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EXECUTIVE SUMMARY

El GOALS AND OBJECTIVES OF THIS STUDY
D2Ff&a FyR 202S00ABSa NS RSTAYSR Ay (KS ¢2w ¢
is to identify a sound and rational strategy for the development of seweragecesrivi Mombasa

and selected Towns over the next twetftye (25) years to improve the quality of effluent to
NAODSNEX LYRAIFY hOSIFYy |yR 3INRBdzyRgl GSNI FYyR (2

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

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 of Lantsiand

Thecomponents of this Report include the following;
1 Present Sanitation Situation in the Study Area & Proposed Immediate Interventions

Future Sewerage System / Coverage Area Expansion

Analysis of Sewage Generation and Network Analysis

Formulation of Alternatie Wastewater Management Strategies

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

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

Proposed Implementation / Development Schedule

Conclusion of the Master Plan

=A =4 =4 =

= =4 =4 =4

B3 STUDY AREA AND DEMOGRAPHY
Lamu County is formed by the Lamu Archipelago wiiehgroup of small islands (Lamu, Manda,
t - 0S FYyR YAgI &dzdz0 Ay YSyel Qa b2NIKSNYy /21 3
approximately 55 krhof Lamu County coverage (6,4758nirhe study area for Lamisland
Wastewater Master Plan is approximately 10fthe total area covered by Lamu Island.

The subocations formind-amu Islan@nd total coverage areas as well as the study area is given
in Table EDbelow;

Table E1: Sulbcations and Study Area

Sublocations Total Area (km?) Coverage in the Study Arg&m?)
Shela 17.3 2.3
Mkomani 4.9 2.7
Langoni 3.0 2.1
Total 25.2 7.1

Figure Elon E2 shows the coveage of the Study Area of Wastater Master Plan for Lamu
Island

MIBP/ CES/ BOSCH E1
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Figure E1: Study Area of Wastater Master Plan for Lamisland

The analysis oprevious demographic data obtained fro@entral Bureau of Statistics (CBS)
indicates thatthe average annual growth rate for the Study Area within the Period 1999 to 2009
is 3.01%. This is expected t@xperience graduah Y ONB | &S 2 ¢ Ay 3 (aPandi KS
planned infrastructual and industrial developments.

The future population of the study Area has been projected based on a medium growth rate
scenario with annual population growth raitecreasing fron8.8%in 2015 to4.3%in 2040

A summary of th projected population of the Study Area is giveifable Edelow.

TableE2 Summary of Population Projection within the Study Area

2009 2015 2020 2025 2040
Sublocations Growth Rate (%)
- 3.8% 4.0% 4.2% 4.3%
Shela 2,579 3,226 3,924 4,821 9,065
Mkomani 3,783 4,732 5,757 7,072 13,298
Langoni 6,849 8,566 10,422 12,802 24,074
Total 13,210 16,523 20,103 24,695 46,438

E WATER DEMAND FORECAST

Water demand forecast for Lamisland has been determined based on the regular /
unsuppressed water consystion rates, projected populations, proposed Lamk (Health,
Industrial, Commercial, Institutional & Residential Zones) and on the premise that the water

distribution network has full coverage of the Study Area.

Figure EDn Page E3 shows the water denand projection forLamulslandup to the Ultimate
Design Horizon (year 2040).
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Figure E2: Water Demand Projection
B WASTEWATER FLOW PREDICTIONS

The total wastewater generated within a service area is determined by the water consumed
(sewage contribtion factor of 80%), infiltration into the sewers and splash flows. Assuming a
regular water supply condition and full coverage of water distribution system, the projected
wastewater flow forlLamulslandin the year 2040is approximately6,200 m3/day.

However, achieving conditions of regular / unsuppressed water supply and full sewer connections
in a Town with Sewerage System is nearly impossible. This is necessitated by limited development
of water resources, inadequate water distribution and seweragevoeks and prevalent use of
on-plot sanitation systems due to topography, affordability, unplanned settlement, etc.

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

TableE3 Sewer Connectivity adopted for Realistic Wastewater Generation Projection

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

TableE4 Water Supply Status adopted for Realistic Wastewater Generation Projection

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

Figure E®n Page E4 shows the comparative projected wastewater flows for Ldsiandup to

Year 2040 under the Ideal condition (Regular Water Supply, Extensive Water Distribution &
Sewerage Networks and 100% Sewer Connections) and Realistic coi(8itjppressed Water
Supply, Inadequate Water Distribution & Sewerage Networks with gradual improvements and
Gradual Sewer Connections);
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FigureE3 ComparativeProjected Wastewater Flowap to Year 2040

FromFigure B above, the projected wastewatgeneration, based on the realistic conditions of
suppressed water supply and gradual implementation of sewer connections, in the Years 2025
and 2040 i4.,400 n¥/day and4,600 m3/dayrespectively.

The design of Wasteater Treatment Plantand Sewerage Sysin has been based on the
wastewater flow generationdetermined based on the ealistic conditiors of suppressed
water supply and projected builebut of sewer connections.

B WASTEWATER MANAGEMENT STRATEGIES

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

In consideration of the current sanitation systems and the growing sanitation nesus,
immediate intervention isurgently required. ThusImmediate Sanitation Measures have been
developed to be implemented betweenyear 247 and 2019 These neasures include
construction of4 Nr Ablution Blockst selected public placeanda centralized Sludge Handling
Facility.

As a longerm strategy, a Centralized Wastewater Management Scheme consisting of Trunk and
Secondary Sewers ardWastewater Treatment Plant comprising of Waste Stabilization Ponds
(ultimate capacity 4,600 m3/d) is proposed. The proposed Wastewater Treatment Plant is to be
sited at undeveloped land at Taifu area. There is no alternative scheme since the topography
service area for Lamu Islamdsults to a single low point at which the Wastewater Treatment
Plant has been proposed.

A summary of the proposed Wastewater Management scheme for Lamu Island is givadian

ESbelow.
TableES5 Details of the ProposedlVastewater Management Scheme
Conveyance System Wastewater Treatment Plant
Secondary and No. of Pumping ' Design Capacity Treatment Laqd
Trunk Sewers . Location (ms3/day) Required
Stations Technology
(km) (Ha)
21 10 Taifu 4.600 Waste Stabilization 15
area Pords
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The location of the Wasteater Treatment Planf(WWTP)in the proposed scheme is shown in
Figure Edelow,

LAMU TOWN TREATMENT WORKS SITE

Legend
|:| Treatment Works Site’
0.
Study Area

FigureE4 Location of the Proposed Wasteater Treatment Plant
E7 MULTICRITERIA ANALYSIS AND REVIEW OF DEVELOPMENT STRATEGIES

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

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

Table E6:Weighted Totals for the Alternative Wastewater Treatment Trains

Slmpl_lcny &l Net Environmental Land Institutional : Weighted
Operations and : Present - Rank
. Impacts Requirement  Strength Total
Maintenance Value
Waste
Stabilization 0.690 0.600 0.532 0.156 0.656 0.584 1
Ponds
Composite 0.156 0.252 0.303 0.269 0.208 0.253 2
Biofilters
Composite
Oxidation 0.153 0.149 0.165 0.575 0.136 0.162 3
Ditches
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Lamu Island has a definite topography and only one site has been identified as suitabtado
development of Wastewater Treatment Plant. Thus, it has only a Centralized Wastewater
Management Scheme consisting of a Gravapd Pumpingbased Sewerage System with a
Waste Stabilization Ponds System at the undeveloped siteTaifu area This Schee is
recommended forLamu IslandSanitation Strategy

B PROJECT CGST
The Capital Cost of the Proposed Wastewater Management Scheme forlslamihas been
worked out on the following basis;

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

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

Summary of the Capit&osts for the recommended Schemes is giverainleE7 below;

Table E: Capital Costs for the Proposed Scheme

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

1 Land Acquisition 75,000,000 728,155

2 Civil Works 850,817,517 8,260,364
2.1 | Wastewater Treatment Plant 459,948,335 4,465,518
2.2 | Pumping Stations 58,000,009 563,107
2.3 | Sewers 332,869,174 3,231,740
3 ElectroMechanical Works 62,874,480 610,432
3.1 | Wastewater Treatment Plant 24,207,807 235,027
3.2 | Pumping Stations 38,666,673 375,405
Total Capital Cost 988,691,997 9,598,951

A summaryof the Phaed Investment cost fdtamulslandWastewater Management System is
given inTables BB and B9 below,

TableBB: Costs for MediurdiTerm Plan (Year 20202025)

S/No. Component Cost (Kshs) Costs (USDY!
1 Land Acquisition 75,000,000 728,155
2 Seweragesystem 265,564,306 2,578,294
3 Wastewater Treatment Plant 269,761,663 2,619,045
Total 610,325,969 5,925,494
TableED: Costs for Longerm Plan (Year 20262040)
S/No. Component Cost (Kshs) Costs (USDY!
1 Sewerage System 163,971,549 1,591,957
2 Wastewater Treatment Plant 214,394,478 2,081,500
Total 378,366,027 3,673,457

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

a) Electricity Costs at the Pumping Stations is assumed to increase anaudihe
population growth rate due tancreased sewer connections

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

¢) Replacement of the Electfdlechanical Items to be cded out every 10 Years with repair
works planned for every intermediate 5 years between the replacement schedule
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A simmary of the Annual Operations & Maintenance Costs in the first year of operation of the

Scheme i

s given ihableE10 below;

Table E10: Annual Operations & Maintenance Costs (Year 1)

S/No. Component Costs (Kshs)  Costs (USDY!
1 Maintenance Costs 11,651,899 113,125
2 Electricity Costs 717,428 6,965
3 Staff Costs 5,064,000 49,165
Total O&M Cost 17,433,327 169,256

[1¢ Exchange Ratet USD = 103 Kshs
B FINANCIABRND ECONOMIENALYSIS OF THE SELECTED DEVELOPMENT STRATEGY

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

it is important to carry out financial aneconomic analysidg-inancial and economic analysis is

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

TheCapital Costs for the Investment Phases andrthssociated Operations and Maintenance

Costs have been used to project the Annual Project Expenditure as summarizadlénE 1

below,

Table E1: Schedule of Annual Project Expenditures

Year Project Cost, Ks O&M, Ksh  Depreciation, Kst Total Cost, Ksh
2021 152,581,492 152,581,492
2022 152,581,492 152,581,492
2023 152,581,492 @ 17,433,327.35 17,751,133.10: 187,765,953
2024 152,581,492 17,462,024.48 23,668,177.47 193,711,694
2025 - 17,494,856.87 23,668,177.47 41,163,034
2026 37,836,603 @ 17,527,573.09 25,008,489.39 80,372,665
2027 37,836,603 17,561,663.39 26,475,776.51 81,874,043
2028 37,836,603 17,597,185.49 27,943,063.62 83,376,852
2029 - 17,634,199.52 27,943,063.62 45,577,263
2030 56,754,904 17,672,768.13 30,143,994.29 104,571,667
2031 75,673,206 @ 17,712,956.63 30,275,225.77 123,661,388
2032 94,591,507 @ 17,754,833.04 31,140,100.81 143,486,441
2033 37,836,603 @ 17,798,468.27 29,804,045.17 85,439,116
2034 - 17,843,936.7  27,000,702.43 44,844,639
2035 - 17,891,313.72 27,000,702.43 44,892,016
2036 - 17,940,681.13 26,432,514.89 44,373,196
2037 - 17,992,121.98 25,737,352.17 43,729,474
2038 - 18,045,723.34 25,042,189.44 43,087,913
2039 - 18,101,575.95 25,042,189.44 43,143,765
2040 - 18,159,774.38 23,999,445.35 42,159,220
2041 - 18,159,774.38 23,999,445.35 42,159,220
2042 - 18,159,774.38 23,999,445.35 42,159,220
2043 - 18,159,774.38 23,999,445.35 42,159,220
2044 - 18,159,774.38 23,999,445.35 42,159,220
2045 18,159,774.38 20,176,050.37 38,335,825
2046 18,159,774.38 20,176,050.37 38,335,825
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Assuming adoption of the proposed tariffs and attainment of the projected sewer ctionec
the projected financial statement has been determined and summariz&dloahe E2 below.

TableE12: ProjectedFinancial Statemenof the Project

Project Income and expenditure Financial statement (Ksh)
Year Total Project . Billings Not: Net Project Opt_erations & Annqal. Totgl Net Revenue
Revenue Recoered Revenue Maintenance @ Depreciation : Expenditure

2023 42,038,852 | 4,203,885 37,834,967 17,433,327 | 17,751,133 35,184,473 2,650,493

2024 42,038,852 | 4,203,885 37,834,967 17,462,024 | 23668,177 @ 41,130,215 -3,295,249

2025 51,640,381 . 5,164,038 46,476,343 17,494,857 @ 23,668,177 . 41,163,048 5,313,295

2026 74,776,648 . 7,477,665 67,298,983 17,527,573 @ 25,008,489 42,536,076 24,762,907
2027 74,776,648 | 7,477,665 @ 67,298,983 17,561,663 | 26,475,777 44,037,454 23,261,529
2028 74,776,648 . 7,477,665 67,298,983 17,597,185 . 27,943,064 45,540,264 21,758,720
2029 74,776,648 . 7,477,665 67,298,983 17,634,200 . 27,943,064 45,577,278 21,721,705
2030 131,861,714 13,186,171 118,675,542 17,672,768 : 30,143,994 47,816,778 70,858,764
2031 131,861,714 13,186,171 118,675,542 17,712,957 : 30,275,226 47,988,198 70,687,344
2032 131,861,714 13,186,171 118,675,542 17,754,83 31,140,101 : 48,894,950 69,780,592
2033 131,861,714 13,186,171 118,675,542 17,798,468 . 29,804,045 47,602,530 71,073,012
2034 131,861,714 13,186,171 118,675,542 17,843,936 : 27,000,702 44,844,655 73,830,887
2035 131,861,214 : 13,186,171 118,675,542 17,891,314 : 27,000,702 44,892,033 73,783,509
2036 131,861,714 13,186,171 118,675,542 17,940,681 : 26,432,515 44,373,214 74,302,328
2037 131,861,714 13,186,171 118,675,542 17,992,122 : 25,737,352 43,729,492 74,946,050
2038 131,861,714 13,186,171 118,675,542 18,045,723 | 25,042,189 43,087,931 75,587,611
2039 131,861,714 13,186,171 118,675,542 18,101,576 : 25,042,189 43,143,784 75,531,758
2040 248,647,972 24,864,797; 223,783,175 18,159,774 i 23,999,445 42,159,239 181,623,935
2041 248,647,972 24,864,797: 223,783,175 18,159,774 | 22,609,120 . 40,768,914 183,014,260
2042 248,647,972 24,864,797 223,783,175 18,159,774 : 20,871,213 : 39,031,008 184,752,167
2043 248,647,972 24,864,797. 223,783,175 18,159,774 . 20,176,050 . 38,335,846 185,447,329
2044 248,647,972 24,864,797. 223,783,175 18,159,774 . 20,176,050 . 38,335,846 185,447,328
2045 248,647,972 24,864,797; 223,783,175 18,159,774 . 20,176,050 . 38,335,847 185,447,328
2046 248,647,972 24,864,797; 223,783,175 18,159,774 . 20,176,050 . 38,335,847 185,447,327

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

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

The results of the codtenefit analysis confirm that the project has favourable BC ratios of
between 1.57to 1.08 The financial analysis confirms that the project has positivesPK/sh
463,012,165t 5% cost of capital arikish151,115,54@&t 8% cost of capital arfeinancialiternal
Rates ofReturn (HRR) 0fL.1.24%.

Sensitivity analyses also indte that theviability of the Poject is susceptible tshocksdue to
variations in Project Cos#sdNet Income.

On the other hand, e results of the economic analysis after including other economic benefits
showed that the project have positive NPVof Kshs265,939,817and EIRR ofl%at 10% cost
of capital.

It cantherefore be concluded that theProject is both financially and economically viable
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E10

CONCLUSION OF THE MASTER PLAN

The current sanitation system in Lanslandwhich lacks a propesludge management and
disposal systems butompriges of onplot sanitation meauressuch as septic tanks and pit
latrines is a health hazard to the residents and an environmental risk.

As an immediate intervention, construction 4ifir Ablution Blocks atetected Public Places and

a centralized Sludge Handling Facility is necessary. It is equally important to ensure procurement
of Exhaust Vehicles to provide desludging and transport services. A summary of the Immediate
Sanitation Measures and their cost isates are given ofables E13 and E14 below.

TableE13: Details of the Ablution Blockg Immediate Sanitation Measures

Number Details of each Ablution Block Total Capital Cost
Proposed Nq. of No. of Shower Max. Daily Ksh. USD
Toilets Rooms Users
4 6 2 720 62,000,@26 601,942

TableEM: Details of the Sludge Handling Faciliymmediate Sanitation Measures

S/No.

Component

Details

Total Capital Cost

Tanker

or Private Providers)

Ksh. uUsD

1 Tanker Discharge: | Bar Screens, Collection Chamber, Hard

Bay stand Washing Bay & ParkingaSe

Sludge Dryin
2 o dsg Y9 q 4 Beds; each 13 x 10m 35,499,980 344,660
3 TwinSeptic Tanks { 2 Tanks; each 98 m3 capacity
4 Land Requirement § 0.5 Ha
5 Exhaust Discharge § Minimum 1 Nr (Either owned by LAWASC

To provigk a sustainable sanitation system, a centralized Wastewater Management Stlasme
been selected for Lamu Islarmbmprising of a sewage conveyance syst@ciuding 10 Nr
Pumping Statiomand a Waste Stabilization Ponds system (ultimate capac#yp00 m3/d at
undeveloped land in Taifu area.

The implementation of this strategy is to be carried outin 2 phases i.e., Medium Term Plan (2021
2025) and Long Term Plan (262®40).

The implementation details of the selected Wastewater Management Scheme in ftiases
including the associated costs are givei able ES andE16 below.

Table E5: Summary of Implementation Cost: Mediwfierm Plan (2022025)

S/No. Component Details Cost (Kshs): Cost (USD)
1  Land Acquisition 1 15Ha
2 | Sewers 1 225¢ 450mm Dia; Total length3km
3 Pumping Main 9 100 mm Dia; Approx. Total LengZ20m 610,325,969 5,925,494
4 Wastewvater 1 Waste Stabilization Ponds; Capadit$00
Treatment Plant m3/d
Table E&: Summary of Implementation Cost: Losigerm Plan Plan (2022040)
S/No. Component Details Cost (Kshs): Cost (USD)
1 Sewers 1 225mm Dia;Total length7 km
2 P ing Mai 100 mm DiaApprox. Total Length,085m
umping Main ___ 1 whit J 378,366,027 3,673,457
3 Wastevater 1 Waste Stabilization Ponds; Capadit$00
Treatment Plant m3/d
MIBP/ CES/ BOSCH E9
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Financialanalysis of the selected Wastewater Management Scheme presented the following
Financial Ratios / Performance Indicators;

1 Benefitq¢ Cost (BC) Ratio; 157¢1.08

9 Net Present Values (NPV); Ksh.463,102,165@ 5% cost of capital
Ksh.151,115,540@ 8% cosbf capital

1 Financial Internal Rate of Return (FIRR);11.24%

On the other hand, economic analysis presented the followiagormance Indicators;

9 Net Present Values (NPV); Ksh.265,939,817@ 10% cost of capital
9 Economic Internal Rate of Return (EIRR)19 %

{SyaArlGA@ArAGe Fylrfteara 2F GKS FAYLFYOALFE LI NI YSi
to shocks due to Project Cost, Total Net Income and Operations and Maintenance Costs.

Thus, it can be concluded that the selected scheme is Hotancially and economically viable.

MIBP/ CES/ BOSCH E10



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

MAIN REPORT

1.0 PROJECT BACKGROUND

The Government of Kenya (GoK) through the Ministiafer and Irrigation (MWhas received
GONBRAGE FTNRBY LYUGSNYylFrGA2ylFt 5S@St 2waterSidsier | a & 2 (
Plan for Mombasa and Selected Towns within the Coast Region.

Coast Water Services Board (CWSB) is a parastatal (Government Owned and Autonomous) and
operates under theMinistry of Water and Irrigation CWSB covers six Counties which are
Mombasa, Kwale, Ki, TaitaTaveta, 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 their needs.

In August 2010, Kenya enacted a new consttu The Constitution of Kenya 2010 has
dramatically altered the administrative structure of the Government from the initial 8
Administrative Provinces to 47 Semitonomous Counties. This autonomy of the Counties vest
powers and privileges in each Coymspecially on the provision of essential public services such
as Water, Sanitation, Education and other Social Services.

The WaSSIRF therefore targets the builip areas of Towns in six Counties in the Coastal 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 andJkunda / Diani

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

4, Taita Taveta Voi and Taveta

5. Lamu Lamu Island

6 Tana River Hola

The Terms of Reference (ToR) included seven Towns but in the course of the study five upcoming
Towns (Mariakani, Taveta, Ukunda/Diani and Watamere 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&tamraph 45(1{b) and (d) which stipulateé&: 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 yGAGASa de

A Location Plan for thievelve Project Towns is given Kigurel.1 on Page 12.
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1.1

1.2

1.3

Goals and Objectives of this Study

D2Ff&a FyR 202S00GA@Sa I NB RS Tmayi §oRl ofxhg Mastir &lant 2 w
is to identify a sound and rational strategy for the development of sewerage services in Mombasa
and selected Towns over the neitenty-five (25) yeard.e. up to Year 204Qp improve the
quality of effluent to rivers, India®cean and groundwater and to safeguard the health of the
residentsof the StudyArease

The key objective of the proposed Master Pfan Lamulslandis to come up with a phased
investment programme for Immediate / Short Term Plan (22620), Medium &rm Plan (2021

¢ 2025), Long Term Plan (20262040) and recommend a treated effluent disposal / reuse
strategy for the effluentn Lamu

Execution of the Study

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

D2 ¢ Report on Condition Survey and Environmental Audit of the Existing Facilities
D3 ¢ Immediate Urgent Works Report / Fir2esign Report

D4 ¢ Detailed Designs and Tender Documents for Immediate Urgent Works

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

D5B¢ Technical Note 2 Wastavater Flow Predictions & Formulation of Sewerage
Development Strategies
1 D7 ¢ Preliminary Design Report for Medium Term Works including Phased
Investment Schedule for Sewers astavater Treatment Plants
1 D8 - Preliminary Environmental and Social Impact Assessment (ESIA) & Preliminary
Resettlement Action Plan (RAP) for the Preferred Development Strategy

= =4 -4 -4 4

The Final Master Plan Repogiresents theoutputs of the Feasibility Styd the selected
Development Strategy arttie Preliminary Design of the planned infrastructfimethe Sanitation
System of.amulsland

1 D9 ¢ Final Master Plan Report
Objectives of this Report

The Tasks to be addressiadthe Final Master PlaReportinclude the following:

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

Analysis of Sewage Generation and Network Analysis

Formulation of Alternative Wastewater Managemestrategies

Detailed Evaluation of thélternative Wastewater Management Strategies including
Wastewater Treatment, Social / Environmental Assessment, Economic and Financial
Analysis and MukCriteria Analysis

Description of Selected Wastewater Managem8gstem Development Strategy
Investment and Financial Management Plan

Proposedmplementation /Development Schedule

Conclusiorof the Master Plan

=A =4 =4 =4 =9

=A =4 =4 =4
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2.0

2.1

2.2

PROJECT AREA DESCRIPTION

Locationand Administration

Lamu County is formed by the Lamu Archipelago wkialgiroup of small islands (Lamu, Manda,
t 4GS YR YAglL&dzzd AYy YSyel Qa b2NIKSNYy /2 ai
350 km from Mombasa and is linked 8ea channel to the Mombasa North Mainland at
Mokowe. It covers approximately %n? of Lamu County coverage (6,4K5v).

Lamu Islands situated at approximately Longitude 40° 47' and 3®%°East and Latitude 2° 14'
and 2° 20" South of the Equator. It is headquarters of Lamu Cdontyerly Lamu District. It is
located within Lamu WesBubCounty and borders the Indian Ocetnthe east, Tana River
County to the South West, Garissa County to the North and the Rep@iBliamalia to the North

East.

Lamu Island is a host to one of the oldest and best preserved Swabhili settlenftergs.
characterized by simple, coral stone structures enriched by inner courtyards, verandas and
beautiful, elaborately curved mangrove wood doors. Lamu is a protected UNE&{Qal
Heritagesite.

Water supply and sanitation systemsliamu Islands managedy Lamu Water an&ewerage
Company Ltd. (LAWASCO).

Study Area

The study area fothe Wastewater Master Plan is approximately 10% of the total @sered

by Lamu IslandThe Study Area has been demarcated in consideration of the locatioaref
urbanareas withinLamu Islandprojectedland use plans for years 2025 and 2040 and the nature
of development and population densities.

The subocations formind.amu Islanénd total coverage areas as well as the study area is given
in Table 2.1below;

Tale 2.1: Sublocations and Study Area

Sublocations TOEI’C(IImAZ‘)rea Coverage EE r;ch;;e Study Area
Stella 17.3 23
Mkomani 4.9 2.7
Langoni 3.0 2.1
Total 25.2 71

Figure 2.1on Page 22 shows the Stug Area othe WastewaterMaster Plan foLamu Island
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2.3 Climate

Lamu County is marginally searid with two rainy seasons in a year. The long rdais
between April and June and the short rains between October and November. The average
annual rainfall varies between 550 mm and 850 mm due to effectiseafnonsoon winds and

the topography with marked decrease in intensityviardsthe hinterland.

Lamu County is generally hot and humid all the year round with temperature ranging between
23°C and 32°C. The hottest months are December to April and the lowest temperature is
experienced during the long rainy seasons. Average relative humidity alongak&akbelt is

65% but dereases towards the hinterland.

2.4 Topography Geologyand Soils

Lamu County is generally flat and lies between 0 to 50 meters above sea level. Part of the Islands
becomes flooded during high tides. The many beacheslaeacterizedy coralcliff, sandy soail
and isan unstable nevduneformation.

The main topographical features include Coastal Plains, Island Plains and Sand Dunes. The best
agricultural land is sound on the Coastal and Island Plains. Sand dunes are found onthmsout
parts of the County. The duneiseto a height of about 50 meters above sea level and are a
source of fresh water during drought. There are a few seasonal streams flowing towards the
South East, however, none of tse#eams reach the Indian Ocean.

2.5 Economic Activities

Agriculture and livestock rearing is the main economic activity in the hinterland. The rich
agricultural and livestock zone in the hinterland is comprised of settlement schemes with land
parcels ranging between 10 to 15 acres. Farmingpé main economic activity and there is a
high population density. They grow major food crops during the long rains and dreesjstant
crops during the short rains. Agricultuie not technologicallydeveloped.

The marine zong are predominanbn the Islands where fishing and tourism are the main
economic activities. Communities here live in villages along the beaches where freshswater
available.

Formal sector activities in Commerce,Trade and Servicesare mainlyconcentratedin Lamu
Old Town.Thecommercialand trade sector largely dependson tourism.

2.6 Existing Water Supply and Sanitation Systems
2.6.1 Water Supply

Lamu is supplied with fresh water from 30 Nr. Shallow wells of approximate depth,, 20 m
situated within Lamu IslandAbstracted water ighlorinated at Shella Pump Housefore
conveyance to various storage reservoirs within the Island in Lamu. The conveyance system
entails Water Pumping Mains, Storage Reservoirs and Distribution Mains.

The existing water supply systeassummarisedn Tabke 2.2on Page 24.

Thewater supply forLamuis inadequate to serve the current demands as well as the future
needs of the growing population. Therefore, development of additional water resources and
extension of the distribution network is required.
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Tale 2.2: Summary of Existing Water Supply Systéon Lamulsland

Water sources 30Nr Shallow wells approximately 20m deep

Submersible pumps at wells.

Water Pumping High lift pumps at Shella pump house (swdrgible pumps)

Water Treatment Chlorination at Shella pump house

Pipeline rising mains from wells to sump tanks:
1 5km DN 100 AC
9 5km DN 100 GI, Class B

Water Mains Pipeline rising mains from sump tanks to storage tanks:
1 6km DN 150 AC
1 6km DN 150 uPVC a8 D
1 Nr. 450m at LAWASCO office site
Water Storage 2 Nr. 50 at Shella Pump Station site

0.3km of DN 150 AC

0.7km of DN 100 AC

Water Distribution | 0.3km of DN 75 AC

2.0km of DN 75 uPVC, Class C
10.0 km of DN 25 to 50 uPVC

2.6.2 Sanitation System

Preently, Lamuslandhas no sewerage systeifhe use of ofplot sanitation systems such as pit
latrines and septic tanks for disposal of effluent is prevalent. The major problem faced is the lack
of a proper sludge management system Sludge Drying Beds de \®&bilization Ponds for the
discharge of septage by the exhaust vacuum tankers. Thus, septage from septic tanks is
discharged directly to the environment such as unrestricted public utility.sites

The use of oplot sanitation systems, although unsustable, is manageable in Lartaland due

to the suppressed water supply situation. If the water supply system is improved through
development of additional water resources and expansion of distribution netaerker the
various Development Plans, the uskonplot sanitation systems will not suffice in Larsland

and health and environmental hazards are bound to occur.

In summary, the current sanitation infrastructure in Latslandis insufficient to meet the
sanitation needs of the growing populatiand there is need for a watdyorne sanitation system
which is sustainable.

2.7 Immediate Measures for the Improvement of Sanitation Systems

The Final Wastewater Master Plan faamulslanddescribes the development strategy for the
longterm waterborne saitation system comprising of a wastewater collection / conveyance
system and the treatment / proper disposal of the treated effluents. However, this-tienmg
sanitationstrategy is not planned for immediatsplementation

In consideration of the currénsanitation systems and the growing sanitation needs,
immediate intervention isirgently required. Thus, Immediate Sanitation Measures have been
developed to be implemented between year 2017 and 201%Bhese neasures include
construction of Ablution Bicksin selected Public Placemd a Sludge Handling Fatyl as
described in the following sufections
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Ablution Blocks

Ablution Blocks are essenti#th Lamulsland for improved access to sanitation facilities
especially in public places e.g., markétss stopsschoolsgetc. The are important to market
vendors, market customers, long distance travelers, bus operators ancpubéc Their
locationsin Lamulslandwill be selected in consultation with the CWSB andlthenuCounty
Government

Considemg the population densities and the number of public utilities, a total of four (4)
Ablution Blocks is proposed for constructionLimmulsland Each Ablution Block comprises of
six (6) toilets and two (2) Shower Rooms with equal nhumber for each gendéadies and
Gents.Theallocatednumber of toiles in eachAblution Block ensure provision ofsufficient
service levels for the target populatioih is estimated thabn average, a user spends 5 minutes
in the facility.Thus, fora single facility witt6 toilets and 10 hours of operation in a day,
maximum number o¥20personscan be served in a day

Each section (ladies and genitsprovidedwith atoilet fitted with special amenities for use by
disabled persongt KS a DSy (i a¢ | bidEmatd INRISH iRcERse thskriide levels
especiallyduringthe peak hours

The slower roons are equipped with a dressing area dmshdwash basins. In addition, a
spacious common area with hatwehsh basins, hand driers and wall mounted mirrggs
provided.

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

A septic tankwith a holding capacity of6lm?is provided athe facility forstorageand patial
treatment of sewageTheseptic tank will require desludging aftevery3 monthswith septage
disposal at the proposed Sludge Handling Facility, to be implemented as part of the immediate
sanitation interventionln addition, &,000litre water tark mounted on a 3.5n high reinforced
concrete tower within the facility provides 3daystorage of potable water

Other services provided at the site includéedaricity for use at night and for security lighting
controlled access through 4 m wide ra#lic gate and boundary chain link fence where
applicable

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

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

ATypical Site Layout Plan and Elevations of the proposed Ablution Block arendfigures 2.2
and 2.3on Page<2-6 and 2-7 respectively.
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2.7.2 Sudge Handling Facility

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

With exception of the Screen§ludge Handling Facility relies on biological preesfs the
treatment of sgptage THs results to low capital investment requirement as vas Operations

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

An ideal location for a Sludge Handling Facility is a site watEconomi@l distance to the
service area but daside the residential developments and environmentally sensitive areas.
Thus, the location of the Wastewater Treatment Plant proposékb#fuarea in the Wastewater
Master Plan, should be given priority in the site selection for the Sludge Handlingy Fadi
preferred that Sludge Handling Facilities site be located within 10km radius to the core urban
centre and where land is available and buffer zone for odour and other nuisance control
provided.

TheproposedSludge Handling Faciliyill compriseof the following units;

a. Exhaust Vacuum TankBischargeBay

b. Sludge Drying Lagoons

c. Septic Tanks complete with Soak Pits and French Drains

d. Associatedte and AncillangWorksincluding Operators Office / Guard House

Constructed wetlands are the alternatitteatment unit to Septic Tanks for polishing of filtrate
from SludgeDrying Beds / Lagoons. However, they requaitarge footprint than the Septic
Tanks and thus not suitable for urban areas likenu Islandvhere land is limited and the cost
of land corsiderably high

A Schematiclayout Plan showing the arrangement of the units for the Proposdad&e
HandlingFacility iggiven inFigures2.4 on Page2-9
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A brief description of the constituent treatment units in the proposdad§e Handling Facility
is given in the followingub-sections;

2.7.2.1 Exhaust Vacuum Tank@®ischargeBay

TheDischargeBay comprises of a septage dischargeaawhich serves as thalet Works for
the Sudge Handling Facility. AnExhaust Vacuum Tanker dischargeseptage throughBar
Screens into &ollectionChamber.The Discharge Bay is afgovidedwith Hard-standWashing
Bay andParkingSpace.

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

TheDischargeBayrequiresreguarly cleatingfor odour, flies and other diseasactors control
especially after each exhauster discharge sesstostandpipe will be provided to facilitate
washing and flushing of septage once discharged.

2.7.2.2 Sludge Drying Lagoons / Beds

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

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

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

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

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

2.7.2.3 SepticTank

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

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

2.7.2.4 Associated site and Ancillary works

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

2.7.2.5 Design Criteria for Sludge Handling Facility

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

Table2.3: Design Criteria Sludge Handling Facility

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

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

2.7.2.6 Components of the Proposed Sludge Handling Facility
Considering that the Immediate Sanitation Measured famulslandare intended to serve up to
the Year 2020, the Facility has been deseifjto serve 20% of the projected current population

i.e. 5,000 personsThis is because embracement of Sludge Handling Facility is expected to be
gradual and for full usage to be experienced, rigorous Public Health Campaigns are necessary.

Details of tle various components of the propos&ludge Handling Fagjliin Lamulslandare
summarised imable 2.4below

Table2.4: Components of the Proposed Sludge Handling Facility

S/No. Treatment Unit Details

1. Discharge Bay 9 Bar Screens & Collection Chamber
1 Hardstand Washing Bay & Parking

2. Sludge Drying 1 4 No. Beds; each13x10m

Lagoons / Beds 1 Sludge drying period: 3 months

1 Treatment zone media = 500 mm thick

3. Septic Tanks 1 2Nr TwinTank; each 9.6 x 5X1.9 m (L x W x H) & capacity 98 i
9 Desludging Interval = 0.2 years

Approximately0.5Haof land is required for the construction of the proposed Sludge Handling
Facility to serve the immediate sanitation needd.amulsland

Colocation of Sludgédandling Facility and Wastewater Treatment Plant is recommended for
efficient land use and for shared use of common units and facilities; Traifs} siteis ideal.
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2.7.3 Implementation Cost for Immediate Measures
9 & ( foivtheinBnediate MeasuEeS fgr INpOERAMNOR Yy S R
Sanitation Systems ioamu Islandbased on the unit costs from recent contracts of similar scope

and nature.

9y IAYSSNDa

/I 2al

Detailed Unit Costs are discussedimapter 8of this Report.

A summary of the Implementation Gess given irmable 2.5elow.

Table2.5: Implementation Costs for Immediate Measures

Number to be

S/No. C t : .

0 omponen Provided Cost, Ksh Cost, USD
1. Ablution Blocks 4 62,000,026 601,942
2. Sludge Handling Fiity 1 35,499,980 344,660

MIBP/ CESBOSCH

2-12



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

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

3.0 DEMOGRAPHY, LAND USE AND URBAN DEVELOPMENT

3.1 Demography and Population Dynamics foamulsland
Demographic data from Central Bureau of Statistics (CBS), for thecerisus periods 1979 to
1989, 1989 to 1999, and 1992009 have been analysed to establish trends in ternmsogiulation
size, and intecensus growth rates, to develop future population projection patteimd.amu
Island

3.1.1 Previous Population Trend

From the analysis of the previous Kenya Population and Hp@8nsus data, it has been construed
that the existing subocations are split between intezensus periods to form new sdbcations
and the areas covered by the sldxations, in such cases, vary between the igensus period.

A summary oprevious intercensalpopulationdata forthe areas of interest withihamuwWest Sub
countyis given inrable3.1 below.

Table3.1: Intercensal Populatiordata (1979¢ 2009) forLamuWest SubCounty.

Sub- 1979 1989 1999 2009
locations Pop. Area |[Pop. Density Pop. Area [Pop. Density Pop. Area | Pop. Densityj Pop. Area |Pop. Density
(km2) (psn/km?) (km?) | (psn/km?) (km?) | (psn/km?) (km?) | (psn/km?)
Shella 976 - - 1,760 110 16.0 1,354 15.G 90.27 2,18% 17.3 126.1
Mkomani 30 247.0 0.12 4,104 4z 97.71 5,724 7.4 806.20 7,04G 49  1,436.7
Langoni - - - - - - 7,235 5. 1,418.68 9,793 3.0 3,264.3
Total 1,006 24) 0.12 5,864 152 114 14,314 27 2,315 19,015 25 4,82

Paopulation datais dependent on the coverage considerdar the samesublocation and time a
larger arearesults toa higher populationThe use of population figurde establish intercensal
population growth raten a sublocation with varying coverage areas betwdatercensal period
istherefore inaccuratedue to thevariabilityof coverage arealt isthen prudent to adopt the use
of population density as a measure of demographic trend wherelstdtion coverage varies
between intercensal periodsis the casén Lamulsland

The previousnitercensalnnualpopulation growth ratedvased on the population densitiésr the
sublocationscovered byarea of interest foLamulslandare given inTable3.2 below.

Table3.2: PreviouslntercensalAnnual PopulationGrowth Rates

Annual Growth Rates
Sublocations 19791989 19891999 19992009
Shella 0.0% 18.9% 3.4%
Mkomani 95.2% 23.5% 5.9%
Langoni 0.0% 0.0% 8.7%
Total 19.3% 9.3% 2.9%

FromTable3.2 above the annualpopulationgrowth rate forLamuin the last intercenal period
(1999 to 2009 is 2.9%. This isbelow the 4.2% projected fothe growth in Wban Centresunder
MillenniumDe$ f 2 LIYSYy i D2l fa 06a5DQauv 06& Hampo®

The above population dynamicefers to the resident category The mn-resident category
comprising oftourists/ visitors has beernconsideredunder the respectiveontributory LandUse
activities
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3.1.2 PopulationGrowth Scenarios

Population trends are influenced by fertility, mortality and migration lexsid patterns as well as
the national socieeconomic development momentum.

Continuedapid growth is expected in the study areansidering the infrastructural developments
plannedfor Lamulslandin the Integrated Development Plan foamuCounty andhe potential of
Lamulslandfor further growth. These factorswill resultto future immigration and urbanization.

As at the last census (2009), the population within Lastandwas13,210Q To forecast the future
population of the study area up to the dga horizon (year 2040), the following factors have been
considered:

1 Previous Demographic Trends in Lalsiandand Lamu County
1 The dynamics of Land Use and Trends of development
1 The correlation of water demand and income / type of housing, populatiomsitieetc.

Three population growth ratescenarioshave been assessed for the study area based on the data
obtained fromKenya National Bureau of Statistics, Census Reports and other refd@aantng
documents. These scenarios are briefly described below;

High Growth RateThis growth rate scenariassumes thathe population will growat an average
growth rate of5.0%in twenty-five years (201£2040) i.e. theoverall natural growth will continue
and inmigration will gradually increase due iotensive nvestment. With this assumption, the
population ofLamulslandwill be expected tarow t059,949by year 2040

Medium Growth Rate This scenario assumes that the population will grova at&aryinggrowth

rate of4.0%to 4.3%in twenty-five years (2012040) and that improved medical / health facilities
will result in decrease in mortality rate and increase in life expectancy. It is presumed that with
economic growth, employment opportunities and improved infrastructure (especially speed
transport connedtity) will work in balancing migration. Thuke projectedpopulationwithin the
Study Area oEamulslandby year 204Qvill be 46,436.

Low Growth Rate This scenario assumes that the populationlaimu Islandwill grow at a
decreasedaverage growth rat of 3.0%in the nexttwenty-five years (2012040). It is assumed
that population growth (both natural growth rate and-migration) will reduce considering that
population deflection will take place and the flow of return will be diverted to the devetmqrof

new areas. Therefore, the population in horizon year 2040 wiB3)827 This can happen only, if
strict measures are taken to control population both in terms of natural growth asmdigmation.

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

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

FromFigure 3.1above,the population forecast is highly sensitive populationgrowth rate high
growth scenario results t89% more the projected population in the medium growth rate scenario
while low growth rate results to®46 less the medium growth rate population forecast.

ProjectedPopulationfor Lamu Island

Lamulslandis the largest urban centre in Lamu Countigh a high population compared to the
adjacentperi-urban and urbarareasof the same status because of better infrastructure and more
employment opportunities. Withmore infrastructural projects and industries planned for Lamu
Island and its environst is expeted that Lamulslandwill continue attracting immigrants and
industrialization opportunities due to the developed infrastructure and land availability.

In consideration of the above foreseen situatidhe medium growth rate scenario considered
under the population growth scenario, is the most probable scenario for the future population
projections of Lamu Islandup to the 2040 design yeailt considers the demographic dynamics
betweenLamuand neighbouring Towns, possible trends in fertility, mortalitg anigration levels
and patterns as well as the soa@gonomic development. Besides, it has the net minimal risks
associated with undeutilization or overloading of the proposed sanitation system within the
design horizon.

Table 3.3below gives asummaryof the projected populatiorfor Lamulslandup to the design
horizon of yea2040 based on the adopted medium growth rate ranging fr8r@%p.a t04.3%
per annum.

Table3.3: Summary of the Projected Populian

2009 2015 2020 2025 2040
Sublocations Growth Rate (%)
- 3.8% 4.0%  4.2% 4.3%
Shela 2,579 3,226 3,924 4,821 9,065
Mkomani 3,783 4,732 5757 | 7,072 13,298
Langoni 6,849 8,566 10,422 = 12,802 24,074
Total 13,210 16,523 20,103 24,695 46,438

MIBP/ CES/ BSCH 3-3



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

3.2
3.2.1

3.2.2

LandUse and Urban Development
Introduction

Lamulslandis the main economic hub of Lamu County due to significant tourism activities. A
section of the Lamuslandis Lamu Old Town. This-h& area is the oldest and best preserved
example of Swabhili settlemérnn East Africa. It is characterized by narrow winding streets (2.4m
wide) and unigue Swahili architecture demonstrating the cultural influences of European, Arabian,
Indian and traditional Swabhili techniques producing a distinct culture. Lamu Old Tawaigstted
National Heritage Site managed by National Museums of Kenya. All components are legally
protected and any development is strictly controlled.

The proposed Lamu Port and Resort city to be constructed on Manda Bay under the Lamu Port
South Sudn-EthiopiaTransport (LAPSSET) Corridor Project is expected to boost economic
development inLamu IslandPopulation growth is expected due to increased tourism arrivals and
immigration of workers at the new developments.

Lamu urban area is expecteddmw towards the North and South since the Lamu Old Town cannot
be developed any further.

Some planning efforts have been made for Ldstand The Lamu Management Plan (2€2713)
gl & LINBLI NBR (2 SyKIFIyOS 02y asS Nhéritageanssets2ag well K S
as its complementary buffer zone areas (GoK, 20@7addition, The Lamu County Integrated
Development Plan (2013017) addresses several issues facing the county such as perennial floods,
unreliable rainfall, land fragmentationlimate change among other issues (GoK, 2013). The
proposed interventions in the plan include:

1 Rehabilitation of flood prone areas

1 Control land fragmentation

1 Land use planning

1 Provision of a waste management system

1 Establishment of reforestation programmetc.

Waterborne diseases are common in Lalslanddue to poor sewerage and storm water drainage.
Sewerage is discharged into storm water drains causing high rates of typhoid and dysentery. Most
storm water drains are blocked and act as breeding grotordmosquitoes making malaria
prevalence high (Onyoncho G, 2013). The poor disposal of industrial wastes, plastics and
biomedical wastes is also a cause of diseases in Lsamd

Existing Land ke

Themaindrivers of growth irLamuare as follows

i) Tourism
Lamu Islands endowed with tourist attraction sites. Some of them are Beach, Lam®Id
Town with the Lamu Cultural Festival, Maulid Festival, Food and Arts Festival among others.

Tourism sector plays a key role in seeeamnomic growth iramu Island through job creation
and revenue generatian

if) Proposed Lamu Port and Resort City Development

The Proposed Lamu Port at Manda Bay itsassociated developmerstuch adnternational
Airport, Resort cityQil refinery,etc. will foster rapid ecaomic development in Lamu Islands.

Figure 32 on Page 35 shows the existing Land Use Planiaf area of interest il.amulsland
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Figure3.2: Existing Land Use Map @Bmulsland
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LGQa fBah&igtiig Land)se Plarthat the dominant land uses inamuare Agricultural
andResidentialLanduse.The total area oEamucoverage aress approximately 13ha. Theaypes
of landuses evident withinLamu are mainly residential, recreational, transport@an, public
purpose, educational, industligand commercial among others.

Residential Landse covers a total land area d@6.48 ha, followed byeducational land which
covers 22.8®a. Industrial land use is the least dominant land use covér2@ha.

Table3.4 below shows a summary of existing Land Use.

Table3.4: Summaryof Existing Land Use

Sietn

Residential high 39.07 29.84
Residential low 27.41 20.93
Commercial 15.85 12.10
Publicpurpose 19.80 15.12
Educational 22.86 17.46
Public utility 2.24 1.71
Industrial 1.22 0.93
Recreational 2.50 1.91
Total 130.95 100

The gowth constraint inLamu Islands Lamu Old Town which isBNESC®ational Heritage Site
and any new developmerin the Lamu OId Town is highly regulated by the Government. The
existing housing and infrastructusiouldbe retained and no significant development is expected
in the Old Town. Expansion of the town will take place inland, away from the beach.

3.2.3 LandUse Planning and Policy

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

Landuse planning encompasses the systematic social and esicrassessment of land and water
potential including the alternative landses for the selection and adoption of the best larsg
options. It seeks to regulate langse in efficient and ethical way and prevent lamgke conflicts.
Landuse planning is praiced to manage the development of land within jurisdictions, plan for the
needs of the community and satgiard the natural resources. Lande planning often lead to
land-use regulations, which typically encompaszasing.

Zoning regulates the type attivities 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. Conventional zoning does not regard the way buildings relate to one anothepuilie
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 thought to be incompatible. In practice,
zoning is used to prevent new developntg from interfering with the existing landse activities

FyR (G2 LINBASNBS (KS & OK Il chinmdnlySonkolle® By the yocall NB I &
governments such as County Governments, though the nature of the zoning regime may be
determined or limited bythe 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 Open Spaces, Residential, Agricultural, Commercial or Industrial), thiesl@bsvhich
those activities can be performed (from Ld&ensity Housing such as Single Family Homes te High
Density such as HigRise Apartment Buildings), the height of the building etc.
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The projectedpopulations includingt6,438in Year 204QRefer toTable 3.3on Page 33) are
proposed to be accommodatedsithin the coverage of Lamiglandwithout any expansion

It is also proposed that the existinghdevelopedland be utilised (including a small part of
agricultural land and part of hilly terrain ktw height where the slope is gentle and favourable) for
developmentand accommodating part of thergected population.

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

In mostTowrs, Residential Langse has the highest land requirement. The current coverage of
Residential Landse is approximatel@6.5haand is expected to increase 80.8hain Year 2040
to accommodate théncreasing population in all the various housing densitie

The proposed population densities for each category of Residentiatusmtiavebeen worked
out based on the projected population, land available for future developntbatpotential of the
developed areafor densification and experience Trownsof similar nature and keeping sufficient
room within the current planning boundary for future urban expansion i.e. beyond year 2040.

Details of existingtand Usend projected Landequirementsare given irirable3.5below.

ed Land Use
Existing Land Use 2015 Projected Land Requirement
(Area, ha) . 2040 (Area, ha)

Table3.5: Existing and Project
Land Use '

Residential high 39.07 47.97
Residential low 27.41 32.90
Commercial 15.85 18
Public purpose 19.8 23.77
Edicational 22.86 27.44
Public utility 2.24 2.69
Industrial 1.22 1.47
Recreational 2.5 3
TOTAL 130.95 157.24

The development pattern evident in the town is growth towards Narth and South while there

is minimal growth towards the hietland. Commercial developments are concentrated along the
shoreline Residential developments at the northern part of the town will fill the gap between
existing settlements. Poor state of roaidshe hinterland is the maifactor limiting growth of Lamu
Islandtowards the hinterlandThe 2 6y Qa 3 NE ¢ (i Boutki ig dido Natéd byiitkeSsand
dunes. The sand dune is the main sourcéregh water for fishing ihamu County.

Lamulslandlacks anintegrated Strategic Urban &elopmentPan (ISUDP).It is essential to
preparethel2 6y Q& L{! 5t G2 LINRY23GS &dza TheASUDRdh&Ild I y R
ensure consolidation and reservation of land for future use. The reserved land will accommodate
the projected land uses as detailedTiable 3.5above.

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

Layout Plans shawng the Proposed Land Use Plans for Year 2025 and 2040 are diigares 3.3
and 3.4 on Pages 3-8 and 3-9 respectively

Table 3.6on Page 310 to 3-13 shows a summargf adoptive standards for Urban Planning
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Table3.6 : Adoptive Standards for Urban Planning

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

MIBP/ CES/ BOSCH
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Proposed Land Use

Types of Development
Allowed

Colleg 10.2
University 50.0

Min Plot Size

Density of
Development

Zone Proposed Land Use | Types of Deelopment BCR PR Min Plot Size | Density of Development No. of Dwelling Units Other Requirements
Allowed
Industrial Industrial plant 50 150 0.2 N/A N/A
Light Industry RepaitWorkshops, 50 75 0.045 N/A Garages, furniture and
Hardware stores welding workshops
Furniture Makers small allowed
1 tin smiths, Reuse
Industries
Light Industry Godowns, warehouse, | 50 75 0.045 N/A Garages, furniture and
hardware stores welding workshops
allowed
Zone Proposed Land Use | Types of Development | BCR PR Min Plot Size Density of No. of Dwelling Units | Other Requirements
Allowed Development
Storeyed buildingeecommended
Educational Classes, offices and 10 30 Nursery Sch0.1 N/A N/A for effective use of space
dormitories Pri. school 4.0 Sharing of recreational facilities
2 Sanitation block Sec. School4.5 recommended

No. of Dwelling
Units

Institutional Housing allowed

Other Requirements

Recreation Conservation/
Green Park

Recreation Conservation/
Green Park

Recreation Conservation/
Green Park

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

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

MIBP/ CES/ BOSCH
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4.0

4.1

WATER DEMAND FORECAST

Water demand is definel & 6 G KS @2f dz2¥YS 2F 41 G SN RA HHASNS y {
O2yadzyYS Ay | 02y SEThe @afer dizylaNddi anMFeis dependardzdlbie & €
climate, economic considerations, sanitation facilities, industrial and commercial requirements.

Thetotal water demand can be expressed as follows;

Total water demand

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

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

Analysis ofWater ConsumptiorRates

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

rates for the various cagpories of Water DemandHowever, from individual studies and in
consideration of various local conditignseveral Consultants have adopted varied water
consumption rates for the determination of Water Demand.amulsland

A summary of the Studies / Dgas prepared by the various Consultants for Water Supplainuis
givenbelow:

1 GauffiIngenieurédTRAQfinalised Detailed Design Report for Lamu Water Service Provider
October 2010

1 BRL Ingenieure/ GIBB AfricaFeasibility Studies/ Identification dfstitutional Support
(Lamu)

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

MIBP/ CES/ BOSCH 4-1
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Table4.1: Comparison of Water Consumption Rates

Consultant Name of Report Domestic Water Gnsumption : Institutions Water Consumption Commercial  Industrial Water
(I/c/day) Water Consumption
Low Medium High Boarding Day Schools Regional Consumption | (I/ Ha/day)
Density : Density Density = Schools with WC . Hospitals (I/head/day)
(I/head/day)  (I/head/day) (l/bed/day)
BRL Ingenieure; Lamu WSP Area
GIBB Africa Feasibility Studies/
Identification of 200 80 50 10 5 10 5 5,000¢ 20,000
Institutional Support
October 2008
Gauff Ingenieure/ Detailed Design Repo
TRAQ -Lamu WSP
October 2010 (REV 2) 200 120 60 42 21 333 25-500 25,000
Ministry of Water Design Manual fo
and Irrigation. Water Supply in Keny: 250 150 75 50 25 400 20,000
(MWI, 2008) (MWI, 2008
MIBP/ CES/ BOSCH 4-2
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After analysis of the water consumption rates indicated able 4.1on Page 42, the following water
consumptionrateshave beeradoptedin the Study

a) Residential Water Demand

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

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

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

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

b) Institutional Water Demand

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

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

Dispensary and Healtbentre
Administrative Offices

5000l/day
251/head/day

=A =4 =8 =8 =4

c¢) Commercial Water Demand

The commercial water demariths been determinetlased orthe following commonly accepted
demand criteria by type afommercial &cility:

1 Shops - 100l/day
i Bars - 5001/day
d) Industrial Water Demand

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

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

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

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

Water Demand Projections

Lamulslandis likely to grow rapidly over the design horizon period {@[2040) due tamproved
infrastructuralnetwork within the rest of the County and potential foew settlements.The Towns
absorbsa large portion of the population growth in theotnty through increased housing density,
infilling and new development. This is further compounded by the prominent tourist indinsting

Town.

The water demand focanu Islandin the Design Horizons 2025 and 2040 has been calcubaised
on the projected population and proposed future Lamse A summary of the water demaridr
Lamulslandby sub-ocationin Design Horizon¥ear2025 and2040 is given iTables 4.3 and 4.4

below.

Table4.3: Water Demand for Long Term Plan Horizo¥ear 2025

. Water Demand (riVday)
Sub-locations : - - - -
Domestic Health Education | Recreational| Commercial| Industrial Total
Shella 308.7 77.5 22.4 6.6 10.3 17.8 443.3
Mkomani 996.0 250.0 72.2 21.3 33.3 57.3 1,430.1
Langoni 1,385.4 347.8 100.4 29.7 46.3 79.8 1,989.4
Total 2,690 675 195 58 90 155 3,863
Table4.4: Water Demand for Long Term Plan Horizo¥iear 2040
Sub-locations - Water Demanq (rﬁ/day) - -
Domestic Health Education | Recreational| Commercial| Industrial Total
Shella 580.5 145.7 42.1 12.4 19.4 334 834
Mkomani 1,872.9 470.2 135.8 40.1 62.5 107.8 2,689
Langoni 2,605.3 654.1 188.9 55.8 87.0 150.0 3,741
Total 5,059 1,270 367 108 169 291 7,264
The waterdemand projection fotamulslandis shown irFigure4.1 below.
8,000
7,000 —
= /
= 6,000 P
-
E
= 5,000
&
g 4,000
e /
g 3,000 /1
2,000
1,000
2015 2020 2025 2030 2035 2040
Year
Figure4.1: Water Demand Projection
MIBP/ CES/ BOSCH 4-4



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

5.0

5.1

511

5.1.2

5.1.3

WASTEWATER FLOW PREDICTIONS

Design Criteria

The determination of the wastewater flowadoptedin the design of the Sewsiand Wastevater
Treatment Planfor Lamulslandhas been guided and based ¢ime Standard design criteria
described in the following subections;

Principal References

In Kenya, it has become a standard practise to refer to the Dédagruals prepared byhe
Ministry of Water and Irrigation for the design of Sanitation Projects.

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

1 Practice Manual for Sewerage & Sanitation Services in Kemaeniber 2008
Ministry of Water & Irrigation

i Selection and Design Criteria for Sewerage Project, Report iJonV8Brld Health
Organisation (WHO Report No. 9)

T Nairobi City Councit Sewer Design and ConstructierParameters for Adoptive
Standards, 19 (Nairobi City Council 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 lee@tuated in the context of the
Consultantexperience, knowledge and complemented with local and internationally accepted
design standards.

Sewerage Collection System

As outling in WHO Report No. $here are three forms ofewerage collection systegnnamely

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

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

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

From the TORd&Neither CWSB nor the WSPs have the responsibility for the provision or
maintenance ofstorm waterdrainage systems and so the study and review of those facilities is
not included in this Wastewater Master Plan Study. All sewers shall be designed for separate
agaitSvaoe

In line with the TOR, a separatanitary sewesystem has been proposed for the desafrthe
Trunk and Secondarg®ersin Lamulsland
Sewage Generation

Wastawvater collected in the Sewerage System is generated from;

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

MIBP/ CES/ BOSCH 5-1



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

5.1.3.1Domestic and Commercial Consumers Sewage Contribution Factor

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

1 Quantity ofwater supplied to the building

1 Chaacteristics of the housing type

1 Climate with higher losses associated with arid conditions

9 Ground conditions with higher losses asstaikwith high 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 summarisabl@5.1
below.

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

S/No. Category Wastewate(z):c azrtlg:a;tssp?iz j\ 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 sewagecontribution factor in consideration
that it has become a standard practice to ad8pfsin the design of Sewerage Systefmsother
Towns in Kenya

5.1.3.2Industrial Effluent

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

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

5.1.3.3Infiltration and Inflow

The design of the sewers is based upon the concept of a separate Sewer System, i.e. sewers that
are designed to carry only the anticipated sewage flows with only a nominal allowance in the
pipe capacity for infiltration and storwater inflow. f significant amounts of water from these
20KSN) a2dzNOSa INB fft26SR Ayid2 GKS aSoSNEX
capacities, treatment plants of their process performance capabilities, and the pumping costs
where they apply, will iorease 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 depthewater 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 @amaged or missing, or where the ground
surface level is above cover level, then surface water runoff enter the sewer as inflow.

Forthe design of the sewers icamulsland it is intended to use an infiltration allowance that is
based upon the areaontributing to the sewerThis Study adopts the recommendation of
Nairobi City Council Manualf a constant infiltration rate of 0.002Bs/ha within the design

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

In addition to infiltration, Nairobi City Coundilanuall £ 82 NBO2YYSy Ra (KS dz
Allog | y O& pravision which allowdor unavoidable storm water entry anduthorised

drainage of open industrial and commercial areas,d.d y ¥ 2 6 € ©® CKAA Iff2¢6
percentage of the domestic wastewater flow and ranges from 5% to 30% depeaunutimgthe
predominant housing type i.e.

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 fBtuithe
determination of Splash flow conlmition.

5.1.4 Peak Flow Factor and Sewer Capacity

A sewer should be designed to handle the peak sewage flows that occur due to daily, diurnal
and seasonal fluctuations. A peak factor, which refers to an estimated ratio of maximum to
average sewage flow, is djga on the average wastewater floi@ 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 gy
FR = Peak Factor
DWF = Dry Weather Flow (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 & @ y '

Where:
3& = Sewage Reduction Factor (%)

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

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

! = Industrial Drainage Area (Ha)

) = Infiltration Water Flow 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 conibuting population and, hence, the size of the pipe. An increase in the
contributing area results in a lower peak factor, hence large trunk sewers have lower peaks than
small branch sewers.
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Manymethods and formulae are used to predict peak factorsewers. The factors derived by
Nairobi City Council in the 1960s, after a comprehensive survey of the Capital City's sewers, are
shown inTable5.2 below.

Table5.2: Nairobi City Council Manual Peak Flow feas

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

<120.0 5.0
<600.0 3.8
> 600 3.1

ThesePeak Flowfactors are considerably higher than thosesulting fromthe empirical
formulas commonly used. Some of the commonly used formadagiven inTable5.3 below.

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

o s s PGB P
Legg Formula, for population < 7,000 Persons U Q80D 00 G2 w0 0t ¢

0 QA OO éxt

V]
Babbit Formula, for population < 7,000 Person TENOGMOQEE

. B e s g s pT
Harmon Formula, for population > 7,000 Perso 0V QAW 60 i —F s N6 EBO 0E

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

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

Projected Wastewater Flows

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

Based upon the above componemtisdassuming a regular / unsuppressed water supplyfaiid
water distribution network the projected wastewater generation for the sidrationscovered
by Lamulslandhas been determined and is givenTiable5.4 below;

Table5.4: ProjectedWastewater Generatio up to Year 2040

Wastewater Generation (rfid)
Study Area Area (Ha)
2009 2015 2020 2025 2040
Shella 230.2 660 1,217 230.2 660 1,217
Mkomani 265.7 968 1,786 265.7 968 1,786
Langoni 207.3 1,752 3,233 207.3 1,752 3,233
Total 703 3,379 6,236 703 3,379 6,236

However, achieving conditions of regular / unsuppressed water supply and full sewer
connections in a Town with Sewerage System is nearly impossible. To@lised by thdimited
development of water resource$o serveLamy inadequate water distrbution and sewerage
networks and theprevalentuse of onplot sanitation systems due to topography, affordability,
unplanned settlement, etc.
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To consider the above situation, the factors of Sewer Connectivity and Water Supply, given in

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

generation projection fotamulsland

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

. Sewer Connections
Population Catgory 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%

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

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

Figure 5.1below shows therojected wastewater flowsip to Year 204@or the idealconditions
of regularwater supply and seweconnectioncondition (100%Sewer Gnnectiong and the
realistic conditios of suppressed water supphand gradualimplementation of sewer

connections
" | | |
e \With 100% Connectivity & Regular Water Supply /.
6,000 « »» @+ + With Projected Build-out of Sewers and Suppressed
‘Water Supply
2 5000
=
P 4
E .
~ 4,000
E .
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g
2 3,000 ;
% o
g .9
2,000
[y e
[a] A
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1,000 geevesnreccc@®®
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Medium-Term LongTerm Plan
Plan Horizon Ye€ar Horizon

Figure5.1: Projected Wastewater Flowsp to Year2040

FromFigure5.1 above,the projected wastewater generatigtased on the realistic conditions
of suppressedvater supply andradual mplementationof sewer connectionsnthe Years 2025
and 2040 i4,400 m3/dayand 4,600 m3/dayrespectively.

Thedesign of Wasterater Treatment Plantand Sewerage System haween based on the
wastewater flow generationdetermined from the realistic conditiors of suppressedwater
supply and projected builelp of sewer connections.
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6.0 DESIGN CRITERIA FOR SEWERAGE ASDEWASTEWATER TREATMENT
PLANTS

6.1 Design of Sewers

6.1.1 Minimum Size of Sewer
Many sewer blockages imban areas occur in the first length of sndithmeter sewer with less
than five house connections. Because this observation Nairobi City Council Manual
recommendsa minimum diameter of 200mm for new sewersHowever, individual house
connectionsof 150mmdiameteris sufficient
Thisrecommendationis comparable to that ofWHO Report No.;225mmminimum 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 forLamuSewerage Systerilowever, athe upper ends of sewer lines, the expected flows
would not achieveselfcleansing velocities except rather steep sewer gradient3hus,150mm
diameter sewers il be adoptedin the upper lengths of the sewers &leviate this situation

6.1.2 Hydraulic Design Criteria

The two most commonly used and recommended formulae for hydraulic design of sewers ar

T ColebrookWhite Formula The Darcy Weisbach Formula, combined with the Colebrook
White formulation of the friction factor, has long been regarded asftrenulathat closely
relates both pipeline theornand observed pipeline losses. Thmin disadvardge is the
cumbersome iterative calculations necessary for its solution. However, with the advent of
computers and published Design Charts timsgtation has been overcome and the formula
universally used as the basis for most computer prograsesl inthe design of sewers.

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

28 @38
]
Where:
§ velocity of flow, (m/s)
I = pipe roughness coefficient
2 = hydraulic radius, (m)
3 = slope of the pipeline, (nm)
Table 6.lbelow siowstheM YY Ay IQa t ALIS NRdzZAKySaa O2STFTFAOA
diameters.
Table6.1Y CNAOUGA2Y CFOGU2N) F2NJ al yyAy3aQa C2Nydz |
Pipe Material Pipe Dia, mm Friction Coefficient, n
Spun Concrete <=300, <600 0.015
>= 600 0.014
Cast Concrete All sizes 0.018
uPvC All sizes 0.013
Pitch Fibre 100 & 150 0.014
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In this study, mnning equation has been adopted for the design of gravity sewers. It has been
complimented by Design Tables and Charts for the CotéBVhite Equation, developed by the
Hydraulic Research Station in UK.

6.1.3 SeltClearsing Gradients and Velocities

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

A minimum velocity is required in a sewer to ensure settling of solids do not dcmalocity of

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

laying sewers at a gradient that will give a velocity of 1.0 m/s at full f'one The Nairobi City

| 2 dzys Bdoiti® Standards recommends that velocitieseversshould exceed 0.75m/s when

flowing full.

Sewer velocity is more important in tropical climates such dsamulslandsince it has been

noted that at high temperatures, increased biological activity rapidly reduces the dissolved
oxygen content of thesewage and can result to builgh of hydrogen sulphide gas. Without
oxygen, sulphate reducing bacteria break down the sulphates always present in sewage and
hydrogen sulphide gas is produced which turns into sulphuric acid. Hydrogen sulphide gas is
known o cause odour and corrosion problemsveocity of 1.0 m/s is considered necessary in
tropical climates, (WHO Sectorial Report Naoeal with thisproblem.

This requirement is more important for trurdewersand isingppropriate for house connectien
or the secondary sewei®r Lamulslandwhere flows may be intermittent and retention times
short. A minimum velocity of 0.7&/s has been adopted with exception of some critical
circumstance where a velocity of 's has been allowed.

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

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

The Ministry of Water and Irrigation Practice Manual for Sewerage anitaion Services in
Kenya (2008) explains that maximum flow velocities were previously specified to reduce
possibilities of erosion in the pipe internal linings through scouring effects. Such effects were said
to occur at flow velocities exceeding 4.0 sn/But studies have shown that erosion effects
observed at velocities greater than this threshold value are minimal and hence no upper limit of
flow velocity is recommended.

The following velocity guidelines have been adopted in the design:

1 Minimum velodty at peak flow 0.75 m/s
1 Minimum velocity in exceptional circumstances 0.6 m/s
1 Maximum velocity 3.0 m/s
1 Maximum flow in exceptional circumstances 6.0 m/s

6.1.4 Sulphide Generation

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

The onset of Hydrogen sulphide attack depends upon many variables including;
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1 Sewag strength and sulphate content

9 Dissolved oxygen concentration

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

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

A welldesigned and constried SewerageSystem is the best way of preventingcurrence of
sulphide attack. It is considered that the relatively shsewer lengths proposed irLamu
Sewerage Systentogether with adequate gradients, make the onset of sulphide attack unlikely.
HDPEUPVC pipes will be used as much as possible in flatter gradients.

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

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

6.1.5 Ventilation of Sewers

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

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

6.1.6 Depth of Sewers

Sewers are designed to flow as much as posgibthe direction of the natural ground slope.
They should also blaid at depths that permit connection to the existiagd future properties
within the sewered area. Besides, adequate cover to the seiseexjuired to ensur@rotection
against damagesdm live loads transiting on the overburden cover surface.

Nairobi City Council Manual recommendsimum depth of sewersf 1200mm in roads and
900mm in all other areagidopting this recommendation at the upstream sewer sectioniat
areas lead to unecessarily deep sewerkloweveradditional protection can be provided at the
upstream section of sewers if shallow depths are adopgtedimit sewer depthsand result to
savings from deep excavations of entire sewer length

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

Table6.2: Minimum Sewer Depths and Pipe Protection

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

6.1.8

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

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

Manhole Spacing and Sizes

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

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

Table6.3: Guideline to manhole diameter and spacing

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

Most sewer blockages occur in the smaller diameter sewers. Thus, for pipe diameters smaller
than 225 mm, it is proposed to reduce the manhole spatindOm for eag of cleaning and
maintenance The spaing of intermediate manholes the Sewerage System foamuhas been
guided by theproposed 8wer LayoutPlan

Pipe Materials

The choice of pipe material is influenced by:

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

Types of joints; in view afater tightness which affectgfiltration

Avalilaility of required sewer diameterand necessaryittings

Cost of materials and installations

=A =4 -4 -8 8 9

Due to the various requirements inglSewerage System faamy combiration of various pipe
materials, which are manufactured locally to internationally recogdistandardshave been
consideredThese include;

i. Precast Concrete Pipes

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

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

Rigid jointed pipesre rarely used for sewers. They are connected usngd hessian and
cement mortar Ogee jointed pipgscommonly used for surface water drainage systeans,
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 reinforcenent to meet the loading requirements.

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

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

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

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

of the locallymanufacturedlarge diameter uPVC pipes and the ability of Contractors to lay
these large dimetepipes. Their use has therefore generally bdiemted to diametersless
than 300 mm.Despite of the high cost,is customary to specifyne use ofClass 41 uPVC pipes
(with thicker walls)or sewers to provide the additional safeguaadainst corrosion attacks
and overburden

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

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

use bymost Waer Service Providerghe benefits of using HDPE pipes in Sewerage Systems
including reduction in the number of manholes required, ease of usenifined spaces and
resistance to corrosion in theoastal townsmakeHDPE Pipes the idesdwer pipe matesil.

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

From field investigations, itas been found thatvhen steel pipes are exposed to the strong
sunlight, the externaprotective bitumen coating become brittle and crack, thbecome
susceptible to theatmosphere. There are also cases where the pipe couplings, and even the
pipes, have beewandalised and stolen for recycling purposEse hgh cost of steel pipeslso
discouragesheir use in other normal conditions.

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

Considering performance, cost and availability, HDPE and concrete pipes are the most
appropriate pipes for use in large diameter sewer construction in Kenya. For smaller
diameters, uPVC sewer pipes are more cost effective. Steel pipesear@blefor aerial river
crossings, pumping mains, high impeegistance and bridging abilitgither spun iron or mild

steel pipes can be used. Standardisation of pipe materials and fittings within the jurisdiction
of LAWASCO has also been considered.
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6.1.9

6.2
6.2.1

6.2.2

The Gravity Sewers fot.amulslandwill consist of HDPE/ uPVC pipes asdcket& spigot
concrete pipesvhile Pumping Mains will comprise of Steel Pip&hallow sewer sections or
those laid on road crossings shall consistfiexible jointed concrete pipesgprotected with
reinforced concrete raft slab

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 @4l ne

to be connected, eitherby! 2! { / hQ& GSNIAINE aS6SNE 2N oeé
feasible at theconstruction stage to allow for all individual property connections, but, wherever,
possible, 160 mm diameter-jMnctions shll be provided orthe secondary sewers to facilitate
connections.

Design of Sewage Pumping Stations
Sewage Pumps

The standardization of pumping stations and their equipment is very desirable. It simplifies
design, maintenance an@pair, and the training of operatives;dlso reduces considerably the
amount of spare parts which must be keptsitore against breakdowns.

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

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

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

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

However, where the pullican be excluded, screw pumps are considered suitable for sewage
aft AFd¢ Wheleled dleptycily ds available, it is recommended that pumps be driven by
electric motors; elsewhere, diesehgines are considered the better alternative type of prime
mover.

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

Sewage Pumping Stations

CKSNBE INB (62 olFaArAo0 GeLilSa 2F aSe¢l 3S LizYLIAy3
into pumpingmains.In the lift station, sewage is merely raiskdm 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 partliguried boxes giving access to the equipment and its control gear.

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

Sewage pumping stations can be broadly classified as follows;

a) Wet Well $ations Submersible Pumping Statigns
b) Dry Well StationsWet Well / Dry Well Pumping Stations
c) Packaged Pumping Stations esgrew Pumping Stations
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6.2.3

Wet Well Stations

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

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

Inrecent years, several manufactures have started to produdentight, submersible, portable
pumping setsuitable for sewage, eachmmprising a centrifugal pump saténtrifugalpump and

electrical moto}. It ispreferable to have the compact control equipment above ground laxdl

the remairing unit lowered intounderground chamber. This system consideyabtiuces capital
costsand simplifies raintenance as within minutes, a standby unit can replace a fasttywhich

can then be transported to a workshop for repair.

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

Dry Well Stations

The substructure of such stations comprises two compartmenisyaVell to house the pumps
anda sewage sump tetore the sewage, sludge or effluent to be pumped.

The capital costs of such stations are more expensive ter\Well stations of similar pumping

capacity, but it isconsidered that theease ofmaintenance provided by this arrangement
compensates for the difference#t is recommended that all larger sewage pumping stations

Kenya (> 2,500 I/mirghould be of this type.

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

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

Packaged Pumping Stans

These seltontained, factorybuilt units are recent developmentThe/ operate by electricity and

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

Siting of Sewage Pumping Stations

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

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

6.2.4 Capacities oSewage Pumping Stations Components

Pumping and Station Capacities

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

It is relatively simple and inexpensive to change or add pumping sets, and thereby increase the
pumping capacity ad station, if thebuilding is sufficient fofuture installationslt is reasonable

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

SewagePumpingSations with screw pumps or divters cannot be designed in thigy, as once
initial installationis complete, the pumping capacities can onlyifereasedby duplicating the
installation. Where such types of statioare provided, it is considered reasonaldedesign them
for either the maximum flow the sewerage system seread produce or 50 per cent more than
the peak wet weather flows anticipated, whicheveleasser

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

Standby Units

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

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

prove cheaper to have three pump sets each rated at d@nirather than twosets each with a
capacity of 1800 I'min; in this casethe providedstandby is only 5.

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

Wet Wells and Sewage Sumps

The rate of inflow to SeagePumping3ation normallyvaries throughout the day. As the installed
pump-sets willeach have finiteapacitiesrather than variable, a sewage sump providing storage
is required to deal with the infloiluctuations; in the case dlet Well type of pumping station,
(KS GVeeNNSE f6& |y RdZYELESsgHogaSous.

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

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

V =300Q

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

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

At leas two compartment of sewage sump is necessaogyfécilitate cleaning of the wells and
pipe work and repairs to pumpsihese compartmentsshould be interconnected byrifice
through the dividing walls which can be closkd penstocks, when necemy, to i®late a
compartment.

6.3 Design of Wastewater Treatment Plants

6.3.1 SelectionCriteria for Treatment Process / Technology

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

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

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

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

4,000 ——— — — —

Anaerobic Ponds +
Trickling Filters +
Maturation Ponds

3,000

Oxidation Ditch +
Maturation Ponds

2,000

Capitla Cost (Ksh, Million Ksh)

HRGN

1,000 —

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

Flow, m3/d

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

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

Figure6.2 belowshowsthe land requirements fothe various treatment technologies.
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Figure6.2: Land Rguirementsfor the various Treatment €chnologies

iv) Operational Skills

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

v) Sludge Production

Different technologies generatearied amountf sludge duringvastewatertreatment

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

vi) Energy Recovery

Methane gasis usually generated during wastewatereatment process. Some
wastewater treatment technologies such as the Activated Slubdge a dominant
anaerobic digestiorprocessinvolving sludgewhich groducessubstantialamounts of
methane Energyproduction can &o be achieved through direct incineration of sludge.

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

vii) Fertilizer Recovery
The presence dfiutrients such asitrogen, phosphorous and potassium makes sludge a
valuablefertilizerresource after stabilization. Natural and mechan@ahposting can be
practised for convesion of sludge into fertilizer.
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viii) Sludge Handling
In the absence of energy and fertilizer recovery, generated sl(rdgstly liquid must be
disposed of in a safe argbund manner to the public and environmesit 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
intensive and involve mechanical equipment.

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

Site evaluation and seleoti 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

T Soil depth to ground water

T Accessibility & proximity to critical areas

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

X) Mechanical Equipment

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

xi) Nuisance

The degree of colour, odour and noise shall be below the nuisance thddhespecially,
regarding the proxnity of the Wastavater Treatment Plant to the buitdp areas.

6.3.2 Alternative Wastewater Treatment Procegs/ Technolodes

The following biological Wastewater Treatment Technologies have been analysed in detail using
the criterialisted inSubsection 6.31:

i) Waste Stabilization Ponds

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

{1 Household {1 Household reywaler (@ Sludge)

F Neighbourhood %] Shared Outputs: @ Effluent @ Sludge

%] City %] Public

Waste Sabilization Ponds (WS§) are large basins enclosed by earth embankments in
which raw wastewaters treated by entirely natural processes involving algae and
bacteria. Since these processes are unaided, the ratxiofation is slower, anthus
hydraulic retention times are longer than in conventional wastewater treatme@rsPs
are the preferred method of wastewater treatment in developing countries where
sufficient land is normally available and where the temperatis 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 desigrig@@or
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(biochemical oxygen demand) removal, amdturation ponds are designed for faecal
bacterial removal. Some removal of faecal bacteria (especialjboio choleragoccurs

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

A typical layout of Waste Stabilization Pond is givedfigare6.3 below;

Raw
wastewater

. B e I Ve N

Final
efiluent

% 1 anaerobic % 2 facultative % 3 aerobic maturation %

Figure6.3: Layout of Waste Stabilizationdnds

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: | Inputs: @& Effluent @ Blackwator
8 Brownwater (T Greywatsr

] Housahold ] Houszhold
*] Neighbourhood {1 Shared Outputs: @ Effluent @ Sludge
%] City ] Public

A trickling filter is a fixetbed, biological reactor that operas under (mostly) aerobic
conditions. Prea SG G f SR ¢ a0Sgl GSNJ Aa O2y(Aydz2dzat e
using sprinkler as shown kigure6.4 below.

sprinkler

filter

air

outlet
—

collection I

feed pipe D:

filter support

Figure6.4: Sectional View of a Circular Bitter

As the water migrates through the pores of the filter, organics are degraded by the
biofilm covering the filter material. They produce high quality effluents (e.g. <20 mg
BODI and <30 mg SS/I) without requiring large areas of land or consuwastgjuantities

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

The trickling filter is filled with a high specific surfacesameaterial, such as rocks, gravel,
shredded PVC bottles, or special ffoemed plastic filter media. A high specific surface
provides a large area for biofilm formation. Organisms that grow in the thin biofilm over
the surface of the media oxidize the orga load in the wastewater to carbon dioxide
and water, while generating new biomass.
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Theadvantages of trickling filters are;
1 High quality effluents at small footprint & less electricity
9 HEficient nitrification
1 Operation at a range of organic and hydraddiading rates

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

iii) Oxidation Ditch/ Extended Aeration

Application Level: Management Level: | Imputs: @ Effuent @l Blackwater
Brownwater Greywatar

1 Household 1 Household f— < Greyw

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

%] City %] Public

Oxidation dtches 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¢ 15 days and that for the solids 2080 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 waste sludge can
be readily dewatered without odour on drying beds. The other major difference is in
reactor shape: the oxidation ditch is a long continuous channel, usually ovahiamia

2¢3 m deep.

The ditch liquor is aerated by several aerators, which impart a velocity 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 peralitls separation and sludge
return and to produce a settled effluent with loBODand SS. Removals consistently >95
per cent are obtained for botBODand SS.

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

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

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

Constant supply of energy

High capital and operating costs

Require operation and aintenance by skilled personnel

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

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

_1Household {1 Household f— () Greywa

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

(%] City (%] Public

The Sequencing Batch Reactor (SBR) is an activated sludge process designed to operate
under nonsteady state conditions. An SBR opesain 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 aeratiand sedimentation in a time sequence

rather than in the conventional space sequence of contindtms systems thus smaller
footprint (seeFigure6.5below).

Sequential Batch Reactor

Raw Sewage | Filling
[
%

* | Aeration

7

< Settling
SIudgeD!scharqe‘

| occasionally

Figure6.5: Schematic Showing SBR operatiocgtle

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

SBRs require controls to reciienergy consumption and enhance the selective pressures
for BOD nutrient removal, and control of filaments. This range from a simplified float
and timer based system to a more complex PC based systems. An appropriately designed
SBR process is a uniquentbination of equipment and software. Working with
automated control reduces the number of operator skill and attention requirement.

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

v) Submarine Outfall

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

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

Themain advantages of marine outfalls for the discharge of wastewnatdude
9 Natural dilution and disprsion of organic mattempathogens and other pollutant
1 Ability to keep the sewage field submedydue to deep discharge points
1 Greater dieoff rate of pathogens due to the greater distance ttghouldtravel to
shore
1 Less expensive than advanced wastegratreatment phnts i.e. not energy
intensive
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For effective operation odutfall andits diffusers, preliminary treatment of wastewater
is important The ombined capital and operatiorost of preliminary treatment isabout
one tenth that ofconventional liologicaltreatmentand requiremuch less land.

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

Outfall materials includeolyethylene stainless steelcarbon 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 dispinsalthe environment,
the following processes have been considet@formulate Wastewater Treatment Trains

1 Maturation Ponds

1 Chlorination

1 Sea outfall

Preliminary Treatment

Regardless of the Wastewater Treatment technology considered, it is importahave 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 aneasel
maintenance on wastewater treatment equipmeriio minimize potential problems and extend
the life of sanitation infrastructure, these materials require separate handling. Preliminary
treatment removes these constituents from the influent wastewater

Some of the geliminary treatmentprocesses are briefly described below;

a) Screening

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

Manually cleaned screens require little or no equipment maintenance and are suitable
for small WWTPs with few screenings. Hoere they require frequent raking to avoid
clogging and high backwater levels that cause bujddf solids mat on the screen. The
increased raking frequency increadalsour costs

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

Coarse screens and fine screens are available for use at the WW@Wddse screens
remove large solids, rags, and debris from wastewater, and typically have openings of
6mm or largerFine screens are used to remove materials that may create operation and
maintenance problems in downstream processes, particularly in systdrat lack
primary treatment. Typical opening sizes for fine screens are 1.5 to 6 mm
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b) Grit Removal

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

Many types of grit removal systems exist, including;

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

O O oo

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

c) Flow Control and Overflow

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

A summary of the descriptive comparison of the above wastewater treatment technologies /
processes is gén inTable6.4on Page 617.
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Table6.4: Descriptive Comparison of Wastewater Treatment Technologies / Processes
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6.3.3

Vi.

Vii.

viii.

Identification of site for the Wastewater Treatment Plant (WWTP)

The location of the mposed Wastewater Treatment Plant(s) is identified after the selection of
wastewater treatment technology and determination of the land required for the installation of
the various units of the WWTP. Possibilities of future extension of the WWTP is assdered.

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

LandUse

In the Landuse Map different areasof Hola Town have been assigned varedsting and
proposed uses. Areas earmarked for residential, industréggjculture, forests and social
amenities are considereddssuitablefor the locationof a Wastewater Treatment Plant (WWTP).
On the other handpublic utility or undeveloped Agricultural Lardcated away from the
sensitive residential areas are prefed.

Distance of Effluent Discharge Point

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

Topography of the Sewered Area

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

Topography of Site

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

Geological Catitions

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

More often, the geological formation within a Towrdagly similar. For instance, all the candidate
sites in Hola Town compriseamixture 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, veryfriable, fine sandy loam to fine sandy clay loarhese soils are suitable for WWTP
(Waste Stabilization Ponds) construction.

Existing Infrastructure

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

Potential for reuse of treated wastewater

Treated vastewater can bereuseal for beneficial purposes such as agricultural irrigation,
industrial processes, ground water recharge, &wmximity to the potential rause application

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

Land Acquisition

In this criterion, preference is given to sites owrl®dgovernment agencies such as Ministries,
County Governments, etd his ensures that the project affted persons are kept to a minimal
andreduces the cost of resettlement and compensation
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7.0
7.1

FORMULATION QAL TERNATIMBEEVELOPMENT STRATEGIES

Delineation of Drainage Areas

The Sewerage System fommulslandhas been developed based on drainage areadrafage

area refers to a natural boundanyithin which the topography permitsonvergence of surface
water flowto asingle point at a lower elevation.

A total ofeighteen(18) drainage areabave been formulatedh the study area otamulsland

Basedon the projected land useprojected population and projected water demafidcluding
suppressed conditionss detailed in the previous Chaptetise sewage generatefDry Weather
Flow) in the various design horizonsbrainage areancludingBOR is givenin Table7.1 below.

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

Drainage Area  Coverage  vear 2025 Year 2040
DWF (ni/d) BOR(mg/l) DWF (ni/d) BOQ (mg/l)
1 6.24 19.9 586 64.9 589
2 18.82 46.0 538 150.5 545
3 9.74 14.5 651 46.5 654
4 9.55 14.1 654 46.5 657
5 50.49 45.1 521 144.6 536
6 227.32 489.4 554 1607.6 559
7 83.32 287.0 649 953.9 650
8 46.22 109.7 546 363.7 550
9 6.84 38.5 792 129.1 792
10 31.33 57.1 539 189.6 543
11 13.4 24.0 570 79.7 571
12 12.08 16.6 506 53.1 517
13 8.59 12.4 519 40.6 528
14 17.39 22.4 506 73.0 518
15 14.4 19.0 508 61.2 520
16 33.52 40.6 496 131.3 511
17 113.32 132.9 493 429.4 509
18 6.85 10.8 543 34.7 550
Mean - - 565 - 572
Tatal 709.4 1,400 - 4,600 -

The Projected Dry Weather Flow fibre study area of.amulslandat the Design Horizon (Year

2040) isapproximately4,600 m3/d ay.

A layout Plan showing tlsedrainage areas is givenfilgure7.1 on Page7-2.

MIBP/ CES/ BOSCH

7-1




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

Figure7.1: Proposed Drainage Areas
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