a
severe constraint orthe design of the upper reaches of systems due to the steep gradients
required. Thus, flatter gradients have been adopted to decrease the resultant sewer depths and
to reduce the number of pumping stations. Regular flushing of sewers should be carriatl out
the flush manholes to be provided at the upper sewer sections to prevent silting.

The Ministry of Water and Irrigation Practice Manual for Sewerage and Sanitation Services in
Kenya (2008) explains that maximum flow velocities were previously specdiadduce
possibilities of erosion in the pipe internal linings through scouring effects. Such effects were said
to occur at flow velocities exceeding 4.0 m/s. But studies have shown that erosion effects
observed at velocities greater than this thresholdueaare 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 Maximumvelocity 3.0m/s
1 Maximum flow in exceptional circumstances 6.0 m/s

6.1.4 Sulphide Generation

Hydrogen sulphide is the main source of corrosion in sewer pipes, particularly with high ambient
temperatures and long retention times. Aerobic ba@eon 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 of ferrous and concrete walls causing their rapid deterioration.

The onset of Hydrogen sulphidetatk depends upon many variables including;
1 Sewage strength and sulphate content

9 Dissolved oxygen concentration
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6.1.5

6.1.6

1 Velocity of flowg at low velocity, anaerobic conditions result through silt and sludge
accumulation. Natural oxygen recovery from the atmosehisralso low at low velocities
1 Temperatureq sewer corrosion is more frequent and intensive in in warm climates as
compared to temperate areas
A welldesigned 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

WestMainland Sewerage Systetogether with adequate gradients, malklee onset of sulphide
attack unlikely. HDPE/ uPVC pipes will be used as much as possible in flatter gradients.

In Pumping Mains, sewage retention time less than 30 minutes has been provided to avoid
anaerobic conditions and generation of hydrogen 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 manholespecially 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 odorougases 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 shouliddielled 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

Sewers aralesigned 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 is reqoietstire 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 upstreanessections 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 entire sewagl.

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 PipeProtection
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 other thalepth

The depth of sewers in Momba¥®éestMainland has been dictated by the constructability of soil
conditions given the flat topography, loose sandy soils, depth of the water table and economic
considerations.
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6.1.7

6.1.8

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

Manhole Spacing and Sizes

Manholes permit the inspection and cleaning of sewers and the removal of blockages. They
should be provided on sewers ali ahanges 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 various sewer pipe diaméters been adopted based on the
guidelines of the Nairobi City Council Manual as showviralrle 6.3elow.

Table6.3: Guideline to manhole diameter and spacing

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

Most sewer blockages occur in the smaller diameter sewers. Thus, for pipe diameters smaller
than 225 mm, it is proposed to reduce the manhole spacing to 40m for ease of cleaning and
maintenance. The spacing of intermediate manholes in the Sewerage SysthtarhbasaNest
Mainland has been guided by the proposed Sewer Layout Plan.

Pipe Materials

The choice of pipe material is influenced by:

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

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

Availability of required sewer diameters andcessary fittings

Cost of materials and installations

Due to the various requirements in the Sewerage System for Mombdeat Mainland,
combination of various pipe materials, which are manufactured locally to internationally
recognized standards, have breeonsidered. These include;

= =4 -4 -4 8 -9

i. Precast Concrete Pipes

Spun concrete pipes are manufactured locally 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 9 thameter and
are connected using rubber rings. They are vertically cast in vibrated moulds. They 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 sizes from 100 mm to 1525 mm diameter.

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

Larger sizes and higher strength classes can be manufactured on order.

The disadvantages of using concrete pipes include their high friction coefficient and
susceptibility to corrosion due to the generation of hydrogen sulphide gas especihilyhat
ambient temperatures and long retention time.
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ii. UPVC Pipes

Un-plasticised PVC pipes are manufactured in Kenya in metric sizes up to 450 mm diameter.
The pipes are manufactured in accordance with K&4%and both rubber ring jointed and
cement jointal pipes are available.

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

However, exposure to strong sunlight over a long 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 manufacturetarge diameter uPVC pipes and the ability of Contractors to lay
these large dimeter pipes. 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 corrosion attacks
and overburden.

iii. HDPE Pipes
HDPE pipes are ideal for many different applications including municipal, industrial, energy,
geothermal, landfill and more. HDPEs pgpe strong, durable, flexible and light weight. When
fused together, HDPE has a zézak rate because the fusion process creates a monolithic
HDPE system. HDPE pipes are also a more environmentally sustainable option as they are non

toxic, corrosion andlemical resistant, have long design life, and are ideal for trenchless
installation methods owing to their flexibility.

With manufacture of HDPE Pipes gaining momentum in the country and considering its rapid
use by most Water Service Providers, the beredf using HDPE pipes in Sewerage Systems

including reduction in the number of manholes 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 anufactured in Kenya. In the sewerage system, they are used for exposed
locations such as river crossings or in pumping mains. However, protection against corrosion
is required internally and externally. This is provided using bitumen sheathing with aktern
sheathing reinforced and glass fibre windings. Alternatively, modern proprietary epoxy
coatings can be used. Joints are bolted flanges, flexible couplings, or spigot and socket joints.

From field investigations, it has been found that when steel pipesaposed to the strong
sunlight, the external protective bitumen coating become 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 recygingoses. The high cost of steel pipes also
discourages their use in other normal conditions.

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

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

The Gravity Sewers for Mombas@/est Mainland will consist of HDPE/ uPVC pipes and
socket & spigot concrete pipes while Pumping Mains will comprise of Steel Pipes. Shallow
sewer sections or those laid on road crossings shall consist of flexible jointed concrete pipes
protected with reinforced concete raft slab.
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6.1.9

Property Connections

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

to be connected, eitherby M2 ! { / hQ&a GSNIAFNE &aS6SNE 2NJ 6& A
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 fatlit
connections.

6.2 Design of Sewage Pumping Stations

6.2.1

6.2.2

Sewage Pumps

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

As per theFinal Practice Manual for Sewerage and Sanitation Services in Kenya (MWIt2008),
following types of pumps are considered most suitable for sewage works in kenya:

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

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

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

However, where the public can be excluded, screw pumpsansidered suitable for sewage
GfEAFGe adlaArAzyad 2 KSNBGSNI St SOGNROAGe A& | O
electric motors; elsewhere, diesel engines are considered the better alternative type of prime
mover.

Apart from solids divertersubmersible pumgsets and screw pumps, it is recommended that all
sewage and sludge pumps should be protected against blockage by screens; for the smallest
pumps, 40 mm clear opening screens are required, but 100 mm openings are suitable for the
larger cenrifugal and mixeeflow pumps.

Sewage Pumping Stations

¢CKSNBE INB (62 oFlaAro GellSa 2F aSél 3S LlzyLAy3a a
into pumping mains. In the lift station, sewage is merely raised from a low to a higher level, for
subsequent gravity flow.

The design of a pumping station is, considerable extent, dictated by the 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 iying access to the equipment and its control gear.

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

Sewage pumping stations can be broadly classified as follows;
a) Wet Well Stations (Submersible Pumping Stations)
b) Dry Well Stations (Wet Well / Dry Well Pumping Stations)
c) Packaged Pumping Stations e.g. Screw Pumping Stations
Wet Well Stations

At such stations, the pumps are installed in the substructure or Wet Well which contains sewage.
This arrangement ensures th#tte pumps are always primed. Usually, the prime movers are
located in the superstructure and the drive is via cased shafting in case of venafapumps.
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6.2.3

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

In recent years, several manufactures have started to produce watertight, submersible, portable
pumping sés suitable for sewage, each comprising a centrifugal pump set (centrifugal pump and
electrical motor). It is preferable to have the compact control equipment above ground level and
the remaining unit lowered into underground chamber. This system condijeraduces capital

costs and simplifies maintenance as within minutes, a standby unit can replace a faulty set, which
can then be transported to a workshop for repair.

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

Dry Well Stations

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

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

Dry Well sewage pumpinstations usually house centrifugal pumps (horizontal or vertical
centrifugal pump sets). In general, horizontal centrifugal pumps are cheaper and easier to
maintain than vertical pumps. However, vertical pump sets have advantage that the prime mover
canbe installed above ground level, so that it is protected from flooding caused by heavy rain or
a burst on the pipeline. In such installations, the prime mover and pump are connected by
shafting with universal joints. It is recommended that, when centrifypgenps are used, vertical

sets be adopted.

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

Packaged Pumping Stations

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

Siting of Sewage Pumping Stations

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

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

Electrical supply and mechanical failures are common occcerah Sewage Pumping Stations.

All Sewage Pumping Stations should therefore be so located that resulting sewage overflow
causes minimum hazard to public health and environment. Where possible, a screened overflow
pipe, for use only during emergencies shible provided to convey sewage by gravity to a
retention ditch or pond.
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6.2.4 Capacities of Sewage Pumping Stations Components

Pumping and Station Capacities

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

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

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

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

Standby Units

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

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

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

Wet Wells and Sewage Sumps

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

is required to deal with the inflowdctuations; in the case of Wet Well type of pumping station,

0KS GSN¥xa 2S04 2Stfté FyYyR a{SgF3S {dzvYL¥ I NB &:
Effectively, the capacity of sewage sump is the volume between the highest level at which the
pumps start and the lowest level at whitiey stop. Usually, the highest level will be just below

the invert of lowest incoming sewer, to help prevent surcharging of the sewerage system.

I (S5 38 {dz¥LIQa OF LI OAGE aK2df R 68 NBtFGSR
reduce wear on th mechanical and electrical equipment in the station by minimizing the number

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

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

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

V =300Q
Where; V is the capacity of the sewage pump in litres

Q is the maximum rate of sewage inflow during dry weather in litres per second.
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The capacity of the sewage sump given by the above formulae represent the sum of the capacities
of the individual comparhents if multiple sumps are provided at a Sewage Pumping Station.

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

6.3 Design of Wastewater Treatment Plants

6.3.1 Selection Criteria for Treatment Process / Technology

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

)

Nature and Strength of Wastewater

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

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 technologies, the Consultant
calculated the dynamic unit cost as average aodtbf wastewater treated for different
treatment technologies as summarisedHrigure 6.1below;

4000 T——— —

Anaerobic Ponds +
Trickling Filters +
Maturation Ponds

3,000 -

Oxidation Ditch +
Maturation Ponds

2,000

Capitla Cost (Ksh, Million Ksh)

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

Flow, m3/d

Figure6.1: Capital cost for wastewater treatment technologies

iii) Physical ConstraintsLand

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

Figure 6.2on Page €10 shows the land requirements for the various treatment
technologies.

MIBP/ CES/ BOSCH 6-9



Water and Sanitation Servicknprovement Project; Additional Financing (WaSSHAR FINAL MASTER PLAN REP(
Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - MOMBASA WEST MAINLAN

Population Equivalent

|
I |
| |
' |
: 100,000 200,000 300,000 400,000 500,000 600,000 700,000 |
([ J — e S o e e
| O R T e |
| IJ 7'le'41||'l“‘&'|I‘v‘f7f|J ‘#.“I*I"‘,"*ffrt"' -1 l
' |'>_.+|_*1|’|‘,‘”"]""'*AF*’.’I""“F\‘ FEEl] EBEEEEY
| JL"'+|"T.‘| 550 6 I =1 A - 'LI‘-'—“‘ B ¢ f"“"—"ﬁ '
| 100 11 i 5 D O - T R e S 1T t_|‘|‘.‘|j T ]
o e Tt el el i e e T A e B T R I .
| mm 81 O v D I I 5 9 1 A i 1 | 1 il |
| A i) 1) | O | I E W E P R el
| i '_l+|_|Alltn-l-|4-|‘|L|IL"" —l"fll‘_‘Ll-—\_:lir"‘l == l___,_i
=220 4 5 = + - - r = L | L e 2
i |-‘ e r—l_L Wi i—| T T I [ = i il ;_,L ;— Biofilters with I |
80 B T 1 1—|-+ + Stablization | -+ I Maturation Ponds
| 1T T1t+++r{1+++ i = e Ponds_ |1 11T 4 e — |
' I _‘_|1rl |_'?>l_l_ — PO [} i 1 T"I‘I"'l - - ] i
ol | | I | U ) =1 |
I 2 [T ‘7[" 1 g il |—'—‘+"|i||lL » RNy '
| s P I ANEESAEEES™" CaalNEa |
| @ 60 L —_-I——--' - 1“."’",—"’1-_‘"‘ ]
lg i 1 4-|—|_|7I |'Ll’l '. 11 A I |
| [ r|.V|IJ'*:“’T‘J T3 - 4»_-*-“
- T =TT 1 Oxidation Ditch and
: | = j,—4 + _ —— | ] Maturation Pond
gt | et _ + 3 |
2= | | O R I
| rrJ"L NEEEE li\¢L||, |
) - i | |_|—,— | | \71 |-J-A’- —‘ .
el EEERRR R =TT |
5 i O | Long Sea Outfall | |
Fr Tt o e e e 1 -
. !_4 + ;—'—a 1 T .,'J L =7 :;:v:ledS!udgc
B S . B 0 L L = = ong Sea
Il|<_} ‘,._’#lllil_‘ ekt kil Outfall
§) 1B ) (6 L 5 1 o
e e S ; . |
' - ; R R e e e e e — |
5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000\?@_,000 |
Flow, Q (m*/d) Oxidation Ditch with } |
1 =

e T e S e e E o e L R S NN s ubang SewOutial o Sl

Figure6.2: Land Requirements for wastewatdreatment technologies

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 gnerate 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 selection of wastewater
treatment technology ha 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 dominant anaerobic digestion processes
involving slude 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 of power and
thereby reduce the cost of energy @ite WWTP. However, this is only economically and
financially viable for treatment technologies with high calorific value in sludge and
methane gas.

vii) Fertilizer Recovery
The presence of nutrients such as nitrogen, 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 recovery, generated sludge (mostly liquid) must be
dispo®d 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. Some of these techniques are labour and land
intensiveand 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 and screenings from the Plant for
dumping. The Stige Dump site shall preferably be developed near the Wastewater
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Treatment Plant site to reduce the hauling distance and to minimize cost of
transportation. The dumped sludge is compacted with bulldozer and covered with a thick
layer of clean soil to minireé 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 erosion and runoff

1 Soil Characteristics

1 Soil depth to groundvater

1 Accessibility & proximity to critical areas

Avalilability 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 sudfatt 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 Bty the nuisance threshold, especially,
regarding the proximity of the Wastewater Treatment Plant to the bujdareas.
6.3.2 Alternative Wastewater Treatment Processes / Technologies

The following biological Wastewater Treatment Technologies have been analysed in detail using
the criteria listed irSubsection 6.3.1
i) Waste Stabilization Ponds

Application Lewvel: Management Level: | Inputs: Wl Blackwater @80 Brownwater
1 Housahold 1 Household S Greywatar (@ Sludgs]

F Neightourhood ] Shared Outputs: @ Effluant @ Sludge

(%] City %] Public

Waste Stabilization Ponds (WSPs) are large basins enclosed by earth embankments in
which raw wastewater is treated by entirely natural processes involving algae and
bacteria. Since these processes are unaided, the rate of oxidation is slower, and thus
hydraulic retention times are longer than in conventional wastewater treatment. WSPs
are the preferred method of wastewater treatment in developing countries where
sufficient land is normally available and where the temperature is most favourable for
their operation.

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

in anaerobic and facultative ponds, which are also responsible for most of the removal of
helminth eggs; and some removal of BOD occurs in maturation pondsh aiso remove

some of the nutrients (N and P).

A typical layout of Waste Stabilization Pond is givefigare 6.3on Page 612.
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Figure6.3: Layout of Waste Stabilization Ponds

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

i) Trickling Filters

Application Level: Management Level: | Imputs: @ Effluent @ Blackwator
O Brownwater (T Greywatsr

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

A trickling filter is a fixetbed, biological reactor that operates under (mostly) aerobic
conditons. Prea SG G f SR ¢ a0Sgl GSNJ Aa O2yldAydz2dzat e
using sprinkler as shown gure 6.4elow.

sprinkler _D___.-? o : ._U
T R Tt Y S P Ao
3 e
filter TE ".’.‘?-_g"‘k’u'o-r".'?';-ﬂfﬁ:':“ﬁ 8
PR S S eTa:
feed pipe—— [ — s ;zﬁ"-%-"".%ﬁ-‘-ri‘??:ﬁ 9o air
R T A AN gy el o e
filter support i O o L ) D outlet
collection |

Figure6.4: Sectional View of a Circular Biofilter

As the water migrates through the pores of the filter, organics are degraded by the
biofilm covering the filter material. They produce high quality effluents (e.g. <20 mg
BOD/I and <3nhg SS/I) without requiring large areas of land or consuming vast quantities
of electricity. In many situations in developing countries they are much more appropriate
than activated sludge. Trickling Filters compriseceé82n deep bed of 5 100 mm rock.

The trickling filter is filled with a high specific surface area material, such as rocks, gravel,
shredded PVC bottles, or special ioemed plastic filter media. A high specific surface
provides a large area for biofilm formation. Organisms that grotlerthin 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 effluents at small footprint & less electricity
1 HEficient nitrification
1 Operation at a range of organic and hydraulic loading rates

Thedisadvantages include;
9 High capital costs
1 Skilled personnel for operation and maintenance,
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9 Constant source of electricity and wastewater flow
M Problems associated witties and odour

iii) Oxidation Ditch / Extended Aeration

Epplication Level: Management Level: | Inputs: @ Effluent @l Blackwater
Bro ter G

1 Household " Household @ Brownwater 1 Greywatar

%] Neighbourhood ] Shared Outputs: @ Effluent @ Sludge

=% City = %] Public

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

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

The ditch liquor is aerated by several aerators, which impavtelocity to the ditch
contents of 0.& 0.4 m/s to keep the activated sludge in suspension. The ditch effluent
is discharged into a secondary sedimentation tank to permit solids separation and sludge
return and to produce a settled effluent with low B@Bd SS. Removals consistently >95
per cent are obtained for both BOD and SS.

Currently, there are few oxidation ditches in developing countries since Waste
Stabilization Ponds are usually more favourable, both in terms of costs and faecal
bacterial remowl; although where there is a reliable electricity supply but insufficient
land for ponds Oxidation Ditches are increasingly being used.

Theadvantages of Oxidation ditches include;
1 Resistance to organic and hydraulic shock loads
9 High reduction of BOD amgiathogens (up to 99%)
9 High nutrient removal possible

The limitations / disadvantages of using oxidation ditches include;
High energy consumption

Constant supply of energy

High capital and operating costs

Require operation and maintenance by skilled perszn

=A =4 =4 =4

iv) Sequencing Batch Reactor (SBR)

Application Level: Management Level: | Inputs: @ Effluent Sl Blackwatar

Browmwatar Greyvwatar
] Household ] Household - . Grayw

# Neighbourhood 1 3hared Outputs: @ Effluent @ Sludge
3] City 3] Public

The Sequencing Batch Reactor (SBR) is an activated sludge process designed to operate
under nonsteady state conditions. An SBR operates in a true batch mode with aeration
and sludge settlement both occurring in the same tank. The major difference between
SBR and conventional continueflew activated sludge system is that the SBR tank
carries out the functions of equalization aeration and sedimentation in a time sequence
rather than in the conventional space sequence of contindtms systems thus smaller
footprint (seeFigure 6.5n Page 614).
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Sequential Batch Reactor
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Figure6.5: Schematic Showing SBR operational cycle

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

SBRs require controls to reduce energy consumption and enhance the selective pressures
for BOD, nutrient removal, and control of filament$isTrange from a simplified float

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

SBRs does not include primary settling tanks; screening of solids and oil / grease removal

should be accomplished prior to the activatsllldge process. Flow equalization is also

critical where significant variations in flow rates adanic mass loadings are expected.

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

This is a submarine pipeline or tunnel that dischangastewaterunder the sea surface.

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

Themain advantages of marine outfalls for the discharge of wastewater include:

T Natural dilution and dispersion of organic matter, pathogens and other pollutant,

1 Ability to keep thesewage field submerged due to deep discharge points

9 Greater dieoff rate of pathogens due to the greater distance they should travel to
shore

1 Less expensive than advanced Wastewater Treatment Plants i.e. not energy
intensive

For effective operation obutfall and its diffusers, preliminary treatment of wastewater
is important. The combined capital and operation cost of preliminary treatment is about
one tenth that of conventional biological treatment and require much less land.

However, submarine outfdls 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 diction, such abioaccumulationof toxins,
sedimentationof sludgeparticles andagglomerationof sewage particles witlgrease

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

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

1 Maturation Ponds

9 Chlorination

 Sea outfall
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Preliminary Treatment

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

Wastewater contains large solids and grit that can interfere with treatment processes through
accumulation of solids, frequent blockages, abrasion of mechanical parts and increased
maintenance on wastewater treatment equipment. Tonmize potential problems and extend

the life of sanitation infrastructure, these materials require separate handling. Preliminary
treatment removes these constituents from the influent wastewater.

Some of the preliminary treatment processes are bridégcribed below;

a) Screening

Screening is the first unit operation used at Wastewater Treatment Plants (WWTPs). It
removes coarse objects such as rags, paper, plastics, and metals to prevent damage and
clogging of downstream equipment, piping, and appurtetes 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 highdckwater levels that cause builgh of solids mat on the screen. The
increased raking frequency increases labour costs.

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

Coarse screens and fine screens are available for use at the WWTPs. Coarse screens
remove large solids, rags, and debris from wastn, and typically have openings of

6mm or larger. Fine screens are used to remove materials that may create operation and
maintenance problems in downstream processes, particularly in systems that lack
primary treatment. Typical opening sizes for fineegnis are 1.5 to 6 mm.

b) Grit Removal

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

Many types of grit removal systems exist, including;

0 Aerated grit chambers

Vortextype (paddle or jet induced vortex) grit removal systems
Detritus tanks (shorterm sedimentation basins)

Horizontal flow gt chambers (velocitgontrolled channel)
Hydrocyclones (cyclonic 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 effemts
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downstream processes, head loss requirements, space requirements, removal efficiency,
organic content, and cost.

c) Flow Control and Overflow

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

A summary of the descriptive comparison of the above wastewater treatment technologies /
processes is given irable 6.4on Page 617.
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6.3.3

Vi.

Vii.

viii.

Identification of Site for Wastewater Treatment Plant (WWTP)

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

The factors considered in the selection of WWTRLtioo are briefly discussed below.
LandUse

In the Landuse Map, different areas dflombasa West Mainlantiave been assigned varied
existing and proposed uses. Areas earmarked for residential, industries, agriculture, forests and
social amenities are comigred less suitable for the locatiaf a Wastewater Treatment Plant
(WWTP). On the other hand, public utility or undeveloped Agricultural Land located away from
the sensitive residential areas are preferred.

Distance of Effluent Discharge Point

The distage from the WWTP site to the final receiving environment such as the river and ocean,
is an important consideration in site selection. Preference is given to the sites that require shorter
lengths of Outfall Sewers.

Topography of the Sewered Area

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

Topograhy of Site

The slope at an ideal site should permit the gravity flow within the WWTP without requiring
excessive excavations for the structures. Slopes less than 1:20 are preferred.

Geological Conditions

A site with low water table and whose soils are anpeable is considered ideal with respect to
geological considerations. For instance, silt or clay soils are suitable for pond construction.

More often, the geological formation withimaareais fairly similar. For instance, all the candidate
sites inMombasa West Mainlandomprise of a mixture of well drained, deep, dark red to reddish
brown, friable, sandy clay loam to sandy clay, with top soil of loamy sand and well drained, very
deep, yellowish red, very friable, fine sandy loam to fine sandy clay.[®hese soils are suitable

for WWTP (Waste Stabilization Ponds) construction.

Existing Infrastructure

Proximity to infrastructural systems such as roads, electricity and portable water is sought for
while siting for a WWTP location. It reduces costarfistruction and operation & maintenance
requirements of the WWTP. Sites that are closer to existing infrastructure are preferred.

Potential for reuse of treated wastewater

Treated wastewater can be reused for beneficial purposes such as agriculturatiarrjg
industrial processes, ground water recharge, etc. Proximity to the potentiabeeapplication

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

Land Acquisition

In this criterion, preference is given to sites owned by government agencies such as Ministries,
County Governments, etd his ensures that the project affected persons are kept to a minimal
and reduces theost of resettlement and compensation.
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7.0 FORMULATION G¥£ TERNATIMBEEVELOPMENT STRATEGIES

7.1 Justification of Study Area

It is proposed in thaVorld Health Organisation (WH®eport No. Shat by the year 2000 all
urban areas with population density greater thh24 persons per hectarghould be connected

to sewerage system. The intention of this criterion was to define the extent which sewerage
projects can be prioritized as a sanitation measure in developing nations.

The nature of settlements and Latube in each of the two serviceeas have been studied
distinctly to determine the coverage of the study area. WHO guideline of threshold population
density has also been considered.

The present estimated mean population density for the entire service area of Mombasa West
Mainland (year 216) has been determined &5 persons per hectarehile the projected year

2040 population density i$12 persons per hectar@he highest projected population density in
year 2040 is recorded in Chaani dobation at approximativel$00 persons per heate. These
conservative densities have been adopted for the design of Sanitation System for Mombasa West
Mainland.

These estimated population densities have been adopted for the design of Sanitation System for
the study area in consideration of the WH€&zommendation

7.2 Delineation of Drainage Areas

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

A total oftwelve (12) drainage areas have been formulated in Mombasa West Mainland.

Based on the projected land use, population and water demand (including suppressed conditions)
as detailed in the previous Chaptersethewage generated (Dry Weather Flatthe various
design horizons by Drainage area including 8©®Biven inTable 7.1below.

Table7.1: Summary of Sewage and B@Benerated per Drainage Area

Drainage: Coverage Year 2025 Year 2040

Area (Ha) DWF (m3¥d) BODb 6 YZ DWF(mdd) BODb 6 Y:
1 247 3,027 697 4,955 652
643 9,946 671 18,216 637

3 141 1,108 726 1,748 675
4 485 2,728 680 4,504 640
5 375 2,561 670 4,331 633
6 133 519 663 869 628
7 388 1,594 655 2,736 624
8 494 571 691 858 644
9 172 2,173 678 4,041 641
10 120 761 672 1,277 634
11 41 318 703 514 656
12 42 150 688 242 645
Mean - - 688 - 642
Total 3,281 25,455 - 44,290 -

The Projected Dry Weather Flow fitre study area oMombasaWest Mainlandat the Design
Horizon (Year 2040) is approximatdi;300 m3/day.

A layout Plan showing tlsedrainage areas is givenkigure 7.1on 7-2.
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7.3 Description of Alternative Wastewater Management Schemes

Two Alternative Wastewater Management Schemes have been formulated and evaluated to
serve the sanitation needs of Momba¥dest Mainland up to Year 2040 as briefly described

below;

)

Alternative 1¢ Centralized Wastewater Treatment Plant

This Alternative Scheniavolves a centralized Wasteatér Treatment Plant (capacity
44,300me/d). The centralized Waste Water Treatment Plant has been sited at Kipevu,
where an existing Waste Water Treatment Plant (17,088mapacity) is located. This
location has been selectatlie to the existing wastewater conveyance system to the site,
housing and associated ancillary works. Expansion and modification works to handle
increased inflow will be required.

Under this Alternative, waste water will be conveyed to the Centralizedtifrent Plant

by a series of gravity sewer system with limited pumping. The Conveyance System will
comprise obNr. new pumping stations in addition to the existéfgr. Pumping Stations.

At the Treatment Works, a combination of Oxidation Ditch with a @Gtddon System

has been adopted for the treatment of wastewater. The treated effluent will be
discharged into the sea

A summary of the pumping components and Treatment Technology for Alternative 1 is
given inTable 7.2below.

Table7.2: Alternative Scheme &, Pumping components and Treatment Technology

Rising Main Wastewater
Details of Each Pump Treatment
Pumping Station Plants
Ref. No. Design  Pumping Power
Length Dia. Flow, Q | Head, H Requirement, TW1
(m3/h) (m) P (kW)
170 200 P1 104 57 23 o
1,520 | 350 P2 365 85 121 _%
395 350 P3 292 37 42 E -
358 350 P4 382 30 44 % c‘%
O
580 400 P5 738 63 180 = '-C'-
Mikindani =z .8
115 200 Pumping Station 1,080 31 130 2 g
i i Miritini Screw 512 4 7 S %
Pump [aly)
; c
610 250 PortReitz = 1538 53 319 S
Pumping Station s
329 200 Miritini Pumping a1 48 8 (>‘3<

Station

A detailed Layout Plan for Alternative Scheme 1 is givefigure 7.20n Page 7.

MIBP/ CES/ BOSCH 7-3



FINAL MASTER PLAN REP(
- MOMBASANEST™AINLAND

Water and Sanitation Service Improvement ProjeAdditional Financing (WaSSHAR
Wastewater Master Plan for Mombasand Selected Towns within the Coast Region

e WEST MAINLAND
i ALTERNATIVE 1

N

5 . ¢
01 & ,} !
S, v {
(=) ’ 45 o
2. 4 7 i )

Q. =9% mséh
Qp =292m’/h
\( Hp =37m

; P = 42kwW

LEGEND

Change In Diameter

L =395m Existing Pumping Stations

¢ =350 mm

L =870m Proposed Pumping Stations

Q
L ,
{/ & ‘ S _
Y () { — | 0=450 mm
! S
=

=191m’ /h
p 382’ /h

Hp 30m

P = 44kw

o
£
l

L =1,080 m
b =400 mm ¥

«‘ T Mg

£ . / {/ E

L =1,140m \ s Y y e i i

=20 n® /h ® =300 mm L =1.868m omvu K% ; | : || $=350mm ——>—— Proposed Sewer Lines
) - R e P 3

il / 369 m’ /h =39 Proposed Sewer Pumping Main

<X

Existing Kipevu Treatment Works

&
A
El Proposed Treatment Works

L =1,560m
¢ =450 mm

Existing Sewer Lines

\‘, : ——— Changamwe Re_Pooling

Qp =41m°/h = b =375mm ® - B\ ! E
“|Hp =48m N ) P 7 \ = Qp =738m°h
P / / 524 m 1 Wy & A Hp 63 m ==3=== Proposed Sewer Gravity Main

P =8kw L= . LA

'\ umping \_ Miritini 2 =256m° /h [ d?=‘450 o A X T L =580 m £ 150 kW = Proposad 80m Nesthem bypass
‘ © N o R s Qp =512nf/h | e SN . et || b=4200mm ‘ 60m kipevu Road
Y~ A @), N Hp =4m — = NG « - Mg i mmmmm Proposed 60m dongokundu Road

{ ¢ J
) x -y e N oad Networks
& 4 = . i : i ; | L=1378m Q,,, = 540m®/h

1 " \WiriimiSorew. | L =2,398 m L=58m || g © = || ¢=400mm Qp = 1,080m’/h B Mvombasa Airport
— P N T b=300mm 4= b=375mm b : " ) - ;‘ HP =31m
L =1,060m / ' 4 p i = > | ELL e P =130kW

& =225 mm / ' — — ‘ | — A ation \

Sewerage Drainage Areas

Drainage Area 1

Drainage Area 2

Aerial View of Treatment Works Site

Drainage Area 3

Drainage Area 4

.= 52m?/h , e
Qp =104m/h 2
Hp =57m % ‘ iy
P =23kw ) | L=8%0m U LTS

Drainage Area 5

Drainage Area 6

Drainage Area 7

Drainage Area 8

Y
=
HO O OREE 6 e

y 1y iy / Drainage Area 9
i » e\ y ' T~ «‘O*If‘;é\ys,%e :;‘-“ZQJ - Drainage Area 10

. N "/ N\ Al Bl ()  Drainage Area 11
N & Drainage Area 12

Buildings

ro% Q =183m /h / / | o= RO :

= 3 , / rei \ \ e : o ok A ® Uk 7%

Qp =365m’/h / @ Pdmping Station ==, NI . e '

Hp =85m 4 = =N f KIPEVU T.WORKS
g / e " — : N [ Qowe =48,300m*/ day

P g | Q =769m /h ' /"/ BOD; \opping 586 Mg /L
QDWF 4 St [OXIDATION DITCH +

p 1,538 m®/h
2040 DESIGN HORIZON Hp 53m CHLORINATION]

1 05 0 1 2 3 4 P 319 kW UN==2% X

Kilometers Y

jj Mombasa West Mainland Boundary|

Consulting Engineer;

MIBP In Association With;
CONSULTING ENGINEERS Ciume BBSCH

HOLD NGS

Figure7.2: Alternative Scheme 1

MIBP/ CES/ BOSCH 7-4



Water and Sanitation Service Improvement ProjegAdditional Financing (WaSSHAR FINAL MASTER PLAN REP(
Wastewater Master Plan for Mombasa and Selected Towns within the Coast Region - MOMBASA WEST MAINLAN

i) Alternative 2¢ De-centralized Wastewater Treatment Plants (2 Nr)

This Alternative Scheme involves 2Nr Wastewater Treatment Plants for the treatment of
wastewater generated in West Mainland. Expansion of the Existing Kipevu Wastewater
Treatment Plant has been considered (total capacity3®600m?/d) in addition to a
proposed Waste Water Treatmentdpk at Miritini (capacity §00ms/d).

Miritini site has been selected due to availability of land for acquisition for development
of the proposed Treatment Plant.

waste water will be conveyed to the Centralized TreatmdahPby a series of gravity
sewer system with limited pumping. The Conveyance System will compridér.ofiew
pumping stations in addition to the existidfjlr Pumping Stations.

A combination of Oxidation Ditch with a Chlorination System has been ad@itdte
Waste Water Treatment Plant at Kipevu due to the constraint on land available.

A Wastewater Treatment Plantomprising ofWaste Stabilisation Ponds has been
adoptedat Miritini Siteconsidering availability of land, costs of land acquisition, ahpit
costs and low operation and maintenance requirements. The main components of the
Wastewater Treatment Plardt Miritini Siteinclude:

1 Inlet Works

I Waste Stabilization Ponds (Anaerobic, Facultative and Maturation Ponds)

9 Sludge Drying Beds

1 Staff Houses anddministration Buildings

1 Site and Ancillary Works
A summary of the pumping components and Treatment Technology for Alterriatsve
given inTable 73 below.

Table7.3: Alternative Scheme 2 Pumping components and Treatment Technology

Rising Main Wastewater
Details of Each Pump Treatment
Pumping Station Plants
Ref. No. Design | Pumping Power
Length Dia. Flow,Q Head, H Requirement,;, TW1 . TW2
(m?3/h) (m) P (kW)

170 200 P1 364 73 146 5
1,520 | 350 P2 103 56 32 § . 38
£ 2 =
395 350 P3 310 36 57 g § g
580 500 P4 425 27 60 °c 5
= C =
Mikindani ERS I
115 200 Pumping Station 341 26 49 2 E =
Miritini Screw S5 S
- - 508 5 56 2 = n
Pump 035 Q
. c b 0
610 250 Port Reitz. 138 60 40 go £

Pumping Station ks

329 200 Miritini Pumping a1 40 9 6

Station

A detailed Layout Plan for Alternative Scheme 1 is givefigure 73 on Page7-6.
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Figure7.3: Locations of Alternative Waste Water Treatment Plants
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