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EXECUTIVE SUMMARY

EL GOALS AND OBJECTIVES OF THIS STUDY
D2l fa IyR 202S0GA0Sa NS RSTFAYSR Ay (KS ¢2w ¢
is to identify a sound and rational strategy for the deyelent of sewerage services in Mombasa

and selected Towns over the next twerftye (25) years to improve the quality of effluent to
NAODBSNEX LYRAIFY hOSIFYy YR 3INRBdzyRgl GSNI FYyR (2

The key objective of the propodeMaster Planfor Ukundais to come up with a phased
investment programme for Immediate / Short Term Plan (22620), Medium Term Plan (2021
¢ 2025), Long Term Plan (20262040) and recommend a treated effluent disposal / reuse
strategy for the effluenhin Ukunda

B OBJECTIVES OF THIS REPORT

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

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 ofAlternative Wastewater Management Strategies

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

Descriptionof Selected Wastewater Management System Development Strategy
Investment and Financial Management Plan

Proposed Implementation / Development Schedule

Conclusion of Master Plan

=A =4 =4 4 =4

=A =4 =4 =

B3 STUDY AREA AND DEMOGRAPHY

Ukundais located within Kwale County at the atal region of Kenya, approximately 30km
southwest of Mombasa Town and 72km from the Kenyanzania border at Lunga Lungjas
the largest urban centre in the South Coastl hasa predominant trading and tourism activities.

The Study Area comprise$ four sublocations and makes up approximately 37% of the entire
Ukunda coverage. The current (year 2016) population of the study area is approximately 72,000.

The suHocationsforming Ukunda ad total cverage areass well as the Study Arésagivenm
Table2.1below;

Table0.1: Sublocations and Study Area

Sublocations Total Area(km?) Coverage in the Study Area (km?
Gombato 10.8 10.7
Ukunda 24.6 194
Bongwe 44.2 2.0
Mkoyo 17.5 3.7
Total 97.1 35.8

Figure Ebn E2 shows the coverage of the Study Area of Waste Water Master Plan for Ukunda.
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FigureE1l: Study Area of Waste Water Master Plan for Ukunda

The analysis of previous demographic data obtained f@emtral Bureau of Statistics (CBS)
indicates that he average annual growth rate for the Study Area in the intercensal period of 1999
- 2009 is3.91%. This growth rate icomparable to tlesereported inthe neighbouring Urban
Centres with comparable soce&conomic status (34%) and is exped toincreasewith time as

the implementation of the proposed infrastructural developments take pladékinnda.

The future population of the study Area has been projected based on a medium growth rate
scenario with annual population growth raiecreasing from4.0%in 2015 to4.4% in 2040

A summary of the projected population of the Study Area is giv@mlle Edelow.
TableE2 Summary of Population Projection within the Study Area

. Population Growth Rates
Sublocations 2009Pop.
2015 2020 2025 2040
- 4.0% 4.2% 4.3% 4.4%
Gombato 24,379 30,847 37,802 46,659 89,010
Ukunda 29,888 37,818 46,344 @ 57,202 109,124
Bongwe 475 601 737 910 1,736
Mkoyo 1,905 2,410 2,953 | 3,645 6,954
Total 56,647 71,676 87,836 | 108,416 206,823
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WATER DEMAND FORECAST

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

Figure E2below shows the water demand projection for Ukunda up to the Ultimate Design
Horizon (year 2040).

30,000

25,000 -~
_—

20,000 //
15,000 —

10,000 ]

5,000

Water Demand (m3/day)

2015 2020 2025 2030 2035 2040
Year

FigureE2 Water Demand Projection
WASTEWATER FLOW PREDICTIONS

The total watewater 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, tbggted
wastewater flow forlUkundain the year 2040is approximately22,274 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 necedsjtéitailed 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 oiM8e Connectivity and Water Supply, given in
Tables E3 and E4 below, have been adopted for the formulation of realistic wastewater
generation projection fodkunda

TableE3 Sewer Connectivity adopted for Realistic Wastewater Generation Projection

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

TableE4 Water Supply Status adopted for Realistic Wastewater Generation Projection

Water Supply Status as a % of
Population Category Based on Income Levels Regular Water Supply
2021¢ 2030 2031-2040
High Income 50% 80%
Medium Income 50% 80%
Low Income with Indidual Water Connection 50% 80%
Low Income without Individual Water Connection 50% 80%
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Figure Edelowshows the comparative projected wastewater flows ftkundaup to Year 2040

under the Ideal condition (Regular Water Supply, Extensive Water Disbrnb#ti 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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FigureE3 Projected Wastewater Flowsp to Year 2040

FromFigureE3above 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 i$,400 m3/dayand 18,100 m3/dayrespectively.

The design of Wastgater Treatment Plantand Sewerage System havseen based on the
wastewater flow generation determined from the realistic conditions of suppressed water
supply and projected builelp of sewer connections

B ALTERNATIVE WASTEWATERAGEMENT STRATEGIES

The Final Wastewater Master Plan for Ukunda 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 effints. However, this lonrterm sanitation
strategy is not planned for immediatmplementation

In consideration of the current sanitation systems and the growing sanitation nesds,
immediate intervention isurgently required. Thusimmediate SanitatioMeasures have been
developed. These easuresncludeconstruction of6Nr Ablution Blockst selected public places
anda centralized Sludge Handling Facility

The definite topography of Ukunda hdsnited the feasiblesite for the development of
Wastewaer Treatment Plant to a single low point at Kinondo, located approximately 14 km south
of the coreurban area of UkundarThis site has been selected after evaluation of pertinent
physical, environmental and economic considerations including the ease Wit wastewater
generated from Ukunda can be conveyed by minimal pumping to the site, land availability in this
un-developed area and its safe distance from the bujitareas.
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As a longerm strategy, two alternative Wastewater Management Schemes haven be
formulated for Ukunda and are briefly described below;

a. Alternative 1:Centralized Scheme with a Wastewater Treatment Plant (WWTP) at
Kinondo area

b. Alternative 2: Centralized Scheme with Preliminary Treatment @hi$nondo areand
a Long Sea Outfall

The location of the proposed site for Wastewater Treatment Plantsratnido as formulatedn
the Alternative Wastewater Management Schemes is showFignire Edelow;,

UKUNDA TOWN
DRAINAGE AREAS
[y

Consulting Engineer:

MIBP

In Azsaciation Vith:

(e, BOETH 2040 DESIGN HORIZON

3
Kilometers

FigureE4 Location of the Proposed Waste Water Treatment Site

A summary of théwo Alternative $hemes for Ukunda is givenTiableEs below.

TableES Details of theAlternative Wastewater Management Schense

Conveyance System Wastewater Treatment Plants
Alternative Secondary and.  No. of Design Land Required
Scheme Trunk Sewers . Pumping : Location: Capacity : Treatment Technology (Ha?
(km) Stations (m?3/day)
1 80 6 Kinondo 18,100 Waste Stabilization 45
Ponds
. Preliminary Treatment
2 80 7 Kinondo 18,100 and Long Sea Outfall 0.6
MIBP/ CES/ BOSCH E5
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MULTICRITERIA ANALYSIS AND REVIEW OF DEVELGPRENGIES

In the Multicriteria Analysis, alternative treatment trains and schemes have been evaluated to
determine the most suitable wastewater treatment scheme for Ukunda.

A summary of the weighted totals for the Alternative Wastewater Treatmenn3riai given in
TableE6below.

Table E6:Weighted Totals for the Alternative Wastewater Treatment Trains

Simpllicity &) M Environmental Land Institutional | Weighted
Operations and ;| Present - Rank
. Impacts Requirement:  Strength Total
Maintenance Value
Waste
Sabilization 0.486 0.549 0.503 0.047 0.499 0.484 1
Ponds
composite 0.109 0.266 0.256 0.090 0.102 0.199 3
Biofilters
Composite
Oxidation Ditches 0.109 0.116 0.101 0.187 0.068 0.106 4
Long Sea Outfall 0.297 0.069 0.140 0.676 0.331 0.211 2

Similarly, asmmary of theweighted totals for the Alternative Schemes developed for Ukunda is
given inTableE7below.

Table E7:Weighted Totals for the Alternative Schemes

Slmph(_:lty 2 Net Environmental RIS Land Land | Weighted
Operations & Present for o Rank
) Impacts Acquisition: Use Totals

Maintenance: Value Reuse

Centralized

Scheme with 1 0.126 0.112 0.199 0.044 0.057 0.044 0.580 1

Nr WSP System

Centralized

Scheme with 0.063 0.037 0.099 0.006 0.170 0.044 0.420 2

Long Sea Outfal

From the Multicriteria Andysis, the CentralizetVastewater Treatment Plant at Kinondo site
comprising of Waste Stabilization Ponds System is the most suitable Wastewater Management
Scheme and iselectedfor Ukunda Sanitation Strategy

Table B below gives a summary of the detadf the selectedVastewater Management Scheme
for Ukunda

TableES8 Details of recommended Wastewater Management Scheqi€entralized Scheme

Alternative Conveyance System Wastewater Treatment Plant
Secondary and = No. of Pumping . Treatment Land
Scheme
Trunk Sewers (km Stations Sl Technology Required (Ha)
1 80 6 Kinondo Waste Stabilization 45
Ponds

PROJECT CO$IIR SELECTED DEVELOPMENT STRATEGY

The Capital Cost of thecommendedWastewater Management Scheme fdkundahas been
worked outon the following basis;

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

b) The Cost of Civil Works constitute the following fraction of the components total costs;
1 Wastewakr Treatment Plant 95%
1 Pumping Statiog 60%
1 Sewers; 100%

MIBP/ CES/ BOSCH E6



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

A SIimmary of the Capital Costs for the recommended Scheme is givieabla Edelow;

Table E9 Capital Costs for thRecommendedscheme

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

1 Land Acgisition 225,000,000 2,184,466

2 Civil Works 3,402,001,032 33,029,136
2.1  Wastewater Treatment Plant 1,733,217,985 16,827,359
2.2  Pumping Stations 52,509,631 509,802
2.3  Sewers 1,616,273,416 15,691,975
3 ElectroMechanical Works 126,228,420 1,225519
3.1 | Wastewater Treatment Plant 91,221,999 885,650
3.2 | Pumping Stations 35,006,420 339,868
Total Capital Cost 3,753,229,452 36,439,121

A summary of the Phased Investment cost fdhe Wastewater Management Scheme
recommended fois given inTables E10andEllbelow;

TableE1Q Costs for MediurdTerm Plan (Year 20202025)

S/No. Component Cost (Kshs) Costs (USDY!
1 Land Acquisition 225,000,000 2,184,466
2 Sewerage System 1,279,978,652 12,426,977
3 Wastewater Treatment Plant 990,940,388 9,620,780
Total 2,495,919,040 24,232,223

TableE1Zx Costs for Longerm Plan (Year 20262040)

S/No. Component Cost (Kshs) Costs (USDY!
1 Sewerage System 423,810,815 4,114,668
2 Wastewater Treatment Plant 833,499,598 8,092,229
Total 1,257,310,411 12,206,897

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 with the
population(similar 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 Eledexhanical Works

c) Replacement of the Electidechanical ltems tbe carried out every 10 Years with repair
works planned for every intermediate 5 years between the replacement schedule

A saimmary of the Annual Operations & Maintenance Cdéstgshe recommended Scheme the
first year of operation is given ifableE12below;

Table E12 Annual Operations & Maintenance Costs (Year 1)

S/No. Component Costs (Kshs) = Costs (USD}!
1 Maintenance Costs 40,331,431 391,567
2 Electricity Costs 5,886,283 57,148
3 Staff Costs 5,064,000 49,165
Total O&M Cost 51,281,715 497881

[11¢ Exchange Ratet USD = 103 Kshs
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B FINANCIABAND ECONOMIENALYSIS 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 @heconomic analysid-inancial and economic analysis is
used to produce standardised information Brojects, as a basis for makimyestmentdecision.
Theimportance ofeconomic analysig an investments to help selecta Projecthat contributes

to the welfare of a region or a countrpn the other hand,ifiancial analysisvaluates Project
liquidity andprofitability.

The Capital Costs for the Investment Phases and their associated Operations and Maintenance
Costs have been used to project the AnnRabject Expenditure as summarizedTiable B3

below,

Table E13Schedule of Annual Project Expenditures

Year Project CostKshs O&M, Kshs Depreciation Kshs: Total CostKshs

2021 623,979,76 623,979,76
2022 623,979,76 623,979,76
2023 623,979,76 51,281,71 72,592,99 747,854,47
2024 623,979,76 51,528,93 96,790,66 772,299,36
2025 - 51,798,81 96,790,662 148,589,48
2026 125,731,04 52,074,16 101,674,10 279,479,31
2027 125,731,04 52,361,35 106,549,90 284,642,29
2028 125,731,04 52,660,88 111,425,69 289,817,62¢
2029 - 52,973,29 111,425,69 164,398,99
2030 188,596,56 53,299,14 118,739,39 360,635,10
2031 251,462,08 53,639,00 117,026,75 422127,844
2032 314,327,60 53,993,48 117,752,01 486,073,09
2033 125,731,04 54,363,19 111,163,58 291,257,81
2034 - 54,748,81 99,699,35 154,448,16°
2035 - 55,151,00 99,699,35 154,850,35
2040 - 55,570,49 97,381,67 152,952,17
2045 - 56,008023 95,071,65 151,079,67
2046 - 56,464,36 92,761,62 149,225,98

Assuming adoption of the proposed tariffs and attainment of the projected sewer connections,
the projected financial stament has been determined and summarized able E4 below.
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TableE14 ProjectedFinancial Statemenof the Project

Project Income and expenditure Financial statemgiishs)

Year Total Project | Billings Not =~ Net Project Opgrations & AnnL'JaI. Tota_l Net Revenue
Revenue Recovered Revenue Maintenance = Depreciation = Expenditure

2023 | 162,222,755, 16,222,275 | 146,000,479 51,281,715 72,592,997 123,874,724 22,125,755
2024 | 162,222,755, 16,222,275 | 146,000,479 51,528,938 96,790,662 @ 148,319,614 -2,319,134

2025 | 203,128,188 20,312,819 | 182,815,370 51,798,819 96,790,662 @ 148,589,494 34,225,875
2026 @ 294,135,030 29,413,503 | 264,721,527 52,074,164 | 101,674,108 153,748,286 110,973,241
2027 @ 294,135,030 29,413,503 | 264,721,572 52,361,350 | 106,549,904 158,911,268 105,810,260
2028 @ 294,135,030 29,413,503 | 264,721,527 52,660,884 | 111,425,699: 164,086,598 100,634,929
2029 @ 294,135,030: 29,413,503 | 264,721,527 52,973,299 | 111,425,699: 164,399,013 100,322515

2030 . 631,958,172 63,195,817 | 568,762,355 53,299,147 = 118,739,392 172,038,555 396,723,800
2031 | 631,958,172 63,195,817 | 568,762,355 53,639,007 & 117,026,754 170,665,777 398,096,578
2032 . 631,958,172 63,195,817 | 568,762,355 53,993,481 @ 117,752,014 171,745,511 397,016,844
2033 | 631,958,172 63,195,817 | 568,762,355 54,363,197 = 111,163,581 165,526,794 403,235,560
2034 631,958,172, 63,195,817 | 568,762,355 54,748,811 99,699,352 | 154,448,180 414,314,1B

2035 @ 631,958,172 63,195,817 @ 568,762,355 55,151,006 99,699,352 ;| 154,850,376 413,911,979
2036 @ 631,958,172 63,195,817 @ 568,762,355 55,570,496 97,381,676 | 152,952,189 415,810,165
2037 @ 631,958,172 63,195,817 | 568,762,355 56,008,023 95,071,650 | 151,079,692 417,682,663
2038 | 631,958,172 63,195,817 | 568,762,355 56,464,365 92,761,624 149,226,008 419,536,347
2039 | 631,958,172 63,195,817 | 568,762,355 56,940,329 92,761,624 149,701,972 419,060,382
2040 | 986,918,817 98,691,882 | 888,226,935 57,436,760 89,296,585 146,733,365 741,493,571
2041 | 986,918,817 98,691,882 | 888,226,935 57,436,760 84,676,533 142,113,313 746,113,622
2042 @ 986,918,817 98,691,882 : 888,226,935 57,436,760 78,901,469 | 136,338,249 751,888,687
2043 @ 986,918,817 98,691,882 @ 888,226,935 57,436,760 76,591,443 | 134,028,223 754,198,712
2044 @ 986,918,817 98,691,882 @ 888,226,935 57,436,760 76,591,443 | 134,028,224 754,198,711
2045 @ 986918,817 . 98,691,882 @ 888,226,935 57,436,760 76,591,443 | 134,028,225 754,198,711
2046 | 986,918,817 98,691,882 | 888,226,935 57,436,760 76,591,443 134,028,225 754,198,710

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

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

The results of the codtenefit analysis confirm that the prage has favourable BC ratios of
between1.29to 1.86. The financial analysis confirms that the project has positivesPK/sh
2,600,682,524t 5% cost of capital anidsh1,103,717,48(t 8% cost of capital anBinancial
Internal Rates ofReturn (HRR) 0fLl4.24%.

Sensitivity analyses also indicate that the project viability can withstand skhloeki® variations
in Project Costs, Net Income and Operations & Maintenance Costs.

On the other hand, e results of the economic analysis after including otmsnomic benefits
showed that the project have positive NPV of Ksht,110,841,948ndEIRRof 18%at 10% cost

of capital.

Therefore, tie Project is both financially and economically viable

MIBP/ CES/ BOSCH

E9




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

E10

CONCLUSIONF THE MASTER PLAN

The current sanitation sysim in Ukunda comprising of gpiot sanitation means such as septic
tanks and pit latrines and lacking a proper sludge management and disposal facility is a health
hazard to the residents and an environmental risk.

As an immediate intervention, constructiaf 6Nr Ablution Blocks at selected Public Places and

a centralized Sludge Handling Facility is necessary. It is equally important to ensure procurement
of Exhaust Vehicles to provide desluging and transport services. A summary of the Immediate
SanitationMeasures and their costs estimates are gilf@bles E1and16 below.

Table E15Details of the Ablution Blockg Immediate Sanitation Measures

Details of each Ablution Block Total Capital Cost
Number - —
No. o No. of Shower .
Proposed ! WeT Max. Daily Users  Ksh, USD
Toilets Rooms
6 6 2 720 93,000,000 902,913

Table E16Details of the Sludge Handling Faciltymmediate Sanitation Measures

Total Capital Cost

S/No. Component Details
Ksh. USD
1 Tanker Discharge: T Bar Screens, Collection Chamber, Har
Bay stand Washing Bay & Parking Space
Sludge Drying )
2 Beds 9 8 Beds; each 13 x 10m 58,299,957 566,019

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

4 Land Requirement § 0.7 Ha

Exhaust Discharge § Minimum 1 Nr (Either owned by
Tanker KWAWASCO or PrieaProviders)

To provide a sustainable sanitation system, a centralized Wastewater Management Scheme
comprising of a gravity sewage conveyance system with limited pumping (6 Nr Pumping Station)
and a Waste Stabilization Ponds system (ultimate capacit8,100 m3/d) at Kinondo area
situated approximately 14 km South of Ukunda core urban centre, has been selected from the
Alternative Wastewater Management Schemes.

The implementation of this strategy is to be carried out in 2 phases i.e. Medium Tann{2B21
-2025) and Long Term Plan (2@2Z840). The implementation details of the selected Wastewater
Management Scheme are givenTiableE17belowand TableE18on Page EL1

TableE17 Summary of Implementation Cost: Mediwierm Plan Plan (20222025)

S/No. Component Details Cost (Kshs) = Cost (USD)
1  Land Acquisition | { 45 Ha at Kinondo Site

2 | Sewers 1 225¢ 750 mm Dia; Total length 59 ki

3 Pumping Stations T 6 Nr 2,495,919,040 24,232,223

Waste Water 1 Waste Stabilization Ponds; Capacity
Treatment Plant 9,050 m ¥/d
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TableE18 Summary of Implementation Cost: Lofigerm Plan Plan (202&040)

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

1 Sewers 1 225¢ 375 mm Dia; Total length 21 krr

Waste Water 1 Waste Stabilization Ponds; Capacity 1,257,310,411 12,206,897

Treatment Plant 9,050 m3/d

Financialanalysis of the selected Wastewater Management Scheme presented the following
Financial Ratios / Performance Indicators;

1 Benefit¢ Cost(BC) Ratio; 1.29¢ 1.86

9 Net Present Values (NPV); Ksh. 2,600,682,524 @ 5% cost of capital
Ksh. 1,103,717,480 @ 8% cost of capital

1 Financial Internal Rate of Return (FIRR);14.24%

On the other hand, economic analysis presented the followiagormance Indicators;
9 Net Present Values (NPV); Ksh. 1,110,841,948 @ 10% cost of capital
9 Economic Internal Rate of Return (EIRR)18%

{SyaritaArAgrie +tylteara 2F GKS FAYIFYOAFf LI NI YS
to shocks due tdl0 ¢ 20% variations ifProject Cost, Total Net Income and Operations and
Maintenance Costs.

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

MIBP/ CES/ BOSCH E11



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

FINAL WASTEWATER MASTER F
UKUNDA

MAIN REPORT

1.0 PROJECT BACKGROUND

The Government of Kenya (GoK) throtigé Ministry ofWater and Irrigation (MWhas received

G ONBRA U ¢

FNRY LYGSNYIFGA2Y L §

Plan for Mombasa and Selected Towns within the Coast Region.

5S @St 2watérSndsiier | &4 a 2 ¢

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

The primary outcome of this Study will be to obtain the agreenadmtl 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 Governindrom the initial 8
Administrative Provinces to 47 Semitonomous 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 othecial Services.

The WaSSIRF therefore targets the builip areas of Towns in six Counties in the Coastal Region

as follows:
Tablel.1l: Project Selected Towns
S/No. County Urban Centre Town
1. MombasaCounty Mombasa including Island, West Mainland, South Mainland / Li
and North Mainland
2. Kwale Kwale andJkunda / Diani
3. Kilifi Malindi, Kilifi, WatamuMtwapaand Part of Mariakani
4, Taita Taveta Voi and Taveta
5. Lamu Lamu Island
6 Tana Rrer 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 aligtedespect and respond to
the requirements of the new Constitution. A key benchmark of the new Constitution is stipulated
under Chapter NBILL OF RIGHTS, paragraph 4b6§nd (d) which stipulateé: 9 @ S NEB

the right to (b)............

I RS dzl G S

LIS N& 2 y

reasonablstandards of sanitation and (d) clean and safe water in

jdzt yiAGASE &

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

1.2

1.3

Goals and Objectives of this Study

D2Ff&a FyR 202S00A®Sa NS RSTAYSR Ay (KS ¢2w
is to identify a sound and rational strategy for the development ofesage services in Mombasa

and selected Townwithin the Coast Regioover the nexttwenty-five (25) yeard.e. up to Year
2040,to improve the quality of effluent to rivers, Indian Ocean and groundwater and to safeguard
the health of the residentsf the Sudy Arease

The key objective of the proposed Master Plmam Ukundais to come up with a phased
investment programme for Immediate / Short Term Plan (22620), Medium Term Plan (2021
¢ 2025), Long Term Plan (20262040) and recommend a treated eféint disposal / reuse

strategy for the effluentn Ukunch.

Execution of the Study

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

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

D4 ¢ Detailed Designs and Tender Documents for Immediate Urgent Works
D5A¢ Technical Note & Socio Economic Conditions, Mapping & Land, Use

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

= =4 -4 -4 4

The Final WastewaterMaster Plan Reporpresents theoutputs of the Feasibility Study, the
selected Development Strategy atitk Preliminary Design ohe planned infrastructuréor the
Sanitation System dfkunda

1 D9 ¢ FinalWastewaterMaster Plan Report
Objectives of this Report

Thecomponents of the Final Wastewater Master Plan Rejatude the following:

1 Present Sanitation Situation in the Syudrea & 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 Mgement Strategies including
Wastewater Treatment, Social / Environmental Assessment, Economic and Financial
Analysis and MukCriteria Analysis

Description of Selected Wastewater Management System Development Strategy
Investment and Financial Manageme?iain

Proposed Implementation / Development Schedule

Conclusiorof the Master Plan

=A =4 =4 =4

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

2.1 Locationand Administration
Ukundais located within Kwale County at the coastal region of Kenya, approximatedsn 30
southwest of Mombasa Towmd 72km from the Kenya Tanzania border at Lunga Lundg.
lies around longitude 333Qp ¢ 9+ a i  PwTRQ ] cl£(it spiiRodRinda and Diani
areas and has a coverage of approximatelki®?.
Administratively, Ukunda is an urban centre withMsambweni sub County and covers
Gombatoand pars of Ukunda Bongwe and Mkoyoub-locations. Msambweni subCounty
bordersthe Indian Ocean to the East, Lunga Lunga-€idunty to the South West and Matuga
sub-County to the West anbllorthwest.
Ukundais the largest urban centre in the South Coast region, with a predomimading and
tourismactivities.Givenit prominence in commerce and tourism, Ukunda requires a proper and
sustainable Development Plan.
Water supply systenand Sewerage systenis Ukundaare managed by th&KwaleWater and
Sewerage Company Ltd WIQWASCO).

2.2 Study Area

The Study Areéor this WastewaterMaster Plarhas been demarcated in consideration of the
location ofUkundacore urban areandits projectedLand-UsePlans for yeas 2025 and 204@&s
well asthe presentnature of development and population densitiga the Urban Centre in
comparison to the neighbouring urban centres and jpghian areas

Indeliberationof the above factors hte Sudy Area forUkunda Wastewatelaster Planis limited
to Ukunda wban centre. The Sudy Area comprises offour sublocations and makes up
approximately37% of the entire Ukunda coveragelhe current (year 2016population of he
study area is approximately J30O.

The suHocationsforming Ukundaand total coverage areass well as th&udy Areais given in
Table2.1below;

Table2.1: Sublocations and Study Area

Sublocations Tozi:né)fea Covezgez ig( :‘:12(; Study
Gombato 10.8 10.7
Ukunda 24.6 19.4
Bongwe 44.2 2.0
Mkoyo 17.5 3.7
Total 97.1 35.8

Figure 2.1on Page 22 shows the Study Area tifie Master Plan fotkunda
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Figure2.1: Study Area of Wastewater Masterplan faJkunda
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2.3

24

25

Climate

Ukunda and generally Kwale County experiences monsoon type of Climate. It is hot and dry
between January and April but wet and cold between June and Aubstpattern of rainfall

in Ukundais bimodalwith the long rainsexperiencedoetween Apriland Jume and the short

rains between Octobeand December

The average temperature recorded in Ukunda ranges from 26&81dQ6.6 °C in the coastal
lowlands while in the hinterland, temperatures ranges are 24.6¢°€7.5 °C.The mean
temperatures are highest frorthe monthof November to April.

Topography Geologyand Soils

Ukunda/ Diani is known for its white sand beaches i.e. the coastal plain. This land formation is
a buildup of eroded reef material, i.e. coral sand when deposited onitisbore side of the
reef. The Coastal Plain forms a stretch of coastline covering approximately 25 km.

The coastal plain lies below 30m above sea level and extends 10 km inland. It consists of
corals, sands and alluvial deposithecoral reef alongthe Indian Oceanruns almostparallel

to the coastline,300mto 1,000m away from the shoreline. This is one of the most productive
coral reefs which occur as coral flats, lagoons, reef platforms and fringing reefs. They cover an
estimated total area of 50,@DHa. Stony coral cover averages between 30% and 40%. Coral
reefs are important for fisheries and in sustaining the general ecology of the marine ecosystem.

Behind the coastal plain, the land rises rapidly to the foot platddne plateau has a flat plain
surface with high potential permeable sand hills and loamy soils. This zone is composed of
Jurassic rocks and sandy hills consisting of Magarini sands ideal for sugar cane growing.

Beyond the Plateau lies the coastal uplands known as Shimba Hills avkigin Matuga sub
County

Economic Activities

Ukunda,developed astride the A14 Mombasalanzania through Lunga Lunga Raadhe
biggest urban centre in Kwale County. The developments in Ukunda intensifies between the
Road and the Beach area calledridia

Tourism is the predominant economic activityUkunda with he white sand beachebeach
hotels, villas and other entertainmeiints being the main indicators. It is the core driver of
the socieeconomic growthin Ukundacreatingemployment opportinities andcontributing
revenue for the government

Formalsector activities in Commerce,Tradeand Servicesare mainlyconcentratedalong the

Al4 Mombasa Tanzania through Lungd.unga Road. The road enhaseecess and mobility
as well contribute toeconomic deelopment of Ukunday the virtue ofbeing a stopover for
travellers.

Agricultureis practisedat a small scale and for mainly subsisteirtéhe hinterland Themain
food copsare maizeand beans Cash crops such esconuts,citrus, mangoespineapplesand
cassavare also cultivatedFishingsalso practised in small scale.

Ukunda Airstrip is a main infrastructure faght aircraftsconnectingto and from Nairobi
(WilsonAirport). Most of these aircrafts operate gurivate charter, prowdingunlimited access

of the beach resorts and inland game reseri@ghe tourists There are plans by the Kenya
Airports Authority to improve the Airstrip to enable use by larger aircrafts. This is expected to
increase tourism activities in Ukunda.
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2.6 Exiding Water Supply and Sanitation Systems
2.6.1 Water Supply

The main source of bullkater to Ukundais the Tiwi Boreholesocatedalong the Mwachema
River.The raw waterabstractedfrom the Boreholess treated atMagodzoniReservoitbefore
conveyance to Ukuralby gravity transmission.

Details of theexistingWater Supply Systemare simmarisedin Table 2.2below:

Table2.2: Summary of Existing Water Supply Systéon Ukunda
Water Sources Tiwi Boreholes along thelwachema River

Water Treatment = Chlorination aMagodzoni Reservoir, capacity 2,270m

At Ukunda Tanks (Currently not in use since new Gravity Main was laid fro
Magodzoni Reservoir with sufficient pressure to supply the customers.)

Water Mans 9 DN 300uPVC from Magodzoieservoito Ukunda Tanks

wDN150 /300uPVdrom Lunga unga/DianiBeachroad jundion to
Nakumatt Diani Junction

wDN 150uPVC directly from Tiwi boreholes to Ukunda Tanks
wDN 150 £ directly from Tiwi boreholes to Ukundanks

wDN 150uPVC from Nleumatt Diani Junction to Kongo Beach
wDN 200uPVC from Nakumatt Diani Junction to BaoBsachHotel
wDN 200-150 WPPVC from BaobaBeachHotel to Lantana

wDN 200uPVC from BaobaBeachHotel to KusinBeachCottages
Water Storage Ukunda Tank, capacity 250 m?3

5 km of uPVC pipes ranging from DN 50

2 km of uPVC pipes ranging from DN 75

5 km of uPVC pipes ranging from DN 110

Water Pumps

Water
Distribution

Water Qupply forUkundais inadequate tosatisfy the presentvater demand andcater for the
future needs of ts growing population Development of additional water resources and
extension of the distributiometwork is therefore required.

Upon implementation of Mwache Dam, planned to serve Mombasa and Kwale Counties, which
is at Desig Review Stage, the bulk water supply for Ukunda is expected to improve. Besides,
preparation of Water Distribution Master Plan for Ukunda is in progress and its implementation
will result to further improvement of the water supply situation.

2.6.2 Sanitation §stem

At present, Ukunda with the significant tourism activitiess no sewerage systerwastewater
andeffluent disposal ipredominantlyby means of orplot sanitation systems such p# latrines

soakway pits andseptic tanks The major problem faceid the lack of a proper Sludge Handling
Facility such as Sludge Drying Beds or Waste Stabilization Ponds for the discharge of septage once
these onplot systems are desludgedhus septagefrom the onplot sanitation systems is
discharged directlya the environment.

In situations of suppressed water supply, such as in Ukunda, thaf ogeplot sanitation systems
though environmentalljunsustainable, is manageable. If the water supjilyasion is improved
through development of additional water reso@s and expansion of distribution networks
planned for Ukunda and the larger Kwale Coutitg, use of orplot sanitation systems will not
suffice andhushealth and environmental hazards are bound to occur.

In summary, the current sanitation infrastituce in Ukundais insufficient to meet the sanitation
needs of the growing population and there is need tlee development of sustainableater-
borne sanitation system.
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2.7

2.7.1

Immediate Measures for the Improvement of Sanitation Systems

The Final Wastewater Méter Plan for Ukunda describes the development strategy for the-long
term waterborne sanitation system comprising of a wastewater collection / conveyance system
and the treatment / proper disposal of treated effluents. However, this {@rgn sanitation
strategy is not planned for immediaieplementation

In consideration of the current sanitation systems and the growing sanitation needs,
immediate intervention isurgently required. ThusImmediate Sanitation Measures have been
developed. These aasuesincludeconstruction of Ablution Blocka selected Public Placesd

a Sludge Handling Facjlias described in the following stdections

Ablution Blocks

Ablution Blocks are essential Ukundafor improved access to sanitation facilities espegiail
public places e.g., markets, bus stogrhoolsgetc. The are important to market vendors, market
vendors andcustomers, long distance travelers, bus operators and dgbeeralpublic. Their
locationsin Ukundawill be selected in consultation with ¢hCWSB and th&wale County
Government

Considering the population densities and the number of public utilities, a tofalio{4) Ablution

Blocks is proposed for construction in Ukunda. Each Ablution Block comprises of six (6) toilets and
two (2) Showe Rooms with equal number for each gender i.e. Ladies and GEmsllocated
number of toiles in eachAblution Block ensurs provision ofsufficient service levels for the

target population It is estimated thabn average, a user spends 5 minutes ia facility. Thus,

for a single facility with 6 toilets and 10 hours of operation in a dagaximum number o720
personscan be served in a day

Each section (ladies and genisprovidedwith atoilet fitted with special amenities for use by
disabledpersons¢t KS a DSy G aé¢ | NiarateINiBaE fo mbréasedhieivike leiels
especially during the peak hours

The slower roons are equipped with a dressing area amandwash basins. In addition, a
spacious common area with hamash basins,dnd driers and wall mounted mirrois provided

Each of theshowerunitsisfitted with coat hangers behind the doors for convenience. To enhance
natural lighting within the facility, transparent polycarbonate roofing matetiave been
incorporated in he design Proper ventilationis ensuredby the louvered windows and gap
between the ring beam and the roofhe gap ifitted with louvre blocks and plastic coated coffee
tray wires to prevent insect entry.

A septic tankwith a holding capacity of6lm? is provided atthe facility forstorageand partial
treatment of sewageTheseptic tank will require desludging aftevery3 monthswith septage
disposal at the proposed Sludge Handling Facility, to be implemented as part of the immediate
sanitation intgvention. In addition, &,000litre water tankmounted on a 3.5m high reinforced
concrete tower within the facility provides 3daystorage ofpotablewater.

Other services provided at the site includéedricity for use at night and for security higng,
controlled access throughm wide metallic gate and boundatiain link fencevhere applicable

Permission to use the facility is to be arpayper-usebasis This is an effective model used in
many parts of the country to raise money required émreration and maintenance. A personnel
office complete with ashop for essential commodities andstorage 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 Elevasiof the proposed Ablution Block are giverFigures 2.2
and 2.3on Page22-6 and 2-7 respectively.

MIBP/ CES/ BOSCH 2-5



FINAL WASTEWATER MASTER F

Water and SanitatiorService Improvement Projeet Additional Financing (WaSSHAF
Wastewvater Master Plan for Mombasa and Selected Towns within thea§tdRegion UKUNDA
23m
1
To Natural
Orainage §
EARTH DRAIN TYPE '1"
WATER SUPPLY LINE FROM i
/ 5m* CAPACITY UPVC TANK 'ROTO" 15.9m* CAPACITY SEPTIC
EXISTING WATER \
osmaroreEm—=—___LI" | - NERAN A
e ot = X P ISR Y
200 500 1000 100 1000 100 1000 100 1200 100 i
ic
Joo 7
Dda &
leramic Tiles Floor Finish Drop Dos,:naShell T iy Dda " LADIE Drop Downry Shelf |}l
£l Wall Mounted  Baby Changin E;::;mg N I‘J\:::smg Ceramic Tiles Floor ﬂmsli)‘\md o et (nznan:mg ¥
e | 1O O O A
COVERED PAVED VERANDAH COVERED PAVED VERANDAH
PERSONNEL PERSONNEL 3 g
OFFICE SHoF OFFICE
' 600 x 600 x 50mm
= PCC SLABS
g
w7 w7
1325 1000 I 1914 44 1000 1325
g T e e Tioo— — —
EARTH DRAIN TYPE '1" . . EARTH DRAIN TYPE 1"
_|
‘ T
—2m WIDE GATE TO DETAIL
BARBED WIRE
FENCE TO DETAIL
ABLUTION BLOCK
TYPICAL SITE LAYOUT PLAN IN AREAS WITH LIMITED LAND
(AREA REQUIRED 350m°)
Figure2.2: Typical Site Layout Plan for an Ablution Block
2-6

MIBP/ CES/ BOSCH



Water and SanitatiorService Improvement Projeet Additional Financing (WaSSHAF FINAL WASTEWATER MASTER F
Wastewvater Master Plan for Mombasa and Selected Towns within thea§tdRegion - UKUNDA

TES
1 ALL DIMENSIONS AND CONDITIONS MUST BE

2 ALL LEVELS TO BE CHZCKED ON SITE BEFORE
COMMENCEMENT CF WORKS.

3 DEPTH OF FOUNDATION TO BE DETERMINED ON
SITE, FOUNDATION 70 88 CARRIED DOVIN TG HARD
BASE TO THE APPROVAL OF THE ENGINEER
AL 5673 70 B EXCAVATED AND THE OPENING
P25 W HARBOORE

# FIGURED DIMENSIONS, 10 86 10 B TAKEN IN
ERENCE TO SCALE

eihead S’ Capacity Wetar tand Reto' or appeoved
~aduivalont o Mansociurors Spoccaton

|
TRANSLUSCENT ™ | = - TRANSLUSCENT ..
SHEETS 1S

5 CONTRAGTOR TO SUBMIT PLUMBING DETAILS FOR
APPROVAL

8 THREE PLY TROPICAL PLUVEX BITUMINOUS FELT
£:£.C UNDER ALLWALLS TG 8E RENDERED (N HOT

stotsl Louvrod windows
will: Permanert Yeniisicn

7 AL WALLS TO BE_RENFORGED WITH HEAVY
GAUGE HOOP IRONAT EVERY ALTERNATIVE

g
¥ Py, DENOTES PERMANENT VENT 10 8E
200man Thick Mascary wall wilh SROVIDED TO ALL HABITABLE ROONS AND AS
E | recosssed joint axtzmety and o % SHOWN ON PLAN.
= = A A PR R AR R e £l [ I 9 ALL DRAIN PIPES TO ENGINEER'S SAT SFACTION,
S P = o A STaPe SO e e | 10 WHERE DRAIN PASSES UNDER THE BUILDING OR

— e 5 DRIVEWAY IT SHALL SE OF CAST IRON AND.
ESL e POl PRk ENCASED IN 180mm WEAK CONCRETE ALL ROUND.
11 ALL SANITARY WORK 70 BE CARRIED OUT IN
ORDANCE TO THE RELEVANT AUTHORITIES'
RULES AND REGULATIONS AND AS PER

ELEVATION 1 SPECIFICATIONS.

12 MANHOLES IN DRIVEWAY TC HAVE HEAVY DUTY
COVERS SET IN CART GREASE.

19 ALL REINFORGED CONCRETE WORK
STRUSTURAL ENGINEERS DETAL DRES.

14 ALL STEEL GLAZED WINDOWS TO HAVE BUGLAR
Oveihead s> Capadty Wala tank il o spioved PROCFING TO DETAIL.
oausslont o Manutzrers Spoctce 15 EXTERNAL DOORS (D2 C) TO HAVE DRPPS,
SLUSCENT
| 16 B02X450mm MIRRORS OVER ALL W.H3.5.
S 17 CONCRETE WINDOW CILLS TO HAVE DRIPS,

T T 18ALL STERL GLAZED WINDOWS 70 HAVE BULLT.
200 IGSQUITO PROGF ‘GREENVAG PERMANENT

TRANSLUSCENT
SHEETS

18 RQOI’ EAVES SOFIT S0X25rm TIMBER BATTI
'AND WIRE GAUZE WITH COFFEE TRAY WIRE.

400,

7
S ~ 20 100 GAUGE POLYTHENE SHEET BELOW FLOOR
- 1200 = = i 1200 SLAB.
== 1 213RC. IN FLOOR SLAB,
e e = : 2 o 22 ALL THIBER WORKS TO HAVE PR MER AND PANTED
=) l 200mm Thick Masoney wiak with [ —— e E e WITH 3 COATS GLOSS PAINT.
2 |

= racosasad ointz xtarrslly and |
asterest

=
=

FGL r.G.L FGL = G-
D, T o s *CORNICES- TIMBERANDPAINTED
300mm plinth to ba
i ELEVATION 2 exteL Fivsres
e ——— “NATURAL STONE WITH RORIZONTAL JOINTS
RAKED
SWALLS BELOW WINDCWS, RING BEAMS AND
GABLE WALLS 1O 8z RENDERED
el hsacpdncleg [ ~ ¢ CAPNGITY UPVC TANK ROTG!OR EQUIALENT
WATER DISTRIBLTION SYSTEN - | sm
pr. o S e 3N 4 640 HIGH REINFORCED CONGRETE T
\ | Steel Frame Sureunding he Tenk ROOF SPECIFICATION
\ to Pravent From Thaét :o Datai ‘Coloured IT5 Gauge 24 Recfin Sheats sid at pich 22.5%on:
e H o nlormeciaie: Rl
100 100 o0 100 ‘o0 o | ae | dw 0
200 125 [ 120 [ [Tovoo0 [~ 15 1 a1 S ) g0 [ « s o 100n
« =t o T R oY T Tr ¢ w—— " 'ICI_‘| ¥ 2 o To Seplig Tenk U ber Trugses at approximatdy 1300mm ic (No busses slong end.
© © o ‘ | = i = 1 il o o eiog)
] e T i Wil | .| 5m* Capacity Water ank Roi ar approved 150 x 50mm Rafters and Tie 3eam
sr = = —— — B 265 cuialant to Manutssiurar's Specilcaton. Plunbing & 100 x Smn Sinds
&L = - = T 1 fitings 10 dotail fto rclude Infol, Cotet, Scour, Cver | | | 402G Setans st 200mm o
e 5 3 Y . = low pipeworks ot 25nm dis compista with 3nr Geté. 2300 x 5Imim Wl Plate:
3 b3 {we) (v s 9 o Valyes, o Urions, e Ball Vi o) T
8 ] » i 3 7
. Wdrktop [ 200mmThick RC__ I
g o | Slab 0 Detail
2 & Wi Dea oda Déa Dda Dia Dla &= e
GENTS Dée, LADIES p, 2 Boam to Ol 3 i
: cp: Doran e | | 400¢200mm Ri ~
A oraic Tilos Flocr Ftih o gmgm; ) ovessing| Drasie) D42 Caranic Tlos Floor Finish ] aam (o Detal [ Faniight s Too B
3 d Oryer Mot stauon p Area lang Salich | Metal arin o 205 x 200mm RC Line 1o detst
H N S f 00mm Hign | | 900mm High r N Coyr L) Single hatal Lousra Door to Dl
I Lo Workiop Workiop L4 i
&g & L | 7 PTTI7 4 v | aT |
i 30DX300mm RC
8l COVERED PAVED VERANDAH COVERED PAVED VERANDAH L]
d
80D x 600 x S0mm Thick: 800 x 500 x 50mm Thick
e FersoME § PCC Siate to Dotall PCC Sl lo Datal
- i T A 500 x 600 x S0mm Depth m;uunn;m obe
2 ——5C0 SLAB Oelerminest o
= = e =] e - Minimum WDB'!\M
L & E Scread Fioar Finish on 150mm Thick Fi
0080500 Gt 7 e et Slas Rt wih BAG A1E2 S ik
" o] = wih
GOVERED PAVED VERANCAH Bess Footing \o Oetel. 75mm Thick Gl 'S Dapih of Foundslion 1 ba e e
N R | Loncrata g Pelerriasd sn Se. Proviced siter trestmant of scil with Anci
| Termie.
s oo 4 | ooow n 212 1 108 sytom  wes [
i Tow— Troor lion. 200

. SECTION A-A

Figure2.3: Typical Plan, Views and Sections of an Ablution Block

MIBP/ CES/ BOSCH 2-7



Water and SanitatiorService Improvement Projeat Additional Financing (WaSSHAF) FINAL MASTER PLAN REP(
Wastewater Master Plan for Mombasa and Selected Taswvithin the Coast Region - UKUNDA

2.7.2 Sudge Handling Facility

A Sludge Handling Facility is a srsallle treatment plant for the treatment arshfedisposal of
septagefrom on-plot sanitation systems such asptic aanks or pit latrinesSptagefrom the on-
plot sanitation systems is conveyed to the faciit¢ Exhaust Vacuum Tanker

With exception ofthe ScreensSludge Handling Facility relies on biological proeegs the
treatment of sgtage THs results tdow capital investment requiremerds well aOperations

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

An ideal location for a Sludge Handling Facility is a site wéthiaconamical distance to the
service area but outside the residentdnes and other socienvironmentaly sensitive areas.
Kinondosite proposed in thé&inalWastewater Master Plan for thé/astewater Treatment Plant

is in Kinondo Area, is approximately 14 konfrthe core urban centrélhis is a considerable long
haulage distance from the core urban centre of Ukunda and thus not ideal for location of the
Sludge Handling Facility.

However, ifalternative landcloser to the core urban centre is unavailable fogusitioni.e. a
site situatedwithin 10km radius to the core urban centre of Ukuntize Sludge Handling Facility
for Ukunda can be sited at th&nondosite.

An ideal site for &ludge Handling Fagylishould be locatedithin 10km radius to the corerban
centreand whereland is available includirgufficient buffer zondor odour and other nuisance
control. Existence of infrastructure such as motorable Roads, Water and Electricity should be
considered.

The proposedludge Handling Faciliyill comprise of the following units;

o

Exhaust Vacuum TankBischargeBay

b. Sludge Drying Lagoons

c. Septic Tanks complete with Soak Pits and French Drains

d. Associatedte and AncillangwWorksincluding Operators Office / Guard House

Constructed wetlands are the aftgative treatment unit to Septic Tanks for polishing of septage
from Sludge Drying Beds / Lagoons. However, they require large footprint than the Septic Tanks
and thus not suitable for urban areas like Ukunda where land is limited and the cost of land
consderably high

A SchematicayoutPlan showing the arrangement of the units for the Proposkdi@Handling
Facility igyiven inFigures2.4 on Page2-9
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A brief description of the constituent treatment units in the proposéati§e Handling Faciliig
given in the followingub-sections;

2.7.2.1 Exhaust Vacuum Tank&ischargeBay

TheDischargeBay comprises of a septage dischargesandich serves as tHalet Works for the
SudgeHandlingFacility. AnExhaustVacuumTanker dischargeseptage throughBar Screens into
a Qollection Chamber. The Discharge Bay is alpmvided with Hard-stand WashingBay and
ParkingSpace.

The dischargedeptage and wash watdrom the Washing Bagire pooled ito the Collection
Chamber and conveyed to the Sludge DryBed /Lagoonssiaan Open Channel provided with
precast concrete cover slabs and handrails for safety

TheDischargeBay requiresregulaty clearing for odour, flies and other diseasesctors control
especially after each exhauster discharge sesstoistandpipe will be provided to facilitate
washing and flushing of septate once discharged.

2.7.2.2 Sludge Drying Lagoons / Beds

Sptageis mostlyliquid with small amounts of solics. Treatment of septage entailseducing
sludge weight and volumeith the aim of loweringhe disposal costsf the residual sludgand
reducingthe potential health risk@ssociated with septage

Sludge Dryindgtagoonsare open areas on which the @ageis spread for dewatering and air
drying. It comprises of filter media, perforated pipes at the beds and a Collection System. T
filtrate from septage once directed into th&ollection Systemis conveyed to Septic Tank$or
further treatment and pathogen reduction

TheSludgeDryingLagoons constitutethe following parts
1 ConcreteBedsandWalls
M Sand and>avel asHlter Media
1 SplastSab
1 UnderdrainageSystem
9 AccessSSructures

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

Forefficientoperation of Sludge Dryirigagoonghe following measures need to be undertaken;
a) Periodic unblocking diollection System with aid of rodding chambers
b) Periodic monitoring and replacement Bfter Media when necessary
¢) Maximum permissible sludge accumulation leteebe observed for optimum operation
d) Proper drying of sludge oneebed is filled up
e) Careful removal ofiried up sludge vthout scooping of filter media
f) Safe disposal of dried sludge to landfills, agricultural use, etc.

2.7.2.3 SepticTank

A septic tank refers to a watdight, covered, sulsurface receptacléor wastewater treatment.
At the Sludge Handling Fatyili Septic Tanks will be adopted for polishing of the filtrate from
Sludge Drying Beds before discharge into the environrttenugh Soak Pits and French Drains.

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

2.7.2.4 Associatedsite and Ancillary works

To enhance access, proper drainage and security, the following site and ancill&sy veoe
beenproposedat the Sudge Handling Facility;

i. Chainlink Fence and 4m wide Gate

ii. Access Roads paved with interlocking concrete blocks
iii. Guard House / Operators Office and Wasbm
iv. Onsite Water Supply and Site Drainage System

2.7.2.5 Design Criteria for 8dge Handling Faciljt
A summary oftte Design Criterigor the Sludge Handling Facility is give able2.3 below.
Table2.3: DesignCriteria- Sludge Handlingracility

Treatment Unit Design Parameter Vaue
Sludge Drying Bed: { Sludge accumulation rate 0.025 ni/calyr
1 Sludge drying period 3 Months
1 Depth of media 300 mm
1 Sludge accumulation depth 150 mm
Septic Tank 1 Aggregatedsewagegenerationfactor 0.25*
1 Retention period 1 day
9 Sludge accumulation 0.04 n¥/capital/year

*Aggregatedsewage generation factor of 25% is based on digributive use of Septic Tanks and Pit
Latrinesby the respective Income Levels of the Populadimh sludge reductiom the OnPlot Sanitation
Systemslue to the anaeroli digestiorduringthe period of storagéy the onplot sanitation systems

2.7.2.6 Components of the Propose8lludge Handling Faciit

Considering that these Sanitation Measures for Ukunda are intended to serve the immediate
needs, the Facility is designed serve 15% of the estimated current population i1€,000
persons This is because embracement of Sludge Handling Facility is expected to be gradual and
rigorous Public Health Campaigns are necessary for full usage to be experienced.

Details of the varios components of the propose8ludge Handling Fagjliin Ukundaare
summarised imable2.4 below

Table2.4: Components of the Proposedi#lge Handling Facility

S/No. | Treatment Unit Details

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

2. Sludge Drying f 8No. Beds; each 13 x 10 m

Lagoons Beds 9 Sludge drying period: 3 months

1 Treatment zone media = 500 mm thick

3. Septic Tank 1 3Nr TwinTank; each 9.6 x 5.4 x 1.9 mx(WW x H}& capacity 98 m3
9 Desludging Interval = 0.2 years

Approximately0.7Haof landis required for the construction of the proposed Sludge Handling
Facilityto serve the immediate sanitation needsWdkunda

It is recommended that the Sludge Hting Facility be sited within 1Km radius to thecore
urban area of Ukunda at a sitehere sufficient land including buffer zone can be obtained.
However, if no such location is obtained;location of Sludge Handling Facility adstewater
TreatmentPlant at the proposed Kinondo siterecommended for efficienttilization of land
and common facilities
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2.7.3 Implementation Cost for Immediate Measures
9y IAYSSNRa /2al 9adGdAYF(dS RSGSNXYAYSR F2N GKS
Systems itJkunda is based on the unit costs of the respective components of the Works obtained
from recent contracts of similar scope and nature.

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

A summary of the Implementatio@osts is given ifiable 2.5below.

Table2.5: Implementation Costs for Immediate Measures

S/No. Component Numbe-r Dliz Cost, Ksh. Cost, USD
Provided

1. Ablution Blocks 6 93,000,039 902,913

2. Sludge HandlinFacility 1 58,299,957 566,019
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3.0

3.1

Demography and Population Dynamics fdkunda

DEMOGRAPHY, LAND USE AND URBAN DEVELOPMENT

Demographic data from Central Bureau of Statistics (CBS), for the intafpen®ds between
1979 to 2009 have been analysed toasishdemographidrends in terms of population siznd

inter-census growth rateand help @velop future population projection patterns kunda

3.11

Previous Population Trend

From theanalysis of the previous Kenya Population and Housing Censustdatmnstrued that
between the intercensal periodbhe existing subdocations are split to form new sdbcationsand
the areas covered bguchsublocationsvary between the intercensal period

A summary oprevious ntercensalpopulationdata forUkundais given irfable3.1 below.

Table3.1: Intercensal Populatiordata (1979¢ 2009) forUkunda

(Census)
1979 1989 1999 2009

Sub Pop_. Pop_ Pop_. Pop_.
ocalons |, | (1SS | DSTE | pop, | aren | DS | pop. | gren | D | pop, | aven | Doty

kmz2) km2) km2) kmz2)
Gombato | 11,365 27.0 420.93 | 25917 45 575.93 | 18,144 10.8 | 1,680.00: 24,024 10.6 @ 2,266.42
Ukunda 24373 ¢ 254 959.57 | 38,629 25.1 @ 1,539.00
Bongwe 5,528 41.0 134.83 6,049 42 144.02 7,970 44.1 180.73 | 10,822 45.1 239.96
Mkoyo 4,735 11.0 430.45 6,258 18 347.67 6,704 19.7 340.30 8,773 | 17.2 510.06
Total 21,628 79 273.77 | 31,966 87 367.43 | 57,191 100 57191 | 82,248 98 839.27

Population data is depedent on the coverage considergfbr the sameTownand time a larger
area results to a higher population The use of population figuret® establish intercensal
population growth ratein a sublocation with varying coverage areas between icegnsal peod

is inaccuratedue to the variability of coverage arealt is then prudent to adopt the use of
population density as a measure of demographic trend where-lgcéition coverage varies
between intecensal periodasis the casén Ukunda

The previousntercensabnnualpopulation growth ratedased on the population densitiéar the
sublocationscovered bythe Ukundaare given inTable3.2 below.

Table3.2: PreviouslntercensalAnnual PopulationGrowth Rages

Intercensal Period
Area of Interest
1979- 1989 1989- 1999 1999- 2009

Gombato 3.18% 11.30 % 3.04%
Ukunda - - 4.84%
Bongwe 0.66% 2.30% 2.88%
Mkoyo -2.11% -0.21% 4.13%
Total 2.99% 4.52% 3.91%

FromTable3.2 above the annualpopulationgrowth rate for Ukundain the last intercenal period
(1999 to 2009is 3.91%. This icomparable tahe 4.2% projected fothe growth in WbanCentres
HAMp @

under Millennium De8 £ 2 LIY Sy (i

D2l t a

6as5DQav

0e
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3.1.2

Thepopulation dynamis inTable 3.2on Page 3l refers tothe residentcategory The on-resident
category comprising dburists/ visitorsis consideredunder the respectiveontributory LandUse
activities

PopulationGrowth Scenarios

Population trends are influenced bfactors such asertility, mortality and migration levels and
patterns as well as the national so@conomic development momentum.

Continuedapid growth is expected in the study areansidering the infrastructural developments
plannedfor Ukundain the Integrated Development Plan fowle County andhe potential for
further growth in the urban areas of Ukunddhese factorswill resultto future immigration and
urbanization.

As at the last censu@009), the population withiidkundawas 56,647 To forecast the future
populationof the study areaup to the design horizon (year 204@e following factors have been
considered:

1 Previous Demographic TrenimsUkundaand KwaleCounty
1 The dynamics of Land Use and Trends of development
1 The correlation of water demand and income / type ofibimg, population density etc.

Three population growth ratescenariodave beerformulatedfor the populationprojectionin the
study area based on the data obtained frafenya National Bureau of Statistics, Census Reports
and other relevanplanning docments. These scenarios are briefly described below;

High Growth RateThis growth rate scenario assumes that the resident populatidskimdawill
experience a higher growth rate than the last intercensal period (12999) i.e. ab.6%up to the

desi horizon of year 2040. This can only happen if the overall natural growth of the resident
population continues because of decreased mortality rates and increased life expectancy while
immigration gradually increase due to intensive investment. Underdbténario, the projected
population ofUkundaat year 2040 will b297,852

Medium Growth Rate This growth rate scenario assumes that the resident population will
experience a&omparablegrowth rateascompared to the last intercensal period (1992009 i.e.
increasingrend from 4.0%in 2016 to4.4%in 204Q This scenario considers thetential of Ukunda

to absorb adenserpopulation the natural growth of the population and influx from immigrants,
mortality rates and growth limiting factors such asreased uptake of family planning practices,
employment opportunities angradualgrowth of adjacent perurban area. Thus,the projected
population ofUkundaat year 2040 based on the medium growth rate scenarD&823

Low Growth RateThis scendm assumes that the resident populationlitkundawill experience a
significant decline in growth rateompared to the last intercensal peripthe estimated previous
national growth rate of3.1%has been adopted in this scenario up to the design horiZoyear
2040.1t is assumed that population growth (due to both natural growth and immigration) will
reduce due to rapid increase in the uptake of family planning practices, increased mortality and
considering that population deflection will take place d@hd flow of return will be diverted to the
development of new adjacent urbaareas. Therefore, the population in horizon year 2040 will be
145,946 This can happen only, if strict measures are taken to control population both in terms of
natural growth andn-migration. Based on the experience in the developuogld, intensive efforts

by government is required teducae people and promotgopulation control measures on one
hand and to provide ample economic opportunities in the region to combatigration.

Projected populations for the above population growth rate scenarios are givEigume 3.1on
Page 33;
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3.1.3

350,000

300,000 = &= Low Growth Rate 9
Medium Growth Rate -

= =¥ == High Growth Rate el

250,000 L
’f
’f
’I
5 200,000 et
S -7
-8 P
S 150,000 -
a g e _ - A
X .-
.- .-
100,000 - o
»"‘ - g
P ket — .o~
e

50,000

2010 2015 2020 2025 2030 2035 2040

Year

Figure3.1: Projected Populations based on Growth Rate Scenarios

FromFigure 3.1above,it can be deduced thgbopulation forecast is highly sensitivefiopulation
growth rate high growth scenario results t44% more than the projected population ithe
medium growth ratescenariowhile low growth rate results t&9%% less thenedium growth rate
population forecast.

ProjectedPopulationfor Ukunda

Ukundais a rapidly growing urban centre kaale County. Ithas a highepopulationcompared to
the adjacentperi-urban and urbanareas because of the better infrastructyrenore tourism
activitiesand associatecemployment opportunitiesWith more infrastructural projects planned
for the study area it is expectedthat Ukunda will continue attracting immigrants and
industrialization opportunities due to themore developed infrastructure ancemployment
opportunities

In consideration of the above foreseen situatidthe medium growth rate scenarigonsidered
under _the population growth scenarias the mostprobable scenario for the future population
projectionsof Ukundaup to the 2040 design yedt considerghe demographic dynamidsetween
Ukundaand neighbouring Towns, possililends in fertility, mortality andmigration levelsand
patterns as well as the soeceronomic developmentBesides, it has theet minimal risls
associatedwith under-utilization or overoading of the proposed sanitatiorsystemwithin the
design horizon

Table 3.3below gives aummary of the projected populatidior Ukundaup to the design horizon
of year204Q based on the adopted medium growth radeenario.

Table3.3: Summary of the Projected Population

: Population Growth Rates
Sublocations 2009Pop.
2015 2020 2025 2040
- 4.0% 4.2% 4.3% 4.4%
Gombato 24,379 30,847 37,802 46,659 89,010
Ukunda 29,888 37,818 46,344 57,202 109,124
Bongwe 475 601 737 910 1,736
Mkoyo 1,905 2,410 2,953 3,645 6,954
Total 56,647 71,676 87,836 108,416 206,823
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3.2
3.2.1

3.2.2

Land Use and Urban Development
Introduction

Although the county headquarter of Kwale TowKygale TownUkundaisthe largesturban centre

in the County It isinternationally renowned tourist destinatioand a main economic hub this
south-coast region. It thusaquires proper planning of housing and infrastructure including water
supply, solid waste managemeand sanitatiorfor sustainable developmenPlanning osome of
these infrastructure is includeith the First Kwale County Integrated Development Plan.

The First Kwale County Integrated Development Plan divides me into two zawsiton the
transport analysis concept ddniform Analysis Zones (UAZ). 3&eones are Ukunda East and
Ukunda West separated by Road A14.

Currently,Ukunda East is more developed than Ukunda WeERts trend is expected to continue
in future as more infrastructural developments are plannedtie East includingxpansion of
Ukunda Airstrigo Airport.

Existing Land Bk
The existing Lantdse Plan fotJkundais shown orfFigure 32 on Page 5.

LiQa fodhdEistitg Lantdse Plarthat the dominant land use ibkunda is the Residentia
Landuse. Commercial Langse is also significant with concentrated activities along the Beach and
Road Al4. Thidevelopment trend came attributed to the pronounced tourism activities at these
locations as well as the enhanced accessibility and mbilthe corridor ofthe A14 Road.

Currently, the Residential Lanuge has the largest coverage of 22ha, representing6.1% of the
land in Ukunda followed by the Commercial Larse with coverage @881ha, representing 4.6%
of the coverageThere «istsnegligible land allocation for Industrial Lande in Ukunda

Table 3.4elow shavs a summary of existing Latutbseof Ukundaexcluding the undeveloped lands
which are reserved for future utilization

Table3.4: Summaryof Existing Land Use

Agriculture 48.3 1.9%
Commercial 381.0 14.8%
Education 19.3 0.8%
Industrial 04 0.0%
Public Purpose 4.6 0.2%
Recreation 93.2 3.6%
High Density Residential 205.9 8.0%
Medium Density Residential 413.3 16.1%
Low Density Residential 1,068.5 41.6%
Conservation 336.7 13.1%
Total 2,571 100%
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3.2.3

¢ KS RNX @S N&s geowth inckudhe! follaigyick I Q
1 Tourism andHospitality

Tourismis the main driver of socieconomic development in Ukundé createsemployment
opportunities, boosbusinesses anid a mairsource ofrevenue

Beaches are the main woist attraction sites in Ukunda’he main beach in the area is Diani
beachwith many hotels, furnished apartments and restauraite service industry in Ukunda
is also established due to the effect of tourism e.g. restaurants, banks etc.

In the First Kwale County Integrated DevelopmentPlan, it is proposed thata resort citybe
establishedetween Ukunda, Gasi and Chale tourism cartd boost tourism through proper
planning andconsolidation of infrastructural developmest

1 Infrastructure development

Ukunda Airstrip and\14RoadwhichconnectsMombasa and Tanzania through Lunga Luarga
the main transport infrastructure in Ukunda. Thstimulate socieeconomic development in
Ukunda through creation of employemnt opportunnities and promotion of business.

In addition, he First Kwale County Integrated DevelopmentPlan proposes expansion of the
Ukunda Airstrimndestablishment of &ublic Wiversity inUkunda These will furthestimulate
sociaeconomic developmeistin Ukunda

LandUse Planning and Policy

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

Landuse planning encompasses the systematic social and economic assessment of land and water
potential includingthe alternative laneuses for the selection and adoption of the best larsg
options. It seeks to regulate landse in efficient and ethical way and prevent lamgke conflicts.
Landuse planning is practiced to manage the development of land within jatisds, plan for the

needs of the community and safpiard the natural resourcetanduse planning often lead to
land-use regulations, which typically encompaszasing.

Zoning regulates the type of activities that can be accommodatedmaca of lanl, 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 pragmasystem for mapping jurisdictions per
permitted land use.

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

YR G2 LINSBASNBS (GKS & OK I|chdnonlySonkolle® By the yocall NB I &

governments such as County Governments, though the nature of the zoning regime may be
determined or limited by the national planning authorities or through enaligislation.

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 (fronowDensity Housing such as Single Family Homes te High
Density such as HigRise Apartment Buildings), the height of the building etc.

The projectedgopulationof 206,823in Year 2040Refer toTable3.3o0n Page3-3) are proposed to
be accommodatedvithin the coverage otJkundawithout any expansionlt is also proposed that
the existingundevelopedland be utilisedfor developmentand housingpart of the pojected
population.
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3.2.4 LandUse Rquirement per Land Use Dne

Land requiremenin zoningdepends o projected p@ulation and proposed density.

In mostUrban CentresResidential Landse hashe highest land requirementAt present, he
combinedcoverage of Residential Langein Ukundas approximatelyl ,688ha.Ukunda Eadhas
the highe present am projected residential land use requirement tharUkunda West The
projected residential land requirement by 20&32,143ha with the coverage ibkundaEastand
West atl,517haandWest its626 harespectively At year204Q the projected land requiremets
for thesethe Ukunda East and Wegireswill increase tdl,547haand650harespectively.

The proposed population densities for each category of Residentialhsmtiavebeen worked

out based on the projected population, land available for futuese&lopment,the potential of

the developed areafor densification and experience Wrban Centre Townsof similar nature

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

Commercialand-use has the second highest land requirement in both zones by the year 2025 and
2040. The land requirement ldkunda Eass 495.1hawhile inUkunda Wests 5.0 ha by the year

2025 while in 204¢he projected land requirement i800.1haand5.0hain Ukunda East and West
respectively.

Industrial land use hathe lowest land requirement throughout the study horizon i.e. up to year
2040.Approximately 0.35 ha has beaiiocaed for Industrial use up to year 2040

Details of existing and projected Land Wse given inTable3.5 below.

Table3.5: Existing and Projected Land Use
EXISTING LANDSE PROJECTED LANBE  PROJECTED LANBE

LAND USE 2015 REQUIREMENT 2025 REQUIREMENT 2040
. East  West = East = West = East = West
Agriculture 48.3 - - - 48.3 -
Commercial 376.9 4.2 495.1 5.0 500.6 5.0
Education 10.0 9.4 17.5 17.4 235 17.4
Industrial 0.4 - 0.4 - 0.4 -
Public Purpose 4.3 0.4 9.0 0.4 13.6 0.4
Recreation 93.2 - 93.8 8.4 93.8 8.4
High Density Residential 115.4 90.5 115.4 101.4 123.0 105.2
Medium Density 180.7 232.6 252.4 325.1 257.3 325.1
Residential
Low Density Residential 916.2 152.3 1,149.6 199.8 1,166.7 219.8
Conservation 272.4 64.3 272.4 64.3 272.4 64.3

At present, residentialdevelopmentin Ukunda is concentrated along the A14 Road while
commercial &velopments are concentratedang the coastline. The East zoisedoninated by
AgriculturalLland-use

Futuredevelopmentsan Ukundawill take placen the Westernpart of Ukunda due to the better
infrastructural developments.

In the Design Horizon of the Year 20A@ricultural andResidentialLanduses will be the domamnt
Land-usesin Ukunda.

TheProjected LandJses for Ukunda in theYears 2025 and 2040 are giverFigures 3.3 and 3.4
on Pages3-8 and 3-9.

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

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

MIBP/ CES/ BOSCH
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Proposed Land Use

hardware stores

Types of Development
Allowed

Min Plot Size

Density of
Development

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

Allowed

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

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

1 . .

tin smiths, Reuse
Industries

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

welding workshops
allowed

No. of Dwelling Units

Other Requirements

Zone

Educational

Proposed Land Use

Classes, offices and
dormitories
Sanitation block

Types of Development
Allowed

10

BCR

30

PR

Nursery Sch0.1

Pri.school

Sec. School4.5
10.2
University 50.0

College

Min Plot Size

N/A

Density of
Development

N/A

No. of Dwelling
Units

Storeyed buildingeecommended
for effective use of space
Sharing of recreational facilities
recommended

Institutional Housing allowed

Other Requirements

Recreation Conservation/
Green Park

Recreation Conservation/
Green Park

Recreation Conservation/
Green Park

MIBP/ CES/ BOSCH
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Zone Proposed Land Use | Types of Development | BCR PR Min Plot Size Density of No. of Dwelling Other Requirements
Allowed Development Units
4 Government Civicoffices:- County Spatial compactness
Headquarters government; local Public parking
authorities, parastatals, Accessibility

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

Zone Proposed Land Use | Types of Development | BCR PR Min Plot Size Density of No. of Dwelling Other Requirements
Allowed Developnent Units
Densification and diversification
Commercial Compatible mixed use | 75 600 0.045 N/A Commercial recommended
Flats and high rise buildings
5 recommended

Future commercial core

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

Zone 7: Transportation

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

Government

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

MIBP/ CES/ BOSCH
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4.0 WATER DEMAND FORECAST

Water demand is definel & & G KS ¢ 2ridiffexest caegories bf @dbsumers can afford to
O2yadzyYS Ay | 02yl SEThe gafer dizylaNdSai dnNdedis G pendardzhdlibie & €
climate, economic considerations, sanitation facilities, industrial and commercial requirements.

The ptal water demand can be expressed as follows;

Totalwater demand

=AT § "HIUHHEHT BHD 070 7 WD THT B § T "HY HIHIHAHT H
€1 "HTTITTHHL Hi B "I 71 THHT "HHAMKGE THT "H

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

4.1  Analysis ofWater ConsumptiorRates

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

rates for the various capories of Water Demanddowever, from individual studies and in
consideration of various local conditignseveral Consultants have adopted varied water
consumption rates for the determination of Water DemandJikunda

A summary of the Studies / Desigmepared by the various Consultants for Water Supplykanda
and the neighbouring Towris giverbelow:

1 Tahal Group and Bhudia Associates finalised the Water Supply Master Plan for Mombasa
Countyand selected Towns in year 2013

1 Egis/bceom/Mangat J¥inalised the Detailed Design of Rehabilitation and Expansion for
Mombasa Water Supply and Sewerd&yestem in year 2011

1 Gauff IBGITRAinalised Detailed Design Report fwaleWater Service Provide©ctober
2010

1 Seureca/ Mangat finalised the Firi2ésign for Second Mombasa and Coastal Water Supply
Project in January 1998

1 Kittelberger Consult GmbH Consulting Engineers Joint Venture with Mangat, 1.B. Patel &
Partners finalised Malindi Sanitation & Hygiene Educdfeasibility Study in year 1994

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

A comparison of water consumption rates adopted in these Studies / Designs including those
recommended in the Practice Manual for Water Supply Services in Kenya is Jiabteid.lon Page
4-2.
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Table4.1: Comparison of Water Consumption Rates
Domestic X}l;t(g c;onsumpnon Institutions Water Consumption Commercial Industrial
Y : : Water Water
Consultant Name of Report : : Boarding Day Schools: Regional . .
Low Medium High 4 : Consumption . Consumption
Density Densiy = Density =, oc'001S ~ WithWC o Hospitals 0 0pyday) (7 Ha/day)
y (I/lhead/day) @ (I/head/day) (I/bed/day) y
Water Supply Master Plan for
Tahal' Group /. Mombasa and other Towns 250 150 75 - - - - -
Bhudia Associates
August 2013
Rehabilitation & Expansion ol
EgisBceom/ Mombasa Wat'er Supply & 250 100 60 i i i 6 25 000
Mangat Sewerage Project Final
Design Report July 2011
Gauff Detailed Design for Malindi
IBG/Ineieure Water Service Provider 200 120 60 42 21 333 83 -
g October 2010
Second Mombasa and Coast
Seureca Mangat | Water Supply Project Final 200 120 60 50 25 700 5 20,000
Design Report January 1998
Kittelberger
Consult GmbH Malindi Sanitation and
Joint Venture with: Hygiene Hucation Feasibility 300 150 75 50 25 400 25 29,400
Mangat, |.B. Patel Study- March 1994
& Partners
Ministrv of Water Practice Manual for Water
and Irriy ation Supply Services in Kenya 250 150 75 50 25 400 - 20,000
9 October 2005

MIBP/ CES/ BOSCH
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After analysis of these water consumption raiasicated inTable 4.1on Page 42, the following
water consumptionrateshave beeradoptedin the Study

a) Residential Water Demand

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

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

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

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

b) Institutional Water Demand

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

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

Dispensary and HealtBentre
Administrative Offices

5000l/day
25I/head/day

=A =4 =8 =8 =4

c) Commercial Water Demand

The commercial water demariths been determinetlased orthe following commonly accepted
demand criteria by type afommercial facility

1 Shops - 100l/day
9 Bars 500l/day

d) Industrial Water Demand

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

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

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

9 Four and five star hotels - 600l/occupied bed/ day
 Other hotels - 300l/occupied bed/ day
9 Tourist cottagesamplexes - 200l/occupied bed/ day

MIBP/ CES/ BOSCH 4-3



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

4.2 Water Demand Projections

The water demand for Ukunda is expected to increase over the design horizon (year 2040) due to the
projected increase in population, commercial activities and industrialization. This will fresn the

robust tourism industry, planned improvements of the infrastructural network in Ukunda in relation

to the neighbouringowns / urban centres in Kwale County atslpotential for new settlements

The water demansifor Ukundain the Design Hazors 2025 and 2040 hae been calculatedased
on the projected population and proposed future lande Summaryof the water demandby sub-
locationin the Design Horizons Year 2025 and Year 204Qjven inTables4.3 and4.4 below.

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

Sub Water Demand (m3/d)

Location Domestic Health ~ Education: Recreational: Commercial: Industrial : Total
Gombato 5,039.1 8.5 39.5 69.7 609.0 8.5 5,774.3
Ukunda 6,177.8 104 48.5 85.4 746.6 104 7,079.1
Bongwe 98.3 0.2 0.8 14 11.9 0.2 112.6
Mkoyo 393.7 0.7 3.1 54 47.6 0.7 451.1
Total 11,709 20 92 162 1,415 20 13,417

Table4.4: Water Demand for Long Term Plaforizon- Year 2040

Sub Water Demand (m3/d)

Location Domestic Health  Education: Recreational. Commercial Industrial . Total
Gombato 9,613.1 16.1 75.4 132.9 1,161.8 16.1 11,016
Ukunda 11,785.4 19.8 92.5 162.9 1,424.3 19.8 13,505
Bongwe 187.4 0.3 15 26 22.7 0.3 215
Mkoyo 751.0 1.3 5.9 104 90.8 1.3 861
Total 22,337 38 175 309 2,700 38 25,596

The water demand projection fdgkundais shown irFigure4.1 below.

30,000

25,000 ~

/

20,000 ]

15,000 /

10,000 —

Water Demand (m3/day)

5,000

2015 2020 2025 2030 2035 2040
Year

Figure4.1: Water Demand Projection
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5.0

5.1

511

5.1.2

5.1.3

WASTEWATER FLOW PREDICTIONS

Design Criteria

The ctermination of the wastewater flowsdopted in the design of the Sewsr Pumping
Stationsand Wastevater Treatment Plant folukundahas been guided and based dhe
Standard design criteria describedtlre following suksections;

Principal References

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

The principal References used to formulate tlesidn criteria fotdkundaare as follows;

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

i Selection and Design Criteria for Sewerage Project, Report iJonV8Brld Health
Organisation (WHO Repd¥. 9)

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

1 The Design of Small Bore Sewer Systems by Ricl@tid dnd D, Duncan Mara (1985)

1 Domestic Wastewater Treatment in Dseping Coatries by D. Duncan Mara (2003)

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

Sewerag Collection System

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

1 Separate Systems$Storm water and wastewater are collected and transported in two
separate systems. Ideally, no storm water is allowed ih&osanitary sewers

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

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

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

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

Wastawvater collected in the Sewerage System is generated from;

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

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

1 Quantity ofwater supplied to the building

1 Chaacteristics of the housing type

1 Climate with higher losses associated with arid conditions

9 Ground conditions with higher losses asstagiwith high ground porsity

Sewageontribution factorvaries from 75% to 85% of water suppliddpending on the ifferent
categories of consumers as outlined in WHO Report No.9 and summariBablé&5. below.

Tableb5.1: Portion of Water Used that ends up as Wastewater

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

The Studyadoptsan overall figureof 80%for the sewage contribution factor in_consideration
that it has become a standard practice to ad8p&sin the design of Sewerage Systefmsother
Towns in Kenya

5.1.3.2Indudrial Effluent

Industrial effluent generation varies from industry to industry and therefore, each individual
factory on a Sewerage System must be considered separblayever, for areas designated for
future industries whose type is not known, WHO Re#pdo. 9 recommends a rate of 25,000
I/ha/day. This has been adopted in the Study.

5.1.3.3Infiltration and Inflow

The design of the sewers is based upon the concept of a separate Sewer System, i.e. sewers that
are designed to carry only the anticipated sewé#igers with only a nominal allowance in the pipe
capacity for infiltration and stormvater inflow. If significant amounts of water from these other
a2dz2NDOS&a INB ff26SR Ayid2 GKS aSgSNBI GKSYy (K
treatment plants of their process performance capabilities, and the pumping cadtsre 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, jointsnicections, or manholes.

The rate of infiltration into sewer pipes depends generally on the depth of the water table, the
subsoil conditions, thevorkmanshipduring construction, the age and condition of the pipes,
and the frequency of occurrence of ingger connections. Another significant factisrthe
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.

Forthe design of thesewers inJkunda it is intended to use an infiltration allowance that is based
upon the areacontributingto the sewer.This Study adopts the recommendationNdirobi City
Council Manuabf a constant infiltration rate of 0.002%s/ha within the desigrcoverage
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Inflow/Splashis defined as the stormater discharged into a Sewer System from above ground
from such sources as roofgardsthrough inspection chambers within premises, open/loose
manhole covers, cross connections from storm drains, etc.

In addition to infiltration, Nairobi City Coundilanuall f 82 NBX O2YYSyR&a (KS dz
lftf26Fy0Ses gKAOK A& A yunatomabe Sdra waver gnt§/ andyor | £ £ 2
authoriseddrainage of open industrial and commercial areas, . y # ®2 ¢ ¢ KA a | £ 2 ¢
taken as a percentage of the domestic wastewater flow and ranges from 5% to 30% depending
upon the predominant housing type i.e.

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

A conservative vak of 5% of the total wastewater flow has been adopted in this Stodthe
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 appliedn the average wastewater flo determine the peak flow.

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

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

I = Infiltration Rate (I/s)

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

DWF = 3 & @ y '

Where:
3& = Sewage Reduction Factor (%)

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

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

! = Industrial Drainage Area (Ha)

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

! = Domestic Drainage Area (Ha)

Thedaly 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
contributingarea results in a lower peak factor, hence large trunkess have lower gaks 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 inTable5.2 below.

Table5.2: Nairobi City Council Manual Peak Flow Factors

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

<120.0 5.0
<600.0 3.8
>600 3.1

ThesePeak Flovfactors are considelay higher than thoseesulting fromthe empirical formulas
commonly used. Some of the commonly used formulas are givEalite5.3 below.

Tableb5.3: Common Formulas used to calculate Peak Flow Factor

. 1)
LeggFormula, for population < 7,000 Persons 0 QAW EO bt m 55 e &
T e g v
Babbit Formula, for population < 7,000 Person: 0 QO 60 Errrarms s ¢
) e Pt
Harmon Formula, for population > 7,000 Perso 0 Q@b &l g, e

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

Theempiricalformulas adopted in the computation of peak flows tdkundaare as follows;

9 Babbit formula for populations less than 7,000 persons
9 Harmon Formula for populations greater than 7,000 persons

5.2 Projected Wastewater Flows

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

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

Table5.4: ProjectedWastewater Generation upo Year 2040

. Area Wastewater Generation (rfid)
SubLocation

(Ha) 2009 2015 2020 2025 2040
Gombato 1,073 2,867 3,540 4,263 5,183 9,586
Ukunda 1,938 3,515 4,340 5,226 6,355 11,752
Bongwe 198 56 69 83 101 187
Mkoyo 373 224 277 333 405 749
Total 3,583 6,663 8,225 9,905 12,044 22,274
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However, achieving conditions of regular / unsuppressed water supply and full sewer
connections in a Town with Sewerage System is nearly impossible. Tbaised by thdimited
development of water resource® serveUkunda, inadequate water distribution networks and
the prevalent use of onplot sanitation systems due to topography, affordability, unplanned
settlement, etc.

To consider the above situation, the factors of Sewer Connectivity and Water Supply, given in
Tables 5.5 and 5.6 below, have been adopted for the formulation of realistic wastewater
generation projection fokundh.

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

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

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

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

Figure 5.1below shows theprojected wastewater flowsip to Year 204€or the idealconditions
of regularwater sipply and sewer connectionondition (100%Sewer Gnnectiond and the
realistic conditios of suppressed water supphand gradual implementation of sewer

connections
24,000
22,000 || el \Wfith 100% Sewer Connections & Regular Water Supply| /|
= = 4 = = With projected build-out of Sewer Connections and

20,000 Suppressed Water Supply >
= /
= 18,000
- e
E / -

~ 16,000 —=t
2 -
5 e
w. 14,000 r
«= 12 000 -
g ' / "'
td
E 10,000 _— e
a — o
g.ln 8,000 ’,'
m ’
1™ ,
2 6000 ra
z 4
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Figure5.1: Projected Wastewater Flowsp to Year 2040
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From Figure 5.1 on Page 55, the projected wastewater generatiorbased on the realistic
conditions ofsuppressedvater supply andyradual mplementationof sewer connectionsinthe
Years 2025 and 204058100 m®/dayand 18,100 m3/dayrespectively.

The design of Wastgater Treatment Plantand Sewerage System havween based on the
wastewater flow generationdetermined from the realistic conditiors of suppressedwater
supply and projected buileup of sewer connections.
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6.0

6.1
6.1.1

6.1.2

DESIGN CRITERBRSEWERAGE SYSAR WASTEWATER TREATMENT
PLANTS

Design of Sewers
Minimum Size of Sewer

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

Thisrecommendationis comparable to that ofWHO Report No.;225mmminimum diameter
for Trunk and Branch Sewseand 100mng 150mm for Property Drains.

To reduce the tendency of blockages, 200mm diameter has been adopted as a misawam
size forUkundaSewerage Systernlowever, athe upper ends of sewer lines, the expected flows
would not ahieveselfcleansimg velocities except at rather steep sewer gradieftsus 150mm
diameter sewers il be adoptedin the upper lengths of the sewers &leviate this situation

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

1 ColebrookWhite Formula The Darcy Weisbach Formula, combined with the Colebroo
White formulation of the friction factor, has long been regarded asftrenulathat closely
relates both pipeline theornand observed pipeline losseEhe main disadvantagés the
cumbersome iterative calculations necessary for its solution. However, with the advent
computers and published Design Charts timsgtation has been overcome and the formula
universally used as the basis for most compuergramsused inthe design of sewers.

k

of

1 Manning Equation TheManningequation is widely used because of its simplicity. Although

it is empirical, it gives arcaurate aswer, given the uncertainties associated with the flows
generated (population proje@ns, connected population, water consumption per person,
etc.). The formula is as follows:

28 @38
]
Where:

6 = velocity of flow, (m/s)

] = pipe roughness coefficient

2 = hydraulic radius, (m)

3 = slope of the pipeline, (nm)
Table6lbelowK 2 ga (G KS al yyAy3IQa tALS NRddzZAKySadaa 02857
diameters.
Table6.lY CNAOGA2Y CIFOU2NJ F2NJ alyyAy3aQa C2NNdzZ |

Pipe Material Pipe Dia, mm Friction Coefficient, n
Spun @ncrete <=300, <600 0.015

>= 600 0.014
Cast Concrete All sizes 0.018
uPvC All sizes 0.013
Pitch Fibre 100 & 150 0.014
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In this study, mnning equation has been adopted for the design of gravity sewers. It has been
complimented by Design Tables anda@s for the Colebrook&Vhite Equation, developed by the
Hydraulic Research Station in UK.

6.1.3 SeltClearsing Gradients and Velocities

The velocity of flow in a gravity sewer depends on its gradient; the steeper the gradient, the
higher the velocity and fothe 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 dcmalocity of

NOTp Yka Aa 02 yAMARISINSRY I ASK S OWal Sudidy Kilt i g A
suspension. It is important that this velocityaishievedat least once a day. Thisaasuredby

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

/ 2 dzy§ Bdoiti Standards recommendsitivelocitiesin sewersshould exceed 0.75m/s when

flowing full.

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

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

This requirement is more important for trurdewersand isinappropriate for louse connections

or the secondary seweffer Ukundawhere flows may be intermittent and retention times short.
A minimum velocity of 0.75m/Bas been adopted with exception of some critical circumstance
where a velocity of 0.6m/s has been allowed.

In area 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 gradientzave been adoptetb decrease the resultaniesver depths and

to reduce the number of pumping stationRegular flushing of sewers should be carried out at
the flush manholes to be provided at the upper sewer sectton@revent silting

The Ministry of Water and Irrigation Practice Manual for Segerand 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 exceedjn4d.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:

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

6.1.4 Sulphide Generation

Hydrogen sulphide is the main source of corrosion in sewgEsp 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 ferras and concrete walls causing their rapid deterioration.

The onset of Hydrogen sulphide attack depends upon many variables including;
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6.1.5

6.1.6

1 Sewag strength and sulphate content

9 Dissolved oxygen concentration

1 Velocity of flowg at low velocity,anaerobic condibns result throughsilt and sludge
accumulaton. Natural oxygen recovery from the atmosphésealso low at low velocities

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

A welldesigned anatonstructedSewerageSystem is the best way of preventingcurrence of
sulphide attack. It is considered that the relatively sheetverlengths proposed ifJkunda

Sewerage Systertogether with adequate gradients, make the onset of sulphide attack elglik
HDPE/ uPVC pipes will be used as much as possible in flatter gradients.

In Pumping Mains, sewage retention tiresss than 30 minutess providedto avoid anaerobic
conditions and generation of hydrogen sulphide. Injection of air into the main bynaressor is
proposedwhere 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 showemréhis.

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

Ventilation of Sewers

Sewers must have adequate ventilation to:
1 Remove odorous gases released from the sewage
T Remove explosive and poisons gases produced in the sewage
1 Maintain adequate supply ofoxygen in sewers andprevent hydrogen sulphide
generation

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

Depth of Sewers

Sewers are designed to flow as much assgas in the direction of the natural ground slope.
They should also blid at depths that permit connection to the existingd futureproperties
within the sewered area. Besides, adequate cover to the seiseejuired to ensur@rotection
against damges from live loads transiting on the overburden cover surface.

Nairobi City Council Manual recommendénimum depth of seweref 1200mm in roads and
900mm in all other areag\dopting this recommendation at the upstream sewer sectiongat
areas leado unnecessarily deep sewerndoweveradditional protection can be provided at the
upstream section of sewers if shallow depths are adopgtedimit sewer depthsand result to
savings from deep excavations of entire sewer length

The minimum sewer deps and recommendedipe protection measuresn the various
circumstancesre shown infable 6.2below.

Table6.2: Minimum Sewer Depths and Pipe Protection

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

6.1.8

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

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

Manhole Spacing and Sizes

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

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

Table6.3: Guideline to manhole diameter and spacing

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

Most sewer blockages occur in the smaller diameter sewers. Thus, for pipe diameters smaller
than 225 mm, it is proposed to reduce the manhole spatingOm for eae of cleaning and
maintenance The spaing of intermediate manholem the Sewerage System fatkundahas
beenguided by theproposed wer LayoutPlan

Pipe Materials

The choice of pipe material is influenced by:

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

Types of joints; in view afater tightness which affectgfiltration

Avalability ofrequired sewer diameterand necessaryittings

Cost of materials and installations

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

Due to the various requirements indtSewerage System fdkunda, combiration of various pipe
materials, which are manufactured locally to internationallyaggized standardshave been
consideredThese include;

i. Precast Concrete Pipes

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

Flexible jointed pipes am@anufactured in sizeranging from 150mm to 975mm diameter and
are connectedusing rubber ring They arevertically cast in vibrated mould3hey are the
most commonly used type of concrete pipes.

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

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

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

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

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

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

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

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

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

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

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

From field investigationst has been found thatvhen steel pipes are exposed to the strong
sunlight, the externaprotective bitumen coating become brittle and crack, thbecome
susceptible to theatmosphere. There are also cases where the pipe couplings, and even the
pipes, havdeen vandalised and stolen for recycling purpo3é® hgh cost of steel pipeslso
discouragesheir use in other normal conditions.

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

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 pipewesai@blefor aerial river
crossings, pumping mains, high impeegistance and bridging abilitgither spun iron or mild

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

6.2
6.2.1

6.2.2

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

Property Connections

As the designed Sewer Network will comprise Trunk Sewers and Secondary Sewers, only those
properties that are adjacent to the sewers will easily / directly connect. Other properties @4l ne

to be connected, either bkWR | { / hQa GSNIAINB &S6SNB 2NJ o8&
feasible at theconstruction stage to allow for all individual property connections, but, wherever,
possible, 160 mm diameter-jMnctions shll be provided orthe secondary sewers to facilitate
connections.

Design of Sewage Pumping Stations
Sewage Pumps

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

As per theFinal Practice Manudbr Sewerageand SanitatiorServicesn KenyalMWI, 2008)the
following types of pumps are considered most suitdblesewageworksin Kenya -

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

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

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

However, where the pulil can be excluded, screw pumps are considered suitable for sewage
aft AT a¢ Wheteled eledtyCifiy ds available, it is recommended that pumps be driven by
electric motors; elsewhere, diesehgines are considered the better alternative type of prime
mover.

Apart from solids diverters, submersible purspts and screw pumps, it is recommended that all
sewage and sludgpumps should be protected against blockage by screens; for the smallest
pumps, 40 i clearopening screens are required, baD0 mm openings are suitable for the
larger centrifugal and mixetlow pumps.

Sewage Pumping Stations

¢CKSNBE INB (62 olaAl0 GeLlSa 2F aSe¢l IS LizYLIAy3
into pumpingmains.In the lift station, sewage is merely ratséom 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 partiguried boxes giving access to the equipment and its control gear.

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

Sewage pumping stations can be broadly classified as follows;

a) Wet WellStations Submersible Pumping Stations
b) Dry Well StationswWet Well / Dry Well Pumping Stations
c) Packaged Pumping Stations esgrew Pumping Stations
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6.2.3

Wet Well Stations

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

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

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

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

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

can then be transported to a workshop for repair.

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

Dry Well Stations

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

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

Dry Well sewage pumping stations usually house centrifugal pufinosizontal or vertical
centrifugal pump set3. In general, horizontatentrifugal pumps are cheapeand easier to
maintainthan verticalpumps Howeveryertical pump sets have advantage that the prime mover
canbe installed above ground level, so that ipimtected from flooding caused by heavy rain

a burston the pipeline In such installations, the prime movemd pump are connected by
shafting with universal joints. It is recommended that, when centrifugal pusngsised, vertical
sets beadopted

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

Packaged Pumpina&ions

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

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

Siting of Sewage Pumping Stations

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

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

6.2.4 Capacitieof Sewage Pumping Stations Components

Pumping and Station Capacities

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

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

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

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

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

Standby Units

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

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

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

It is recommended that the percentage standby never drops belo%s3Bat is, the total number
of pump setdn larger stations should be such that about thhgearters of pumps can deal with
peak flows, with theemaining pumys) held instandby.

Wet Wells and Sewage Sumps

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

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

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

V =300Q

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

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

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

6.3 Design of Wastewater Treatment Plants

6.3.1 SelectionCriteria for Treatment Process / Technology

Wastewater treatment technology has been selected after taking due consideration of the
pertinent technical, operational and economic fad, 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 ofpollutants to be removed and their strengths in the wastewater. The treatment
technologysystem selected has ensured the attainment of required pollutant removal
efficiencies.

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

To simplify the evaluation process for the various treatment technolotiiesConsultant
calculated the dynamic undéost as average cost/nof wastewater treated for different
treatment technologies as summaed inFigure6.1 below;

4,000 ——— — S——

Anaerobic Ponds +
Trickling Filters +
Maturation Ponds

3,000 ——

2,000 +—F—

Capitla Cost (Ksh, Million Ksh)

1,000

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

Flow, m3/d

Figure6.1: CapitalCost for different wastewatertreatment technologies
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iii) Physical ConstraintsLand

Land required for installation of treatment plant is the principal physioaktraint due

to the availability and acquisition cost. Land available at the selected site in consideration
of the site topography and terrain for the hydraulics at the WWTP has been assessed for
adequacy for the selected treatment technology.

Figure6.2 belowshows the land requirements faine various treatment technologies.
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Figure6.2: Land Rguirementsfor the various Treatment €chnologies

iv) Operational Skills

Treatment technologswhoseskill requrement for operation and maintenanagan be
obtained locally with minimum training of operators, has also been given preference.

v) Sludge Production

Different technologies generatearied amountf sludge duringvastewatertreatment

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

vi) Energy Recovery

Methane gas is usually generated during wastewategatiment process. Some
technologies such as the Activated Slutige a dominant anaerobic digestiprocesgs
involving sludgevhich roducessubstantiabmounts ofmethane Energyproduction can
also beachieved through direct incineration of sludge.

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

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

ix) Sludge / Solid Waste Dump Site
After dewatering, solid sludge is easily transported to the Sludge Dump Site for final
disposal. The sludge may also be combined with grits and screenings from the Plant for
dumping. The Sludge Dump site shall preferably be developed near the Wétsie
Treatmert 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 tfe Sludge Dump Site have been carried out based on
following key factors:

1 Topography of the land and its potentials for erosion and runoff
1 Soil Characteristics

1 Soil depth to ground water

1 Accessibility & proximity to critical areas

Avalilability of clan 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 mhbanical 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 thiddhespecially,
regarding the proximity tthe Wastavater Treatment Plant to the buildp areas.
6.3.2 Alternative Wastewater Treatment Process/ Technologes
The following biological Wastewater Treatment Technologies have been analysed in detail using
the criterialisted inSubsection 6.3.1
i) Waste Stabilization Ponds

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

1 Household 1 Household reywaer W)

F Neighbourhood %] Shared Outputs: @ Effluent @ Sludge

(%] City & *] Public

Waste Sabilization Ponds (WS§) are large basins enclosed by earth embankments in
which raw wastewatetris treated by entirely natural processes involving algae and
bacteria. Since these processes are unaided, the rate of écad& slower, andhus
hydraulic retention times are longer than in conventional wastewater treatmérPs
are the preferred method of wastewater treatment in developing countries where
sufficient land is normally available and where the temperature éstfiavourable for
their opemration.

There are three principal types of WSP: anaerobic, facultative and maturation ponds
which are linked in series. Anaerobic ponds and facultative ponds are desigri2@mor
(biochemical oxygen demand) removal, and matiamatponds are designed for faecal
bacterial removal. Some removal of faecal bacteria (especialfjboio choleragoccurs

MIBP/ CES/ BOSCH 6-11



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

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

A typical layout of Waste Stabilization Pond is givedFigare6.3 below;

Raw
wastewater

S S e L /h N ]

Final
effluent

% 1 anaercbic ;E 2 facultative % 3 aerobic maturation %

Figure6.3: Layout of Waste Stabilization Ponds

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

if) Trickling Filters

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

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

A trickling filter is a fixetbed, biological reactor that operates undémostly) aerobic
conditions. Prea SG 0 f SR 61+ a0Sél 0SN) Aa O2y(dAydz2dzaf @
using sprinkler as shown igure6.4 below.

sprinkler

filter

S

air

outlet
—

collection I

e
=6
= S

feed pipe __\'
N

v

‘ e gt MR N Lepet i34l S b
filter support: AN RN RN RAN N AN N TNRNT LI

Figure6.4: Sectional View of a Circular Biofilter

As the water migrates through the pores of the filter, organics are degraded by the
biofilm covering the filter material. They produce high quality effluents (e.g. <20 mg
BODI and <30 mg SS/I) without requiring large areas of land or consuming \eastitigs
of electricity. In many situations in developing countries they are much more appropriate
than activated sludge. Trickling Filters comprisea & deep bed of 5100 mm rock.

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

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

iii) Oxidation Ditch/ Extended Aeration

Application Level: Management Level: | Imputs: @ Effluent @B Blackwater
] Household 7 Household @ Brownwater (T Greywater

(*] Neighbourhood ] Shared Outputs: @ Effljuent @ Sludge
=% City & *] Public

Oxidation dithes are a direct modification of conventional activated sludge. Their
essentialoperational features are that they receive raw wastewater (after preliminary
treatment) and provide longer retention times: the hydraulic retention time is commonly
0.5¢ 1.5days and that for the solids 2030 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 iargan

2¢3 m deep.

The ditch liquor is aerated by several aerators, which impart a velocity to the ditch
contents of 0. 0.4 m/s to keep the activated sludge in suspension. The ditch effluent
is discharged into a secondary sedimentation tank to permitls@eparation and sludge
return and to produce a settled effluent with loBODand SS. Removals consistently >95
per cent are obtained for botBODand SS.

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

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

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

Constant supply of energy

High capital and operating costs

Require operation and aintenance by skilled personnel

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

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

_1Household {1 Household f— () Greywa

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

(%] City (%] Public

The Sequencing Batch Reactor (SBR) is an activated sludge process designed to operate
under nonsteady state conditions. An SBR opesaite a true batch mode with aeration

and sludge settlement both occurring in the same tank. The major difference between
SBR and conventional continueflew activated sludge system is that the SBR tank
carries out the functions of equalization aerationdasedimentation in a time sequence

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

Sequential Batch Reactor

Raw Sewage | Filling
[
%

* | Aeration

7

< Settling
SIudgeD!scharqe‘

| occasionally

Figure6.5: Schematic Showing SBR operationalleyc

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

SBRs require controls to redueeergy 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 condtion of equipment and software. Working with
automated control reduces the number of operator skill and attention requirement.

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

v) Submarine Outfll

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

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

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

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

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

For final polishing of treated effluent (pathogen reduction) before disposal h@@hvironment,
the following processes have been considet@formulate Wastewater Treatment Trains

1 Maturation Ponds

1 Chlorination

1 Sea outfall

Preliminary Treatment

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

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

Sone of the peliminary treatmentprocesses are briefly described below;

a) Screening

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

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

Mechanically cleaned screening systems are popular in modern WWTPs becayse the
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
conveyedto 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 W\@W@&tsescreens
remove large solids, rags, and debris from wastewater, and typically have openings of
6mm or largerFine screens are used to remove materials that may create operation and
maintenance problems in downstream processes, particularly in systemsldbht
primary treatment. Typical opening sizes for fine screens are 1.5 to 6 mm
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b) Grit Removal

Grit includes sand, gravel, cinder, or other heavy solid materials that have higher specific
gravities than the organic biodegradable solids in the wastewatemdval 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, wheneetbeity 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 secondasatment plants
without primary clarification, grit removal should precede aeration (Metcalf & Eddy,
1991).

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

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

c) Flow Control and Overflow

Flow control requires that a flow control device Imeorporated 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 fable6.4on Page 617.
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Table6.4: Descriptive Comparison of Wastewater Treatment Technologies / Processes
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6.3.3

Vi.

Vil.

viii.

Identification of Ste for Wastewater Treatment Plant (WWTP)

The location of the proposed Wasvater 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.

LandUse

In theLanduse Map different areasof Ukunda have been assigned vargsting and proposed
uses. Areas earmarked for residential, industries, agricultiarests and social amenities are
considered Isssuitablefor the locationof a Wastewater Treatment Plant (WWTP). On the other
hand, public utility or undeveloped Agricultural Lalutated away from the sensitive residential
areas are preferred.

Distane of Effluent Discharge Point

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

Topography of the Sewered Area

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

Topography of Site

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

Geological Conditions

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

More often, the geological formation within a Town is fairly simiFor instance, all the candidate
sites in Ukunda comprise afmixture 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 andy loam to fine sandy clay loamhese soils are suitable for WWTP
(Waste Stabilization Ponds) construction.

Existing Infrastructure

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

Potential for reuse of treated wastewater

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

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

Land Acquisition

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

MIBP/ CES/ BOSCH 6-18



FINAL MASTER PLAN REP(
UKUNDA

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

7.0 FORMULATION G¥£ TERNATIMBEEVELOPMENT STRATEGIES

7.1 Justification of Study Area

It wasproposed in he World Health Organisation (WHO) Report No. 9 that by the year 2000 all
urban areas that have a population density greater than 124 persons per hectare should be
connected to sewerage systanirhisproposal aims to outline the extent to which tkewerage
projects should be prioritized in theeveloping nations

The present populion density {Year2016)for the dudy areaof Ukundais approximatelyas21

persons per hectare while the projectétkar2040 mean population density &8 persons per
hectare The sublocation with the highest projected population density #gay2040is Gombato
with approximatively 83 persons per hectare. Thespopulation densities are below the
guidelines of the WHO Report No. 9 thave been adoptedn delineating the study arefor

UkundaMaster Plan.

7.2 Delineation of Drainage Areas

The Sewerage Sysh forUkundahas been developed based on drainage areafrafagearea
refers to a natural boundarwithin which the topography permitsonvergence of surface water
flow to asingle point at a lower elevation.

A total ofthree (3) drainage areabave keen formulatedin Ukunda

Based on the projected land usprojected population and projected water demafidcluding
suppressed conditions)s detailed in the previous Chaptetise sewage generate(Dry Weather
Flow) in the various design horizonsbnainage areancludingBODR is givenin Table7.1 below.

Table7.1: Summary of Sewage arBOLR Generated per Drainage Area

Drainage Coverage Year 2025 Year 2040
Area (Ha) DWF (m3d) BODb 6 Y= DWF(m3d) BODb 6 Y:
1 2,570 3,926 560 13,164 550
2 429 926 530 3,133 520
3 583 548 540 1,803 530
Mean - - 543 - 533
Total 3,583 5,400 - 18,100 -

The Projected Dry Weather Flow thie study area oUkundaat the Design Horizon (Year 2040
isapproximatelyl8,100 m%/d ay.

A layout Plan showing tilsedrainage areas is givenkigure7.1 on Page7-2.
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Figure7.1: Proposed Drainage Areas
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7.3 Description ofAlternative Wastewater Managementchems

The definite topography of Ukunda hdsnited the feasiblesite for the development of
Wastewater Treatment Plant to a sindawv point at Kinondo Argasituated approximately 4
Km south of Ukunda core urban centre

This site has been selectadfter evaluation of pertinent physicatnvironmental and economic
factorsincludingthe ease with which wastewater generatéwm the study area of Ukundaan

be conveyed byninimal pumpingto the site, land availability and its safe distance away from
built-up areas.

From preliminary investigation&inondosite is suitable for the construction efther aWaste
Stabilization Ponds owing to the land availability and topography or a Long Sea Outfall due to the
proximity to the Indian Ocean.

Thus, 2 Nr Aérnative Schemes have been formulated for Ukunda and are briefly described
below;

i) Alternative 1¢ Centralized Scheme with a Waste Stabilization Ponds System at Kinondo

This Alternative Scheme entails conveying wastewater generated in Ukunda to aizedtral
Wastewater Treatment Plant comprising of Waste Stabilization Ponds System (ultimate
design capacity 18,100 m3/d) located at Kinondo site.

Due to the nature of topography in Ukunda, the wastewater will be conveyed to the
proposed centralized Wastewsr Treatment Plant via a series of gravity and limited
pumping system comprising of 6 Nr Pumping Stations.

A full conventional Wastewater Treatment Plant, encompassing Waste Stabilisation Ponds
has been adopted considering availability of land, costaraf acquisition, capital costs and

low operation and maintenance requirements associated with the treatment train. The main
components of the Wastewater Treatment Plant include:

Inlet Works

Waste Stabilization Ponds (Anaerobic, Facultative and Matur&mos)
Sludge Drying Beds

Staff Houses and Administration Buildings

Site and Ancillary Works

=A =4 =8 -8 =4

A summary of the Sewerage iRping Components and Treatment Plant of the Alternative
Scheme 1s given inTable7.2 below.

Table7.2: Alternative Scheme & Details of Sewerage System and Treatment Plant

Pumping Statios Wastewater TreatmentPlant

Pumplng LEEIE Pumping : Power : Ultimate Design: Treatment Laqd
Station flow Head (m) (kW) Location Capacitm¥d) = Technolo Required

Ref.  (m¥h) P Y (Ha)

P1 499 23 45

P2 796 5 14 Waste

P3 1,193 5 20 i ilizati

Kinondo 18,100 Stabilization 45

P4 1,491 6 30 Area Ponds

P5 1,492 6 30 (WSPs)

P6 1,493 6 31

A detailed Layout Plan for Alternative Scheme 1 is giveAgure 7.2on Page7-4.
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Figure7.2: Alternative Schemel
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