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EXECUTIVE SUMMARY 
 

E1 GOALS AND OBJECTIVES OF THIS STUDY 
 

Dƻŀƭǎ ŀƴŘ ƻōƧŜŎǘƛǾŜǎ ŀǊŜ ŘŜŦƛƴŜŘ ƛƴ ǘƘŜ ¢ƻw όtŀǊŀƎǊŀǇƘ тΦоύ ŀǎΣ ά¢ƘŜ Ƴŀƛƴ Ǝƻŀƭ ƻŦ ǘƘŜ aŀǎǘŜǊ tƭŀƴ 
is to identify a sound and rational strategy for the development of sewerage services in Mombasa 
and selected Towns over the next twenty-five (25) years to improve the quality of effluent to 
ǊƛǾŜǊǎΣ LƴŘƛŀƴ hŎŜŀƴ ŀƴŘ ƎǊƻǳƴŘǿŀǘŜǊ ŀƴŘ ǘƻ ǎŀŦŜƎǳŀǊŘ ǘƘŜ ƘŜŀƭǘƘ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ǊŜǎƛŘŜƴǘǎΦέ 
 

The key objective of the proposed Master Plan for Lamu Island is to come up with a phased 
investment programme for Immediate / Short Term Plan (2015 ς 2020), Medium Term Plan (2021 
ς 2025), Long Term Plan (2026 ς 2040) and recommend a treated effluent disposal / reuse 
strategy for the effluent in Lamu Island. 
 

E2 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 Lamu Island. 
 

The components of this Report include the following; 

¶ Present Sanitation Situation in the Study Area & Proposed Immediate Interventions 

¶ Future Sewerage System / Coverage Area Expansion  

¶ Analysis of Sewage Generation and Network Analysis 

¶ Formulation of Alternative Wastewater Management Strategies 

¶ Detailed Evaluation of the Alternative Wastewater Management Strategies including 

Wastewater Treatment, Social / Environmental Assessment, Economic and Financial 

Analysis and Multi-Criteria Analysis 

¶ Description of Selected Wastewater Management System Development Strategy 

¶ Investment and Financial Management Plan 

¶ Proposed Implementation / Development Schedule 

¶ Conclusion of the Master Plan  
 

E3 STUDY AREA AND DEMOGRAPHY 
 

Lamu County is formed by the Lamu Archipelago which is a group of small islands (Lamu, Manda, 
tŀǘŜ ŀƴŘ Yƛǿŀȅǳǳύ ƛƴ YŜƴȅŀΩǎ bƻǊǘƘŜǊƴ /ƻŀǎǘ ƭƛƴŜ ƴŜŀǊ {ƻƳŀƭƛŀΦ [ŀƳǳ LǎƭŀƴŘ ŎƻǾŜǊǎ 
approximately 55 km2 of Lamu County coverage (6,475km2). The study area for Lamu Island 
Wastewater Master Plan is approximately 10% of the total area covered by Lamu Island. 
 

The sub-locations forming Lamu Island and total coverage areas as well as the study area is given 
in Table E1 below; 
 

Table E1: Sub-locations and Study Area 

Sub-locations Total Area (km²) Coverage in the Study Area (km²) 

Shela 17.3 2.3 

Mkomani 4.9 2.7 

Langoni 3.0 2.1 

Total 25.2 7.1 
 

Figure E1 on E-2 shows the coverage of the Study Area of Wastewater Master Plan for Lamu 
Island. 
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Figure E1: Study Area of Wastewater Master Plan for Lamu Island  

 

The analysis of previous demographic data obtained from Central Bureau of Statistics (CBS) 
indicates that the average annual growth rate for the Study Area within the Period 1999 to 2009 
is 3.01%. This is expected to experience gradual ƛƴŎǊŜŀǎŜ ƻǿƛƴƎ ǘƻ ǘƘŜ ¢ƻǿƴΩǎ ǇƻǘŜƴǘƛal and 
planned infrastructural and industrial developments. 
 

The future population of the study Area has been projected based on a medium growth rate 
scenario with annual population growth rate increasing from 3.8% in 2015 to 4.3% in 2040. 
 

A summary of the projected population of the Study Area is given in Table E2 below. 
 

Table E2:  Summary of Population Projection within the Study Area 

Sub-locations 

2009 2015 2020 2025 2040 

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 
 

E4 WATER DEMAND FORECAST 
 

Water demand forecast for Lamu Island has been determined based on the regular / 
unsuppressed water consumption rates, projected populations, proposed Land-use (Health, 
Industrial, Commercial, Institutional & Residential Zones) and on the premise that the water 
distribution network has full coverage of the Study Area.  
 

Figure E2 on Page E-3 shows the water demand projection for Lamu Island up to the Ultimate 
Design Horizon (year 2040). 
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Figure E2: Water Demand Projection 
 

E5 WASTEWATER FLOW PREDICTIONS 
 

The total wastewater generated within a service area is determined by the water consumed 
(sewage contribution factor of 80%), infiltration into the sewers and splash flows. Assuming a 
regular water supply condition and full coverage of water distribution system, the projected 
wastewater flow for Lamu Island in the year 2040, is approximately 6,200 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 sewerage networks 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 for the formulation of realistic wastewater 
generation projection for Lamu Island.  
 

Table E3: Sewer Connectivity adopted for Realistic Wastewater Generation Projection 

Population Category Based on Income Levels  
Sewer Connections 

2021 ς 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% 
 

Table E4: Water Supply Status adopted for Realistic Wastewater Generation Projection 

Population Category Based on Income Levels  

Water Supply Status as a % of 
Regular Water Supply  

2021 ς 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 E3 on Page E-4 shows the comparative projected wastewater flows for Lamu Island up to 
Year 2040 under the Ideal condition (Regular Water Supply, Extensive Water Distribution & 
Sewerage Networks and 100% Sewer Connections) and Realistic condition (Suppressed Water 
Supply, Inadequate Water Distribution & Sewerage Networks with gradual improvements and 
Gradual Sewer Connections); 
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Figure E3: Comparative Projected Wastewater Flows up to Year 2040 
 

From Figure E3 above, the projected wastewater generation, based on the realistic conditions of 
suppressed water supply and gradual implementation of sewer connections, in the Years 2025 
and 2040 is 1,400 m³/day and 4,600 m³/day respectively.  
 

The design of Wastewater Treatment Plant and Sewerage System has been based on the 
wastewater flow generation determined based on the realistic conditions of suppressed 
water supply and projected build-out of sewer connections. 
 

E6 WASTEWATER MANAGEMENT STRATEGIES 
 

The Final Wastewater Master Plan for Lamu Island describes the development strategy for the 
long-term water-borne sanitation system comprising of a wastewater collection / conveyance 
system and the treatment / proper disposal of treated effluents. However, this long-term 
sanitation strategy is not planned for immediate implementation. 
 

In consideration of the current sanitation systems and the growing sanitation needs, an 
immediate intervention is urgently required. Thus, Immediate Sanitation Measures have been 
developed to be implemented between year 2017 and 2019. These measures include 
construction of 4 Nr Ablution Blocks at selected public places and a centralized Sludge Handling 
Facility. 
 

As a long-term strategy, a Centralized Wastewater Management Scheme consisting of Trunk and 
Secondary Sewers and a Wastewater 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 of 
service area for Lamu Island results 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 given in Table 
E5 below. 
 

Table E5: Details of the Proposed Wastewater Management Scheme  
 

Conveyance System Wastewater Treatment Plant 

Secondary and 
Trunk Sewers 

(km) 

No. of Pumping 
Stations  

Location 
Design Capacity 

(m³/day) 
Treatment 
Technology  

Land 
Required 

(Ha) 

21 10 
Taifu 
area 

4,600 
Waste Stabilization 

Ponds 
15 

Medium-Term 
Plan Horizon 

Long-Term 
Plan Horizon 
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The location of the Wastewater Treatment Plant (WWTP) in the proposed scheme is shown in 
Figure E4 below; 

 
Figure E4: Location of the Proposed Wastewater Treatment Plant

 

E7 MULTI-CRITERIA 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 Lamu Island. 
 

A summary of the weighted totals for the Alternative Wastewater Treatment Trains is given in 
Table E6 below. 
 

Table E6: Weighted Totals for the Alternative Wastewater Treatment Trains 

 
Simplicity of 

Operations and 
Maintenance 

Net 
Present 
Value 

Environmental 
Impacts 

Land 
Requirement 

Institutional 
Strength 

Weighted 
Total 

Rank 

Waste 
Stabilization 
Ponds 

0.690 0.600 0.532 0.156 0.656 0.584 1 

Composite 
Biofilters 

0.156 0.252 0.303 0.269 0.208 0.253 2 

Composite 
Oxidation 
Ditches 

0.153 0.149 0.165 0.575 0.136 0.162 3 
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Lamu Island has a definite topography and only one site has been identified as suitable for the 
development of Wastewater Treatment Plant. Thus, it has only a Centralized Wastewater 
Management Scheme consisting of a Gravity and Pumping based Sewerage System with a 
Waste Stabilization Ponds System at the undeveloped site at Taifu area. This Scheme is 
recommended for Lamu Island Sanitation Strategy. 
 

E8 PROJECT COSTS 
The Capital Cost of the Proposed Wastewater Management Scheme for Lamu Island has been 
worked out on the following basis; 
 

a) Project Implementation planned to be carried out in two phases i.e. Medium-Term Plan 
(2020 - 2025) and Long-Term Plan (2026 - 2040)  
 

b) The Cost of Civil Works constitute the following fraction of the components total costs; 

¶ Wastewater Treatment Plant ς 95% 

¶ Pumping Station ς 60% 

¶ Sewers ς 100% 
 

Summary of the Capital Costs for the recommended Schemes is given in Table E7 below; 
 

 Table E7: Capital Costs for the Proposed Scheme 
 

S/No. Component Costs (Kshs) Costs (USD) [1] 

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 Electro-Mechanical 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 summary of the Phased Investment cost for Lamu Island Wastewater Management System is 
given in Tables E8 and E9 below; 

 

Table E8: Costs for Medium-Term Plan (Year 2020 ς 2025) 
 

S/No. Component Cost (Kshs) Costs (USD) [1] 

1 Land Acquisition 75,000,000  728,155  

2 Sewerage System  265,564,306 2,578,294 

3 Wastewater Treatment Plant 269,761,663 2,619,045 

 Total  610,325,969 5,925,494 
 

Table E9: Costs for Long-Term Plan (Year 2026 ς 2040) 
 

S/No. Component Cost (Kshs) Costs (USD) [1] 

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 annually at the 
population growth rate due to increased 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 Electro-Mechanical Works 
 

c) Replacement of the Electro-Mechanical Items to be carried out every 10 Years with repair 
works planned for every intermediate 5 years between the replacement schedule 
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A summary of the Annual Operations & Maintenance Costs in the first year of operation of the 
Scheme is given in Table E10 below; 
 

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

S/No. Component Costs (Kshs) Costs (USD) [1] 

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] ς Exchange Rate: 1 USD = 103 Kshs 
 

E9 FINANCIAL AND ECONOMIC ANALYSIS OF THE SELECTED DEVELOPMENT STRATEGY 
 

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

The Capital Costs for the Investment Phases and their associated Operations and Maintenance 
Costs have been used to project the Annual Project Expenditure as summarized in Table E11 
below; 
 

Table E11: Schedule of Annual Project Expenditures 

Year Project Cost, Ksh O&M, Ksh Depreciation, Ksh 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  -     17,843,936.17   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 connections, 
the projected financial statement has been determined and summarized in Table E12 below. 
 

Table E12: Projected Financial Statement of the Project 
Project Income and expenditure Financial statement (Ksh) 

Year 
Total Project 

Revenue 
Billings Not 
Recovered 

Net Project 
Revenue 

Operations & 
Maintenance 

Annual 
Depreciation 

Total 
Expenditure 

Net Revenue 

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   23,668,177   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   17,754,833   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  131,861,714   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   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 collected, the following additional direct/indirect benefits have been 
considered in the economic analysis:  
 

¶ Cost savings to customers in terms of health benefits 
¶ Cost savings in terms of safe sewage disposal to the environment 

 

The results of the cost-benefit analysis confirm that the project has favourable BC ratios of 
between 1.57 to 1.08. The financial analysis confirms that the project has positive NPVs of Ksh 
463,012,165 at 5% cost of capital and Ksh 151,115,540 at 8% cost of capital and Financial Internal 
Rates of Return (FIRR) of 11.24 %.  
 

Sensitivity analyses also indicate that the viability of the Project is susceptible to shocks due to 
variations in Project Costs and Net Income. 
 

On the other hand, the results of the economic analysis after including other economic benefits 
showed that the project have a positive NPV of Kshs 265,939,817 and EIRR of 19% at 10% cost 
of capital. 
 

It can therefore be concluded that the Project is both financially and economically viable.  
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E10 CONCLUSION OF THE MASTER PLAN 
 

The current sanitation system in Lamu Island which lacks a proper sludge management and 
disposal systems but comprises of on-plot sanitation measures such as septic tanks and pit 
latrines is a health hazard to the residents and an environmental risk. 
 

As an immediate intervention, construction of 4Nr Ablution Blocks at selected Public Places and 
a centralized Sludge Handling Facility is necessary. It is equally important to ensure procurement 
of Exhaust Vehicles to provide desludging and transport services. A summary of the Immediate 
Sanitation Measures and their cost estimates are given on Tables E13 and E14 below. 
 

Table E13: Details of the Ablution Blocks ς Immediate Sanitation Measures 

Number 

Proposed 

Details of each Ablution Block Total Capital Cost 

No. of 

Toilets 

No. of Shower 

Rooms 

Max. Daily 

Users 
Ksh. USD 

4 6 2 720 62,000,026 601,942 

 

Table E14: Details of the Sludge Handling Facility ς Immediate Sanitation Measures 

S/No. Component Details 
Total Capital Cost 

Ksh. USD 

1 
Tanker Discharge 

Bay 

¶ Bar Screens, Collection Chamber, Hard-

stand Washing Bay & Parking Space 

35,499,980 344,660 2 
Sludge Drying 

Beds 
¶ 4 Beds; each 13 x 10m 

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

4 Land Requirement ¶ 0.5 Ha 

5 
Exhaust Discharge 

Tanker  

¶ Minimum 1 Nr (Either owned by LAWASCO 

or Private Providers) 
- - 

 

To provide a sustainable sanitation system, a centralized Wastewater Management Scheme has 
been selected for Lamu Island comprising of a sewage conveyance system including 10 Nr 
Pumping Stations and a Waste Stabilization Ponds system (ultimate capacity ς 4,600 m³/d) at 
undeveloped land in Taifu area. 
 

The implementation of this strategy is to be carried out in 2 phases i.e., Medium Term Plan (2021-
2025) and Long Term Plan (2026-2040).  
 

The implementation details of the selected Wastewater Management Scheme in the 2 Phases 
including the associated costs are given in Table E15 and E16 below. 
 

Table E15: Summary of Implementation Cost: Medium-Term Plan (2021-2025) 

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

1 Land Acquisition ¶ 15 Ha 

610,325,969 5,925,494 

2 Sewers ¶ 225 ς 450 mm Dia; Total length 13 km 

3 Pumping Main ¶ 100 mm Dia; Approx. Total Length 220 m 

4 
Wastewater 
Treatment Plant 

¶ Waste Stabilization Ponds; Capacity 2,300 

m³/d 
 

Table E16: Summary of Implementation Cost: Long-Term Plan Plan (2026 -2040) 

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

1 Sewers ¶ 225 mm Dia; Total length 7 km 

378,366,027 3,673,457 
2 Pumping Main ¶ 100 mm Dia; Approx. Total Length 1,085 m 

3 
Wastewater 
Treatment Plant 

¶ Waste Stabilization Ponds; Capacity 2,300 

m³/d 
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Financial analysis of the selected Wastewater Management Scheme presented the following 
Financial Ratios / Performance Indicators; 
 

¶ Benefit ς Cost (BC) Ratio;   1.57 ς 1.08 

¶ Net Present Values (NPV);   Ksh. 463,102,165 @ 5% cost of capital 

   Ksh. 151,115,540 @ 8% cost of capital 

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

On the other hand, economic analysis presented the following Performance Indicators; 
 

¶ Net Present Values (NPV);   Ksh. 265,939,817 @ 10% cost of capital 

¶ Economic Internal Rate of Return (EIRR);  19 % 
 

{ŜƴǎƛǘƛǾƛǘȅ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŦƛƴŀƴŎƛŀƭ ǇŀǊŀƳŜǘŜǊǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ǎŎƘŜƳŜΩǎ Ǿƛŀōƛƭƛǘȅ ƛǎ ǎǳǎŎŜǇǘƛōƭŜ 
to shocks due to Project Cost, Total Net Income and Operations and Maintenance Costs. 
 

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

1.0 PROJECT BACKGROUND 

The Government of Kenya (GoK) through the Ministry of Water and Irrigation (MWI) has received 
άŎǊŜŘƛǘέ ŦǊƻƳ LƴǘŜǊƴŀǘƛƻƴŀƭ 5ŜǾŜƭƻǇƳŜƴǘ !ǎǎƻŎƛŀǘƛƻƴ όL5!ύ ǘƻ ǳƴŘŜǊǘŀƪŜ ǘƘŜ ²ŀǎǘŜwater Master 
Plan for Mombasa and Selected Towns within the Coast Region. 
 
Coast Water Services Board (CWSB) is a parastatal (Government Owned and Autonomous) and 
operates under the Ministry of Water and Irrigation. CWSB covers six Counties which are 
Mombasa, Kwale, Kilifi, Taita-Taveta, 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 constitution. The Constitution of Kenya 2010 has 
dramatically altered the administrative structure of the Government from the initial 8 
Administrative Provinces to 47 Semi-autonomous Counties.  This autonomy of the Counties vest 
powers and privileges in each County especially on the provision of essential public services such 
as Water, Sanitation, Education and other Social Services.  
 

The WaSSIP-AF therefore targets the built-up areas of Towns in six Counties in the Coastal Region 
as follows: 
 

Table 1.1:  Project Selected Towns 

S/No. County Urban Centre 

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

2. Kwale Kwale and Ukunda / Diani. 

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

4. Taita Taveta Voi and Taveta 

5. Lamu Lamu Island  

6 Tana River Hola 

 
The Terms of Reference (ToR) included seven Towns but in the course of the study five upcoming 
Towns (Mariakani, Taveta, Ukunda/Diani and Watamu) were added as an addendum. 
 
It is therefore required that the formulated Program shall be aligned to respect and respond to 
the requirements of the new Constitution. A key benchmark of the new Constitution is stipulated 
under Chapter IV-BILL OF RIGHTS, paragraph 45(1) (b) and (d) which stipulates: ά9ǾŜǊȅ ǇŜǊǎƻƴ Ƙŀǎ 
the right to (b)............reasonable standards of sanitation and (d) clean and safe water in 
ŀŘŜǉǳŀǘŜ ǉǳŀƴǘƛǘƛŜǎΦέ 
 
A Location Plan for the twelve Project Towns is given in Figure 1.1 on Page 1-2. 
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Figure 1.1: Location Plan for the Project Towns 
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1.1 Goals and Objectives of this Study 
 

Dƻŀƭǎ ŀƴŘ ƻōƧŜŎǘƛǾŜǎ ŀǊŜ ŘŜŦƛƴŜŘ ƛƴ ǘƘŜ ¢ƻw όtŀǊŀƎǊŀǇƘ тΦоύ ŀǎΣ ά¢ƘŜ main goal of the Master Plan 
is to identify a sound and rational strategy for the development of sewerage services in Mombasa 
and selected Towns over the next twenty-five (25) years i.e. up to Year 2040, to improve the 
quality of effluent to rivers, Indian Ocean and groundwater and to safeguard the health of the 
residents of the Study Areas.έ 
 

The key objective of the proposed Master Plan for Lamu Island is to come up with a phased 
investment programme for Immediate / Short Term Plan (2015 ς 2020), Medium Term Plan (2021 
ς 2025), Long Term Plan (2026 ς 2040) and recommend a treated effluent disposal / reuse 
strategy for the effluent in Lamu. 

1.2 Execution of the Study 
 

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

¶ D1 ς Inception Report 

¶ D2 ς Report on Condition Survey and Environmental Audit of the Existing Facilities, 

¶ D3  ς Immediate Urgent Works Report / Final Design Report, 

¶ D4 ς Detailed Designs and Tender Documents for Immediate Urgent Works, 

¶ D5A ς Technical Note 1 ς Socio Economic Conditions, Mapping & Land Use, 

¶ D5B ς Technical Note 2 ς Wastewater Flow Predictions & Formulation of Sewerage 
Development Strategies, 

¶ D7 ς Preliminary Design Report for Medium Term Works including Phased 
Investment Schedule for Sewers and Wastewater Treatment Plants, 

¶ D8  -  Preliminary Environmental and Social Impact Assessment (ESIA) & Preliminary 

Resettlement Action Plan (RAP) for the Preferred Development Strategy 
 

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

 

 

¶ D9 ς Final Master Plan Report 
 

1.3 Objectives of this Report 
 

The Tasks to be addressed in the Final Master Plan Report include the following: 
 

¶ Present Sanitation Situation in the Study Area and Proposed Immediate Interventions 

¶ Future Sewerage System / Coverage Area Expansion  

¶ Analysis of Sewage Generation and Network Analysis 

¶ Formulation of Alternative Wastewater Management Strategies 

¶ Detailed Evaluation of the Alternative Wastewater Management Strategies including 

Wastewater Treatment, Social / Environmental Assessment, Economic and Financial 

Analysis and Multi-Criteria Analysis  

¶ Description of Selected Wastewater Management System Development Strategy 

¶ Investment and Financial Management Plan 

¶ Proposed Implementation / Development Schedule  

¶ Conclusion of the Master Plan 
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2.0 PROJECT AREA DESCRIPTION 

2.1 Location and Administration 
 

Lamu County is formed by the Lamu Archipelago which is a group of small islands (Lamu, Manda, 
tŀǘŜ ŀƴŘ Yƛǿŀȅǳǳύ ƛƴ YŜƴȅŀΩǎ bƻǊǘƘŜǊƴ /ƻŀǎǘ ƭƛƴŜ ƴŜŀǊ {ƻƳŀƭƛŀΦ [ŀƳǳ LǎƭŀƴŘ ƛǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ 
350 km from Mombasa and is linked by Sea channel to the Mombasa North Mainland at 
Mokowe. It covers approximately 55 km2 of Lamu County coverage (6,475 km2).  
 

Lamu Island is situated at approximately Longitude 40° 47' and 40° 55' East and Latitude 2° 14' 
and 2° 20' South of the Equator. It is headquarters of Lamu County, formerly Lamu District. It is 
located within Lamu West Sub-County and borders the Indian Ocean to the east, Tana River 
County to the South West, Garissa County to the North and the Republic of Somalia to the North 
East.  
 

Lamu Island is a host to one of the oldest and best preserved Swahili settlements. It is 
characterized by simple, coral stone structures enriched by inner courtyards, verandas and 
beautiful, elaborately curved mangrove wood doors. Lamu is a protected UNESCO National 
Heritage site.  
 

Water supply and sanitation systems in Lamu Island is managed by Lamu Water and Sewerage 
Company Ltd. (LAWASCO). 
 

2.2 Study Area  
 

The study area for the Wastewater Master Plan is approximately 10% of the total area covered 
by Lamu Island. The Study Area has been demarcated in consideration of the location of core 
urban areas within Lamu Island, projected land use plans for years 2025 and 2040 and the nature 
of development and population densities.  
 

The sub-locations forming Lamu Island and total coverage areas as well as the study area is given 
in Table 2.1 below; 
 

Table 2.1:  Sub-locations and Study Area 

Sub-locations 
Total Area 

 (km²) 
Coverage in the Study Area 

(km²) 

Shella 17.3 2.3 

Mkomani 4.9 2.7 

Langoni 3.0 2.1 

Total 25.2 7.1 

 

Figure 2.1 on Page 2-2 shows the Study Area of the Wastewater Master Plan for Lamu Island.
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Figure 2.1: Study Area of Wastewater Masterplan for Lamu
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2.3 Climate 
 

Lamu County is marginally semi-arid with two rainy seasons in a year. The long rains fall 
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 effects of the monsoon winds and 
the topography with marked decrease in intensity towards the 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 along the coastal belt is 
65% but decreases towards the hinterland. 
 

2.4 Topography, Geology and 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 beaches are characterized by coral cliff, sandy soil 
and is an unstable new dune formation. 
 

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 on the southern 
parts of the County. The dunes rise to 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 the streams 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. Farming is the main economic activity and there is a 
high population density. They grow major food crops during the long rains and drought-resistant 
crops during the short rains. Agriculture is not technologically developed. 
 

The marine zones are predominant on the Islands where fishing and tourism are the main 
economic activities. Communities here live in villages along the beaches where fresh water is 
available. 
 

Formal sector activities in Commerce, Trade and Services are mainly concentrated in Lamu 
Old Town. The commercial and trade sector largely depends on 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 Island. Abstracted water is chlorinated at Shella Pump House before 
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 system is summarised in Table 2.2 on Page 2-4. 
 

The water supply for Lamu is 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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Table 2.2: Summary of Existing Water Supply System for Lamu Island    

Water sources 30Nr Shallow wells approximately 20m deep 

Water Pumping 
Submersible pumps at wells.  
High lift pumps at Shella pump house (submersible pumps) 

Water Treatment Chlorination at Shella pump house 

Water Mains 

Pipeline rising mains from wells to sump tanks: 

¶ 5km DN 100 AC  

¶ 5km DN 100 GI, Class B 
 

Pipeline rising mains from sump tanks to storage tanks: 

¶ 6km DN 150 AC  

¶ 6km DN 150 uPVC, Class D 
 

Water Storage  
1 Nr. 450m3 at LAWASCO office site 
2 Nr. 50m3 at Shella Pump Station site 
 

Water Distribution 

0.3km of DN 150 AC 
0.7km of DN 100 AC 
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 
 

Presently, Lamu Island has no sewerage system. The use of on-plot 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 or Waste Stabilization 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 on-plot sanitation systems, although unsustainable, is manageable in Lamu Island, due 
to the suppressed water supply situation. If the water supply system is improved through 
development of additional water resources and expansion of distribution network as per the 
various Development Plans, the use of on-plot sanitation systems will not suffice in Lamu Island 
and health and environmental hazards are bound to occur. 
 

In summary, the current sanitation infrastructure in Lamu Island is insufficient to meet the 
sanitation needs of the growing population and there is need for a water-borne sanitation system 
which is sustainable. 
 

2.7 Immediate Measures for the Improvement of Sanitation Systems 
 

The Final Wastewater Master Plan for Lamu Island describes the development strategy for the 
long-term water-borne sanitation system comprising of a wastewater collection / conveyance 
system and the treatment / proper disposal of the treated effluents. However, this long-term 
sanitation strategy is not planned for immediate implementation. 
 

In consideration of the current sanitation systems and the growing sanitation needs, an 
immediate intervention is urgently required. Thus, Immediate Sanitation Measures have been 
developed to be implemented between year 2017 and 2019. These measures include 
construction of Ablution Blocks in selected Public Places and a Sludge Handling Facility as 
described in the following sub-sections.  
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2.7.1 Ablution Blocks 
 

Ablution Blocks are essential in Lamu Island for improved access to sanitation facilities 
especially in public places e.g., markets, bus stops, schools, etc. They are important to market 
vendors, market customers, long distance travelers, bus operators and the public. Their 
locations in Lamu Island will be selected in consultation with the CWSB and the Lamu County 
Government  

 

Considering the population densities and the number of public utilities, a total of four (4) 
Ablution Blocks is proposed for construction in Lamu Island. Each Ablution Block comprises of 
six (6) toilets and two (2) Shower Rooms with equal number for each gender i.e. Ladies and 
Gents. The allocated number of toilets in each Ablution Block ensures provision of sufficient 
service levels for the target population. It is estimated that on average, a user spends 5 minutes 
in the facility. Thus, for a single facility with 6 toilets and 10 hours of operation in a day, a 
maximum number of 720 persons can be served in a day.  

 

Each section (ladies and gents) is provided with a toilet fitted with special amenities for use by 
disabled persons. ¢ƘŜ άDŜƴǘǎέ ŀǊŜ ǇǊƻǾƛŘŜŘ ǿƛǘƘ ǎeparate urinals to increase the service levels 
especially during the peak hours 

 

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

 

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

 

A septic tank with a holding capacity of 16 m3 is provided at the facility for storage and partial 
treatment of sewage. The septic tank will require desludging after every 3 months with septage 
disposal at the proposed Sludge Handling Facility, to be implemented as part of the immediate 
sanitation intervention. In addition, a 5,000-litre water tank mounted on a 3.5 m high reinforced 
concrete tower within the facility provides a 3-day storage of potable water.  

 

Other services provided at the site include; electricity for use at night and for security lighting, 
controlled access through 4 m wide metallic gate and boundary chain link fence where 
applicable. 

 

Permission to use the facility is to be on a pay-per-use basis. This is an effective model used in 
many parts of the country to raise money required for operation and maintenance. A personnel 
office complete with a shop for essential commodities and a storage room shall be provided at 
the entrance of the facility with grilled opening for ease of payment before use. 

 

A Typical Site Layout Plan and Elevations of the proposed Ablution Block are given in Figures 2.2 
and 2.3 on Pages 2-6 and 2-7 respectively. 
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Figure 2.2:  Typical Site Layout Plan for an Ablution Block 
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Figure 2.3:  Typical Plan, Views and Sections of an Ablution Block 
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2.7.2 Sludge Handling Facility 
 

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

 

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

 

An ideal location for a Sludge Handling Facility is a site within an economical distance to the 
service area but outside the residential developments and environmentally sensitive areas. 
Thus, the location of the Wastewater Treatment Plant proposed at Taifu area in the Wastewater 
Master Plan, should be given priority in the site selection for the Sludge Handling Facility. It is 
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. 

 

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

a. Exhaust Vacuum Tanker Discharge Bay 
b. Sludge Drying Lagoons 
c. Septic Tanks complete with Soak Pits and French Drains 
d. Associated Site and Ancillary Works including Operators Office / Guard House 

 

Constructed wetlands are the alternative treatment unit to Septic Tanks for polishing of filtrate 
from Sludge Drying Beds / Lagoons. However, they require a large footprint than the Septic 
Tanks and thus not suitable for urban areas like Lamu Island where land is limited and the cost 
of land considerably high. 

 

A Schematic Layout Plan showing the arrangement of the units for the Proposed Sludge 
Handling Facility is given in Figures 2.4 on Page 2-9  
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Figure 2.4:  Schematic Layout Plan of the proposed Sludge Handling Facility 
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A brief description of the constituent treatment units in the proposed Sludge Handling Facility 
is given in the following sub-sections; 

 

2.7.2.1 Exhaust Vacuum Tanker Discharge Bay 
 

The Discharge Bay comprises of a septage discharge area which serves as the Inlet Works for 
the Sludge Handling Facility. An Exhaust Vacuum Tanker discharges septage through Bar 
Screens into a Collection Chamber. The Discharge Bay is also provided with Hard-stand Washing 
Bay and Parking Space.  
 

The discharged septage and wash water from the Washing Bay are pooled into the Collection 
Chamber and conveyed to the Sludge Drying Bed / Lagoons via an Open Channel provided with 
precast concrete cover slabs and handrails for safety. 
 

The Discharge Bay requires regularly cleaning for odour, flies and other disease-vectors control 
especially after each exhauster discharge session. A stand-pipe will be provided to facilitate 
washing and flushing of septage once discharged. 

 

2.7.2.2 Sludge Drying Lagoons / Beds 
 

Septage is mostly liquid with small amounts of solids. Treatment of septage entails reducing 
sludge weight and volume with the aim of lowering the disposal costs of the residual sludge and 
reducing the potential health risks associated with septage. 
 

Sludge Drying Lagoons are open areas on which the septage is spread for dewatering and air-
drying. It comprises of filter media, perforated pipes at the beds and a Collection System. The 
filtrate from septage once directed into the Collection System is conveyed to Septic Tanks for 
further treatment and pathogen reduction. 

  

The Sludge Drying Lagoons are made up of the following components: 

¶ Concrete Beds and Walls 

¶ Sand and Gravel as Filter Media 

¶ Splash Slab 

¶ Under-drainage System 

¶ Access Structures 
-.  

A Sludge Drying Lagoon has intrinsic process reliability and flexibility. However, during wet 
season, the efficacy is hindered and longer drying periods are required. 

 

For efficient operation of Sludge Drying Lagoons the following measures need to be undertaken; 
a) Periodic unblocking of Collection System with aid of rodding chambers 
b) Periodic monitoring and replacement of Filter Media when necessary 
c) Maximum permissible sludge accumulation level to be observed for optimum operation 
d) Proper drying of sludge once a bed is filled up 
e) Careful removal of dried up sludge without scooping of filter media 
f) Safe disposal of dried sludge to landfills, agricultural use, etc. 

 

2.7.2.3 Septic Tank 
 

A septic tank refers to a water-tight, covered, sub-surface receptacle for wastewater treatment. 
At the Sludge Handling Facility, Septic Tanks will be adopted for polishing of the filtrate from 
Sludge Drying Beds before discharge into the environment.  
 

Septic Tanks achieve polishing of septage filtrate by the carrying out the following processes: 
a) Separation of settleable and floating solids from the liquid 
b) Digestion of organic matter by anaerobic bacterial action 
c) Storage of digested solids during detention period 
d) Allowing clarified liquids to discharge for final disposal 
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Septic tanks require periodic desludging after accumulation of solid sludge and 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 
been proposed at the Sludge Handling Facility; 

 

i. Chain-link Fence and 4m wide Gate 
ii. Access Roads paved with interlocking concrete blocks 
iii. Guard House / Operators Office and Wash-room 
iv. Onsite Water Supply and Site Drainage System 

 

2.7.2.5 Design Criteria for Sludge Handling Facility 
 

A summary of the Design Criteria adopted in the sizing of the proposed Sludge Handling Facility 
for Lamu Island is given in Table 2.3 below. 

 

Table 2.3: Design Criteria - Sludge Handling Facility 
 

Treatment Unit  Design Parameter Value 

Sludge Drying Bed ¶ Sludge accumulation rate 0.025 m3/ca/yr 

¶ Sludge drying period 3 Months 

¶ Depth of media 300 mm 

¶ Sludge accumulation depth 150 mm 

Septic Tank ¶ Aggregated Sewage generation factor 0.25* 

¶ Retention period 1 day 

¶ Sludge accumulation 0.04 m3/capital/year 

*Aggregated sewage generation factor of 25% is based on the distributive use of Septic Tanks and Pit 
Latrines by the respective Income Levels of the Population and sludge reduction in the On-Plot Sanitation 
Systems due to the anaerobic digestion during the period of storage. 

  

2.7.2.6 Components of the Proposed Sludge Handling Facility 
 

Considering that the Immediate Sanitation Measures for Lamu Island are intended to serve up to 
the Year 2020, the Facility has been designed to serve 20% of the projected current population 
i.e. 5,000 persons. This 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 the various components of the proposed Sludge Handling Facility in Lamu Island are 
summarised in Table 2.4 below  

  

Table 2.4: Components of the Proposed Sludge Handling Facility 

S/No. Treatment Unit Details 

1.  Discharge Bay ¶ Bar Screens & Collection Chamber  

¶ Hard-stand Washing Bay & Parking  

2.  Sludge Drying 

Lagoons / Beds 

¶ 4 No. Beds; each 13 x 10 m 

¶ Sludge drying period: 3 months 

¶ Treatment zone media = 500 mm thick 

3.  Septic Tanks ¶ 2Nr Twin-Tank; each 9.6 x 5.4 x 1.9 m (L x W x H) & capacity 98 m³ 

¶ Desludging Interval = 0.2 years 
 

Approximately 0.5Ha of land is required for the construction of the proposed Sludge Handling 
Facility to serve the immediate sanitation needs of Lamu Island.  
 

Co-location of Sludge Handling Facility and Wastewater Treatment Plant is recommended for 
efficient land use and for shared use of common units and facilities; thus, Taifu site is ideal.  
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2.7.3 Implementation Cost for Immediate Measures 
 

9ƴƎƛƴŜŜǊΩǎ /ƻǎǘ 9ǎǘƛƳŀǘŜ Ƙŀǎ ōŜŜƴ ŘŜǘŜǊƳƛƴŜŘ for the Immediate Measures for Improvement of 
Sanitation Systems in Lamu Island based on the unit costs from recent contracts of similar scope 
and nature.  
 

Detailed Unit Costs are discussed in Chapter 8 of this Report. 
 

A summary of the Implementation Costs is given in Table 2.5 below. 
 

Table 2.5: Implementation Costs for Immediate Measures 
 

S/No. Component 
Number to be 

Provided 
Cost, Ksh. Cost, USD 

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

2.  Sludge Handling Facility 1 35,499,980  344,660 
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3.0 DEMOGRAPHY, LAND USE AND URBAN DEVELOPMENT 
 

3.1 Demography and Population Dynamics for Lamu Island 
 

Demographic data from Central Bureau of Statistics (CBS), for the inter-census periods 1979 to 
1989, 1989 to 1999, and 1999 ς 2009 have been analysed to establish trends in terms of population 
size, and inter-census growth rates, to develop future population projection patterns in Lamu 
Island. 

  

3.1.1 Previous Population Trend 
 

From the analysis of the previous Kenya Population and Housing Census data, it has been construed 
that the existing sub-locations are split between inter-census periods to form new sub-locations 
and the areas covered by the sub-locations, in such cases, vary between the inter-census period. 
 

A summary of previous intercensal population data for the areas of interest within Lamu West Sub-
county is given in Table 3.1 below.  
 

Table 3.1: Intercensal Population data (1979 ς 2009) for Lamu West Sub-County. 
 

 
 

Population data is dependent on the coverage considered; for the same sub-location and time, a 
larger area results to a higher population. The use of population figures to establish intercensal 
population growth rate in a sub-location with varying coverage areas between intercensal period 
is therefore inaccurate due to the variability of coverage area. It is then prudent to adopt the use 
of population density as a measure of demographic trend where sub-location coverage varies 
between intercensal period, as is the case in Lamu Island. 
 

The previous intercensal annual population growth rates based on the population densities for the 
sub-locations covered by area of interest for Lamu Island are given in Table 3.2 below. 
 

Table 3.2: Previous Intercensal Annual Population Growth Rates 

  
Sub-locations 

Annual Growth Rates 

1979-1989 1989-1999 1999-2009 

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% 
 

From Table 3.2 above, the annual population growth rate for Lamu in the last intercensal period 
(1999 to 2009) is 2.9%. This is below the 4.2% projected for the growth in Urban Centres under 
Millennium DevŜƭƻǇƳŜƴǘ Dƻŀƭǎ όa5DΩǎύ ōȅ нлмрΦ 
 

The above population dynamic refers to the resident category. The non-resident category 
comprising of tourists / visitors has been considered under the respective contributory Land-Use 
activities. 
 
 

Pop.
Area 

(km²)

Pop. Density 

(psn/km²)
Pop.

Area 

(km²)

Pop. Density 

(psn/km²)
Pop.

Area 

(km²)

Pop. Density 

(psn/km²)
Pop.

Area 

(km²)

Pop. Density 

(psn/km²)

Shella       976  -  -    1,760        110             16.00     1,354      15.0              90.27     2,182        17.3          126.13 

Mkomani         30       247.0               0.12    4,104           42             97.71     5,724        7.1            806.20     7,040          4.9       1,436.73 

Langoni  -  -  -   -   -  -     7,235        5.1         1,418.63     9,793          3.0       3,264.33 

Total    1,006           247               0.12    5,864        152                 114   14,313         27              2,315   19,015           25            4,827 

Sub-

locations

1979 1989 1999 2009
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3.1.2 Population Growth Scenarios   
 

Population trends are influenced by fertility, mortality and migration levels and patterns as well as 
the national socio-economic development momentum.  
 

Continued rapid growth is expected in the study area, considering the infrastructural developments 
planned for Lamu Island in the Integrated Development Plan for Lamu County and the potential of 
Lamu Island for further growth. These factors will result to future immigration and urbanization. 
 

As at the last census (2009), the population within Lamu Island was 13,210. To forecast the future 
population of the study area up to the design horizon (year 2040), the following factors have been 
considered: 

 

¶ Previous Demographic Trends in Lamu Island and Lamu County 

¶ The dynamics of Land Use and Trends of development  

¶ The correlation of water demand and income / type of housing, population density etc. 
 

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

High Growth Rate: This growth rate scenario assumes that the population will grow at an average 
growth rate of 5.0% in twenty-five years (2015-2040) i.e. the overall natural growth will continue 
and in-migration will gradually increase due to intensive investment.  With this assumption, the 
population of Lamu Island will be expected to grow to 59,949 by year 2040. 
 

Medium Growth Rate: This scenario assumes that the population will grow at a varying growth 
rate of 4.0% to 4.3% in twenty-five years (2015-2040) 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 connectivity) will work in balancing migration. Thus, the projected population within the 
Study Area of Lamu Island by year 2040 will be 46,436. 
 

Low Growth Rate: This scenario assumes that the population of Lamu Island will grow at a 
decreased average growth rate of 3.0% in the next twenty-five years (2015-2040). It is assumed 
that population growth (both natural growth rate and in-migration) will reduce considering that 
population deflection will take place and the flow of return will be diverted to the development of 
new areas. Therefore, the population in horizon year 2040 will be 33,027. This can happen only, if 
strict measures are taken to control population both in terms of natural growth and in-migration. 
It requires intensive efforts by government in terms of educating people and promoting population 
control measures on one hand and to provide ample economic opportunities in the region to 
combat in-migration. 
 

Projected populations for the above population growth rate scenarios are given in Figure 3.1 on 
Page 3-3; 
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Figure 3.1: Projected Populations based on Growth Rate Scenarios  
  

From Figure 3.1 above, the population forecast is highly sensitive to population growth rate; high 
growth scenario results to 29% more the projected population in the medium growth rate scenario 
while low growth rate results to 29% less the medium growth rate population forecast. 

  

3.1.3 Projected Population for Lamu Island 
 

Lamu Island is the largest urban centre in Lamu County with a high population compared to the 
adjacent peri-urban and urban areas of the same status because of better infrastructure and more 
employment opportunities. With more infrastructural projects and industries planned for Lamu 
Island and its environs, it is expected that Lamu Island will continue attracting immigrants and 
industrialization opportunities due to the developed infrastructure and land availability. 
 

In consideration of the above foreseen situation, the medium growth rate scenario considered 
under the population growth scenario, is the most probable scenario for the future population 
projections of Lamu Island up to the 2040 design year. It considers the demographic dynamics 
between Lamu and neighbouring Towns, possible trends in fertility, mortality and migration levels 
and patterns as well as the socio-economic development. Besides, it has the net minimal risks 
associated with under-utilization or overloading of the proposed sanitation system within the 
design horizon. 
 

Table 3.3 below gives a summary of the projected population for Lamu Island up to the design 
horizon of year 2040, based on the adopted medium growth rate ranging from 3.8% p.a to 4.3% 
per annum. 
 

Table 3.3: Summary of the Projected Population  

Sub-locations 

2009 2015 2020 2025 2040 

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 
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3.2 Land Use and Urban Development 
 

3.2.1 Introduction 
 

Lamu Island is the main economic hub of Lamu County due to significant tourism activities. A 
section of the Lamu Island is Lamu Old Town. This 16-ha area is the oldest and best preserved 
example of Swahili settlement in East Africa. It is characterized by narrow winding streets (2.4m 
wide) and unique Swahili architecture demonstrating the cultural influences of European, Arabian, 
Indian and traditional Swahili techniques producing a distinct culture. Lamu Old Town is a gazetted 
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 Sudan-Ethiopia-Transport (LAPSSET) Corridor Project is expected to boost economic 
development in Lamu Island. Population growth is expected due to increased tourism arrivals and 
immigration of workers at the new developments.  
 

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

Some planning efforts have been made for Lamu Island. The Lamu Management Plan (2007-2013) 
ǿŀǎ ǇǊŜǇŀǊŜŘ ǘƻ ŜƴƘŀƴŎŜ ŎƻƴǎŜǊǾŀǘƛƻƴ ƻŦ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ǘƻǿƴΩǎ ŎǳƭǘǳǊŀƭ heritage assets as well 
as its complementary buffer zone areas (GoK, 2007). In addition, The Lamu County Integrated 
Development Plan (2013-2017) addresses several issues facing the county such as perennial floods, 
unreliable rainfall, land fragmentation, climate change among other issues (GoK, 2013). The 
proposed interventions in the plan include: 

¶ Rehabilitation of flood prone areas 

¶ Control land fragmentation  

¶ Land use planning 

¶ Provision of a waste management system  

¶ Establishment of reforestation programmes etc.  
 

Waterborne diseases are common in Lamu Island due 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 ground for mosquitoes making malaria 
prevalence high (Onyoncho G, 2013). The poor disposal of industrial wastes, plastics and 
biomedical wastes is also a cause of diseases in Lamu Island. 

  

3.2.2 Existing Land Use  
 

The main drivers of growth in Lamu are as follows: 
 

i) Tourism 
 

Lamu Island is endowed with tourist attraction sites. Some of them are the Beach, Lamu Old 
Town with the Lamu Cultural Festival, Maulid Festival, Food and Arts Festival among others.   
Tourism sector plays a key role in socio-economic growth in Lamu Island through job creation 
and revenue generation. 
 

ii) Proposed Lamu Port and Resort City Development  
 

The Proposed Lamu Port at Manda Bay and its associated development such as International 
Airport, Resort city, Oil refinery, etc. will foster rapid economic development in Lamu Islands. 

 

Figure 3.2 on Page 3-5 shows the existing Land Use Plan of the area of interest in Lamu Island. 
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Figure 3.2: Existing Land Use Map of Lamu Island  
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LǘΩǎ ŜǾƛŘŜƴǘ from the Existing Land-Use Plan that the dominant land uses in Lamu are Agricultural 
and Residential Land-use. The total area of Lamu coverage area is approximately 131 ha.  The types 
of land-uses evident within Lamu are mainly residential, recreational, transportation, public 
purpose, educational, industrial, and commercial among others. 
 

Residential Land-use covers a total land area of 66.48 ha, followed by educational land which 
covers 22.86 ha. Industrial land use is the least dominant land use covering 1.22 ha. 
 

Table 3.4 below shows a summary of existing Land Use. 
 

 Table 3.4: Summary of Existing Land Use. 
Land use Size(ha) % 

Residential high 39.07 29.84 

Residential low 27.41 20.93 

Commercial 15.85 12.10 

Public purpose 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 growth constraint in Lamu Island is Lamu Old Town which is a UNESCO National Heritage Site 
and any new development in the Lamu Old Town is highly regulated by the Government. The 
existing housing and infrastructure should be 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 Land Use Planning and Policy 
 

All Land-Use activities depend on the regulations and practices that govern land ownership. Land 
allocation and ownership require proper planning for optimal utilisation. 
 

Land-use planning encompasses the systematic social and economic assessment of land and water 
potential including the alternative land-uses for the selection and adoption of the best land-use 
options. It seeks to regulate land-use in efficient and ethical way and prevent land-use conflicts. 
Land-use planning is practiced to manage the development of land within jurisdictions, plan for the 
needs of the community and safe-guard the natural resources. Land-use planning often lead to 
land-use regulations, which typically encompasses zoning.  
 

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

The primary purpose of zoning is to segregate uses that are thought to be incompatible. In practice, 
zoning is used to prevent new developments from interfering with the existing land-use activities 
ŀƴŘ ǘƻ ǇǊŜǎŜǊǾŜ ǘƘŜ άŎƘŀǊŀŎǘŜǊέ ƻŦ ŀƴ ŀǊŜŀΦ ½ƻƴƛƴƎ ƛǎ commonly controlled by the local 
governments such as County Governments, though the nature of the zoning regime may be 
determined or limited by the national planning authorities or through enabling legislation.  
 

Zoning may include regulation of the kinds of activities which will be acceptable on particular plots 
(such as Open Spaces, Residential, Agricultural, Commercial or Industrial), the densities at which 
those activities can be performed (from Low-Density Housing such as Single Family Homes to High-
Density such as High-Rise Apartment Buildings), the height of the building etc. 
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The projected populations including 46,438 in Year 2040 (Refer to Table 3.3 on Page 3-3) are 
proposed to be accommodated within the coverage of Lamu Island without any expansion. 
 

It is also proposed that the existing undeveloped land be utilised (including a small part of 
agricultural land and part of hilly terrain at low height where the slope is gentle and favourable) for 
development and accommodating part of the projected population. 

 

3.2.4 Land Use Requirement per Land Use Zone 
 

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

In most Towns, Residential Land-use has the highest land requirement. The current coverage of 
Residential Land-use is approximately 66.5 ha and is expected to increase to 80.8 ha in Year 2040 
to accommodate the increasing population in all the various housing densities. 
 

The proposed population densities for each category of Residential Land-use have been worked 
out based on the projected population, land available for future development, the potential of the 
developed areas for densification and experience in Towns of similar nature and keeping sufficient 
room within the current planning boundary for future urban expansion i.e. beyond year 2040. 
 

Details of existing Land Use and projected Land requirements are given in Table 3.5 below. 
 

Table 3.5: Existing and Projected Land Use  

Land Use 
Existing Land Use 2015 
(Area, ha) 

Projected Land Requirement 
2040 (Area, ha) 

Residential high 39.07 47.97 

Residential low 27.41 32.90 

Commercial 15.85 18 

Public purpose 19.8 23.77 

Educational 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 the North and South while there 
is minimal growth towards the hinterland. 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 roads in the hinterland is the main factor limiting growth of Lamu 
Island towards the hinterland. The TƻǿƴΩǎ ƎǊƻǿǘƘ ǘƻǿŀǊŘǎ ǘƘŜ South is also limited by the sand 
dunes. The sand dune is the main source of fresh water for fishing in Lamu County. 
 

Lamu Island lacks an Integrated Strategic Urban Development Plan (ISUDP).  It is essential to 
prepare the TƻǿƴΩǎ L{¦5t ǘƻ ǇǊƻƳƻǘŜ ǎǳǎǘŀƛƴŀōƭŜ ŀƴŘ ƻǊŘŜǊƭȅ ŘŜǾŜƭƻǇƳŜƴǘΦ The ISUDP should 
ensure consolidation and reservation of land for future use. The reserved land will accommodate 
the projected land uses as detailed in Table 3.5 above.  
 

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 showing the Proposed Land Use Plans for Year 2025 and 2040 are given in Figures 3.3 
and 3.4 on Pages 3-8 and 3-9 respectively. 
 

Table 3.6 on Page 3-10 to 3-13 shows a summary of adoptive standards for Urban Planning. 
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Figure 3.3: Projected Land Use Year 2025  
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Figure 3.4: Projected Land Use Year 2040
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Table 3.6 : Adoptive Standards for Urban Planning 

Zone O:        Residential 

Zone Proposed Land Use Types of Development 
Allowed 

BCR PR Min Plot Size Density of Development No. of Dwelling Units Other Requirements 

0 

 
Residential 

 
Bungalows 

 
35 

 
25 

 
0.4 Ha 

 
Low Density 

 
Single Dwelling Units 

 

 
Residential 

 
Bungalows 

 
35 

 
25 

 
0.4 Ha 

 
Low Density 

 
Single Dwelling Units 

 
Cottage industry may be practised 

 
Residential 

 
Bungalows 

 
35 

 
25 

 
0.4 Ha 

 
Low Density 

 
Single Dwelling Units 

A Secondary School may be 
developed in appropriate site 

 
Residential  

 
Bungalows, 

 
25 

 
25 

 
0.2 Ha 

 
Medium density  

 
Single Dwelling Units 

 

 
Residential  

 
Bungalows, 

 
25 

 
25 

 
0.2 Ha 

 
Medium density  

 
Single Dwelling Units 

 

 
Residential 

 
Maisonettes 
Town houses 
Duplexes 
 

 
50 
 
50 

 
50 
 
 

 
0.1 Ha 
 
 

 
Low Medium density  

 
Two residential units allowed 
per plot 

 
Shops allowed on plots fronting 9 M 
roads 
 

 
Residential 

 
Maisonettes 
Town houses 
Duplexes 
 

50 
 
50 

 
50 

 
0.1 Ha 

 
Low Medium density  

 
Two residential units allowed 
per plot 

 
Shops allowed on plots fronting 9 M 
roads 

 
Residential 

Maisonettes 
Town houses 
Duplexes 
 

50 
 
50 

 
50 
 

 
0.1 Ha 
 

 
Low Medium density  

Two residential units allowed 
per plot 

Shops allowed on plots fronting 9 M 
roads 

 
Mixed developments   
 

Town houses 
Duplexes 
Swahili houses 
Guest/Boarding houses 
 

 
65 

 
65 

 
0.03  
   - 
0.045 

 
High Density 

 
Multiple residential units 
allowed 
 

 
Shops allowed on plots fronting 9 M 
roads 
 

Mixed developments   
 

Town houses 
Duplexes 
Swahili houses 
Guest/Boarding houses 
 

 
65 

 
65 

 
0.045 

 
High Density 

 
Multiple residential units 
allowed 
 

 
Shops allowed on plots fronting 9 M 
roads 
 

 
Mixed developments   
 

 
Town houses 
Duplexes 
Flats 
Swahili houses 
Guest/Boarding 
 

 
65 

 
65 

 
0.03  
   - 
0.045 

 
High Density 

 
Mixed house types allowed   

 
Upgrading areas 
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Zone 1: Industrial 

Zone Proposed Land Use Types of Development 
Allowed 

BCR PR Min Plot Size Density of Development No. of Dwelling Units Other Requirements 

1 

 
Industrial 

 
Industrial plant 

 
50 

 
150 

 
0.2 

 
N/A 

 
N/A 

 

 
Light Industry  

 
Repair Workshops, 
Hardware stores 
Furniture Makers small 
tin smiths, Re-use 
Industries 
 

 
50 

 
75 

 
0.045 

 
N/A 

 
Garages, furniture and 
welding workshops 
allowed 

 

 
Light Industry 

 
Godowns, warehouse, 
hardware stores 

 
50 

 
75 

 
0.045 

 
N/A 

 
Garages, furniture and 
welding workshops 
allowed 

 

Zone 2: Educational 

Zone Proposed Land Use Types of Development 
Allowed 

BCR PR Min Plot Size Density of 
Development 

No. of Dwelling Units Other Requirements 

 
2 

 
Educational 

 
Classes, offices and 
dormitories 
Sanitation block 

 
10 

 
30 

 
Nursery Sch.  0.1  
Pri. school      4.0  
Sec. School    4.5 
College         10.2 
University      50.0 
 

 
N/A 

 
N/A 

Storeyed buildings recommended 
for effective use of space 
Sharing of recreational facilities 
recommended 
Institutional Housing allowed  

Zone 3: Recreational 

Zone Proposed Land Use Types of Development 
Allowed 

BCR PR Min Plot Size Density of 
Development 

No. of Dwelling 
Units 

Other Requirements 

3 

 
Recreation 

 
Conservation/ 
Green Park 
 

      
 

 
Recreation 

 
Conservation/ 
Green Park 
 

      

 
Recreation 

 
Conservation/ 
Green Park 
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Zone 4: Public purpose 

Zone Proposed Land Use Types of Development 
Allowed 

BCR PR Min Plot Size Density of 
Development 

No. of Dwelling 
Units 

Other Requirements 

 
4 

 
Government 
Headquarters 

 
Civic offices: - County 
government; local 
authorities, parastatals, 
trade unions, political 
party offices, library 
entertainment, etc. 
 

      
Spatial compactness 
Public parking 
Accessibility 

Zone 5: Commercial 

Zone Proposed Land Use Types of Development 
Allowed 

BCR PR Min Plot Size Density of 
Development 

No. of Dwelling 
Units 

Other Requirements 

 
5 

 
Commercial 

 
Compatible mixed use 

 
75 

 
600 

 
0.045 

 
N/A 

 
Commercial  
 

Densification and diversification 
recommended 
 Flats and high rise buildings 
recommended 
Future commercial core 
 

Zone 6: Public Utilities 

Zone Proposed Land Use Types of Development 
Allowed 

BCR PR Min Plot Size Density of 
Development 

No. of Dwelling 
Units 

Other Requirements 

6 
        

         

Zone 7: Transportation 

Zone Proposed Land Use Types of Development 
Allowed 

BCR PR Min Plot Size Density of 
Development 

No. of Dwelling 
Units 

Other Requirements 

7 

Lorry park   N/A N/A 2 N/A N/A To be developed through public 
private partnership  

Bus park       To be developed by County 
Government 

Zone 8: Hospitality Zone 
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Zone Future Land Use Types of Development 
Allowed 

BCR PR Min Plot Size Density of 
Development 

No. of Dwelling 
Units 

Other Requirements 

H         

Zone 9: Agriculture 

Zone Future Land Use Types of Development 
Allowed 

BCR PR Min Plot Size Density of 
Development 

No. of Dwelling 
Units 

Other Requirements 

LD 

 
Residential 

 
Bungalows 

 
35 

 
25 

 
0.4 Ha 

 
Low Density 

 
Single Dwelling 
Units 

 
Agriculture may be practised 

 
Residential 

 
Bungalows 

 
35 

 
25 

 
0.4 Ha 

 
Low Density 

 
Single Dwelling 
Units 

 
Agriculture may be practised 

 
Residential 

 
Bungalows 

 
35 

 
25 

 
0.4 Ha 

 
Low Density 

 
Single Dwelling 
Units 

 
Agriculture may be practised 

 
MLD 

 
Residential  

 
Bungalows, 

 
25 

 
25 

 
0.2 Ha 

 
Medium density  

 
Single Dwelling 
Units 

 

 
Residential 

 
Bungalows, 

 
25 

 
25 

 
0.2 Ha 

 
Medium density  

 
Single Dwelling 
Units 

 

 
Residential 

 
Bungalows, 

 
25 

 
25 

 
0.2 Ha 

 
Medium density  

 
Single Dwelling 
Units 

 

 
Residential 

 
Maisonettes 
Town houses 
duplexes 

 
50 
 
50 

 
50 

 
0.1 Ha 

 
Low Medium density  

 
Two residential 
units allowed per 
plot 

 
Shops allowed on plots fronting 9 M 
roads 

 
Residential 

 
Maisonettes 
Town houses 
duplexes 

 
50 
 
50 

 
50 

 
0.1 Ha 

 
Low Medium density  

 
Two residential 
units allowed per 
plot 

 
Shops allowed on plots fronting 9 M 
roads 
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4.0 WATER DEMAND FORECAST 

Water demand is defined ŀǎ άǘƘŜ ǾƻƭǳƳŜ ƻŦ ǿŀǘŜǊ ŘƛŦŦŜǊŜƴǘ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ŎƻƴǎǳƳŜǊǎ Ŏŀƴ ŀŦford to 
ŎƻƴǎǳƳŜ ƛƴ ŀ ŎƻƴǘŜȄǘ ƻŦ ǳƴǊŜǎǘǊƛŎǘŜŘ ǎǳǇǇƭȅέ. The water demand of an area is dependent on the 
climate, economic considerations, sanitation facilities, industrial and commercial requirements.  
 

 The total water demand can be expressed as follows; 
 
Total water demand 
 

=ἎἷἵἭἻἼἱἫ ἬἭἵἩἶἬἓἶἻἼἱἼἽἼἱἷἶἩἴ ἬἭἵἩἶἬἍἷἵἵἭἺἫἱἩἴ ἬἭἵἩἶἬ 

 ἓἶἬἽἻἼἺἱἩἴ ἬἭἵἩἶἬἢἷἽἺἱἻἵ ἠἭἫἺἭἩἼἱἷἶ ἬἭἵἩἶἬ 
  

For a more accurate determination of the total water demand, it is important to adopt accurate water 
consumption rates for each of the water demand categories. 

4.1 Analysis of Water Consumption Rates 
 

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

A summary of the Studies / Designs prepared by the various Consultants for Water Supply in Lamu is 
given below:  
   

¶ Gauff Ingenieure/TRAQ finalised Detailed Design Report for Lamu Water Service Provider, 
October 2010 
 

¶ BRL Ingenieure/ GIBB Africa ς Feasibility Studies/ Identification of Institutional 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 given in Table 4.1 on Page 
4-2. 
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Table 4.1: Comparison of Water Consumption Rates 
 

Consultant  Name of Report Domestic Water Consumption 
(l/c/day)  

Institutions Water Consumption  Commercial 
Water 
Consumption 
(l/head/day) 

Industrial Water 
Consumption 
(l/ Ha/day) Low 

Density 
Medium 
Density 

High 
Density 

Boarding 
Schools 
(l/head/day) 

Day Schools 
with WC 
(l/head/day) 

Regional 
Hospitals 
(l/bed/day) 

BRL Ingenieure/ 
GIBB Africa 

Lamu WSP Area - 
Feasibility Studies/ 
Identification of 
Institutional Support -  
October 2008 

200 80 50 10 5 10 5 5,000 ς 20,000 

Gauff Ingenieure/ 
TRAQ 

Detailed Design Report 
- Lamu WSP - 
October 2010 (REV 2) 
 

200 120 60 42 21 333 25 - 500 25,000 

Ministry of Water 
and Irrigation 
(MWI, 2008) 

Design Manual for 
Water Supply in Kenya 
(MWI, 2008 

250 150 75 50 25 400  20,000 
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After analysis of the water consumption rates indicated in Table 4.1 on Page 4-2, the following water 
consumption rates have been adopted in the Study: 

 

a) Residential Water Demand 
 

From the findings by different Consultants, it is evident that the type of housing and mode of water 
supply are relevant indicators for classifying domestic consumers. 
 

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

Table 4.2: Adopted Housing Categories & per Capita Water Consumption  
 

Category Description 
Consumption Rate 

(l/c/d)  

Low Density Residential Houses and Maisonettes  200 

Medium Density Flats and Estates  120 

High Density Traditional Houses (Informal Settlements and Swahili) 60 
 

b) Institutional Water Demand 
 

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

 

¶ Boarding Schools   - 50 l/head/d 

¶ Day School with WC  - 25 l/head/d  

¶ Regional Hospital                   -            200 l/bed/day plus 5000l/day 

¶ Dispensary and Health Centre  -    5000 l/day 

¶ Administrative Offices                 -  25 l/head/day 
 

c) Commercial Water Demand 
 

The commercial water demand has been determined based on the following commonly accepted 
demand criteria by type of commercial facility: 
 

¶ Shops   -  100 l/day 

¶ Bars   -  500 l/day 

d) Industrial Water Demand 
 

The following criteria has been adopted for the industrial water demand based on commonly 
accepted demand criteria: - 

 

¶ Intensive industrial activity - 25,000 l/day/ha 

¶ Small scale industrial activity - 600 l/day/ha 
 

e) Tourism Water Demand 
 

The following criteria has been adopted for tourism demand based on commonly accepted 
demand criteria: 

 

¶ Four and Five star hotels   -  600 l/occupied bed/ day 

¶ Other hotels    -  300 l/occupied bed/ day 

¶ Tourist cottages complexes  -  200 l/occupied bed/ day  
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4.2 Water Demand Projections 
 

Lamu Island is likely to grow rapidly over the design horizon period (up to 2040) due to improved 
infrastructural network within the rest of the County and potential for new settlements.  The Towns 
absorbs a large portion of the population growth in the County through increased housing density, 
infilling and new development.  This is further compounded by the prominent tourist industry in the 
Town. 

 

The water demand for Lamu Island in the Design Horizons 2025 and 2040 has been calculated based 
on the projected population and proposed future Land-use.  A summary of the water demand for 
Lamu Island by sub-location in Design Horizons Year 2025 and 2040 is given in Tables 4.3 and 4.4 
below. 

 

 Table 4.3: Water Demand for Long Term Plan Horizon - Year 2025 

 
 

 Table 4.4: Water Demand for Long Term Plan Horizon - Year 2040 

 
  
 

 

 The water demand projection for Lamu Island is shown in Figure 4.1 below. 
 

 
 

Figure 4.1: Water Demand Projection 

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              

Sub-locations
Water Demand (m3/day)

Domestic Health Education Recreational Commercial Industrial Total

Shella 580.5               145.7               42.1                 12.4                 19.4                 33.4                 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              

Sub-locations
Water Demand (m

3
/day)
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5.0 WASTEWATER FLOW PREDICTIONS 

5.1 Design Criteria 
 

The determination of the wastewater flows adopted in the design of the Sewers and Wastewater 
Treatment Plant for Lamu Island has been guided and based on the Standard design criteria 
described in the following sub-sections;  

 

5.1.1 Principal References 
 

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

 

The principal References used to formulate the design criteria for Lamu Island are as follows; 
 

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

¶ Selection and Design Criteria for Sewerage Project, Report No. 9 ς World Health 
Organisation (WHO Report No. 9) 

 

¶ Nairobi City Council ς Sewer Design and Construction - Parameters for Adoptive 
Standards, 1974 (Nairobi City Council Manual) 

 

¶ The Design of Small Bore Sewer Systems by Richard J. Otis and D, Duncan Mara (1985) 
 

¶ Domestic Wastewater Treatment in Developing Countries by D. Duncan Mara (2003) 
 

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

5.1.2 Sewerage Collection System 
 

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

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

¶ Combined Systems: Storm 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 both wastewater flows and storm water 

 

¶ Partially Separate Systems: With these systems, the sewerage collection system is 
designed to carry all the wastewater together with some storm water.  The bulk of the 
storm water is collected in an independent system of pipes and open drains 

From the TOR άNeither CWSB nor the WSPs have the responsibility for the provision or 
maintenance of storm water drainage systems and so the study and review of those facilities is 
not included in this Wastewater Master Plan Study. All sewers shall be designed for separate 
ǎȅǎǘŜƳǎΦέ  
 

In line with the TOR, a separate sanitary sewer system has been proposed for the design of the 
Trunk and Secondary Sewers in Lamu Island. 

  

5.1.3 Sewage Generation 
 

Wastewater collected in the Sewerage System is generated from; 
 

¶ Domestic, institutional and Commercial consumers 

¶ Industrial Effluent 

¶ Infiltration and Inflow into the Sewerage System 
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5.1.3.1  Domestic and Commercial Consumers Sewage Contribution Factor 
 

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

¶ Quantity of water supplied to the building 

¶ Characteristics of the housing type 

¶ Climate with higher losses associated with arid conditions 

¶ Ground conditions with higher losses associated with high ground porosity 
 

Sewage contribution factor varies from 75% to 85% of water supplied, depending on the 
different categories of consumers as outlined in WHO Report No.9 and summarised in Table 5.1 
below. 

  

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

S/No. Category 
Wastewater generated as a Percentage 

of water supplied 

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 figure of 80% for the sewage contribution factor in consideration 
that it has become a standard practice to adopt 80% in the design of Sewerage Systems for other 
Towns in Kenya. 
 

5.1.3.2  Industrial Effluent 
 

Industrial effluent generation varies from industry to industry and therefore, each individual 
factory on a Sewerage System must be considered separately. However, for areas designated 
for future industries whose type is not known, WHO Report No. 9 recommends a rate of 25,000 
l/ha/day. This has been adopted in the Study. 

 

5.1.3.3  Infiltration and Inflow 
 

The design of the sewers is based upon the concept of a separate Sewer System, i.e. sewers that 
are designed to carry only the anticipated sewage flows with only a nominal allowance in the 
pipe capacity for infiltration and storm-water inflow.  If significant amounts of water from these 
ƻǘƘŜǊ ǎƻǳǊŎŜǎ ŀǊŜ ŀƭƭƻǿŜŘ ƛƴǘƻ ǘƘŜ ǎŜǿŜǊǎΣ ǘƘŜƴ ǘƘŜ ǎŜǿŜǊǎ ǿƛƭƭ ōŜ ΨǊƻōōŜŘΩ ƻŦ ǘƘŜƛǊ ŎŀǊǊȅƛƴƎ 
capacities, treatment plants of their process performance capabilities, and the pumping costs, 
where they apply, will increase significantly. 
 

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

 

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

 

For the design of the sewers in Lamu Island, it is intended to use an infiltration allowance that is 
based upon the area contributing to the sewer. This Study adopts the recommendation of 
Nairobi City Council Manual of a constant infiltration rate of 0.0025 l/s/ha within the design 
coverage. 
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Inflow/Splash is defined as the storm water discharged into a Sewer System from above ground 
from such sources as roofs/ yards through inspection chambers within premises, open/loose 
manhole covers, cross connections from storm drains, etc. 

 

In addition to infiltration, Nairobi City Council Manual ŀƭǎƻ ǊŜŎƻƳƳŜƴŘǎ ǘƘŜ ǳǎŜ ƻŦ ŀ ά{ǇƭŀǎƘ 
AlloǿŀƴŎŜέΣ a provision which allows for unavoidable storm water entry and authorised 
drainage of open industrial and commercial areas, i.e. άƛƴŦƭƻǿέΦ  ¢Ƙƛǎ ŀƭƭƻǿŀƴŎŜ ƛǎ ǘŀƪŜƴ ŀǎ ŀ 
percentage of the domestic wastewater flow and ranges from 5% to 30% depending upon the 
predominant housing type i.e. 

 

¶ 30% for low income housing 

¶ 15% for medium income housing 

¶ 10% for high income housing 
 

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

 

5.1.4 Peak Flow Factor and Sewer Capacity 
 

A sewer should be designed to handle the peak sewage flows that occur due to daily, diurnal 
and seasonal fluctuations. A peak factor, which refers to an estimated ratio of maximum to 
average sewage flow, is applied on the average wastewater flow to 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 (DWF-I) + I 
 

Where:  
PDWF = Peak Dry Weather Flow (l/s) 

FR  = Peak Factor 

DWF = Dry Weather Flow (Design Flow) (l/s) 

I  = Infiltration Rate (l/s) 
 

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

 DWF = 3&
   

 Ø 
   

Ȣ
 ) ! !  

 

Where: 
3&  = Sewage Reduction Factor (%) 

0  = Population (no. of persons) 

'  = Water Consumption (litres per person per day) 

3!  = Inflow/Splash Allowance as % of P x G (litres per day) 

%  = Industrial Wastewater Flow (m3 /ha/day) 

!   = Industrial Drainage Area (Ha) 

)   = Infiltration Water Flow Rate (l/sec/ha) 

!   = Domestic Drainage Area (Ha) 
 

The daily peak flow in a sewer is a function of the area contributing to the sewer, which, in turn, 
determines the contributing population and, hence, the size of the pipe.  An increase in the 
contributing area results in a lower peak factor, hence large trunk sewers have lower peaks than 
small branch sewers.   
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Many methods and formulae are used to predict peak factors in sewers.  The factors derived by 
Nairobi City Council in the 1960s, after a comprehensive survey of the Capital City's sewers, are 
shown in Table 5.2 below. 

 

Table 5.2: Nairobi City Council Manual Peak Flow Factors 
 

DWF (litres/sec) Peak Factor 

< 6.0 7.5 

< 12.0 6.6 

< 60.0 5.5 

< 120.0 5.0 

< 600.0 3.8 

> 600 3.1 
 

These Peak Flow factors are considerably higher than those resulting from the empirical 
formulas commonly used. Some of the commonly used formulas are given in Table 5.3 below. 
 

Table 5.3: Common Formulas used to calculate Peak Flow Factor  

Legg Formula, for population < 7,000 Persons ὖὩὥὯ Ὂὥὧὸέὶ
φȢυρ

ὖέὴόὰὥὸὭέὲȢ  

Babbitt Formula, for population < 7,000 Persons ὖὩὥὯ Ὂὥὧὸέὶ
υ

ὖέὴόὰὥὸὭέὲȢ 

Harmon Formula, for population > 7,000 Persons ὖὩὥὯ Ὂὥὧὸέὶρ
ρτ

τ ὖέὴόὰὥὸὭέὲȢ
 

 

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

The empirical formulas adopted in the computation of peak flows for Lamu are as follows; 
 

¶ Babbitt formula for populations less than 7,000 persons 

¶ Harmon Formula for populations greater than 7,000 persons 
 

5.2 Projected Wastewater Flows 
 

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

Based upon the above components and assuming a regular / unsuppressed water supply and full 
water distribution network, the projected wastewater generation for the sub-locations covered 
by Lamu Island has been determined and is given in Table 5.4 below; 
 

Table 5.4: Projected Wastewater Generation up to Year 2040 
 

Study Area Area (Ha) 
Wastewater Generation (m3/d)  

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. This is caused by the limited 
development of water resources to serve Lamu, inadequate water distribution and sewerage 
networks and the prevalent use of on-plot 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 
Tables 5.5 and 5.6 below, have been adopted for the formulation of realistic wastewater 
generation projection for Lamu Island. 
 

Table 5.5: Sewer Connectivity adopted for Realistic Wastewater Generation Projection 
 

Population Category Based on Income Levels  
Sewer Connections 

2021 ς 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% 
 

Table 5.6: Water Supply Status adopted for Realistic Wastewater Generation Projection 
 

Population Category Based on Income Levels  

Water Supply Status as a % of 
Regular Water Supply  

2021 ς 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 5.1 below shows the projected wastewater flows up to Year 2040 for the ideal conditions 
of regular water supply and sewer connection condition (100% Sewer Connections) and the 
realistic conditions of suppressed water supply and gradual implementation of sewer 
connections; 
 

 
Figure 5.1: Projected Wastewater Flows up to Year 2040 

 

From Figure 5.1 above, the projected wastewater generation, based on the realistic conditions 
of suppressed water supply and gradual implementation of sewer connections, in the Years 2025 
and 2040 is 1,400 m³/day and 4,600 m³/day respectively.  
 

The design of Wastewater Treatment Plant and Sewerage System have been based on the 

wastewater flow generation determined from the realistic conditions of suppressed water 

supply and projected build-up of sewer connections. 

Medium-Term 
Plan Horizon 

Long-Term Plan 
Horizon 
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6.0 DESIGN CRITERIA FOR SEWERAGE SYSTEM AND WASTEWATER TREATMENT 
PLANTS 

6.1 Design of Sewers 
 

6.1.1 Minimum Size of Sewer 
 

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

This recommendation is comparable to that of WHO Report No. 9; 225mm minimum diameter 
for Trunk and Branch Sewers and 100mm ς 150mm for Property Drains. 
 

To reduce the tendency of blockages, 200mm diameter has been adopted as a minimum sewer 
size for Lamu Sewerage System. However, at the upper ends of sewer lines, the expected flows 
would not achieve self-cleansing velocities except at rather steep sewer gradients. Thus, 150mm 
diameter sewers shall be adopted in the upper lengths of the sewers to alleviate this situation. 
 

6.1.2 Hydraulic Design Criteria 
 

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

¶ Colebrook-White Formula:  The Darcy Weisbach Formula, combined with the Colebrook 

White formulation of the friction factor, has long been regarded as the formula that closely 

relates both pipeline theory and observed pipeline losses. The main disadvantage is the 

cumbersome iterative calculations necessary for its solution. However, with the advent of 

computers and published Design Charts this limitation has been overcome and the formula 

universally used as the basis for most computer programs used in the design of sewers. 
 

¶ Manning Equation: The Manning equation is widely used because of its simplicity.  Although 

it is empirical, it gives an accurate answer, given the uncertainties associated with the flows 

generated (population projections, connected population, water consumption per person, 

etc.). The formula is as follows: 

6
2Ȣ Ø 3Ȣ

Î
 

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

Table 6.1 below shows the MŀƴƴƛƴƎΩǎ tƛǇŜ ǊƻǳƎƘƴŜǎǎ ŎƻŜŦŦƛŎƛŜƴǘǎ ŦƻǊ ŘƛŦŦŜǊŜƴǘ ǇƛǇŜ ƳŀǘŜǊƛŀƭǎ ŀƴŘ 
diameters.  
 

Table 6.1Υ CǊƛŎǘƛƻƴ CŀŎǘƻǊ ŦƻǊ aŀƴƴƛƴƎΩǎ CƻǊƳǳƭŀ 

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, manning equation has been adopted for the design of gravity sewers. It has been 
complimented by Design Tables and Charts for the Colebrook-White Equation, developed by the 
Hydraulic Research Station in UK. 
 

6.1.3 Self-Cleansing Gradients and Velocities 
 

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

A minimum velocity is required in a sewer to ensure settling of solids do not occur. A velocity of 
лΦтр Ƴκǎ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǘƘŜ ΨǎŜƭŦ-ŎƭŜŀƴǎƛƴƎΩ ǾŜƭƻŎƛǘȅ ǘƘŀǘ ǿƛƭƭ ƪŜŜǇ ǎƻƭƛŘǎ ƛƴŎƭǳŘƛƴƎ ǎƛƭǘ ƛƴ 
suspension. It is important that this velocity is achieved at least once a day. This is ensured by 
laying sewers at a gradient that will give a velocity of 1.0 m/s at full bore flow. The Nairobi City 
/ƻǳƴŎƛƭΩs Adoptive Standards recommends that velocities in sewers should exceed 0.75m/s when 
flowing full. 
 

Sewer velocity is more important in tropical climates such as in Lamu Island since it has been 
noted that at high temperatures, increased biological activity rapidly reduces the dissolved 
oxygen content of the sewage and can result to build-up of hydrogen sulphide gas. Without 
oxygen, sulphate reducing bacteria break down the sulphates always present in sewage and 
hydrogen sulphide gas is produced which turns into sulphuric acid. Hydrogen sulphide gas is 
known to cause odour and corrosion problems. A velocity of 1.0 m/s is considered necessary in 
tropical climates, (WHO Sectorial Report No 9) to deal with this problem.  
 

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

In areas where ground slopes are flat, the adoption of a minimum velocity of 1.0m/s places a 
severe constraint on the design of the upper reaches of systems due to the steep gradients 
required. Thus, flatter gradients have been adopted to decrease the resultant sewer depths and 
to reduce the number of pumping stations. Regular flushing of sewers should be 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 and Sanitation Services in 
Kenya (2008) explains that maximum flow velocities were previously specified to reduce 
possibilities of erosion in the pipe internal linings through scouring effects. Such effects were said 
to occur at flow velocities exceeding 4.0 m/s. But studies have shown that erosion effects 
observed at velocities greater than this threshold value are minimal and hence no upper limit of 
flow velocity is recommended. 
 

The following velocity guidelines have been adopted in the design: 
 

¶ Minimum velocity at peak flow     0.75 m/s 

¶ Minimum velocity in exceptional circumstances  0.6 m/s 

¶ Maximum velocity     3.0 m/s 

¶ Maximum flow in exceptional circumstances   6.0 m/s 
 

6.1.4 Sulphide Generation 
 

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

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

¶ Dissolved oxygen concentration 

¶ Velocity of flow ς at low velocity, anaerobic conditions result through silt and sludge 

accumulation. Natural oxygen recovery from the atmosphere is also low at low velocities 

¶ Temperature ς sewer corrosion is more frequent and intensive in in warm climates as 

compared to temperate areas 

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

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

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

6.1.5 Ventilation of Sewers 
 

Sewers must have adequate ventilation to: 
 

¶ Remove odorous gases released from the sewage 

¶ Remove explosive and poisonous gases produced in the sewage 

¶ Maintain adequate supply of oxygen in sewers and prevent hydrogen sulphide 

generation 
 

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

6.1.6 Depth of Sewers 
 

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

 

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

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

Table 6.2:  Minimum Sewer Depths and Pipe Protection 
 

 Depth Range Pipe Protection 

In Open Spaces 
0 - 750 mm Concrete bed & surround or granular bed & surround 

Over 750 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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The depth of sewers in Lamu Island has been dictated by the constructability of soil conditions 
given the flat topography, loose sandy soils, depth of the water table and economic 
considerations.   
 

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

6.1.7 Manhole Spacing and Sizes 
 

Manholes permit the inspection and cleaning of sewers and the removal of blockages. They 
should be provided on sewers at all changes of direction, sewer change of gradient, at every 
junction, where pipe size changes and generally throughout the sewerage system at intervals 
sufficiently close to ease sewer cleaning. 
 

Manhole spacing and size for the various sewer pipe diameters have been adopted based on the 
guidelines of the Nairobi City Council Manual as shown in Table 6.3 below. 

  

Table 6.3: Guideline to manhole diameter and spacing 
 

Sewer Pipe Size (mm) Manhole Spacing (m) Manhole Diameter (mm) 

225 - 375 

450 - 600 

675 ς 900 

Greater than 900 

60 

80 

100 

100 

1050 

1200 

1500 

1500 
 

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

6.1.8 Pipe Materials 
 

The choice of pipe material is influenced by: 

¶ Hydraulic and structural design; in consideration of whether it is gravity or forced sewer  

¶ Resistance to chemical and biological processes internally and externally e.g. Corrosion 

¶ Physical properties of the pipe material i.e. strength (to prevent abrasion) 

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

¶ Availability of required sewer diameters and necessary fittings 

¶ Cost of materials and installations 
 

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

i. Pre-cast Concrete Pipes 

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

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

Rigid jointed pipes are rarely used for sewers. They are connected using tarred hessian and 
cement mortar. Ogee jointed pipes, commonly used for surface water drainage systems, are 
available in sizes from 100 mm to 1525 mm diameter. 
 

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

Larger sizes and higher strength classes can be manufactured on order. 
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The disadvantages of using concrete pipes include their high friction coefficient and 
susceptibility to corrosion due to the generation of hydrogen sulphide gas especially at high 
ambient temperatures and long retention time.  
 

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 KS 06-149 and both rubber ring jointed and 
cement jointed pipes are available.  
 

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

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

iii. HDPE Pipes 

HDPE pipes are ideal for many different applications including municipal, industrial, energy, 
geothermal, landfill and more. HDPEs pipe are strong, durable, flexible and light weight. When 
fused together, HDPE has a zero-leak rate because the fusion process creates a monolithic 
HDPE system. HDPE pipes are also a more environmentally sustainable option as they are non-
toxic, corrosion and chemical resistant, have long design life, and are ideal for trenchless 
installation methods owing to their flexibility. 

  

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

  

iv. Steel Pipes 

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

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

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

Considering performance, 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 pipes are inevitable for aerial river 
crossings, pumping mains, high impact resistance and bridging ability; either spun iron or mild 
steel pipes can be used. Standardisation of pipe materials and fittings within the jurisdiction 
of LAWASCO has also been considered.  
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The Gravity Sewers for Lamu Island will consist of HDPE/ uPVC pipes and socket & spigot 
concrete pipes while Pumping Mains will comprise of Steel Pipes. Shallow sewer sections or 
those laid on road crossings shall consist of flexible jointed concrete pipes protected with 
reinforced concrete raft slab. 
 

6.1.9 Property Connections 
 

As the designed Sewer Network will comprise Trunk Sewers and Secondary Sewers, only those 
properties that are adjacent to the sewers will easily / directly connect. Other properties will need 
to be connected, either by L!²!{/hΩǎ ǘŜǊǘƛŀǊȅ ǎŜǿŜǊǎ ƻǊ ōȅ ƛƴŘƛǾƛŘǳŀƭ Ǉƭƻǘ ƻǿƴŜǊǎΦ  Lǘ ƛǎ ƴƻǘ 
feasible at the construction stage to allow for all individual property connections, but, wherever, 
possible, 160 mm diameter Y-junctions shall be provided on the secondary sewers to facilitate 
connections. 

 

6.2 Design of Sewage Pumping Stations 
 

6.2.1 Sewage Pumps 
 

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

 

As per the Final Practice Manual for Sewerage and Sanitation Services in Kenya (MWI, 2008), the 
following types of pumps are considered most suitable for sewage works in Kenya: - 
 

i. Solids diverters (flows of 360 l/min or less), 
ii. Submersible pump-sets incorporating centrifugal pumps (450 - 2,500 l/min), 
iii. Centrifugal pumps (2,500 ς 18,200 l/min), 
iv. Mixed -flow pumps (above 18,200 l/min). 

 

However, where the public can be excluded, screw pumps are considered suitable for sewage 
άƭƛŦǘέ ǎǘŀǘƛƻƴǎΦ Wherever electricity is available, it is recommended that pumps be driven by 
electric motors; elsewhere, diesel engines are considered the better alternative type of prime 
mover. 
 

Apart from solids diverters, submersible pump-sets and screw pumps, it is recommended that all 
sewage and sludge pumps should be protected against blockage by screens; for the smallest 
pumps, 40 mm clear opening screens are required, but 100 mm openings are suitable for the 
larger centrifugal and mixed-flow pumps. 
 

6.2.2 Sewage Pumping Stations 
 

¢ƘŜǊŜ ŀǊŜ ǘǿƻ ōŀǎƛŎ ǘȅǇŜǎ ƻŦ ǎŜǿŀƎŜ ǇǳƳǇƛƴƎ ǎǘŀǘƛƻƴǎΣ άƭƛŦǘέ ǎǘŀǘƛƻƴǎ ŀƴŘ ǎǘŀǘƛƻƴǎ ǿƘƛŎƘ ŘƛǎŎƘŀǊƎŜ 
into pumping mains. In the lift station, sewage is merely raised from a low to a higher level, for 
subsequent gravity flow. 
 

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

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

Sewage pumping stations can be broadly classified as follows; 
 

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

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

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

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

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

Dry Well Stations 
 

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

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

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

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

Packaged Pumping Stations 
 

These self-contained, factory-built units are recent development. They operate by electricity and 
are fully automated. Usually, a unit is installed underground and comprises pumping sets 
enclosed in a protected steel substructure. Most are designed as Dry Well stations except that 
electric motors are usually close-coupled to vertical pumps so that they are also at bottom. 
 

6.2.3 Siting of Sewage Pumping Stations 
 

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

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



Water and Sanitation Service Improvement Project ς Additional Financing (WaSSIP - AF) FINAL MASTER PLAN REPORT 

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

 

MIBP/ CES/ BOSCH 6-8 

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

6.2.4 Capacities of Sewage Pumping Stations Components 
 

Pumping and Station Capacities 
 

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

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

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

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

Stand-by Units 
 

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

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

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

Wet Wells and Sewage Sumps 
 

The rate of inflow to Sewage Pumping Station normally varies throughout the day. As the installed 
pump-sets will each have finite capacities, rather than variable, a sewage sump providing storage 
is required to deal with the inflow fluctuations; in the case of Wet Well type of pumping station, 
ǘƘŜ ǘŜǊƳǎ άWet WŜƭƭέ ŀƴŘ ά{ŜǿŀƎŜ SǳƳǇέ ŀǊŜ synonymous. 
 

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

A Sewage SǳƳǇΩǎ ŎŀǇŀŎƛǘȅ ǎƘƻǳƭŘ ōŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǊŀǘŜ ƻŦ ƛƴŦƭƻǿ ŀƴŘ ǘƘŜ ǇǳƳǇ ŎŀǇŀŎƛǘƛŜǎΣ ǘƻ 
reduce wear on the mechanical and electrical equipment in the station by minimizing the number 
of pump starts. 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 too large, sewage will tend to become anaerobic 
during its retention. 
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It is recommended that the capacity of the sewage sump in a Pumping Station be calculated 
following the formula given below; 
 

V =300Q 
 

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

 

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

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

6.3 Design of Wastewater Treatment Plants 
 

6.3.1 Selection Criteria for Treatment Process / Technology 
 

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

 

i) Nature and Strength of Wastewater 

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

ii) Cost 

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

To simplify the evaluation process for the various treatment technologies, the Consultant 
calculated the dynamic unit cost as average cost/m³ of wastewater treated for different 
treatment technologies as summarised in Figure 6.1 below;  

 

 
 

Figure 6.1: Capital cost for different wastewater treatment technologies 
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iii) Physical Constraints - Land 

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.  
 

Figure 6.2 below shows the land requirements for the various treatment technologies. 
 

 
Figure 6.2: Land Requirements for the various Treatment Technologies  

 

iv) Operational Skills 

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

 

v) Sludge Production 

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

vi) Energy Recovery 

Methane gas is usually generated during wastewater treatment process. Some 
wastewater treatment technologies such as the Activated Sludge has a dominant 
anaerobic digestion process involving sludge which produces substantial amounts of 
methane. Energy production can also be achieved through direct incineration of sludge. 
 

It is ideal to collect and utilize the produced methane gas for the generation of power and 
thereby reduce the cost of energy at the WWTP. However, this is only economically and 
financially viable for treatment technologies with high calorific value in sludge and 
methane gas. 
 
 

vii) Fertilizer Recovery 

The presence of nutrients such as nitrogen, phosphorous and potassium makes sludge a 
valuable fertilizer resource after stabilization. Natural and mechanical composting can be 
practised for conversion of sludge into fertilizer. 
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viii) Sludge Handling 

In the absence of energy and fertilizer recovery, generated sludge (mostly liquid) must be 
disposed of in a safe and sound manner to the public and environment at the Sludge 
Dump Site. Dewatering of sludge by use of Sludge thickeners, Sludge Drying Beds, etc. 
prior to transportation is necessary. 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 Wastewater 
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 selection of the Sludge Dump Site have been carried out based on 
following key factors: 
 

¶  Topography of the land and its potentials for erosion and runoff 

¶ Soil Characteristics  

¶  Soil depth to ground water 

¶  Accessibility & proximity to critical areas 

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

x) Mechanical Equipment 

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

xi) Nuisance 

The degree of colour, odour and noise shall be below the nuisance thresh-hold, especially, 
regarding the proximity of the Wastewater Treatment Plant to the build-up areas. 
 

6.3.2 Alternative Wastewater Treatment Processes / Technologies   
 

The following biological Wastewater Treatment Technologies have been analysed in detail using 
the criteria listed in Sub-section 6.3.1: 
 

i) Waste Stabilization Ponds 

 
 

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

 

There are three principal types of WSP: anaerobic, facultative and maturation ponds 
which are linked in series. Anaerobic ponds and facultative ponds are designed for BOD 
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(biochemical oxygen demand) removal, and maturation ponds are designed for faecal 
bacterial removal. Some removal of faecal bacteria (especially of Vibrio cholerae) occurs 
in anaerobic and facultative ponds, which are also responsible for most of the removal of 
helminth eggs; and some removal of BOD occurs in maturation ponds, which also remove 
some of the nutrients (N and P).  

 

A typical layout of Waste Stabilization Pond is given in Figure 6.3 below; 
 

 

 
Figure 6.3: Layout of Waste Stabilization Ponds 

  

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

 

ii) Trickling Filters 

 
 

A trickling filter is a fixed-bed, biological reactor that operates under (mostly) aerobic 
conditions. Pre-ǎŜǘǘƭŜŘ ǿŀǎǘŜǿŀǘŜǊ ƛǎ Ŏƻƴǘƛƴǳƻǳǎƭȅ ΨǘǊƛŎƪƭŜŘΩ ƻǊ ǎǇǊŀȅŜŘ ƻǾŜǊ ǘƘŜ ŦƛƭǘŜǊ 
using sprinkler as shown in Figure 6.4 below.  

 
Figure 6.4: Sectional View of a Circular Biofilter  

   

As the water migrates through the pores of the filter, organics are degraded by the 
biofilm covering the filter material. They produce high quality effluents (e.g.  <20 mg 
BOD/l and <30 mg SS/l) without requiring large areas of land or consuming vast quantities 
of electricity. In many situations in developing countries they are much more appropriate 
than activated sludge. Trickling Filters comprise a 2ς3 m deep bed of 50ς100 mm rock. 
 

The trickling filter is filled with a high specific surface area material, such as rocks, gravel, 
shredded PVC bottles, or special pre-formed plastic filter media. A high specific surface 
provides a large area for biofilm formation. Organisms that grow in the thin biofilm over 
the surface of the media oxidize the organic load in the wastewater to carbon dioxide 
and water, while generating new biomass. 
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The advantages of trickling filters are; 

¶ High quality effluents at small footprint & less electricity 

¶ Efficient nitrification 

¶ Operation at a range of organic and hydraulic loading rates 
 

The disadvantages include; 

¶ High capital costs  

¶ Skilled personnel for operation and maintenance, 

¶ Constant source of electricity and wastewater flow 

¶ Problems associated with flies and odour 
 

iii) Oxidation Ditch / Extended Aeration 

 
 

Oxidation ditches are a direct modification of conventional activated sludge. Their 
essential operational features are that they receive raw wastewater (after preliminary 
treatment) and provide longer retention times: the hydraulic retention time is commonly 
0.5 ς 1.5 days and that for the solids 20 ς 30 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 oval in plan and 
2ς3 m deep.  
 

The ditch liquor is aerated by several aerators, which impart a velocity to the ditch 
contents of 0.3 ς 0.4 m/s to keep the activated sludge in suspension. The ditch effluent 
is discharged into a secondary sedimentation tank to permit solids separation and sludge 
return and to produce a settled effluent with low BOD and SS. Removals consistently >95 
per cent are obtained for both BOD and SS.  
 

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

 

The advantages of Oxidation ditches include; 

¶ Resistance to organic and hydraulic shock loads 

¶ High reduction of BOD and pathogens (up to 99%) 

¶ High nutrient removal possible 

The limitations / disadvantages of using oxidation ditches include; 

¶ High energy consumption 

¶ Constant supply of energy 

¶ High capital and operating costs 

¶ Require operation and maintenance by skilled personnel 
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iv) Sequencing Batch Reactor (SBR) 

 
 

The Sequencing Batch Reactor (SBR) is an activated sludge process designed to operate 
under non-steady state conditions. An SBR operates in a true batch mode with aeration 
and sludge settlement both occurring in the same tank. The major difference between 
SBR and conventional continuous-flow activated sludge system is that the SBR tank 
carries out the functions of equalization aeration and sedimentation in a time sequence 
rather than in the conventional space sequence of continuous-flow systems thus smaller 
footprint (see Figure 6.5 below).  
 

 
Figure 6.5: Schematic Showing SBR operational cycle 

 

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

SBRs require controls to reduce energy 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 unique combination of equipment and software. Working with 
automated control reduces the number of operator skill and attention requirement. 

   

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

 

v) Sub-marine Outfall  
 

This is a submarine pipeline or tunnel that discharges wastewater under the sea surface. 
In the case of municipal wastewater, effluent is often being discharged after having 
undergone no or only primary treatment, with the intention of using the assimilative 
capacity of the sea for further treatment. 

 

The main advantages of marine outfalls for the discharge of wastewater include: 

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

¶ Ability to keep the sewage field submerged due to deep discharge points 

¶ Greater die-off rate of pathogens due to the greater distance they should travel to 
shore 

¶ Less expensive than advanced wastewater treatment plants i.e. not energy-
intensive 

https://en.wikipedia.org/wiki/Wastewater_treatment
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For effective operation of outfall and its diffusers, preliminary treatment of wastewater 
is important. The combined capital and operation cost of preliminary treatment is about 
one tenth that of conventional biological treatment and require much less land. 
 

However, sub-marine outfalls for partially treated or untreated wastewater remain 
controversial. The design calculation and computer models for pollution modelling 
have been criticized, arguing that dilution has been over-emphasized and that other 
mechanisms work in the opposite direction, such as bioaccumulation of toxins, 
sedimentation of sludge particles and agglomeration of sewage particles with grease.  

 

Outfall materials include polyethylene, stainless steel, carbon steel, glass-reinforced 
plastic, reinforced concrete, cast iron or tunnels through rock. Common installation 
methods for pipelines are float and sink, bottom pull and top pull. 

 

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

¶ Maturation Ponds 

¶ Chlorination 

¶ Sea outfall 
 

Preliminary Treatment 
 

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

Wastewater contains large solids and grit that can interfere with treatment processes through 
accumulation of solids, frequent blockages, abrasion of mechanical parts and increased 
maintenance on wastewater treatment equipment. To 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 preliminary treatment processes are briefly described below; 
 

a) Screening 
 

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

 

Manually cleaned screens require little or no equipment maintenance and are suitable 
for small WWTPs with few screenings. However, they require frequent raking to avoid 
clogging and high backwater levels that cause build-up of solids mat on the screen. The 
increased raking frequency increases labour costs.  

 

Mechanically cleaned screening systems are popular in modern WWTPs because they 
reduce labour costs and improve flow conditions 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 WWTPs. Coarse screens 
remove large solids, rags, and debris from wastewater, and typically have openings of 
6mm or larger. Fine screens are used to remove materials that may create operation and 
maintenance problems in downstream processes, particularly in systems that lack 
primary treatment. Typical opening sizes for fine screens are 1.5 to 6 mm 

https://en.wikipedia.org/wiki/Bioaccumulation
https://en.wikipedia.org/wiki/Toxins
https://en.wikipedia.org/wiki/Sedimentation
https://en.wikipedia.org/wiki/Sludge
https://en.wikipedia.org/wiki/Flocculation
https://en.wikipedia.org/wiki/Fat
https://en.wikipedia.org/wiki/Cast_iron


Water and Sanitation Service Improvement Project ς Additional Financing (WaSSIP - AF) FINAL MASTER PLAN REPORT 

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

 

MIBP/ CES/ BOSCH 6-16 

b) Grit Removal 
 

Grit includes sand, gravel, cinder, or other heavy solid materials that have higher specific 
gravities than the organic biodegradable solids in the wastewater. Removal of grit 
prevents unnecessary abrasion and wear of mechanical equipment, grit deposition in 
pipelines and channels, and accumulation of grit in anaerobic digesters and aeration 
basins. Removal of grit is carried out in a channel or chamber, where the velocity 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 secondary treatment plants 
without primary clarification, grit removal should precede aeration (Metcalf & Eddy, 
1991). 

 

Many types of grit removal systems exist, including; 
o Aerated grit chambers 
o Vortex-type (paddle or jet induced vortex) grit removal systems 
o Detritus tanks (short-term sedimentation basins) 
o Horizontal flow grit chambers (velocity-controlled channel)  
o Hydrocyclones (cyclonic inertial separation)  

 

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

 

c) Flow Control and Overflow 
 

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

 

A summary of the descriptive comparison of the above wastewater treatment technologies / 

processes is given in Table 6.4 on Page 6-17.  
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Table 6.4: Descriptive Comparison of Wastewater Treatment Technologies / Processes 
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6.3.3 Identification of site for the Wastewater Treatment Plant (WWTP) 
 

The location of the proposed 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 also considered. 
 

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

i. Land-Use 
 

In the Land-use Map, different areas of Hola Town have been assigned varied existing and 
proposed uses. Areas earmarked for residential, industries, agriculture, forests and social 
amenities are considered less suitable for the location of a Wastewater Treatment Plant (WWTP). 
On the other hand, public utility or undeveloped Agricultural Land located away from the 
sensitive residential areas are preferred. 
 

ii. Distance of Effluent Discharge Point 
 

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

iii. Topography of the Sewered Area  
 

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

iv. Topography of Site 
 

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

v. Geological Conditions 
 

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

More often, the geological formation within a Town is fairly similar. For instance, all the candidate 
sites in Hola Town comprise of a mixture of well drained, deep, dark red to reddish brown, friable, 
sandy clay loam to sandy clay, with top soil of loamy sand and well drained, very deep, yellowish 
red, very friable, fine sandy loam to fine sandy clay loam. These soils are suitable for WWTP 
(Waste Stabilization Ponds) construction. 
 

vi. Existing Infrastructure 
 

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

vii. Potential for reuse of treated wastewater 
 

Treated wastewater can be reused for beneficial purposes such as agricultural irrigation, 
industrial processes, ground water recharge, etc. Proximity to the potential re-use application 
and relative elevation difference (for gravity conveyance) is preferred in siting of WWTP. For 
instance, downstream arable land would make a WWTP site ideal for agricultural irrigation. 
 

viii. Land Acquisition 
 

In this criterion, preference is given to sites owned by government agencies such as Ministries, 
County Governments, etc. This ensures that the project affected persons are kept to a minimal 
and reduces the cost of resettlement and compensation 
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7.0 FORMULATION OF ALTERNATIVE DEVELOPMENT STRATEGIES 
 

7.1 Delineation of Drainage Areas  
 

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

A total of eighteen (18) drainage areas have been formulated in the study area of Lamu Island.  
 

Based on the projected land use, projected population and projected water demand (including 
suppressed conditions) as detailed in the previous Chapters, the sewage generated (Dry Weather 
Flow) in the various design horizons by Drainage area including BOD5 is given in Table 7.1 below. 

Table 7.1: Summary of Sewage and BOD5 Generated per Drainage Area 
Drainage Area 

No. 
Coverage 

(Ha) 
Year 2025  Year 2040 

  DWF (m3/d)  BOD5 (mg/l) DWF (m3/d)  BOD5 (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 

Total 709.4 1,400  - 4,600  - 
 

The Projected Dry Weather Flow for the study area of Lamu Island at the Design Horizon (Year 
2040) is approximately 4,600 m³/day.  
 

A layout Plan showing these drainage areas is given in Figure 7.1 on Page 7-2. 
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Figure 7.1: Proposed Drainage Areas 






















































































































































































































