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CHAPTER 3 FORMULATION OF DEVELOPMENT FRAMEWORK

3.1 Planning Horizontal and Objectives
3.1.1 Planning Horizon

The planning period for the aftercare study is 1999 to 2010 and corresponds to the planning
horizon of 2010 identificd in the National Water Master Plan. Scwerage development is aimed at
selected urban centres in accordance with the strategy outlined in the following sections of the
report.

3.1.2 Development Objectives

Sewage, whether domestic or indusirial, must no longer be disposed of indiscriminately.
Controlled disposal of domeslic sewage and indusirial wastewater is the only solution for

safeguarding walter resovrces and public health in Kenya. The objective of the Aftercare Study
are:

1} to provide a national sewerage development plan with priorities for implementation,
and

2) to provide a strategy for the sustainable development, operation and maintenance of
sewerage systems

Clearly, actions to resolve the identified constraints must be taken to ensure that operating
authorities have the management capacily to properly operate and maintain sewerage. Otherwisc
continued development will not be sustainable. A complete list of the constraints and
recommended actions to overcome them is presented in Table - 3.1.1.

3.2  Target Areas

There are a total of 215 urban centres in Kenya. To plan for the development of sewerage by the
year 2010 in al 215 urban centres would only exacerbate the difficulties of establishing priorities
and create unrealistic demands for funding. As specified in the terms of reference planning will
be carried out for urban centres that already have sewerage systems and a few other urban
centres where social and environmental conditions merit sewerage. There are 30 urban centres
with sewerage lacilities and 29 urbaa centres wherce the need for scwerage development has been
identified in PIP and DDP.

From the long list of 59 urban centres presented in Table - 3.2.1 a 1otal of 40 urban centres are
sclected for the development plan.  The selection criteria are to include all urban centres with
scwerage facilities and all urban centres with a population of 20,000. Only Kabarnet does not
mcet the selection criteria butl has been included because ground conditions are not suitable for
on-site sanitation and the risk of contaminating polable water supply is very high. Sewerage
facilities for Kabarnct have been planned and ready for construction since the 80’s.
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The target areas, thercfore, are 40 urban centres shown in Tabtle - 3.2.2.

The plan includes an allowance for wastcwater discharged from industry into public sewers. Itis
assumed that industry will be will be required to pre-treat waslewater 1o meet national (rade

cfflucnt standards and that most industries within an urban centre will be connected to public
sewers.

33  Strategy for Sewerage and Sanitation Development

3.3.1 Service Standards

As preceding chapters have indicated, urban centres in Kenya have well developed water supply
systems serving a high percentage of the population (>90%). In comparison, sewerage remains
poorly developed serving only 28% of the population living in urban centres while almost 50%
sely on pit fatrincs. The cnvironmental and health implications of inadequate sanitation have
been further aggravated by rapid rural urban migration and a poorly maintained and failing
sewcrage infrastructure.

It is not a requirement of this Study to undertake a comprehensive review of on-site sanitation
facililies or prepare an implementation programme for the development of on-site sanitation.
However, by the year 2010 more than 7 million people living in urban centres will depend on pit
latrines for basic sanitation. Providing sewerage in only part of a community will have little
benefit if the health of the residents and the water resources is threatened by the unsanitary
practices of neighbouring communities that do not have sewcrage.

A wide range of sanitation technologics is available as illustrated in Figere - 3.3.1. Techaical
acceplable sanitation solutions are ventilated improved pit latrines, pour flush toilets, shallow
sewers, septic tanks, public toilets and conventional sewers. A comparison of the various
sanitation technologies is provided in Table - 3.3.1.

The technical feasibility of alternative sanitation systems in Kenya depends heavily on water
supply services in the area, on population densitics, on soil permeability, and hydrogeclogical
conditions. These conditions vary widely from one urban centre to the another and are very sie
specific. Algorithms as shown in Figure - 3.3.2 have been developed as a guide to the kinds of
questions that should be asked in the selection of sanitation technology. Although they are
dircctly applicable to many situations encountered in Kenya there will be some situations
encountered where the combination of conditions will require the sclection of an option that is
not that suggested by the algorithm. It should not therefore be used without judgement, but as a
tool for decision making.

Conventional sewerage schemes are an excellent form of sanitation for those who can afford
them and have sufficicnt water. There are many other least cost options which, like sewerage,
can provide a high standard of health, cnvironmental protcction and user convenicnce. The
selection of the technology best suited to provide immediate improvements in sanitation should
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also refleet the need for future improvements as the users socio-economic situation improves.
The feasibility of sanitation upgrading sequences depends very much on incremental
improvements in the level of water supply. Upgrading of on-sitc sanitation sysiems js possible
over time and should be considered in system planning for areas that are not covered by
sewerage Figure - 3.3.3 illusirates the typical upgrading scquence. It also shows the various
service standards of water supply that can be accommodated by alternative sanitafion
technologies.

One of the fundamental problems in increasing sewerage coverage is the high cost and the need
to have a sufliciently high per capita use of water. Where water consumption is insufticient for
conventional sewerage the alicrnative of shallow sewers seems particularly attractive. They are
designed to accept all houschold wastewater for off-sitc treatment. They consist of a network of
small diameter pipes connected to septic tanks laid at flat gradicnts in locations away from
vehicular traffic usually in the backyards and parrow alleyways of both planned and unplanned
settiements. They are designed to be flushed frequently and in densely populated communities
there is ample opportunity for such operation. Most solids are frapped in solids that deposit in
the sewer are flushed along by successive waves of wastewaler because the pipe is small making
it possible to build up the reguired back pressure.

The United Nations Centre for Human Settlement has issued a design manual for shallow sewers
based on experience in several low-income communitics across the world.  There is no
experience in using shallow sewers in Kenya but evidence suggests that they could be a viable
option for densely populated unplanned settlements within large urban centres where
conventional sewerage is unaffordable and not technically feasible because of low water
consumption. More rescarch including pilot installations will be required to determine which of
the non-conventional sewer options (e.g. shallow sewers) are technically acecptable and
cconomically feasible. Problems of user acceplance and maintenance are likely in the initial
stages and will require appropriate support programmes {o inform the public.

Bascd on a review of current practice and experience in other developing countries, conventional
sewerage is usually cost effective in urban zones where:

1) The population density is greater than 120 persons per hectare, and
2) Water is supplied to individual residences in sufficient quantity to procedure
waslewater flows greater than 75 litres per capita daily.

In other cases properly constructed on-site sanitation systems should be used. 1f conditions are
not suitable for on-site sanitation (plot size, soil conditions) and conventional sewer are not
affordable or feasible because of Jow water consumption then alternatives such as shallow
sewers musl be considered.

The above service standards are recommended as guidelines for future sewerage development
but should be re-evaluated again when preparing urban water and sewerage master plans to
reflect specific conditions encountered in each urban centre.
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3.3.2 Proposed Development Strategy

Based on a review of existing conditions and discussions with MWR and MOLA the following
development strategy for urban sewerage is praposed:

1)

2)

3)

4)

5)

6)

Existing infrastructurc should, where economically feasible, be rchabilitated
beforc investing in new works. This approach will in most cases be more cosl
cffcetive and result in more immediate benefits such as improved trcatment levels.

Residences with water connections should have conventional sewer connections if
they are located in already sewered areas.

Residences with water connections in presently unsewered arcas should have
connections to conventional sewers, or shallow sewers or septic tanks by the ycar
2010. The final decision on which technology to usc cannot be made at this study
stage and should be based on an cconomic evaluation of options using local
conditions.

Residences which today have a water connection but which cannot be served by a
conventional or shallow sewer connection should during the planning period
improve their sanitation by upgrading their existing cesspits or seplic tanks. In
later years they should be connected to the extended sewer network.

Residences that do not have a water connection today but will be supplied with
one by 2010 should, for the immediate future, be served by pour flush toilets with
sludge soak-aways if they do not install flushing toilets. They should usc new
cesspits or septic tanks if they do install internal flush toilets. The choice between
cesspits or seplic tanks depends on whether enough land is available for the more
cfficient and cost effective septic tanks.

Those who ar¢ unable to afford the sapitation system that must accompany a
water connection will have 1o rely on standpipes for their water supply. Such
residents will principally use either VIP latrines or pour-flush toilets for sanitation.
The choice between VIP lairines and pour-flush toilets should be left to the
individual householder.

The implementation and monitoring of on-site facilities in urban centres must be formalised to
make them more effective. Formatising oa-site sanitation will require:

1)
2)

3)

4)
5)

Setting standards for construction of pit latrines, scptic tanks and soak-away pits
Regulating construction through the issuing of permits and follow-up inspections
Regulating maintenance intervals of septic tanks and cesspits through mandatory
collection

Providing facilities for disposal of septage

Regulating municipal and private sludge collection services through licensing and
manifest system to ensure proper disposal
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Further study and assistance will be required to determine the appropriate institutional
arrangements, and imaplementation plan. It is proposed that MWR plays a lcadership role in co-
ordinating the provision ol planning and inspection services with other key aclors such as the
ministry of local authorities and local public health departments.

34 Futuare Demand for Services

The first step in the planning process is to sct a realistic target for each urban centre of the
number of people that will require sewerage services by the year 2010.

Sanitation needs and planning conditions are site specilic and it is impossible 1o determine
exacily how many people in cach urban centre should be connected lo sewerage unless
simplifying assumptions are made. According to a 1973 WHO report, it was estimated that
approximately 95% of the urban population in the year 2000 would be in a siluation where on-
site sanitation was no longer suitable. Given that only 28% of the urban population is presently
connected, such a high service coverage ratio cannot realistically be achieved by the year 2010.

Most urban centres have low service coverage. If a large number of residents in an urban
community do not have adequate sewage disposal the health of water resources and of other
residents who do have sewerage can be adversely atfected. Therefore it is assumed that some
improvement over existing conditions is required.

In Mombasa, a recent waler supply and sanitation study delermined that only 50% of the
population could aftord to pay for conventional sewerage. This seems likely to be the case in
most urban centres. Therefore S0% s assumed 1o represent the maximum economically feasible
level of sewerage development for full cost recovery. Working with 50% -as a starting point,
sewerage development is planned for 40 urban centres: 30 that already have scwerage systems
and 10 more where there is an vrgent need because on-site sanitation conditions are inadequate.
The level of investment required to achieve the 50% target is larger than the forecasted
investment funding therefore a lower target is required. More moderate service targeis are
selected on the basis of population size as shown in the following table. These individual targets
translate into serving 38% of the total urban population by the year 2010. This 10%
improvement is substantial considering the urban population is expected to double over the
period. The corresponding invesiment requirements are considered achievable if donor support
is provided at historical levels. This large increase, driven by rapid population growth, will
require a considerable cffort in sewerage development activity.,

Proposed Sewer Connection Ratio

Population in urbagn centre Yt of population connected to sewer
F > 300,000 50%
300,000 < P < 100,000 40%
100,000 < P < 20,000 25%
P<20000 15%
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The ratio is larger for cities with larger populations because these will gencrally have a more
people living in high density zones where there is a greater potential for health problems and
environmental pollution. Smaller sizcd urban centres have a much smaller ratio assuming of
course that they are typically less densely populated and on-sile sanitation is gencrally suitable
excepl in arcas such as the cily centre.

In some cases where urban centres already have a higher service ratio than those proposed the
strategy will be to continue sewerage development, just keeping pace with population growth to
mainiain existing service ratios.

By following those target ratios, 38% of the total urban population would be connected to
sewerage by the year 2010. This represents a 10% improvement over the current service ratio. In
real terms this s an ambitious target considering the large increase in population growth that will
occur and represents a net 245% increase in the total number of peaple served. by sewerage
schemes.

The relationship between population growth and larget sewerage service coverage is shown in
Figure - 3.4.1. The actual scrvice ratio for selected urban centres is shown in ‘Fable - 3.4.1 and

the overall targets achieved for urban citics classified by population size is shown in Table -
34.2.

3.5  Forecast Sewerage and Septage Yolumes

The amount of wastewater produced by the consumption of water and the amount of solids
produced by various on-site sanitation systems are estimated in order to provide an assessment of
the sewage treatment and seplage disposal facilities required in the future.

The production of sludge from stabilisation ponds is not significant in quantities, therefore, no
estimates are made. There is no requirement for specialised sludge treatment at this time and
none is anticipated in the future. The practice of sludge drying beds and land application is quite
adequate and requires no special planning at this stage.

3.5.1 Dry Weather Sewage Flow

Dry weather wastewater flows are usually calculated on the basis of land use and the quantity of
water consumed by different land use classifications. Since land use data for each urban centre is
unavailable this study eslimates wastewater flows on the basis of averages derived from more
detailed data available to previous master plan studics. It is assumed that the averages are typical
for most urban centres and will provide reasonable estimates for programme planning purposes.
The analysis of six mid sized urban centres forms the basis for the assumption of basic
parameters used in the estimate of wastewater flows as follows:
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Value
Urban Centre Mombasa| Nakurn | Kisumu | Eldoret Thika Meru | Averages | used for
plapoing
Population 580,000 250,000] 231,000( 220,000 156,000] 124,000
< Domestic S0 64 40 60 40 60 52 60
% Indusirial 20 4 30 30 40} 30 26 20
% Others 30 32 a0 10 20 10 22 20
Average domestic unit 91.6] 4259 104 89 81 93 93
consumplion (Ipcd)
Infiltraticn/inflow 5% of 10 20/ 20 17 20
domestic flow
Income Distribution
% High 15 20 5 13 10
% Medivm 54 30 30 38 40
% Low 3 50 65 49 50
Data source Master  |JICA JICA Master Master  JICA
plan Study Study plan _ |plan study

Note: Value not used in average because 1t is abnormally low due 1o poor water supply conditions
Dry weather flow received at the treatment works consist of wastewater from various sources:

1) Domestic sewage,

2} Industrial wastewater,

3} commercialfinstitutional and public arcas
4) groundwater infiltration

5) surlace water inflow

The mecthod of estimating wastewater flows is summarised in Figure - 3.5.1. The average per
capila sewage yield of 93 litres per day compares well with the per capita sewage yield of 101
litres per day based on Kenyan guidelines and the average income distribution as shown in the
following 1able:

Domestic Wastewates Unit water Wastewater Wastewater Assumed Income Distribution
2010 consumplion Production Yield (from analysis of 3 urban
{Ipcd) Ratio {Ipcd) centres)
High iacome 250 0.75 188 10%
Medium income 150 080 | 120 40%
Low income 75 0.85 64 50%
Average 123 0.82 161

Note:  unit consumption and yield are as recommended by Kenyan design guidelines for sewerage.

A review of data from previous master planning studies carried out in six urban centres indicates
that on average the total sewage flow is composed of domestic sewage (60%), commercial/
institutional sewage {20%) and industrial wastewater (20%). The average domestic wastewater
tlow is approximately 93 litres per capita daily. Therefore, using the above percentages the total
Lase sewage tlow including residential, commercial, institutional and industrial is 155 litres per
capita daily.
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The total base sewage flow is multiplied by a factor of 1.2 to allow for the signilicant
contribution of water from extrancous sources such as groundwater infiltration and surface water
inflow that occurs even during dry weather periods. The total dry weather flow assumed for
planning purposes is 186 Ipcd.

The total volumes of sewage gencrated by existing and futurc populations in the selected urban
cenires are estimated based on the selected target service ratios and the assumed contribution
from various sources as discussed above. The volumes are compared to existing treatment plant
capacilics 10 determine the need to develop sewcrage infrastructure 1o service the farget
population. The total amount of wastewater that must be collected and treated in 2010 is
estimated in Table - 3.5.1.

3.52 Scptage

The method for calculaling the volumes of septage is shown in Figure - 3.5.2. The total
volumes of septage generated by on-site facilities in 40 urban centres are estimated based on
target service ratios. The volumes are used to demonstrate the need for scptage disposal
equipment and facilities.

Two methods are used to calculate the volume of seplage. An average of the two resulis is taken
for planning purposes.

Due to the poor design of septic tanks, soak-away pils are also sludge receplacles and therefore
need to be evacuated. The volume of liquid from the average soak-away is added to the volume
of septlage to oblain the total volume of liquid waste that must be handled at treatment facilities
in urban centses.

The amount of septage waste gencrated from on-site systems in the year 2010 is presented in
Table - 3.5.2.
3.6 Plarning Criteria
A flow diagram presented in Figure - 3.6.1 provides an overview of the waste stream (liquid and
solid) showing the management processes from source 10 disposal. The figure also provides a
summary of the number of people contributing to the process, the strength of the waste, and the
method of disposal assumed for preparing the sewerage development plan.
3.6.1 Sewage Collection
In gencral there are three basic types of conventional waterborne sewers that can be designed:

1) Separate system carrying foul scwage only

2) Combined system carrying sewage plus surface water
3) Partially separate wherc some but not all surface water is allowed into the sewer

111 - 358 The Afiercare Study on
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Il a combined system is installed it is necessary to design sewer system clements with more
capacity to cope with large volumes of rainwater. Combined sewers require larger diameter
sewers, larger capacity pumping stations and more hydraulic capacity at treatment plants. For
most urban centres in Kenya it is assumed that high intensity rainfalls would result in
uncconamical designs for combined systems.

Most urban cenires have implemented separate sysiems and it is advisable 10 continue this
practice. However, design practice allows for some the acceptance of some very limited storm
water termed “inflow”, therefore, the sewer system should be considered 1o be a partially
separate system. The wastewater forecasts provided for this study assume a 20% allowance
above the normal dry weather sewage flow for inflow.

For developing programme costs in this study it has been necessary to make several general
assumplions about conditions in urban centres:

(1) The target population lives in conditions that make waterbornc sewerage the only
technical and economically viable oplion for sanitation and wastewater disposal.

(2)  All sewers will be partially separated and will flow by gravity, the use of pumping
stations will be avoided if at all possible by judicious selection of treatment sites and
tayout of trunk sewers with respect to topography.

(3)  Existing trunk sewers have sufficient hydraulic capacity to serve a larger population.

(4) Most large diameter trunk sewers need to be cleaned to restore hydraulic capacity.

Actual conditions will vary widely from one urban centre to the next and a site specific
assessment of technical options will be required at the master planning or feasibility study stage.

3.6.2 Sewage Treatment Facilities
(1)  Treatment Mcthod
A wide range of treatment options ar¢ available and currently in use in Kenya:

1)  Waste stabilisation ponds
2)  Acrated lagoons

3) Oxidation ditches

4)  Biological filters

5)  Activated sludge

A qualitative comparison of the advantages and disadvantages of various treatment methods is
presented to cstablish which method should be used for development plaaning purposes.

The treatment processes must be capable of removing inorganic material and stabilising the
organic portion of the waste to produce an effluent that meets the standard and studge that can be
disposed of sately with a minimum of nuisance.
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Where climatic conditions are favourable and land is readily available stabilisation ponds arc
generally the most suitable method of treatment. Kenya’s success with waste stabilisation ponds
is well documented. Ponds have three major advantages:

1) they remove excrcted pathogens at a much lower cost than any other form of

frcatrnent,
2)  they provide good removal efficiencies for BOD, and
!’ﬁ 3)  they have a minimum of operating and mainienance requircments and produce very

little sludge

A comparison of various aliernatives is provided in the following table:

Waste .
liem slabi]iil:alion Activated Exlen_dcd Acrated Biofiltration
ponds studge aeration lagoons
BOD Removal x Tt oAk E e
8S removal £ 252 T '™ h
Faecal coliform removal *x3 # * * *
Virus removal $EH * % * N
Industrial organics removal +r * * * *
Heavy metals removal *E * * * *
Simple and cheap construction B4k * * 1 ¥
Simple opezalion see * * e *
‘ Land requirement * Ta% 2a% " -
g Maintenance costs *rr * * ok *
Reliability *EE * * t% *
Eoergy demand dd * * * '
Migimal sludge production *hd * * i i

Note: * Good, ** Fair, *** Poor
Source: Notes on the design and operation of waste stabilisation ponds in warm country dimates of developing ccuntries, World
Bank technical paper No. 6, 1.P. Arthur.

In urban centres where land availability is small and a more energy intensive treatment method
must be considered it is generally more cost-eftective to provide acrated lagoons where receiving
streams do not require tertiary treatment.

For the purposes of preparing a national sewerage development plan it is assumed that waste
stabilisation ponds will be constructed in all urban centres where sewerage treatment works arc
required. It is also assumed that industrial waste pre-treatment programmes will be implemented

& and enforced in al} large urban centres. The final selection of treatment method will depend on
site-specific conditions and should be evaluated at the feasibility study stage based on a detailed
assessment of technical and economic criteria.

Waste stabilisation ponds are subdivided into three types:

1} anaerabic 2) facultative
3) maturation
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Anacrobic ponds are gencerally deep ponds in the order of 3 to 4.5 m deep. Treatment occurs
under anacrobic digestion and produces methane gas. The mechanism for BOD removal is
considered to be primarily sedimentation. Anacrobic ponds result in high BOD removal rates and
in the digestion of sludge. They arc normally provided to reduce the BOD loading on other
ponds in the system with a resulling saving of land space. The combination of anaerobic ponds
and a secondary facultative pond in any system is generally preferred as it usually reduces the
overall land requirement for a system producing the desired eftluent quality compared to a single
primary facultative pond. It provides the additional advantage of:

1) buffering the secondary facultative ponds from wide variations in flow

2) acting as a solids seitlement basin, thus reducing sludge accumulation in subsequent
ponds

3) enabling anaerobic breakdown of some refractory compounds of raw sewage that
are slow to degrade aerobically, making them a good choice where there is a
substantial amount of indusirial wastcwater

4)  Protecting algal populations in the secondary facultative ponds from slug doses of
loxic compounds such as heavy metals, etc.

Facultalive ponds provide acrobic siabilisation of waste in the surface layers and anaerobic
digestion in the lower layers. Oxygen is supplied by the photosynthesis of algae. Facultative
ponds are usually 1.2 to 2 m deep. When facultative ponds are the first in a serics of ponds they
are named “primary” facultative. When they are second in line afier an anaerobic pond they are
termed “Secondary facultative”. Primary facultative ponds generally function well where the raw
sewage flow rate is low or the sewage is very weak achieving satistactory treatment without
anaerobic pre-treatment ponds.

Maturation ponds ar¢ usually about 1 m deep and act as polishing ponds. They are used as an
cffective method of reducing the levels of pathogenic organisms released in the effluent by
prolonged hydraulic retention time. They also provide a marginal reduction in BOD.

The use of a primary facultative pond will probably not provide the desired level of treatment in
mosl urban centres. For strong wastes (>400 mg/£} which is usually the case in Kenya the use of
anaerobic ponds as a pre-treatment unit ahead of the facultative pond is advantageous since it
reduces the organic loading of the facullative pond and thus minimises the land requirements of
the whole pond system. For planning purposes il is therefore assumed that the design should
consist of at least two anacrobic ponds followed by secondary faculiative ponds and two or more
maturation ponds to reduce faccal coliform counts.

3.6.3 Septage Disposal

[t is assumed that specially constructed anaerobic ponds added in front of the normal treatment
pracess will provide treatment of septic liquid wastes. These ponds, depending on their depth
and operating characteristics will need to be de-sludged approximalely every five years, The
anacrobic ponds and facultative ponds and maturation ponds will need de-sludging every 15
years and will not contribute a significant amount of sludge if grit removal facilities are well
maintained and not by-passes by storm flows.
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For urban centres where sewage trealment already exists or is proposed than facilities for the
treatment of liquid waste will consist of specially designed anaerobic treatment ponds dedicated
to the pre-treatment of seplic waste. There is little experience in Kenya with the use of such
ponds but there is no reason for suggesting that design and operation is different from other
anaerobic ponds except that the waste material is stronger than domestic sewage.

Currently most municipalities discharge septic wastes directly into the facultative ponds, which
in some cascs may contribute to organic overload. It is, therefore, recommended that all
treatment facilities in the future be provided with scparate anaerobic ponds to receive and pre-
treat septic waste before discharging into the normal wastewater treatment process.

Septage collection and disposal services need to organised and properly regulated. Many local
municipalities will need new scavenging trucks and in greater numbers than the current tleet.
The required number of trucks should be included during the equipment survey identified under
operation and maintenance improvements. Further study will be required to determine how best
to regulate and control private services for collection and disposal. A licensing and manifest
system is the usual way of regulating septage haulers but this will require inspectors and
administrative systems that are not currently in place.

3.6.4 Disposal of Sludge [rom Treatmeni Plants
There are generally two methods for the disposal of sludge at treatment facilities:

1)  discharge to sludge drying beds, or
2)  discharge to dewatering and digesting facilities

For disposal of sludge from anaerobic and facultative ponds the current practice of using sludge
drying beds is simple, low cost and effective. The only condition is that the sludge must be
stored and dried for over 12 months in order lo ensure that the material is pathogen-free.

Conventional works produce large quantities of sludge and require a more sophisticated process
for sludge disposal:

1) dewatering followed by
2) digestion followed by
3) drying

In the sewerage development plan it is assumed that the capacity of conventional treatment
works will not be increased therefore existing sludge facililies are assumed to be adequate.

3.6.5 Wastcwater Strength and Effluent Criteria
Wastewater sirength is normally expressed in terms of the oxygen demand exerted by the wasle

malter during oxidation. The most commonly used parameters are Chemical Oxidation Demand
(COD where wastes are oxidised chemically), and Biochemical Oxidation Demand (BOD, where
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wastes are biologically oxidised through bacteriological degradation). The oxygen demand afier
five days of biodegradation is the most commonly used parameter since it can be measured in a
reasonably short period of time and generally has a fairly consistent relationship with the
ultimate BOD.

The BOD per capita in Kenya has been found to vary between 25 grams/day to 60 grams per day.
These figures include sullage, which has a far greater impact on BOD than dictary variations on
the BOD of sewage. The value most commonly used in design is 50 grams/capila/day as
reccommended in the WHO Guidelines for design of sewerage facilitics in Kenya. This value is
probably on the high side but is used for planning purposes because it provides a safe estimate,

The strength of influent raw sewage to the treatment works depends not only on domestic per
capita contributions but also on the load contributed by industry which tends to increase BOD
and the amount of “clean” groundwater and surface water that enters the sewer which tends to
decrease sewage strength. The average BOD obtained from 26 samples taken different trealment
works is 480 mg/f. This value is not used since too few samples were taken to be representative
and the unusually prolonged wet weather associated with El Nino during the sampling period
probably contributed to the dilution of wastewater flows. A value normally used in design
around Kenya is 550 mg/€ and is assumed for planning purposes.

The National standard for discharge to a receiving stream specilics two main efflucnl parameters
that must be considered in the design of scwage treatment works:

1) BOD; not to exceed 20 mg/f, and
2) Faccal coliform not to exceed S000 MPN per 100 m¢.

These standards are based on the Royal Commission Standard and the BOD and other

paramcters may not be achievable or appropriate in the majority of cases where waste
stabilisation ponds are used. ‘This is because:

1) The BOD and SS of pond effluents depend to a large extent on the algae
concentration, and are nol, therefore a good measure of the degree to which the
sewage has been treated.

2) Where water is discharged into a river or watercourse, where water will be
abstracted downstream for drinking or irrigation, a strict bacteriological standard
is required.

A review of literature suggests that effluent standards should be based on the intended end use of
the effluent. Arthur J.P., Notes on the Design and Operation of Waste Stabilisation Ponds in
Warm Climate Developing Countries, provides the following guidelines:
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Fecal Coliforms?
Method of re-use BOD, mg/f MPN/L0Q

Irrigation of trees and other non-edible crops 60 50,000
Irrigation of citrus fruits trees, fodder ctops & nuis 45 10,000
Irrigation of sugar cane, cooked vegetables ® 35 1,000
Discharge 1o receiving streams © 25 5,000
Uprestricted crop imrigation 25 100 -
MNotes: a—  these concentrations should not be exceeded on 80% of the samples

b~ imigation should stop 2 weeks before picking

c~— depends on dilution available; effluent should contain Jess than 105 algal celis/mé

These figures represent rough guidelines. Effluent quality may have to satisfy other standards
under particular circumstances or conditions. A review of literaturc on the performance of waste
stabilisation ponds in east Africa and the results of sampling during this study would seem to
indicate that a BOD; of 20 mg/f is achicvable it the sample is filiered to remove algac.

The other main efflucnt parameter in the Nationa! standard that affects the design is faccal
coliform. Where discharge is inlo a river or watercourse that is likely to be used for domestic
purposcs downstream, a standard that includes bacteriological parameters is required. A review
of current literature suggests a value of 1000 MPN per 100 m¢ is appropriate where water will be
used downstream for domestic purposes. This value is casily achievable with maturation ponds
as shown by the results of samples taken several facilities during this study.

For the purposes of preparing a sewcrage development plan the following standards for the main
effluent parameters are therefore proposed:

1) BOD; not to exceed 20 mg/f when filtered to remove algae
2) Fecal coliforms not to exceed 1000 MPN per 100 m¢

3.7  Strengthening Operations and Maintenance

Very little information on the management and organisation of operations and maintepance was
available to the Study. Local authorities should be structured to perform and monitor operation
and maintenance, administer budgets, record and retain system information, enforce sewer
bylaws, plan for repairs and future system growth. Few of the focal authorities surveyed can
meet these requirements. It is, therefore, proposed to sirengthen operation and maintenance
capacily as follows:

3.7.1 Increase Operating Revenue
Development projects will not succeed if policies are not in place to generate the revenues

required to sustain the services provided. The ultimate goal of every service provider should be
10 establish a commercially viable organisation with a long-term view to privatisation.
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The rchabilitation and construction of new scwerage infrastructure should be accompanies by
speeific interventions to improve the management of the assets. This should include policy
reforms to provide greater autonomy to the municipalities, appointment and training of key
municipal staff, improving revenue collection, and better financial management and
accountability. Praposals for improving financial management are discussed in the supporting
report on institutional sirengthening. '

Since operating revenue for sewerage is based on waler consumption it is imperative that
recommended improvements for water supply systems be implemented. These are:

1) Improving levels of service water supply

2) Reducing UFW

3) Improving melering

4) Improving customer billing and collection systems

Other institutional changes will also have a significant impact on improving revenue for
sewerage. These changes are:

1) Establishing tariffs aimed at cost recovery
2) Linking water and sewage management within one authority

3.7.2 Establish Planning and Design Standards

Design factors affect long-lerm maintenance. It is ofien difficult to balance construction costs
against opcrating and maintenance costs. However, quality design keeps costs and problems
associated with O&M to a minimum. National design codes and standards should be developed
o cnsure consistent planning, sefection of appropriale technologies and materials that are
suitable for conditions encountered in Kenya.

Most designers have no maintenance experience. While codes of praciice, and standards are
important, they cannot substitute for practical operations experience. It would be advisable,
therefore, to establish a review process to obtain input from qualified maintenance managers or
operators during the development of design specifications and drawings for investment projects.
Although engincering expertise is available within MOLA and MWR there is little experience
with operation and maintenance management. It is recommended that as part of every future
investment project assistance from externally sourced operating experts be provided in order to
ensure selection and application appropriate technology.

3.7.3 Integrate Sewerage Development with Waler Supply Develolpment

The sewerage infrastructure development plan presented in the Aftercare Study is consistent with
plans for water supply. Watcr and sanitation projects should be considered together in order to
ensure that there is a means for disposing of wastes resulting from water supplied through house
conncctions.
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Institutional improvements for integrating the water and sewerage scclor are discussed further in
Chapter 11. These are:

1) Improved coordination and communication between MOLA and MWR
2) Creation of commercially viable water undertakers at the local level that also have
responsibility for scwerage

3.7.4 Improve Staff Training and Hire Qualified Personnel

The determination of staff requirements and skills requires a detailed working knowledge of the
collection and treatment system and includes variable such as: level of service expected and
funded, age of sysiem and materials used, travel distances, type of treaiment process among as
well as many other variables. No single formula can be sued to determine the staffing needs of a
particular systein.

The effectiveness of maintenance departments depends fundamentally on the numbers and
quality of the staff. Most urban centres cannol operate and maintain the proposed wastewater
facilities with the current level of staff.  Atlempis at improving scwerage in the past have been
crippled by the severe national shortage of competent personnel at every level from professional
engineers, to plant operators, to sewer maintenance works. More staif will be required to
implement and operale the many projects proposed. It is recommended that the following
actions be undertaken within each operating authority under the combined supervision of MWR
and MOLA:

1) a dctailed review of organisational structures, staff establishment and qualifications
needed;

2) a detailed audit of personnel already in post, Hheir qualifications and experience
against their job descriptions,

3) identification of: vacancies, training needs for existing staff, non-performing
surplus staff; and

4) development of a programme of: recruitment, training, or transfers to other more
suitable positions

As a general guideline the following stafting levels arc recommended for operations and
maintenance departments:
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Population Ceneected o Sewerage i
Funclion Position 10,000 <P | 25,000<¥ | 50,000< P |100,000 < P | 300,000 or
< 25,000 < 50,000 | < 100,000 | < 300,000 more
Man col &

P:oc:f; Ié‘;ﬂ:,f; Manager 0 0 ! ! !
Treatment Works | Superintendent 0 0 1 1 1
Operations & Trade effluent inspector 1 1 2 2 4
Process Contro] Technical assistant 0 0 1 | 1
Laboratory technicians 0 1 1 2 2

Treatment Works |Foreman 1 1 1 2 2
Maintenauce M/E tradesmen U] 1 2 2 4
Labourers 2 3 4 6 10

Drivers 0 1 1 2 4

Watchmen 1 1 1 3 5

Callection System | Superintendent 0 0 0 1 2
Maintenance Foreman 1 1 2 4 6
M/E tradesmen 0 0 1 2 3

Labourers 4 6 10 20 30

Totals 10 16 28 49 75

The numbers for treatment works staff are derived in part by comparing the number of staff
reported in the survey for various municipalities to typical requirements identified in literature on
treatment pond O&M. Other adjustments to staffing levels are made based on JICA’s experience
with the sewerage development projects in Nakuru, and Kisumu.

The training nceds for various operating authorities must be reviewed agaiost the latest Action
Plan for KEWI to see if they can be accommodated within the planned implementation schedule.
If not, KEWT's resources should be further strengthened in both scope and capacity to
accommodate larger numbers of trainees from the sewerage sector.

Local authorities will need to budget sufficient funds to increase the level of training and
caompetence of its employces. MOLA may have to subsidise training from its own budget until
operaling avthorities can generate sufficient revenue,

The following training needs are anticipated for collection systems and treaiment plant workers:

1) Sewer inspection and condition assessment

2)  Sewer repair and maintenance

3) Inspection of house conneclions

4) Mechanical maintenance; valves, screens, pumps

5) Electrical maintenance; motors, controls, electronics

6) Preventive maintenance management techniques

7)  Operation and maintenance of waste siabilisation ponds
8) Operation of aerated lagoons and other advanced biclogical treatment processes
9) Biology and chemistry for treatment plant operators

10) Process monitoring and contrel techniques

i) Laboratory skills
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12) Bylaw enforcement
13) Inspection of industrial wastewatcer processes

3.7.5 Precure Required Facilitics, Tools and Equipment

Proper facilities, equipment and tools are essential to collection and treatment operation and
maintenance. Without them, even the best-trained and motivated staff will be incffective.

A lack of transportation, poor equipment, and a lack of tools often handicap local authorities
responsible for maintenance. Much of the equipment and vehicles that were observed during the
ficld visits and survey are old and in disrcpair. Much equipment has been scavenged to provide
the spare parts that arc no longer available.

The local authorities did not provide the information requested on equipment needs however
from discussions with superintendents at a number of municipalities the following list of gencral
observations can be made:

1) In general vehicles for moving around the sewer maintenance district are
unavailable, the number of staff outweights the number of vehicles.

2) Rodding equipment breaks down often and sometimes has to be borrowed from a
neighbouring urban centre.

3) Smail tools for removing obstructions are generally available but larger sewer
cleaning equipment for dredging sediments out of sewers is not available.

4) Pumping equipment for by-passing sewers during repairs is not available in most
smaller urban centres.

5) Trucks and heavy equipment required for repair of mains arc generally too few to
support the number of work crews.

6) Most local authorities do not have sludge pumps for cleaning ponds and must wait
for one from MWR to become available.

7 Only two three authorities have propesly cquipped laboratories for monitoring
process parameters.

Specific equipment requirements for each urban centre should be examined in detail during the
feasibility study stage and included in as part of the capital investment project. It is
recommended that the following actions be undertaken within each operating authority under the
combined supervision of MWR and MOLA:

1) Review maintenance facilities needs (equipment yard, officc space, materials and
spare parls storage)

2) Review and prepare an inventory of existing tools and equipment to identify what
is required

3) Assess what equipment, vehicles and tools are needed for maintenance

4) Rark items required in order of priorily, obtain prices and identify costs in future

operating budgets
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3) Obtain funding to construct required facilitics and purchase required tools and
cquipment, Proceed with purchasing on an annual basis in order of priority based
on level of funding available

6) Account for the vost of depreciation and identify equipment and tool replacement
cosls in annual operating budget

3.2.6 Implement Preventive Maintenance and Standard Operafing Procedures

When equipment and manpower needs have been determined, the next step is 1o plan how these
resources should be used. Proper operation and maintenance of sewerage facililies is essential in
order to provide a system that protects public health and the environment. Maintenance is aimed
al:

1) Keeping sewers clean to maintain their hydraulic capacity and prevent overflows

2} Preventing physical deterioration of facilitics 10 protect existing invesiments,
prevent costly repairs, and extend the useful life

3) Ensuring that freaimentl proccsses operate as intended to provide the required

level of treatment

Some of the most critical maintenance functions that are currently not carried out
in Kenya are:

1) Inspection of sewers from the inside to determine physical conditions and
maintenance nceds

2) Assessment of sewer rehabilitation and replacement needs ,

3) Flow monitoring and sampling to identify planning and design criteria, problems
such as infiltration in leaking sewers

4) Routine cleaning and flushing to maintain hydraulic capacity and prevent foul
odours and conditions thai lead to corrosion

5) Preventive maintenance to mechanical and electrical components to minimise
equipment failure and prevent the overflow of raw sewage to the environment

6) Removal of sludge from anaerobic ponds at 2 1o 5 year intervals

) Removal of shudge from facultative ponds at 15 to 20 year intervals

8) Monitoring and control of treatment process parameters

9) Monitoring and regulation of industrial effluents into public sewers

Improved management cannot be attained with poor, untrained manpower. Steps must be taken
to hire well-trained personnel as well as skilled trades persons. In the absence of skilled in-house
trades people, it may be more cost effective to conlract out mechanical and electrical
maintenance of treatment works and pumping stations.

Crisis management tends to be more expensive because the size of the problem tends to grow
with time. Preventive maintenance on the other hand includes regular inspection and scheduling
routine maintenance before problems oceur for the purpose of extending equipment life,
reducing maintcnance costs and increasing reliability. Sewerage infrastructure represents a large
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investment and should be protected and cared for. A preventive maintenance programme is onc
of the best ways 1o keep the system in operation and in good condition.

In the long term it is recommended that preventive maintenance programmes be developed
within cach operating authority. This will require significant cffort but is considered a very
necessary requirement to establish sustainable operation of scwerage schemes. The success of
implementing PM will require properly traincd people with an understanding of the maintenance
scheduling and planning methods as well as the expected benefits.  Successtul implementation
will require full time assistance and support from externally sourced engineers and cxperienced
maintenance programme managers for a period of 3-5 years in each operating authority.

In the shorl term it is recommended that the following actions be undertaken with the assistance
of appropriate experts as part of future investment projects and as a condition to project on-
lending:

1) Prepare a detailed sewer inventory identifying pipe size, material and location

2) Prepare topographic survey along sewer lines and a house connection survey

3) Prepare utility maps

4) Inspect all trunk sewers and manholes complete with an asscssment of condition

and rehabilitation needs (this will require contract scrvices for closed circuit
television)

5) Assemblc an inventory of all mechanical and electrical equipment and prepare a
manual with manufacturers operaling and maintenance instructions, and
replacement parts list

6) Preparc a maintenance schedule for alt M&E equipment

7) Prepare a2 maintenance schedule for regular inspection and cleaning of trunk
SEWErs

8) Prepare a monthly and weekly manpower scheduling procedure

9 Design and implement a work order system to track all maintenance activities
including corrective and emergency repairs

10) Write standard operating procedures for process conirol, equipment operation and

maintenance, laboralory procedures, and data recording
3.7.7 Implement an Industrial Wastewater Pre-treatment Program

Industrial effluent laws are in place but enforcement is very weak because there is a lack of
money, manpower, and equipment to implement a comprehensive programme at the local level.

Developing a strategy and implementation plan for the enforcement of industrial waste pre-
treatment will require further study. There are various institutional options, tegislation,
administrative and operational requirements that must be examined before deciding on the best
stratcgy.

Typically, pre-treatment programmes are implemented at the local authority level where the
sewerage operator is respansible for inspecting and monitoring industrics connccted to its sewer
system to ensure compliance with local sewer bylaws.
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Implementation of a pre-treatment programme at the local level usually includes the following

elements:

1))
2)
3)
4)
5)

Development of an inventory of indusirial discharges to the public sewer system;

Adoplion of an indusirial pre-treatment bylaw;

Purchase of moniloring and laboratory equipment; @
Sampling and analysis of industrial effluents to ensure compliance; and

Establishment of administrative procedures to obtain compliance with regulations

Once an implementation stratcgy has been developed, technical assistance and funding will be
required to support the implementation of industrial waste programmes in major urban centres
across Kenya.

3.7.8 Improve Sewerage Works Operations

Where exisling treatment works are inoperative they must be rehabilitated as soon as possible.
Trecatment works that are overloaded must be expanded lo serve existing and fulure sewered

papulations.

Other treatment works that are operational bul do not meet effluent standards should be the

subject of an operational review 1o determine what can be done to optimise treatment levels. In
addition, the operational review should establish standard operating procedures and identify the

cquipment and training required for operators to monitor and control the process.
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CHAPTER 4 SEWERAGE INFRASTRUCTURE DEVELOPMENT PLAN

Chapter 3 considered the stralegy and planning criteria for the development of sewcrage in
Kenya. This section identifies the proposed sewerage projects and phasing required to meet the
forccasled sewage flows in the year 2010. Project cost estimates are prepared in order to provide
a basis for sewerage development programme budgeting. A list of facilities and the required
projects is presented in Table - 4.1.1.

41  Rchabilitation Plan for Sewerage Systems
(1)  Treatment works

Where existing treatment works are inoperative they must be rchabilitated as soon as possible.
Treatment works that are overloaded must be expanded to scrve existing and future sewered
populations. Other treatment works that are operational but do not meet effluent standards should
be the subject of an operational review o determine what can be donc to optimisc freatment
tevels. In addition, the operational review should establish standard operating procedures and
identify the equipment and training required for operators o monitor and control the process.

Based on a survey of existing conditions major rehabilitation of sewerage frealment works is
required at 15 facilities. Major works arc defined as those works that require significant capital
investment. Other facilities not on the list may require minor repairs to mechanical or electrical
equipment bul these are considered small expenditures that should be planned for in operating
budgets by local authorities or in investment budgets by MOLA. A list of facilities and the
required rehabilitation is presented in the following table.

The removal of sludge is a major difficulty for most local authorities because they lack the
required pumping equipment and vehicles o haul the wastes to a suitable dumping site. The
issue is complicated by the massive size of the operations required at most sites. This type of
maintenance should be coniracted out to specialised companies.

Septage treatment facilities are required in cach urban centre and will be incorporated into
existing treatment plant processes.
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| Facitity Rehabilitation need

Nairobi - Dundora Remove sludge from anaercbic ponds and Taculiative ponds

Kisumu - Conventional  [Mechanical/electrical equipment replacement and repair

Kisumu - Nyalenda Remove sludge and weeds from ponds

Nyeri - conventional Repair embankmeats and erosion proteciion at maturation ponds

Nyeri - Kijango Repair pond inlet structure, repair embankmenis

Kitale - conventional Repair inlet works, replace sludge pumps, trickling filter distributor, provide eresion protection at
maturation ponds

Kakamega - Shirere Provide inlet works, repair and protect embankments, remove sludge and weeds

Thika Remove sludge, provide new inlet works, cut grass and remove trees from embankment, provide
erosion prolection and improve inter-pond connections

Naivasha Replace electrical equipment, repair mechanical equipment, remove sludge from anaerobic and
facultative ponds.

Webuye Remove sludge and repair inlet chamber

Busia Remove sludge

Nanyuki Remove siudge

Embu Remove siudge

Isiolo Remove sludge and provide embankment profection

Homa Bay Remove sludge, provide new sludge processing equipment and clarifier

Nyahururu Repair floating aerators, remove sludge, repair embankment protection

(2)  Sewers

Rehabilitation of sewers is necessary in all urban cenires. The needs vary for each urban centre
and js difticult to establish exactly what is required without a more thorough study inspection of
facilitics and assessment of conditions. Therefore the sewer rehabilitation projects in each case
are costed out on the assumption that all trunk sewers need to be cleaned, that sewers should be
inspected to assess structural condition and that 25% of all small diameter sewers (150 mm)
should be replaced with larger diameter pipe (minimum 225 mm).

The decision on which sewers to rehabilitate will require more information and the following
actions should be taken:

1)  preparation of a comprehensive sewer inventory

2)  sewer inspections to determine the physical condition of infrastructure
3) assessment of hydraulic capacities to identify bottlenecks

4)  ranking of rehabilitation needs in order of priorily

4.1.1 Extension of Sewer Reticulation and Expansion of Treatment Works
(1)  Sewer Reticulation

The rehabilitation of existing sewers should be the first priority in urban centres where the
service coverage is well below larget service ratios and the flows into the treatment plant are
well below design capacily in most urban centres. In the shorl term, extensions should follow
simplilied designs that feed into existing trunk sewers with excess capacity. Where sewers exist
in a community, cfforls should be made to rcinforce the number of individual service
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connections in order to improve Mows into the sewers. In the long term, trunk sewers that do not
have the required hydraulic capacity should be replaced or augmented before cxtensions arc
madc in upstream drainage arcas.

Sewers should not be extended into arcas where individual per capita consumption of water is
less than 75 Ipcd. Extending the retwork of sewers should only proceed with the improvement of
water supply services into existing and new arcas.

Water Supply Condition |  Treatment Work Proposed Measures Urbags Centre Subject
Condition
Water supply conditions | Trealment worksis  |Increase treatment capacity Eldoret, Kakamega, Kapsabet,
are probably adequate to |operaling at or above |before extending sewer network. |Kisumu, Machakos, Meru,
support conventional design capacity Nairobi, Nanyuki, Nyahurun,
sewerage Thika
Treatment works has  |Extend sewer reticutation Atbi River, Karatina, Kiambau,
short term eapacity coverage up to lrealment works  [Kisii, Muranga, Webuye
capacity

Water supply conditions |Treatmest works bas |Improve water supply conditions | Bungoma, Isioto, Kitale,
are probably nol adequate [short term capacity  |before extending sewer network |Mombasa, Naivasha, Nakury,
to supporl convenlional Nyeri

scwerage Treatment works is Increase treatment capacity Busia, Embu, Homa Bay,

operating al or above |before extending sewer petwork. {Kericho, Limury, Ngong, Voi

desiga capacity Extend sewer network only if

water supply cooditions improve

(2)  Sewage trcalment works expansion

Where cxisting sewerage ireatment works are overloaded the first priority should be the
expansion of the treatment works even in cases where water supply conditions are inadequate to
support sewer reticulation. In this case the extension of sewer reticulation should be included as
part of the treatment works expansion project and phased to match completion of the sewage
waorks or future impravements in water supply conditions.

In general, where treatment facilities already exist there are three possible allernatives that must
be considered in assessing future development:

1) rehabilitation and expansion of existing facilitics, or
2) rehabilitation, with expansion of capacity with treaiment works at a new site, or
3)  abandoning existing sewage Ireatment werks and replacing with new.

The decision 1o maintain existing facilities in operation should be based on an economic
evaluation of the site-specific technical options. This type of detailed evaluation should be done
when a master plan for the urban centre is developed. The conditions in each urban centre will be
different depending on:

1)  the need to expand capacity,
2)  the condition of the existing works,
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3) the availability of land for expansion at the same site, and
4}  the cost effectivencss of consolidating all treatment facilitics in one location

For the purpose of establishing programme costs it is assumcd that it will generally be cost
cftective to rehabilitate existing waste stabilisalion ponds. There are of course a few cxceptions
where the existing ponds are no longer in use or in such disrepair that it would be more cost
eftective to relocate and build a new facility.

Where existing conventional treatment works are concerned, it is dilticult to assess with the
information available from this study whether or not it is economical to rehabilitate them and
keep them in service. Generally speaking where these works are operational it is probably worth
keeping them in service and adding waste stabilisation ponds to improve performance and cope
with the incremental flows. This has been the case in recent upgrade projects in Kericho, Nakuru
and Eldoret. Where land space at the existing facility is insufficient, then it is assumed that
expansion of existing facilities will consist of adding wasle stabilisation ponds at a new site.

In the case of Nairobi (Kariobangi conventional), Mombasa (Kizingo primary sedimentation)
and Kakamega (Kiambi waste stabilisation ponds} the facilities are in extremely poor condition
and in a bad location. It is assumed that it would be technically and economically advantageous
to abandon these plants and divert flows to a new facility with more capacity.

The need for sewage treatment works in urban centres with existing facilities is identified in the
following table:

Capacity Condition Proposed Measures Urban Centre Subject
Short term (1993-2005) More |Rekabilitate and/or expand Kisumu (Nyalenda), Kapsabet, Limuru,
treatment capacity is required {existing treatment works Kakamega, Nairobi {(Dundora), Nanyuki,
because existing facilities are Nyahururo
overlpaded
Provide mew lreatment works Busia, Eldoret, Embu, , Kericho, Homa Bay,

Machakos, Mera, Ngong, Thika, Voi

Long-term (2003-2010) Rehabilitate and/or expand Buagoma, Isiolo, Kakamega, Karatina, Kisii,

provide maore treatment existing treatment works Muranga,

capacity to meet target for ) . .

2010 Provide new treatment works Kitale, Kisumu, Mombasa, Nakuru, Naivasha,
Nyer,

I

4.2 Cosi Estimates

Cost estimates for the facilities required in each urban cenlre have been established for
programme planning purposes and their limitations are discussed below. Records of unit costs
are not systematically kept in Kenya and, therefore, some research was required to establish the
cost estimates given in this report.  Unit costs where collected from government offices, local
consultants and manufacturers. The unit costs where also cross-checked against prices quoted in
tenders for recent sewerage development projects and results of recent planning studies.
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It is difficult to determine typical unit costs for any method of sewage disposal; costs vary for
example, with location, with case of excavation, and with topography. The depth and, therefore,
the cost of cxcavation for sewers, which flow by gravity and must thercfore always fall, depends
absolutely upon the local tapography. The presence of rock or groundwaler can epormously
increase construction expenditure.  Population density is also another important factor; costs
generaily fall as the density increases. To estimate the costs of sewerage development, an
attempt has been made in the Study to establish average unit costs, which arc applicable
throughout Kenya. These costs represent typical conditions but do not nccessarily apply to any
particular project in any particular location.

4.2.1 Basic Conditions
(1)  Basic Cost of Material and Equipment

The basic costs of materials and cquipment are estimated at the price level prevailing in February
1998. An exchange rate of 1 US$ = 61.1 Kshs = 124.7 Yen (as of 10 February 1998 by “East
African Standard”) is applicd in estimating the basic costs of imported materials and equipment
for the whole project. The costs of materials Jocally available are estimated based on markel
price, the latest quoted price and results of the recent studics done in the country. Taxes, duties,
and FOB costs are included in the estimates.

(2)  Composition of Cost Estimatcs
The cost estimate is made for the following cost items:

1)  Direct construction cost
Costs for sewer reticutation, pew treatment, expassion or rehabilitation
2)  Land acquisition and compensation cosl [Local portion only]
3)  Administration cost [15% of direct cosi]
4) Engiaeering cost [10 % of direct cost}
5)  Physical contingencies {165 of total of 1) - 4)}
6) Price contingency [5% of foreign portion and 15% of local portion of 1) - 4) |

Project cost Total of 1) - 6)
4.2.2 Facilities Planning and Quantities

The requirement for (reatment works and sewer reticulation are summarised in Table - 4.1.1 for
each urban centre.

In Kenya there are currently no planning or design standards. This has lead to a variety of
technologies, some inappropriate, resuliing in systems that are difficult to operate and maintain.

Since design factors affect long-term maintenance, national design codes and standards should
be developed Lo ensure consistent planning, selection of appropriate technologics and materials
thal are suitable for conditions encountered in Kenya.
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(1}  Sewcr Reticulation

Scwer construction is based on pre-cast concrete pipes and manholes with costs estimated by
referring to the existing facility in Muranga (p81, Muranga’s Sewerage Scheme, May 1992).

In planning of ncw construction and extension of existing sewer reticulation sysiems, the
diameter and length of pipe are determined as follows:

1} New construction and extension
i)  Diameter and Length of Pipe

The diameter and length of pipe required to serve the target population is determined
to estimate the costs of sewer reticulation. Costs are estimaled on the basis of an
average length per capila and a distribution of pipe sizes considered to be typical for
most urban centres in Kenya.

The assumptions made regarding sewer réticulation quantities are shown in Table -

4.2,1. The tablc shows the assumed average depth of buried pipes, the percentage
for each diameter of pipe in terms of total instalted length, and the tength of pipe per
capita connected to the sewer system. The typical quantitics of pipe of different
diameters, expressed as a pereenlage of total fength, is based on a review of existing
reticulation inventories for Mombasa and Nakuru (Table - 4.2.4).

The total length of pipe required in each urban cenire is calculated by multiplying
the incremental population requiring sewer connections in 2010 by the average per

capita length of 1.14 meters found from the results of the survey carried out for the
Study.

ii) The depth of Excavation and Manhole

The depth of the excavation depends to a large extent on the configuration of the
system, and the local topography. The depth generally teads to be shallow in upper
reaches of the system where pipes with a smaller diameter are used. The depth
tends to be deeper in downstream drainage areas where larger diameter mains are
installed. This study assumes an average depth as shown in Fable - 4.2.2 for each
pipe diameter based on averages obtained for exisling installations in Kisumu.

2) Rchabilitation of existing sewer

In this study, it is supposed that 25% of the 150 mm dia. and 200 mm dia. pipes will be
replaced, and all the pipes with the diameters, (300 mm, 450 mm and 600 mm) will be
cleaned .

Assumptions for replacement and pipe cleaning of existing sewer are given in
Table - 4.2.3.
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New Treatment Works
1) Pond layout

Pond geometry is based on a study by the UK ODA (pp39-41: Waste Stabilisation Ponds
—A design manual for eastern Africa, 1992, Leeds). From the information, the depth of
anacrobic ponds adopted in the Study is 3.0 m. The depths of facultative and maturation
ponds are set at 1.5m, and a 1.0 m frecboard is added to prevent overtopping. The top
of the embankment is given a 2 m width.

Ground Line

Depth {m) Freeboard (m}

Depth Anazrobic Pond 30 1.0
Facultative Pood 1.5 1.0
Maturation Pond 1.5 1.0

There is little information on the optimum length to breadth ratio for ponds.  An
approximate ratio between the length and breadth of 2:1 is adopted in the Study based on
ihe existing facilitics in Muranga (Muranga's Sewerage Scheme, May 1992).

Furthermore, in planning the Jayout, it is assumed that there should be more than one
series of ponds. This is because a facility with only one series of ponds cannot operate
during its rehabilitation, reconstruction, or maintenance. As presented in Figure - 4.2.1,
therefore, this study offers three types of layouts, which provide two or more series of
paralie] ponds.

2) Capacities of ponds

Pond capacities have been estimated on the basis of the UK Overseas Development
Administration publication entitled “Waste Stabilisation Ponds: A Design Manual for
Eastern Africa”(1992). The assumed influent BOD is 550 mg/€.

The capacity of each pond is determined based on the design wastewater flow, called
“Dry weather flow 20107 in Table-4.1.1. Required capacitics of anaerobic ponds,
facultative and maturation ponds are calculated by the following formula:

v, = 2.1X Ap = 11.2X Ay = 127X

Where X is each design wastewater flow (m’/day), V, is volumelric the capacity of an
anaerobic pond (m’), Ag is the area of a facultative pond (m%), and A, is the area of a
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maturation pond (m’). The typical relation between the capacitics of ponds and the dry
weather flow is shown in Figure - 4.2.2.

The formulas above were constructed by calculaling the sizes of the waste stabilisation
ponds required for flows of 10,000 mY/day 5,000, 2,000 and 1,000 m¥/day. The typical
rclation between these design wastewater flows and the size of anaerobie, faculiative and
maturation ponds is provided in Figure - 4.2.2.

The formulas can basically be applicd 1o estimate the construction costs of ponds in each
urban centre.

When the volume of design wastewater flow in an urban centre exceeds 10,000 m¥/day,

the volume is equally divided to provide parallel series of ponds with capacities less than
10,000m’/day.

Example:

The expected volume of Kericho’s wastewaler Row in 2010 is 12,685 m*/day.
To put this voluime into its trealment facility, the volume is divided to become less that 10,000 m¥day.

In Naivasha, the divided volumes (6,342.5 m¥day) of the design wastewater flows are put into two
parallel ponds respectively. The sizes of cach pond are, in 1bis case:

VA = 13,3193 m’,
AF = 71,0360 m’ and,
AM = 80,549.8 m’.

After finding the sizes, then, these sizes are multiplicd by the sufficicnt aumbers (two paralle} ponds) of
¢ach pond. In this case;

Anacrebicpond @ 13,3193 x2 = 26,639 m*
Facultative pond : 71,0360x2 = 142072 m®
Maturation pond : 80,5498x2 = 161,100 m?

(3)  Expansion of Existing Treatment Works

The expansion of existing waste stabilisation ponds is made by increasing the numbers of pends.
Expansion is also considered for the cxisting acrated lagoons, oxidation ditches and trickling
{ilier installations by adding slabilisation pond in parallel to existing processes.

1}  Type of expansion

The expansion works may be classified into the following 3 types: (illustrated in
Figure - 4.2.1).

a) Provision of one or more additional series of ponds (Type 1)

Expansion is required for anaerobic, facullative and maturation ponds.
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b) Provision of additional maturation ponds (Type 2)

Expansion is required for facultative ponds.

¢} Provision of Stabilisation pond to other treatment types (Type 3)
2) Capacity of expansion

This same method for finding the capacily of new ponds is applied or calculating the
capacity of the expansion:

V,=2.1X A, = 112X Ay =127X

Where X is design wastewater flow(m¥day), called “Incremental treatment capacity
(m*/day)", V, is the capacily of anacrobic pond (m%), A is the area of faculiative
pond(m?), A,is the area of maturation pond (m?).

(4)  Rehabilitation of Treatment Works

Rehabilitation at treatment works are divided into embankment protection, de-sludging and
improvements to, infout let chamber works. Since the embankments of Muranga’s existing
ponds are protected by pre-cast concrete (PC) (p82, Muranga’s Sewerage Scheme May 1992),
this Study designs the embankment protected by PC. To fully cover the freeboards of the ponds,
the Study proposes 2.0 m of PC’s length from the top to bottom.

Regarding the de-sludge work, the volume required for the de-studge is calcuiated with the depth,
0.75m, from the experience of Thika (Appendix 12 of Thika Sewerage Master Plan, April 1998).
For the other rehabilitation works, this Study also refers to the Thika Master Plan.
The rchabilitation of the treatment works consist of:
1) De-sludging for the anaerobic or primary facultative ponds, and any subsequent ponds
if necessary.
2) Checking embankment stability, and repairing, replacing or instaliing cmbankment
proteciion.

(5)  On-going Projects

Regarding on-going projects, no facilities planning or cost eslimales are made in this study.
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4.2.3 Unit Costs

The direct construction cost is estimated by muliiplying quantities by the unit costs of each work.
'The unit costs are eslimated as follows:

(1)  Scwer Reticulation

The construction cost of sewer reticulation is estimated by the pipe tength of each diameter. The
unit cost for construction of sewer reticulation is given in Table - 4.2.5 by referring to the
Appendix 1Y of Thika Sewerage Master Plan (April 1997). The construction cost per meter
includes those of pre-cast concrete pipes, excavation, and manholes at 50 m spacing.

{2)  New Treatment Facilitics

The typical process of the calculation for the sizes (i.c. length angd breadth) is alrcady presented
in ‘Capacities of ponds’ of Chapter 4.2.2. The sizes of the ponds noted in the chapler are,
however, al their wastewater tines, not at the top of their embankment.

In finding the excavation costs of each pond, therefore, their sizes at the top of the embankment
are essential. By considering the slope (length-to-breadih ratios of 4 to 1) of Muranga’s existing
facility defined as one of the typical facilitics in this Study and the information of the pond
geometry (p39, "Waste Stabilisation Ponds” 1992), the sizes of the ponds at the top of
¢mbankment can be found.

‘The sizes at the mid-depth and bottom of the pords can also be calculated respeciively, and,
therefore, the excavation volumes can eventually be found.

In estitnating the costs of the excavation, this Study uses the ¢xperience of Thika (Appendix 11,
Thika Sewerage Master Plan, April 1997). For the embankment protection, the Study adopts that
of Muranga (p82, Muranga’s Sewerage Scheme, May 1992).

In addition 1o the costs themselves, the annual rising level in price should be taken into account
for estimating the costs. For examining the rising level, the Study applies to the level of Thika
and Muranga (Civil Engineering fndex-Cost Index 1991-1994, 1995 Nairobi Figure - 4.2.3).
With considering these conditions, the unit cost of the excavation can be 3.1US§. That of the

embankment is 6.62 US$ in the Study. The unit construction costs are summarised in
Table - 4.2.6.

The total construction cost consisis of the excavation and ecmbankment protection cost The
relation between the cosls and volume of the design wastewater flow is presented in
Figure - 4.2.4, with the proportion coefficients which can be defined as the unit costs of the new

construction.
The to1al construction cost of the new freatment facilities is cstimated by the following formulas.

Y = 195.6X
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Where X is design wastewater flow (m'/day) called “Incremental treatment capacity (m’fdayy’
and Y is total construction cost of expansion.

(3)  Treatment Works Expansion

The formula presented for the new construction can also be applied to the calculation of the
cxpansion works.

{(4)  Rehabilitation

The tota} rehabilitation cost for treatment works is estimated based on the quantities of de-
sludging, area of embankment and length of pipcline required for the replacement and cleaning.

The unit costs for the Replacement of sewers are assumed to be 1.5 times of the cost for the new
construction. The unit costs for rehabilitation are given in Table - 4.2.7.

(5)  Land Acquisition

The unit cost of land acquisition for new trcatment facilities and expansion is shown in
Table - 4.2.8.

The costs for and acquisition are based on a survey of recent land costs carried out by the
Mangat, 1.B, Patel and Pariners Consulting Engineers, Nairobi, Kenya during this Study.

4.2.4 Facilities Cost Estimates
Table - 4.2.9 details the quantitics requircd to estimate the costs. The cost of trealment works

and sewer reticulation in US$ is shown in Table - 4.2.10. The cost estimate is summarised as
follows:

e Estimate Cost (US$)
Build New Facility 66,551,000
Treatment Works Expand 90,458,000
Rehabilitation 4,717,000
Sub Total 161,726,000
Buitd New Facility 273,426,000
Sewer Reticulation Replacement 47,2000
Pipe Cleaning 698,000
Sub Total 321,324,000
Total 483,050,000
Mombasa 25,000
On going project Eldoret 6,000
Total 31,000
Graod Total 483,081,000
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4.2.,5 Operation & Maintenance Cost
The cost of operation and maintenance (O&M) is estimated based on the following cost items:

1} Equipment maintenance and repair cost
2}y  Manpower cost

(1}  Maintenance and Repair Cost of Equipment

Maintenance and repair cost of equipment are considered annual maintenance and repair cosl as
percent of capital cost in the term of economic life. The costs of operation and repair cost of
equipment are estimated by referring to the data indicated in Table - 4.2.11.

(2)  Manpower Cosl

In managing the operation and maintenance, manpower is required for the management,
trcatment work and collection system. The numbers of the staff depending on the served
population of each arcas are respectively decided by referring the recent World Bank’s study
(1983: Notes on the Design and Operation of Waste Stabilisation Ponds in Warm Climates of
Developing Couniries Washington D.C.).

Table - 4.2.12 indicates the standard number of the desirable staff for operation and maintenance
of the systern and the annual manpower cost.

(3)  Operation and Maintenance Cosl

Tables - 4.2.13 and 4.2.14, respectively, provide the annual maintenance and repair cost of
equipment for each vrban centre, and the annual manpower cost.

43  Implementation Sirategy

4.3.1 Priorities Among Urban Centres

The previous sections have identified the various sewerage development nceds in each urban
centre. A key task in defining a national programme for sewerage development is the seiting of

prioritics because not alt needs can be satisfied in the near future. The following five criteria for
ranking priorities among urban ¢¢ntres are proposed:
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% of population with Industrial
piped water supply | Population requiring Potential Health & rowih Toutism Rati
but no sewer services by 2010 Faviroemental Impact ETOWS Potential &
A potential
connection
<25% P<20,000 nil nil nil 0
25 to 50% 20,KK<P< 100,000  |Misor impact on water low low
epvironment
5010 75% 100,000<P<300,000 [Serious impact on sepsitive] medium medium 2
ccosystem
>T5% P>300,000 Contamination of drinking high high 3
water source

(1)  Percentage of population that has piped water but no sewage connection

This criteria is a direct indication of how urgenlly sewerage services in an urban cenire arc
required. The Jarger the percentage the higher the rating. Where a large percentage of the
population have piped water but no sewer connection the disposal of sullage will likely be large
enough quantitics to find it’s way to surface drainage. Large amounts of untreated wastewater in
surface drainage can affect the quality of drinking waler resources in rivers and shallow wells
and is a serious threat to the public health of all residents, especially in larger, more densely
populated areas. The situation can even affect neighbouring communities with sewerage
facilities.

(2)  The number of people that need to be connected

This criteria is also a measure of the urgency and the need for services. This factor compares the
number of people now connecied 0 sewers to the number of people that would be connected to
achieve ihe target proposed for 2010. This comparison can resull in large numbers if existing
service coverage ratios are very low or if urban populations are very large bul in general this
factor tends to favour the larger urban centres. There are many rcasons for attaching a higher

rating to a larger population:

1) There is more risk of health and environmenlal impacts

2) The cost per capita is usually lower for larger systems, in more densely populated
urban cenlres

3) A greater number of people would benefit from improved social, and environmental
conditions

(3)  Potential Health and Environmental Impact
This criteria is based on two factors:
1) a qualitative comparison of the potential receiving sircam impacls

2) the potential impact on potable water suppiics, evaluated on the basis of statistics for
access lo safe water
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Several urban centees will have a profound impact on the environment. Other urban centres
poliute water that witl be used downsiream as an important source of potable water supply. In
some districts access to safe water is very low and many people rely on surface water for
domestic use, Urban centres in these districts have a very high potential for contaminating
surface water used by rural residents in downstream reaches especially if the district is densely
populaled and urbanised.

) Industrial Growth Potential

In 1975 the Physical Planning Department prepared a study “Human Setilements in Kenya, A
strategy for Urban Development”. This study identified the potential growth status of urban
centres by evalualing a number of eriteria including industriat potential, agricultural potential,
lourism potential, proximity to large urban cenires, accessibilily, administrative potential and
level of infrastructure. The resulls of the evaluation are shown in Figure - 4.3.1. Although the
study is old the assessment of industrial potential is considered valid today and has been used in
recent master planning studies. Industrial potential is a measure of several factors that can
influence the need for sewerage development:

1} these towns will likely grow at a much faster rate in the near futurc given the
Government’s policy to increase industrial output

2} the influx of more people and industrial development will increase the consumption
of water and exert a grealer demand for wastewater infrastructure

3) conirol of industrial effluents and wastewater treatment will be important in these
industrialised urban centres to safeguard the environment.

(3) Tourism Polential

Tourism is one of Kenya’s most important sources of revenue. The sanitary conditions in
important tourism centres must be improved to maintain tourism as a viable indusiry as
identified in the National Tourism Master Plan

A ranking of urban centres is presented in Table - 4.5.1 and summarised below:

Priority Urban Centre Score
1 Mombasa 14
2 Nairobi 13
3 Kisumu 12
4 Machakos, Merw, Nakuro 13!
5 Narok, Malindi, Kitale 10
6 Kisii, Naivasha ki
7 Maragua, Ruiru, Wajir, Thika, Kericho, Naoyuki 8
8 Garissa, Ongata, Kilifi, Nyahururu, Webuye, Voi, Eldoret, Nyeri 7
9 Mandera, Kabaroet, Muranga, Bungema, Busis, Isiolo 6
10 Kapsabel, Homa Bay, Karativa, Embu, Kzkamega 5
11 Ngong, Athi River 4
12 Kiambu 3
13 Limuru 2
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44  Strategy for Project Scheduling and Phasiag

The scheduling of scwerage development projects should follow the relative order of priorities
cslablished by the ranking of urban centres in order to meet the targetl service coverage ratio set
for 2010. The actual timing of a sewerage project will depend on the funding available and on
the timing of water supply improvements where low unit consumption docs not support
waterborne scwerage. Sewerage development can proceed independently where water supply
conditions are adequate and can support waterborne scwerage.

The approach 1o phasing the freatment works and sewer network components in cach urban
centres will also depend on prevailing water supply conditions and the availability of spare
treatment works capacity. The strategy for phasing of sewerage devclopment for each urban
centre is shown in the following table:

Urban Centre Stage 1 Stage 2 Stage 3
Bungoma, Isiolo, Mombasa Improve water supply | Extend Sewer Expand sewage
Network treatment works
Condition A andfor build new
Kitale, Naivasha, Nyeri Rehabilitate Improve water Expand sewage
treatment works supply treatment works
Coundition B aod sewet network |
Kisii, Muranga, Nakuru, Webuye Extend Sewer Provide new sewage trealment works
Network and/or expand existing
Condition C
Athi River, Kiambu Extend Sewer
Network
Condition D
Busia, Kericho, Homa Bay, Provide new sewage | Improve water Extend Sewer
treatment works supply Network
and/or expand
Condition E exisling
Eldoret, Embu, Kapsabel, Kisumu, Limuru, | Provide new sewage | Extend Sewer Network
Kakamega, Machakes, Meru, Nairobi, treatment works
Napyuki, Ngong, Nyahurury, Thika and/or expand
existing
Condition F
Garissa, Kabaroet, Kilifi, Malindi, Manderu, | Improve water supply | Provide Sewerage Network
Maragpa, Narok, Cugata, Ruir, Voi, Wajir
Condition G

Note: improving water supply system is a constraint that must be resolve before the next stage can be implemented

Condition A = sewer network exiensions are not possible due to Jow unit water consumption.

Condition B = existing freatment works can be rehabilitated but sewer network extensions are not passible due 10 low unit
water consumplion

Condition C = trealment works have capacity for more flow but will need expansion before 2010

Condition D = treatment works have capacity for more llow but will not need expansion before 2010

Condition E = treatment plants ar¢ overicaded and should be expanded. Sewer network extensions are not pessible due to
low unit water consumption.

Condition F = treatment plants are overloaded and should be expanded before exiending sewers.

Condition G = No existing sewer system.
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4.5  Implementation and Disbursement Plan
(1)  Implementation Schedule

To obtain the target of serving 38% of the urban population in 2010 with sewers, all the urban
cenlre projects must be implemented in order of priority. The ranking is: Mombasa at first
followed by Kisumu, Machakos, Narok, Malindi, etc. The ranking of the sewcrage development
priority in the urban centres is summarised in Table - 4.5.1.

In general, the sewer development projects must be co-ordinated with water supply schemes
because the volume of sewage depends on that of waler supply in the urban areas. In other
words, the sirategy for sewerage development should follow that of water supply development.

Accordingly, the Study at first plans the implementation of water supply schemes as shown in
Table - 4.5.2.

After programming water supply schemes, the implementation schedule for sewerage schemes is
determined as shown in Table - 4.5.3. Some of the sewer schemes exceed the end of the
planning herizon, because there arc some water supply projects expected to be completed in the
year 2010. The schedule consists of the following items:

1) Studies, surveys, detailed designs, financial arrangements, etc.

2)  Rehabilitation of treatment works

3)  New construction and rehabilitation of sewer reticulation

4}  New construction and expansion of treaiment works

5)  New construction and expansion, rehabilitation of treatment works

(2)  Disbursement Schedule

The disbursement of expenditures based on project cost estimates is planned in accordance with
the implementation schedule. The costs of studies, surveys, detailed designs, financial
arrangements, ¢lc. are calculaled by dividing total engineering costs equally into three years.

Table - 4.5.4 indicates the disbursement schedule from 1999 to 2011 for the compleic
programme, excluding deferred urban centres.

(3)  Schedulc based on Histerical Funding Levels

The annualised costs of implementing the full sewerage development programme will likely
exceed available financial resources. An alternate implementation plan (Schedule “B™) was
developed to provide annual costs that are closer to historical investiment levels. The
implementation schedule in Table - 4.5.5 was developed by deleting lower priority projects. The
corresponding disbursement schedule is shown in Table - 4.5.6.
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CHAPTER § PRELIMINARY STUDY ON PRIORITY PROJECTS

5.1  Priority Projects

The implemeatation plan for achieving the proposed targel service ratios by 2010 is based on the
relative ranking of urban centres. It is clear that several projects share the same timeframe and
will be competing for funding resources. Since funding will likely continue to be a serious
conslraint it is necessary to assess which projects should proceed on an urgent basis.

The selection of priority projects is made from the short Jist of the 9 urban centres identified in
the implementation plan to start in the first year. The relative merits of sewerage development
for cach of these urban cenires is evaluated against the following selection criteria and given an

overall rating a shown below:

1)  Expected health benefits and improvement 10 living conditions
2) Importance to the viability of tourism
3) Degree of sewerage development planning already in place
4) The present condition of existing sewerage sysiems

5} The status of on-going projects

Urban | Studies - - . . H(':alth & lm?or-ta_nce | Overant
Sanitation conditions Status of oi-going project  |environment]  viability of ]
centre | todate . raling
benefits tourism

Membasa {F/S Contamination of drinking water | No funding commitment for High High A
supply, impact on reef and beaches [design and construciion

Najrobi  |M/P Good coverage except in slum World Bank actively involved |  Medium Low C
areas, treatment planis performing
well despite overload

Kisumw |F/S Treatment works polluting Lake | JICA cempleting F/S, no High Medium A
Victoria, high level of industrial 1 funding identified for next
poliutant. phase

Machakes |M/P Treztment works overloaded, No funding identified for next High Low A
polluting surface waters used for  |stage
drinking.

Meru F/S Adequate on-site sanitation is On-going water supply Medium Low B
available. Existing sewage works | project will probably include
is overloaded but capacity canbe  |sanitalion improvements
restored by removing sludge.

Nakura  [M/P Treatment works are operaling New treatment works recently | High Medium C

and F/S Junder design capacily completed but sewer
reticulation required

Narck nil Wastewater drainage is affecting | No funding identified for High High A
surface waler used for drinking.  |sewerage development
On-site sanilation is inadequale.

Kitale nil Trealment works are operating GTZ is strengthening water Medium Low C
under design capacity management

Malindi | M/P On-site sanitation is inadequate. | No funding identified for High Righ A

sewerage development

A = Highest priority, B = intermedizte priority, C = Jower priority

Five priority urban centres (rating of A) are identified: Mombasa, Kisumu, Machakos, Malinds,
and Narok. The project requirements for cach urban centre are summarised below:
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1) Mombasa: proceed 1o design and construction of facilitics following the
development programme proposed in feasibility study.

2) Kisumu: proceed 1o design and construction of facilitics following the development
programme proposed in feasibility study.

3) Machakos: pre-design review of exisling master plan then proceed to design stage.

4)  Malindi: proceed with design and construction as ideatified in master plan.

5) Narok: proceed with master plan and feasibility study to identify sewerage
deveiopment plan.

5.2 Project Description

Master planning and feasibility studies are available for each urban centre except Narok. A
summary of the proposed sewerage development [rom each master plan is provided below.

Mombasa
Source of information: (Drafl feasibility study, Gibb Engineering Report, 1996)

“Currently only 10% of Mombasa’s 600,000 population are connected to piped sewerage system,
The main industries and hotels are not connected, and none of the municipality’s treatment
works are operating. Uncontrolled and untreated sewage is therefore being discharged into
Mombasa’s marine environment. This environment supporis fragile and valuable ecosystems that
include the offshore fringing coral reef, and a mangrove forest that exists within the inland
crecks. It also supports a local fishing industry and a thriving tourism industry that contributes
significantly to the National economy. Current levels of pollution are showa (o be a threat to
these industrics and also to public health.” The arcas of Mombasa covered by sewerage are
shown in Figure - §.2.1.

A new treatment works is currently being completed on the West Mainland. The project included
trunk sewers but not secondary sewer reticulation. The scope of the on-going project is shown in
Figure- 5.2.2. Areas were prioritised during the strategy study for sewerage in accordance with
their potential for reduction of pollution load, early maximisation of revenue, and houschold

abilily to pay for both the full costs of both water and sewerage. The resultant priority ranking
was:

1) Mombasa Island primary and sccondary sewer reticulation
2) The West Mainland sccondary sewer reticulation

3) The North Mainland primary and secondary reticulation
4) The South Mainland primary and secondary reticulation

In accordance with these priorities a strategy for phased construction of the sewerage system was

derived. The recommended siaged construction project for the 2010 horizon is summarised
below:
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Stage | Peried Pro;gsg:l Invesimeats
1A 1997-2000 - Norlk Mainland headworks and loog sea ovifail
- Island truok sewers, priority pumping stations, rising mains,

- N. Mainland conuecting sewers, M/E work

1B 2000-2010 - Island and W. Mainland secopdary sewers and pumping statiens

The scope of work of West Mainfand is shown in Figure - 5.2.3.

In the feasibility study the system recommended for the Island and North Mainland includes
“two main pumping stations on the Island, and a number of secondary pumping stations. Scwage
will be collected at one of the main pumping stations, located close to Nyali Bridge and will be
pumped across the bridge to a preliminary treatment plant prior to marine treatment and disposal
via a long sea outfall. Allcrnative sewage treaiment and disposal methods were evaluated. The
proposcd solution comprising preliminary treatment was the least cost solution designed to meet

the water quality guidelines proposed. This option also presents the least risk in the casc of plant
or power failure.”

Cost estimates from taken from the feasibilily have been adjusted for inflation and included in
the disbursement schedule for this study. Total project costs identified in the feasibility study are
3,426 million Kenyan shillings (approximately 57 million US dollars).

Ki
Source of information: (Drafi Final Report, Kisumu Water Supply & Master Plan, JICA, 1998}

Currently approximately 56% of the population in Kisumu is connected to the wastewater system.
The existing sewerage system is described in Figure - 5.2.4.

The central district collects wastewater from the area north-west of the old town by gravity and
from low lying areas along lake Victoria through three pumping stations. All three pumping
stations in the collection system are inoperative and wastewater overflows from manholes and
pumping station wel wells to Lake Victoria. Flows are conveyed to a conventional treatment
works that is overfoaded hydraulically and organically. Flows exceed design capacity by more
than 150% during dry weather and by more than 200% during the rainy season.

The eastern district collects wastewater from southeast of the old Kisumu town, and conveys it to
a primary facultative pond facility. The treatment works receives less than 20% of its design

capacily due to inadequate water supply in this district. As a result, scwers are blocked with
sediment.

The master plan identifies that 60% of the wastewater flow from domestic and industrial sources
should receive treatment by 2005. That percentage will increase to 83% in 2015. The proposed
sewer area for 2015 is shown in Figure - 5.2.5. The priority project identified for the ycar 2005
consists of Phase 1 works identified as follows:

1) Rehabilitation of three pumping stations

2} Installation of 2.6 km of frunk sewers in central district and 23.1 km in castern
district
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3) Rehabilitation of conventional treatment works (Figure - 5.2.6)
4)  Expansion of conveational treatment works to 2015 desiga inflow
5} Rchabilitation of treatment ponds {(Figure - 5.2.7)

Phase 1 cosis total: 14,234,000

Phasc 2 works are planned for the period 2005-2015 and consist of:

1) Conslruction of three new pumping stations
2) Abandon 1 existing punmiping station
3} Expand existing ponds
4) Construct new treatment works in new western district (Figure - 5.2.8)
5) Provide 23.2 km of trunk sewers in new western disirict
Phase 2 costs total: 23,001,000

Machakos
Source of information: (Drafi Final Reporl, Machakos Sewerage Scheme, Master Plan and
Preliminary Design Report, Mangat, 1.B. Patel & Partners, 1985)

Currently approximately 10% of the population in Machakos is connected to the waslewater
system. The existing sewer network was originally installed in 1973. Since then a great deal of
development has taken place. Most of this development is unsewered, which means wastewater
is discharged unireated to receiving streams. The existing treaiment facility is overloaded and is
discharging poor quality c¢ffluent into the Mitheau river. This situation is creating a significant
health risk in the area.

The municipatily is divided into two areas north and south. The north consists of the northern
slopes of the Mua hills and the Mitaboni plateau. In the 1985 study it was identified as rural and
populations studies indicated it would remain so until middle of next century therefore no
sewerage was proposed. The southern area is made up of land with the horseshoe ridge of hills. 1t
contains the urban centre of Machakos town and the relatively flat land that surrounds it. This
area is where most of the urban growth has occurred and where the sewerage system needs 1o be
developed most urgently.

Drainage areas are shown on Figure - 5.2.9. The 1985 master plan identified development of
sewer syslems in two phases.

1) from 1985 to 1995 sewerage in drainage areas 2 & 3, and
2) from 1995 to 2005 sewerage in drainage area 4

The Phase 1 works identified in the 1985 master plan consist of:

1) upgrading sewers networks in drainage areas 2 & 3

2) ncw gravity frunk sewer lines Aand F

3) new oxidation pond treatment facility at site 3 (Machakos)
4) new oxidation pond treatment facility at site 2 (Kiavndini)
5) New pumping station at Miwani river
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Total costs 110,295,000 Kshs (1985 prices)
The Phase 2 works consist of:

1) New sewerage in drainage arca 4
2) ancw gravity scwer line B along the Maruba River
3) expansion of capacity @ t/w site 2 and 3

Total costs 110,054,000 Kshs (1985 prices)

The population and land use projections made in the master plan should be compared to existing
situation in order to confirm if phase two works should be implemented with Phase 1.

Malindi
Source of information: (Final Report, Malindi Sanitation and Hygicnc Education Feasibility
Study, Financed by Federal Republic of Germany, 1994)

Over 60% of the population in Malindi have no sanitation facililies at all. Over 40% of the
population has no access 1o any direct source of water and there is clear evidence of shallow
wells with nearby pit latrines. The potential for a major epidemic of cholera or typhoid is great.
Malindi is an important tourism centre. Urgent action is necessary to ensure that the sanitation
systems in the town are improved to sustain the welfare of the population and cnsure further
ecanomic development.

The feasibility study proposes a sewerage system for denscly developed parts of the town, hotels,
commercial and industrial areas. The sewerage system consists of collector sewers, 3 pumping
stations and a treatment facility all designed to meet the needs until 2005. The study evaluated
several treatment site options and recommends the Ganda site. The feasibility study also
recommends improving the collection of effluent from on-plot sanitation facilities in order to
ensure a healthy living environment. A location plan is shown in Figure - 5.2.10 and proposed
sewer reticulation in Figure - 5.2.11. The treatment works layout is shown in Figure - 5.2.12.

Total project costs for sewerage is estimated at 580,000,000 Kshs (1994 prices).

Narok

At present, there are no sewer systems in Narok. According to the sewer development stralegy,
the number of the sewer served population is expected to reach 19,347 by the year 2010. Under
the strategy sufficient sewer facilities and reticulation are required to cover Narok’s served
numbers as follows:

‘The development strategics of Narok from 1999 10 2011 are:

1) New treatment works: Waste Stabilisation Pond, and
2} New sewer reticulation: 22,055 m

The direct costs are:

- 69 Yhe Aftercare Study on
the National Water Master Plan



Final Report - Supporting Report
Part Hl Sewerage Development Plan

1) New treatment works: 768,766 USS$, and
2)  New sewer reticulation: 1,336,694 USS

A preliminary layout of the waste stabilisation ponds is shown in Figare - 5.2.13.
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Table - 1.1.2 Projecis Identified in the Distvici Development Plans

) Usban Centre Project Identificd in District Developinent Plan Status

1) Kiambu Upgr'ldn, treatment works to double capacity 1
2) _l{_c_;u.gnya}}zl;lilils Watcr supply é‘:;‘\u crage (o r-u_l;u;x;_z;;a_!;; p-al!uhon 1

3) Kianyaga - \;-;;l_(‘_l:l;pl) & sm\c;l_g;_t;mimmlzc w'ncr poiluhon 1
-i_;_-()l kalo-l_t__. | Construction of new scwerage iyslem 1
S) -i;;__l’;l_ll-llﬂ R én;:ricapfiﬂl;(11;;1;0;;‘1110“15 0w ni'llcvc fﬂquc-nt bfoc‘kag(s > 3

_ 6) Nyert - _ - F\clcnd 4 lnm!\ SCWCES & purchasc vacuum Imd\ for exhauﬂmg scpllc'tan}.s 3
”7) h-l—a_l;l_;;__m | Mastsr pl'm for Re\\;’iriaéc is complete, awailing funding 1
7 5;) Lanm o - Septic tanks unsahsfwéo&t _m,w sewerage systeny required for whole town. i
7!;; M-.v;;llgliﬁﬁﬁ o g(:.;r;gc ;)slcm nqu;nd to reduce fre qucm outbrc:ak of water bomc diSCES(‘ 1
10} ]zmbu = ch\.er'ige d{‘Slgl] (:ﬂmpiclc'wawamng ﬁmds = I
;i}_ M‘.m e Provlde scweragc system and rclocalc .._‘-.atmeul wori.s to larger site m'lhuura 3 ' I
12} Isiolo ‘ Complete house ;;_n;c:c;:on program started in ‘91 2
135 Ch‘ukn. Rt e e o
14) Wapr 2 _ : Prov:dc sewcrage s;stem lo n‘placc thé usc of unsamlary bucket latrines a L
15)_;“0!\:1 - Slablhzalxon ponds designed but nc;i:r;nplemx cnted 1
E}n N)mmmﬂ\cl;;_nk,o (_); ;L_t;_a;;ms a_r;_unsahs[a(lory, provide sewe crage System 1
177)7;(;;;;11” o F\;t;;ﬁmn ;);;iater supply and sewerage famhtles 1
;g)__l—l_o;;:;l_;;; - Rchabli;!;ﬁ of treatment works - - o _1_
.79_)“]\:{,';1;1;&_“_ o Construction ofse\xe;ag:neluozk :;l;(; treatmenl works - 1 |
20) 7 Nyabika):e o C onstir;u;;m of sevwerage new.orl: and treatment wor!\s ”l
;)“ Kilgons & oﬁsTm;l;;; 7¢;f;;;\'erage network and treatment works ] 1 -
) e ety
23) \fia;ga! Planning for sewegage is required o S |
74) W\\’gl:;;cﬁn S E;.'.l_c:dm;cj“uage to include ﬁchool;-a_r;(-l‘irn;;pl_lal - | 177
iS_)__I;;;;a_h:)n) N ﬁrr(‘onstm(l 2 NewW sewerage sysl;nl N N }__
26) Busia  |Comstuctanew sewemgotcamentworks [ 1
27) WI-.u:m_da o B \(: (ai‘l;scf-l_l;(‘l a new se\xiag;malmem works to allow hygieaic disposal of szmlary 1
"b) ;\_:lL:[_‘l\(‘; - De-sludging of ponds - o N l_ i
29) l\ap;lév:‘;.;i;::mlml E(:mplfle pl2 éfseweragé, pipiTlg and pinﬁp i;lS!E“éﬁO;;i 3__

under invesligation,

1
“2" under implenzendatin
"3

planpiag or desizgn

ynder upuahc‘n and maintenance
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Table - 2.2.1 (1/4) Summary of Urban Sewerage Schemes

Tables

. wantity e Treatment . ot .
Urban Area / | Municipal 9 . - Tape of Yeur c, ,c. Orgentzation || i Prosenl | Per capita Fonal Leagth | Mahod of | Infleent p‘_’ Effluens f Tot1 0
. o Urban | of Water | Waser Sewuge Works - Ne.of Sewerp TPopubelion " Eengsh of = capils
Ne District Nanme of Arca e . Coastructed e | Runaing the . Flow fiow = percapirta]  Sludge BOD BOD | &M Remarks
Schem N Population | Supphied | Undertaker]  Treatment (Lxpansion) Capacity Works Connections | Senved by T Sewers () Freat : Y P BCD 1 P
: -y Xpans ks Ad E atmien 2 5 :
¢ (ki) (“lj'{d) Works Y 0 (m".'d) 0 forid) Updy (m) fc & (mg1) (2duy) [thaT]
] Bangoma Bungoma - The works have boen neglected. The first pond ix fall
of sledae and covered with vegetation. Part o The plot
) ‘s } . . N i< beine wso P
ss| roo00]  2620) Nwere wsp 1965 agf Monicips 0| 12600 NEM 3710] 09| NoFaany]  sso| wenm | i being used 3s u school.
Councit Effluent - No Effuent froey The fiest poed.
- Coastruciion of the sewworks has been stopped.
- Future plans to copmplete stalled seweraoe project
| Kisumu Kisumu anzerobie - 0if separator unit added in 1986 is pot working. frequent
{conventionaly 1966, divestion mechanical and elecirical equinment Bifurcs. the 1reatnent
& e - - .
390 ha conveational 5"1“-‘?‘_1”5_”‘ 6.800 13.000 8.500 foltowed by| 822014 10s] 143254 works are subjected to heavy organic 2nd hydraulic
eehabilitation overload
. studge :
in 1986 .
687|  14.565| NwCEC Musicipal NA 130,000 1s PR b NA
231 . . 304 .
3| Kisumu Nyalenda Council ‘ heavy accumutation of weeds and ladge has reduced
hydrautic retention times
214 ba WSP 1975 11,000 2,000 §.000 No Facility| 314-472 sS4 586
4| Nakuru Naken lown - new tw
- operating below capacity
12 123,500 WSP 1997 6.600 57,480 3484 61 815 53 104
anaerobic
. digestion
. Municipsl Municipal =
11,120 d . NA 86,156 0.7 ; v 0
5| Nakuru Nakuru - Counci) Council o l'oI::dE:ieb) 6 - new Lw
a & . . L
MNyoro drying beds - operating below capacity
8.7 WSp 1997 9,600 65,930 4,739 72 655 48 %
61 Memu Meru - hydraulically overtoaded
.. - 0O sCreenigg or grit £emoval
NA 124,412]  4,700{ MOWR wsp 1974 2,500 “’é‘;‘;‘:‘;ﬁ’ NA 800 500 625  NA NA | NoFadtiy]  s02] 314 160] NA |00 muintenance
7| Isiolo Isiolo - accumulatioa of sludge
- poorly maintzined, 0o gress cutling. weads
NA 124412 4.700| MOWR wsp 1984 2,000 "é‘;ﬁ’:ﬂ":‘] NA 1,700 595 350[ Na NA | Nofadtiy] cos| 212 1| NA
8| Nyen Kartina - vw slighily overloaded
. . Municipal -
NA 7299 1300] MOWER WSP NA 317 Couacil NA 5,109 561 116 NA NA | No Facitity] 267438 51| 2263 NA
9| Bongoma Webuye - There is o infel works and the ponds are choked with
Municipal studge.
&9 &0,000 1,700 NWCPC WSP 1973 NA Cougil 1620 12,000 NTM NFM 8,500 0.71] No Facility 2001 NFM (2] 91- No access road to site.
N
- About 40% of the sewer lines are undersize (< 150mm )
- No fetare plans for rehabilitation or expansion
10 Busia Busia - The works aze poorly meintaiged
South Teso ) iy - ik o st 20d third -
¢ ) 5| ssoco]  2072] mwere | wee 1981 gooj Municipal sl 000 600 63| 7350| o077l Morauy] 200] 13| ss| g3 Secpese from embankment between first and third pond
Couancil Slabs lining the scoond maturation pond bave collapsed.
- No future plans for rehabilitation or expansion.
11] Enibu Embu - The works are overloaded and poorly ewintained
sof 45000 7305| nNweee wsp 1973 g32f Municipal 1,400 ooo0| NEM | Nem | 3305|149 Noreany|  7o0| mem 10 - Stodge accumulation in the facultadiv¢ pocd,
Council - Fuure plans for rebabilitation 2ad expansion of treatment
works and sewer systemn. (awaitiog funding)
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Table - 2.2.1 (2/4) Summary of Urban Sewerage Schemes

Fables

Typee Treatmenl . Tom "
Uthan Arca / | Muaicipal Quantity Fypeof Yeuar n.'» men Organtzation . Present | Per copita o Lenzth | Methoed of | tafluim h,' Effluent | Totat O
, - Uhan of Waier Water Sewaoe Works =, No. of Sewer] Populition . i Tengih of . capita B
No, District Name of Area Poseit Supptice | Undertsk 0 N . Constructed Capacity Running the o ; Semed Flow flow Sewers | copita]  Stedoe BOD BOD nop | &M Bemarks
o s ‘apulation | Supplic ndertsker reatinen _— il b concdtions | Sene 1, Iocd £ rmrenl o1 1 Sef
Scheme () (m":’d; Works { Expansion) (i) Works ('3} tlpcd) () (m) Treatment | (ma1) (2ida) {mz2T)
12 Kajiado Nzeng - the works have been neglected and ponds are covered
Munici fater X . with vegelation.
NA 12600 NWOPC WSP 1930k 230] umu;.aal 8% 750 NEM NPM NA NA | N Facilivy] . SN e 2] There iz very little Bow 10 the works aad the seoind pond
Council | Avvessivle Edlucnt < dee
15 dey
15.000 - o future plins for rehabilitation or expansion
i3] Kakamega Kakamega - - The works have been neghected and ponds are covered
Kardi Soanh with vegetalion,
wWsP 1580 NA <00 3500 3,485 No Facitity 00 9 Eﬂ?o . - There is very hitie flow to the works and there is no
e effiuent o 1he river.
. Musicipal <1 700 o7 007 " - No future plans for rebabilitatioa o expansion
14} Kzkamega Kakamega - s 110.000 70001 NWCPC Couneil st ' - the works have been neglected and ponds are covered
Shirere with vegetation and require desludzing
WSP 1972 NA 5.000 4.500 Mo Facility 500 18 <0 - There is vesy litile fiow to the works and ro flow fo the
last pond, surface water rucolf fo poads
- o future plans for rehabilitation or expansion
15 | Kericho Kericko - existing Uw rehzbilitated and expanded
. «very well maintained
i nici Dhgesters & g
6] soooe| sa2ae| MU ook entional | 1962 (1995) 1500| Memicipat 236 41600) 2000 3| assas|  oas] IR 150 2 1| 30
Counal Cougai Drying
16] Kiambu Kiambu - Well maintzined works.
nici ict| . - i 133 i se th ity of thi
ss 7,500 q9p] Musicpall o entionat 1982 gen| Municipal 117 2250| NFEM | NFM NA NA Dryisg 2zs| nem 20 |- There is provision 10 increase the capacity of the
Counci) Council works. However, thece ts no space for polishing pords
- Future planned expansion of reatment works
17§ Kiambu Limun: - Mechanical equipment ¢n site does aot functioo.
- The maturation pood and sludge drying beds are
NA 3,000 660 NWCPC | Conventional 1984 $50] NWCPC 352 2000 WNFM NFM 7725 368] Dryng 20| NFM 58 6 |cavered wilb vegeiation.
- The works are poorly maintained.
- No fatuse plaas for rebabilitation or expaasios.
18] Kiambg Thika - The works 21¢ overloaded and poorly maintained.
Mugicial Municipal - Mechanical equipmeni a1 inlet works does nol function.
93| 155,770} 24,000 C“““’"‘_’f WSP 1R 6,100 "“":’E’I" soo0| 87230 10000 1s| 1s710f 02| N ity 570 65 40 30| - Sewer blockages are commeon due to small size pipes
euntt Couna - Masterplan proposals (fuading ageacy being sought}
19| Kisii Kasii - Newly coastructed Treatment Works still filliog.
. ~ rodoc hay
|  sso00]  e000] mwere Wsp Tobe NA Municipat 500 13000 NFM NFM NA NA Dryieg son| NEM o 3| - 014 Trestment Works have teen abandoned.
commissioned Courcil Eifucat
20] Laikipia MNzeyuki - The works zre not well maintained.
Municipal Municipal - - Some concrete sewer pipes bave ingrown 1oots.
; 2 2 2 A .
147 $50001 11250 Council wsp 1953 2270 Council 2,100 4,750 3,000 323 33880 1.37] No Facitity 294 9% 68 15, No future plans for rehabilitation or expansion.
2){ Laikipia Nyahurvre - The works are well qraintzioed.
- loadequate power supply to rua both zecators at the
icinal Mumici .
104 sow00|  3000] MU corventionat] 1987 2s00| Monirel 1511] 1000|343 91| 23385 130} NeFacility] 300 57 sof  20fsmedme i
Counsit Counct - Future planned expansion of treatmect works 2nd sewer
system.
22| Machakes Muvati- - The works are overioaded 2nd anaercbic pond requires
Moachakos desludgioz.
ich - Maturati d is formed by a da ss the st
s20]  sooc0]  1710| neweee WsP 1974 (1984) ag0p| Musicipst 2,000 soo0] NeM | NPM | 18070]  226| NoFaaiiy|  670] NFM 30|  pa] " Maturaticnpond s formed by cim seress fhe seam
Council and i3 overgrown with weeds.
- The works are not well maictained.
- Masterplan propasat {funding ageacy being soughi)
23 | Machakos Mavoko (Athi - Low fiow 1o the pew works and ponds are stil) fiting.
River) - The works ase poorly maintained.
NWCPC/ . Municipol Lo 3 Site Not Fite Net . g ) .
684 50,000 2,000 NCC WSP 1994 12,560 Conndil 370 12500 NIM NFM 23,070 1774 NoFacility] , - NPM | st 18] - Pump_slahon is ot currently being used dee to broken
sewer [ine,
- No future planned rehabilitaion or expansion.
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Table - 2.2.1 (3/4) Summary of Urban Sewerage Schemes

Tables

. Aty o Treatment . - ot
Urban Arca 7 | Municipal th,‘ i Tepeof Year “. l " Organizslivn . Presel | Per copita Foust Length 1 Methodof | Eofluces Effluent | Tonl O
. L. Uthan of Water Water Sewage Works . No. of Sewer| Population . Length of = ) N
No. Distnct WName of Arca . R N Constructed ... | Rurningthe ) . Flow flow = pereepina|  Sludee BOD BOD | &M Rerasrks
o : Populaticn [ Supplied | Undertaker|  Treatmem (Expansion) Capaaity Waorks Connections Seeved i (lpod) Sewers (m} Te :n'n; al O (st Suafi
Chem o 2 15 M RS / 3 z A 2, >
e (ke Un’,‘d) Woiks e (m"“d) ( ) P {m) - (mely s
21} Maonbasa Maombasa - - New works still to be commissionad and old workstabe
Chanzamwe Conventional 1961 17.100 NA LA 9.400 Drving NA NA abundoncd.
25| Mombasa Monbass - 2320 ssopea| 180200 NWCRC “éii’;'c?:' 69.600 &6 014 - Trestment works has not worked since 1988 and raw
s ]
Kizingo Primary , e 3 3109 . . sewage pisses lo the sca.
Sedimentetion 1961 32500 Na 3440 22970 NoFaciiity] - NA NA - Mechanica! equipment on site does not function.
- Proposed Yonz s€a outfadl.
26{ Muranga Mbiri - Municipal - Wewly construeled Treatment Works receives low flow.
2 2 / 3 5 < 3 (R ST g g 2
Murenza 25 30,000 2000 MOWR WS5P 1997 1.564 Coundl <00 10.500 870 83 14645 1.391 No Facility 563 50 17 Levels in the poads made up with river watee.
27| Wairobi Nairobi - Nairobi City - The works are well maiatained and the old poads are
Dandora WsP 1977 (1992) 50,000 :;un'ﬁ.l' ; NoFaciiy| 440 120 being destudged.
Esfimate - Future planned construction of new gragrobic ponds.
281 Naicebi Nairobi - , - The works are not well maintained.
. . c 2 L . .
Kariobangi 693 2,240000] 326700] NWCPC NA 1.000,000) 217,000 17| 153000]  0as 69] _ Some mechonicat eqaipment dees not funcrion.
Conveational 1961 32,000 Nairobi (.Z‘nty Diges:ler & 448 129 - The works are overloaded and there 35 no space for
Coundil Drying polishing ponds.
- No furure planned rehabilitation or expanston,
291 Nakuru Naivasha - Mechonical equipment on site has oot fuectioned since
1992,
Muuaicipal Studge - Aeraled lagoons aad faceliative pond require
.59 60.000 762 NWCPC | Ceoventional 1983 2035 . 2,012 30,000 NFM NFM 15640 0.52 | Thickener & 664 60 11 .
Council . desludgiag.
Drsing - Future planzed rehabilitation of treatment works
(Electomechanical equipment)
30| Naadi Kapsabet Municipal - Newtly constructed Treatment Works 10 be
14 20,000 1,100} NWCPC WSp 1997 1,000 Couadil 130 4,000] NFM NFM 35540 8.8%] No Faality 150 20 8| commissioned and is well maintained
31 Nyen Nyest ~ - 1aflow is low due 10 few sewer connections and frequent
Kiganjo Mugicioal breakdown of the pumping station.
22.000 wsp 1390 2000 upicipa 73 1,100 500 455 5885 5.35] Drying 550 185 71 - Sludge drying beds bave aever been used due to low
Council
fBow and are fooded.
- No future plans for rehabilitation or expansion
32| Nvea Nyeri- ADB 200 7.000 Mounicipal - Grit removal air blawers and flow recorder out of order.
' Courcil - Third maheration pord embankment washed away and
.. : studge drying beds flooded.
120,000 Comventional | 1938 eapg| Momicwst 186s]  36000| 2,000 so| a2se0]  aas| PEEEL 5 87| 23] - Truak sewer damaged and some sewage leaking.
Council DBryiog - Planned rehabilitation of trunk sewer and maturation
pord.
33| Taita Voi . - po fow to poad
- poad isdry
Muaicipal ity i -
6] a2l 2900 nweee wsp 1930 NA C‘;i‘:‘:f NA 700 F“‘;:‘;’ ®l mem | na NA | NoFactty] NWa NEM | NA
314} Sowih Nyzaza | Homa Bay « Mechanical equipment on site does not function.
- Sedimentatioa 120ks are by-passed due to sludge
. . Municipal .S!udge accumulation
197 5600 1,231 NWCPC § Conventional 1937 750 Couadil 2500 15,000 1045 70 9650 0.6% Thlckefser & 250 40 1] | sueface water rum-ofi fo ponds.
Drying - The works are poorly maintained.
- No future plans for rehabilitation oe expaasioa.
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Table - 2.2.1 (4/4) Summary of Urban Sewcrage Schemes

. . re nt [ ¢ .
Urban Area /| Munkipal ek ?;’\::‘lm:j w T}Q of Year T :::,l:l:;:l\ Organization No. of Sewer] Ponolatic Presead | Per cupita IxTni:; " Lengih | Mohod of | Intluent y ‘;u Efftyent [ Total O
No. | District Name of Area than | < ekt et Sewage Constrected T Rusning the | o 07 DOV TRORIER L flo SO e capits|  Stwdae | oD | BOD | &M Remorks
+ | Pepulztion| Supplied | Undertaker|  Trvnmient - Capacity Works Conncfions | Senved ), locd Sewers Frestarent o BOD aer | surr
Scheine km?) (m'id) Works {Expansion) (i) orkx () {pcdy () (m) featment | (mgD) (zdav) (gl | oo
35 Truns N2l } Kitale - - Mechanical equipment en site dues not function and
Cenventional mos of the units are blocked.
Conventional | 1937 (£978) 1330 NEM No Facitity S50 NFPM 105 - The works receve neghigible wiastewater and zre poorly
T < Municipal Muaicipal . mzintained.
% 92 23,000 9.000 Couacil Council 1500 31500 NFM S 147 2| - Mo future plasncd rehabilitsiion of expansion.

38] Trans Nuoia | Kiwele - Poads - The works are well mintaired but receive kigh strength

WSPp {083 2930 NFM Dreying 550 NFM 100 industrial waste,
- No future planned rehabilitation or expansion.

31} Uasin Gishu Eidoret -

- The works are overloaded. Overflow is diveried to the
Conventional

waste stabitization ponds site.

Conventional 1959 1575 §.000 Dif*ci'ﬂ;& 300 s - The werks are well maintzined. However, some
ying mechanical parts cequire replacing.
Municipal Municipat - Fuiure planned construction of new treatment works.
I47]  220006] 25, o 5836 70,400 NFM 21,900 31 38 -
35% Ursan Gishy | Eldoret - 000 Council Councid - The works are overdozded and receive a tol of indusinal
Ponds wasie, There is permanent overflow 10 the faculiative
WsP 1978 4800 KFM Mo Facility 370 8s pond.
- Anaerobic poads require desfudzing.
- Future planned construction of new treatment works.
Note; Legend WSP - Waste stabilization ponds
NWCPC - National Water Conseivation & Pipeline Corporation
NCC - Nairobi City Council
NFM - No flow measurement
g NA - Not availabk
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Table - 2,2.2 Comparison between Sewage Quantities and Water Supplied

_ Seuwerage Developement s __ B Warer Supply Conditlons 1993
Present Sewage Flow Q'iji\_v oF e
= . _e_upphcd
Treatment Populstion
Population | Sepvice Works Liters corneated 4 Liters sendee
Uhan Urban | connected to | coverage | Capacity per Wwwiler | per COVErRZE
Provinee District Centre | Popuadation]  sewer raio miday | miday | Cepitaday | S9RRIY | m3day | Capinaidsy ratio
1| Sairobi Narobi  INaiRad 2,340,000f 1,000,000 sl rize00) 21,0000 1| 1285577 364,000] STE S
2{Coast Momhasa  jMombass 530,000 55,600 ‘;'E‘Fc 49,600 _~=590 777776; _;1.?64 13,30_(; . :91‘-. ;4:':
3]RiA Valley  iNakury Nakury 2_‘];65? 1217;00 S3% 16.’.’033 8,131 &5 3045; 41,00 'J-:S )3!‘.-:r
4| Nyanza sy Kisurma 212,327 130,000 56% 12,800, 15000 s 2308350 14,588 o 52 !’-1:7:
a StRin Valley  [Uasin Gishu (Eldoret 230,006 ' 70,400 235 6375 sr'.\htﬂ o] 28850 an ”Fa:_f:
& |Cenrrzl Koamby Thika _.155.7?0 87,230 56% 6,100 10,000] 358 120000 24,000 7 2\‘6 7%
7[Central Nyeri Nyedi 142,000 ) 27,100 26% 2,100, 2,500 - é? 40,000 5940 14 _:’sif.'»
${Eastern Meru Mere | ozvaz N 800 1% 2,500 ' 500 :;5 o 16,230 4730 290 13%
S| Westem Kakameza l(:;hamega 110,008 ) $1,700 EFats 5,500 4,800 93 17,826 2,000 253 o 25:':
10{RI% Vatiey  {Kericho Rericho 83,000 43,600 2% 1,500 2000 N *7:8 B 58,728 5,323 41 i
11]Eastem Machak;;'m Machakes 53,000 B.000 0% 2,000 3.000 arn 30,000 p S R L) 'lOO'T-‘c
2[Rt Vailey  (Trans Neola [Kitale 73,008 37,500 SO 2.93:0 NEM £0,000 000 ) 150 80
13]Nyunza Hon\; ;335 Hom Say 75,000 15,000 W% ?;6 1,043 Y _;‘1_000 1,231 29 57%
14| Westen Bungoma Bungorma 000 12,600, 18% B “45 NFM 36,000 2,62;) ” 73 515
15 Nyanza Wash Kisit £5,000 13,006 0% nNA NEM 45,000 3520 73 6‘3“.1-
16| RIA Valley | Nakuru Nanasha 606,000 3066; 50‘11 7 2,033 00 22 44,000 752 17 s
17{Rift Vailey  Laikipia Nyzhurura 60,000 §3,000 30 2,500 3,436 131 50,000 3000 &0 8%
181 Western Bungoma | Webuye 60,000 12,000 200 NA 1,500 125 20,000 ' 1,700 43 6?;-
) 19|Rift Vvatley  flLaiiipia Nanyuhd 55,000 24,750 45% 2,200 8.0?0 ) 7 a2 23,100 2,720 62 SR
20[Eastern ‘Machakios | Arhi River 75—0,—000 12,500 25% 12,960 1,000 30 12,500 2,006 o 715;07 235
g ﬁ Coast“. Kitith Matindi ) 43,227 4] O%JL o 1} 0 ¥ 14!.2?3 35,??% i 113 3%
- 22|Western Busia Busia 48,000 600 0% 600 600 63 17,267 1072 120 5%
23| Eastern Frubu Erabu 45,000 2,000 25% 532 835 S 35000, 4058 116 785
[alvonn EavemGarisss Jarisso 40,000 o 0% 0 o of  magssl 1w s e7:
35[Central Murang Maragua 9,411 1] % - o 0 Q €,200 i5 2 16%
26 Centrat Kiarby Ruire 33,302 Q [0 ¢ 0 0 6,000 P23} 130 15%
27| Central Muranza Muranga 30,600 1{;;0:) 350 1,564 870 83 24000 2,000 —83 _—soez
28 1Eastern sicle Biole 26968 1,700 6% 2,000 m6-00 353 35,600 4,356 121 l3;’;
29| Nomh Eastem Wajir Walir o 16,139 - 0 o 0; o o 1.500, 0 ) __;1 6927
solria valtey  [Kajiado Ol;ng“:: 25,080 0 o% o 0 ¢ 7,200 975 136 %
31|Nonh Fastemn Mandera Mandera 21555 ) ] 0% ¢] o] ] 8,160 SO0 T ;17’-6"«'
2ot KtiG K0t 20,555 0 o o, ol of serl emel o
nfpavay fros :“;ib;:nii 00 a0l %l 2000 st | gow) 1o 187y 5%
A4|Rift Valiey [ Narck Narok i;},ss*g 0 fors 90 0 G 12,000 L5 110 60%
35iCoast :Faila TFavela \'o_i___n_u 1 15702 709 Eirs D1 ;)J E: ::'_‘El.‘m _27?0 133' 129%
26|Ritt Vatley  [Kajizdo Sé&\ng | jsco0 T swl wml NEM s000) 1260 313! 00
3irnin Valley  [Batingo iC:!harntl_ 11,804 o, 0% Wiioh i 0% : 0 . 127,500 7. 2,042 161 10306
33| Centret kza:”‘;\u K N 7%0 2.250! o ‘:3'30_: 300.!777 133 8,038 420 51 107
39 [Cenirat Nyin era.rl-na . 7,29% ) 407 w0 317: Séli 1;0 14..."3! 1.34;05 . 8‘); 199;
wlcams  anbs Limur 2000 L 550, 1958 1538 73 &5
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Table - 2.2.3 Efftuent Standard

"A"- Acceptance into Public Sewers

B.0.D (5 days at 20°C)

INot to exceed 450 mg/1

pH

To be in the range 6 10 9.

Temperature

Suspended Solid

Not to exceed 35°C

Not to exceed 300 mg/1

4 hours oxygen absorption for permanganate

N.780 at 27°C, 100 mg/1

Greascs

The wastes should not {comain more than 100 milligrams
pet litter of greases that dissolve in Fihyl-ether.

Oil, Petrol, Kerosene or other combustible materials  [These must be intercepted.

TOXICITY

The wastes should not include any toxic materials.

Note: 1) In addition the waste should not contain matenials that might damage pipes or treatment works.

2) The flow must nol exceed the capacity of the sewerage system and a meler is to be provided with a log
book to record flows which can be inspected by the City Engincer or Medical Officer of Health.

2) Quarterly tests wili be camied owt, at the expense of the industry concerned, in accordance with the
“Standard Methods for the Examination of water, sewage and Industrial wastes”, issued by the

American Public Health Association.

*B" - Direct Discharge to Natural Water Course

C.O0D

Not to exceed 10 mg/t

Total Nitrogen exclusive NO

1 mg/t

Nil 1.5 mg/1
_B_OD (5 days at 20C) Not 10 exceed 20 mg/l ~
7pH - Inthe range 6 to 9 -
Temperature S Notto e_x-ceed 25°C 7 o
gl;;)e;i:d_sol_l:is_ --------- a ) Not to exceed 30 mpg/| T ]

Total Dissolved Solids

Not to exceed 1,500 mg/l

Nitrate as NO;

4 hours oxygen absomption for pcrmanganate

N.780 a1 27°C not to exceed 15 m/gl.

Not to cxceed 45 mg/l

Note: At other standards mention in “*A” supra viz. greases oil toxic matenials also apply.

TheAftercare Study on
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Table - 2.2.4 (1/4)  Results of Wastewater Quality Testing

Suspended Solid
3 River Ratio
Ne. Ustan Name/Plant 12‘:;‘]’)“ E(!v::’,l;‘ Rm‘fova! 77-_— -------- i — ___— TUSteam | Effluen
Upstieara | Dowstream D.Streamy § D Stream
! {Bungoma T00 400 1286 - - - -
2 [Webuye T 50 o | 16.25 0 20 e | 335
- 3  (Busia - o 6;3__ o 20 66.67 N 20 207 . -_;0—_-“—‘;55“--
4 |Embu N 900 o 410 - 7;4.44 §10 81’5 0.98 1 ‘LE):S{'; o
5 1Kakamega Kaniti Somali 200 1 - T - - . -
6 |Kakamega Shirere Ponds 200 20 M;’OOW ‘—60 50 0.67 0.22
? Ker;cho R 250 ' 60 76.00 1 - -
8 |Kiambu - - —U-Q(\S 250 1 69.06 530 550 0.98 0‘4'7”
9 |Limur 7 1,170 R 1;&70 42,74 - 1,050 N - 0.64
10 JThika 1.900 1,170 7 733.42 ﬁﬁi .600 7 1.050 0.95 1 .171‘
i ks (01 Ponds) 40 - I s | o036
12 [Nanyuki “ 280 5 1321 -530 440 1.20 0.17
13 |Nyzahurura i.515 920 39.27 1.500 -] - o
14 Machakos (Mavuti) 1,265 i 635 45.85_ 1,201 1,235 0.97 0.55
15 |Mavoko (Athi River) - - — - - - -
16 [Mbisi (Murang2) 800 60 92.50 6 10 0.60 6.00
17 [Nairobi (Dandorz) 1,405 570 59.43 l,-éni;l} 1,825 0.59 .31
18  |Nairobi (Kariobangi) ) 1,800 1,160 3556 1,225 | 1 _.3:3.:; 0.92 0.85
19 |Naivasha 630 130 71.43 - - 1 -
20 |Kapsabet 140 ) 80 42.86 - 30 ~ 2,6; o
21 [Nyen (Kiganjo) 1,000 200 B £0.00 ) 1,160 1,32? 0.83 0.15
22 |Nyer (ADB) - 1,050 760 ez | 11 1,124 103 068
23 [Homaz Bay o 400 10 50.00 - - - - -
24 |Voi - — - - 1 - -
25 1Kitale Conventional - 700 40 N 94.29 25 T 167 .15 0.2‘4 N
26 |Kitale Ponds 11,700 700 - - — - —
21 |Egoret Comveational 140 20 B 8571 o 10 ) 50 0.20 0.40
28 |Eidoret Ponds ) 200 650 18.75 240 . 250 - 0.96 2.60
20 Lsiolo {1) 653 I?Fi 73.97 - o -
B_C;T Meru (1) 621 197 68.28. - - - o
31 |Nakuru Njoro ('..’-)__‘ 566 93_ 83.57 - e T
32 iNakuru Town(2) B “315 N 56 82122 - - -
33 |Kisvmu (Coaventional} 1 864 7577_9___ . 3299 - ! I -
34 Kisr.;mu Pond; - Nyalenda (3} 503 - 197 _7 ';9‘:7 T o
Average 718 351 61.10
Maximum 1.900 1.170 94.29 1500 | 1825
Migimura 10 20 16.25 6 | w

Source: (1) JICA Report 1997 7 The Study on the Water Supply for Seven Towsss T Kenya”
(21 MICA Report 1991 " Feasibiliy Study on the Nakura Sewvege Works Rehabiltation and Expansion Project”
GPICA Report 1997 © Oa-going Study on Kisumu Water Supply 2nd Sewerage Syskem”
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Fable - 224 (2/4) Results of Wastewater Quality Testing

Sovrce:

(1) JICA Repost 1997 © The Study on the Water Supply for Sevea Towns in Kenya”
(2) HCA Repon 1994 7 Feasibility Stedy on the Nukoru Sewege Works Rehabititation 2od Expansion Project™
{3ICA Rejunt 1997 © On-going Study on Kisuma Water Supply and Sewerage System”
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the National Water Master Plan
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BOD
River Ratio
No. Urban Name,Plant !:r::?]m Efﬂ:eul % ‘ T 77T Ustream Efffoent h}::]at:f: !
2T (mg ) Removal Upstream | Downstream D Steam | /D, Stream | BODCOD
I |Bungoma 550 125 57.33 - - - - -
2 |Webnye - 200 (1] 000 10.5 7.5 140 300 N 0.29
_3 Bu.\"l;iv. o 200 g5 52.50 125 &S B 1.47 EOO on
747 én‘—bu ) 700 148 1 éOOO 55 “‘”“““‘"‘4”“ 1.25 338 0.64
5 |Kakamega Kambi Somali 360 T - - - - - - 0.3674
—6- Kakamega Shirere Pends 500 50 e 50.00 2.5 5 1.50 10.00 -
7 [Kercko 150 o ‘ 25 9444 - - - - o -6.2;_
8 |Kiambu - 235 o0 60.00 16 10 1.60 9.60 0.3{ N
g Limun;-_—A N <0 63 2443 - B 13 - 5.21 -
_10 Tbi;; ) 570 0 9298 20 20 1.00“_ ‘ 200 ) 0.7
b1 [Xisi (014 Pondsy 500 - - 65 1 163 - - 0.25
Al‘?? Napyuki 394 63 76.87 30 ’.';C; ot 1.00 ﬁ 227 0.45
13 iNyaheruru 300 50 8333 SE) - - o - 0.38
14 [Machakos {Mavuti) 670 130 soe0 | 40 o0 | 080 260 0.56
15 IMavoko (Athi River) - - - - - - - -
16 {viri (Murenza) s68 50 91.20 6 | 16 100 313 036
[ 17 INsirobi (Dasdors) 140 120 | 72 16 3 107 279 0.55
18 [Nairebi (Karichangi) 148 129_— 1.2 5; T 112 0.48 1.18 0.56
19 [Naivasha 664 &0 7 '_90.96 - - - - 0.33
'.'-:;)‘ Kapsabet 150 20 ] 95.83 - 1 - 5.00 0.60
21 | Nyeri (Kigazjo) $60 185 6596 | 20 10 200 1850 0.51
22 [Nyeri (ADB) 3 87 %61 | 21 3 091 3.78 0.41
23 ‘Homa Bay i 250 10 84.60‘“ - - - - 0.37
24 Woi - - ] - - - - -
“1;5— Kitale Conventional 550 100 81.82 12.5 95 132 10.53 0.16
?6 Kitale Ponds 550 163 7 8091 e - - - .01
27 {Eldoret Conventionat 300 llf - 61.67 ) 125 s 2350 23.00 0.38
—l-g Eldoret Ponds 370 7 85 ;'J‘E)_]- 10.5 4 263 9250 0.55
20 cicto 1y €0s | 251 " ss.s1 - - - - -
30 iMeru (1) ] se 166 63.13 - - - -
a Nakeru N2y | ess 236 £4.51 - - - - 0.82
2 |Nken Town2y | 815 | 1o ss.11 - - - - 0.82
33 |Kisvma (Comventionsly | 868 | 216 sz | - | - - . 0.34
34 IKisumu Posds - Nyslends (3) | 374 79 s | - . - - 038
Average 180,63 98.68 76.40
Maximum &§75 360 97.00 54 112
Minimum 200 12.5 2443 6.5 1



Tables

Table - 2.2.4 (3/4)  Resulis of Wastewaler Quality Testing

COoD
ve all
: Upsuesn | Downsiream A)Steeam /D Stream
I |Bungoma - . - - - - -
2 |Webuye 1 2o wo | ssm 57 o | ost | 14
3 lBwsia o 280 w0s | Teso | w | s | ow | am
4 JEmbu 1.100_“- “—540 N 78.18 B _lE_. ) 100 1 1.00 - 240 -
5 |Kakamega Kambi Semah 1,000 B R R o - - o
6 |Kakanega Shirere Pords . ] 100 - A—_:S__‘ - 7745;—_ H'a;! ——__;.;2%_
K Ker_icho 1,95(;_— 120“_ 93.85 7 - - - -
8 [Kiambu 700 300 57.14 50 o | e | s
; Limuru o . - - e - [ - -
10 {Thika ' §00 120 85.00 i &0 20 ! 1.00 1.50
11 |Kisii (0K Ponds) o 2,000 - - 40 ‘ 45 ) 777:1\_.’8;-*77 -
12 [Nanyuki o 650 140 - 78.46 60 60 . 1.00 N 233
13 [Nyahurorg 500 120 85.00 60 1 - - -
14 {Machakos (Mavuli) 1,200 1 300 75.00 7' 70 100 0.70 3.00
-1_5 Mavoko (Athi River) - - - - - - -
16 Ml;ir't (Muranga) 1,500 200 87.50 20 20 1.00 10,06 -
l? Nairobi (Dandora) 800 aze 60.00 - 160 160 1.00 2.00
18 |Nairobi (Kzriobangi) 800 180 - ;:50 120 ) 280 043 0.64 B
19 | Naivasha 2,000 00 95.00 - - - -
20 |Kapsabet 500 220 72.50 - - -
21 |Nyer (Kiganjo) 1 oo 350 63.18 40 PR BT 875 |
22 [Nyeri (ADB) - 900 450 50.00 40 w0 100 s
23 |Homa Bay 673 163 3511 - - - - -
24 Vol - - - N - -
25 |Kitale an\-'entioml 3.520 120 96.59 S0 i 85 l.(;ﬁ 1.41
26 Kitale Ponds 63.500 180 wiz | - - - -
27 |Fidoset Conventional 800 20 90.0_0ﬁ7 - _35 1 . 0.85 1.95 :
28 {F1doret Ponds 670 296 5%.82 40 40 o 1.00 7_40__
gisiolo(l) ) - - o - - - -
30 ;e-r_u(l) - - o - - - - o
31 |Nakumu Njoso {2) 810 290 _—6420 N . | o
32 |Nakuru Town (2) 1.070 1722 | 8393 - oo - s
33 |Kisumu (Conventional) 2,550 633 - _75.18 - B S Tﬂi -
14 |Kisumu Ponds - Nyalenda (3) 978 ‘_%4 V —63.30 o - - ! -
Average 1.163.58 22312 7567
Maxinum 3520 613 96.50 160 250
Minimum 230 80 55.80 20 20

Source :
{1) JICA Report 1997 " The Study on ite Waler Supply for Seven Towns in Kema”
{2 JICA Report 1994 7 Feasibitity Study on the Nakuru Sewege Works Retabilitation and Expa nsion Project”
{3BICA Repon 1997 ¥ On-going Study on Kisumy Water Supply and Sewerape Systen”

Hi-T-12 The Aftercare Study on
the Narignal Water Master Plan



Final Report — Suppoting Report
Part T Szwerage Development Plan

Table - 2.2.4 (4/4) Results of Wastewater Quality Tesling

DO, T-N
Effluent DO
No. Urban Name/Plant Do TN River DStream River USweam
(mef) (we) (me) (mg/)
1 {Bungoma - - - -
2 {Webuye 6 s | 6w 59
3 iBusia - 8.5 o '"1‘4.4 - 6.00 h
4 [Embu ) O as 185 390 14
_5 Kakamega Kambi Somali - = - N -
6 |Kakamega Shirere Pords s | 138 6.85 s
7 |Kericho o 55 343 - -
§ IKiambu o .26 o 25.5 _3:.7‘;[’)*ﬂ _ 415
9 [Limuru ) 18 155 20 -
10 {Thika - 53 n 7.10 62
11 | Kisii (Old Poods) - - T 7
12 |Nanyuki 4.6 7175 400 4
B Nyahuz;r_;_m g 538 3.20 43
14 |Machakes (Mavuti) ;—6_ b __—]_2_._25_ N 4.70 m_4—.‘6
15 |Mavoko {Aihi River) - - - -
16 Z\E;lri {Muranga} 4 6.88 5.00 5
F gz\?o;)giﬁ;ﬁéora) 45 7 5.25 . 5.00 WiSﬁ )
ﬁ;g Nairobi (Kariohangi) is 6.63 460 4
19 |Maivasha - 218 20.5 - -
20 |Kapsabet 8.5 52 6.60 -
21 INyeri {Kizanjo) o 4.1 7 g 5.40 -“m;j
22 [Nyeri (ADB) a2 1025 460 a2
23 (Homa Bay o 5 364 - -
2alvet - - - -
25 [Kunale Conventiona) 3 10.4 4.00 55
26 |Katale Ponds h ;; i ) '_mgn - -
27 |Exdoret Conventions] 3 8 ) 8.00 s
28 |EMoret Ponds 85 28 8.00 6
29 siole (1) | - - -
30 (Meru (1) ) - - ) -] -
3 Nk Njoo ) - - - -
7;.’?'}’"-3ku:u Town (2) I o -
33 Kisumu (Conventional) oem e N
34 | Kisumu Ponds - Nyalerda (3) 706 N - .
Average 4.84 22.37 5.30 5.25
Maximem 10.5 197 §.00 8
Minimium 0.33 5.2 220 4
Source ¢

{1) HCA Report 1997 * The Study on the Water Supply for Seven Towns in Kenya®

{2 JICA Report 1994 7 Feasibility Study on the Nakuru Sewege Works Rehabititation and Expansion Project”
{BHHCA Report 1997 " On-going Study on Kisuma Water Supply and Sewerage System”

The Aftercare Study on
the National Water Mastcr Plan
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Table - 2.2.5 Typical Composition of Untreated Domestic Wastewaler

Contaminations Unit Concentration
Weak Medium Strong
Solids total (TS} mg/f 350 720 1,200
Dissolved, total (TDS) mg/é 250 500 850
Fixed mg/é 145 300 525
Volatile mg/é 105 200 325
Suspended solids (SS) mg/é 100 220 350
Fixed mg/¢ 20 53 75
Volatile mg/f€ 30 165 275
Settleable solids mg/€ 5 10 20

a ; 5-

g;zf;‘;?g (gggie;;g';a“d’ e/l 3 g€ 110 220 400
Total organic carbib (TOC) mg/é 30 160 290
Chemical oxygen demand (COD) mg/é 250 500 1,000
Nitrogen (total as N) mg/é 20 40 85
Organic mg/f 3 15 35
Free ammonia mgff 12 25 50
Nitrites mg/f 0
Phosphorus (total as P) mg/{ 15
Organic mg/f i 5
Inorganic mgfé 3 5 10
Chlorides® mg/é 30 S0 100
Sulfate’ mg/¢ 20 30 50
Alkalinity (as CaCO,) mg/¢ 50 100 200
Grease mg/f 50 160 150
Total coliform” no/100mé | 10°- 10 107 - 10° 10"-10°

Note: 1.8(C)y+32=°F

a:  Values should be increased by amouni present in domestic water supply.
b: Sce Table 3-18 for typical values for other micro organisms.
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Table 3.1.1 Summary of Actions Required to Overcome Constraints

Assessment of technival

reatment capacity or provide

new fact)ities

Problem'consrainl Couse Srateqy Recommended Action assidance needed
1 lodeguate investment fanding [Low devcloprient priority _[increase intemal furdinglo  [GOK 10 1eview deovelopment Inot assessed
Dependarcy on donors sewerage wnilation seclol plan and shift budgt
T lasufficient information for planning No urbian Jard use data -tmplement data colleetion  |Feadnility sedy for IMS ot [not 2ssessed
and Information Maragement [national bevel
. Systems
Na MF for urban development establish M/P for urban Individual uekan mader rot assessed
centers far e than SO000 planoing and feasibility
revise MUF for ucban centers  [studies i order of priodity
every 10 years
3 Inadeguale on-sitc sriation Incored consruclion methods Regelate on-site sanitation, Feasibility study to develop  [not assessed
|Poox choice of technology construction & maintenance.  [standuds, maitutionat
liable cotlection of seplaz Provide collection equipment parrangements and
of septan disposs! facilites and disposal facitities ymple mentation plan for
4 bhsuffickent operating reveree L'raccounted for nater Leakage detection/corection  |Technical assistance in Las1o|§ PY over 3 years
& melering progan implement programs
Inadequeate billing & collection Iapeove management process
- x1d syytems _
Sewer surcharge collected by water  JCombine waler and seweage |Supported by GTZ until 199933 PY onver 3 yeurs
urndertaker but ol reraiited 1o cperstions Nl one operaling,
municyalily entity. Corlirue with
Rewverus for sewer operations used 1o [municipalities.
fund olber municipal expensss
sewer and water taridls do oot Revise tariffs to releet tree  fTanfl study 4 person wetks
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Table - 3.5.2 Septage Generated from On-site Sanitation in 2010

Tables

Population 2010
1 Province | Code District Code Urhan Centre Total with sewer withseptic | Totalseplage
fPopulation connection tanks o’ ivear
1 {Nairobi 110 [Nairobi -1 INairobi 3,023,000 1,511,500 371873 107,063
2 [Cential 210 [Kiamby U4 [Kiambue 21,356 6,407 T ’373'7 ) 1,059
3 |Central 210 |Kiambe U6 {limure 4,347 3043 i a2
4 |Central 210 {Kiambu U-§ |Ruiru 10,142 17,500 13,161 3,118
$ |Central 210 |Kizmbu U-9  |Thika 130,350 93,175 23,794 6,742
6 [Central 230 {Muranga U-20 |Maragoa 19,924 20,021 14,976 1243
7 |Central 230 fMuranga U-21 [Muianga 62,633 1,922 10,178 313
§ |Rift Valley 240 |Nyandarea U-28 {Nyahujura 60,185 30,093 1523 2,984
9 [Central 250 |Nyeri U-33 [Karatina 19,471 13,630 1,460 414
101Centeal 250 [Nyer U-36 |Nyeri 331,393 165,697 41,424 15,732
1} [Coast 310 |KiR U-38 [Kahh 51,082 14,300 10,656 3038
12 | Coast 310 JKiliSi U-40 |Malindi 131,152 53,661 20,123 5,700
13 fCoast 340 1Mombasa )52 |Mombasa 136000 368,000 92,000 26,067
14 |Coast 350 |Taita Taveta U-55 |Vei 35,159 8.800 6,590 1,867
15 [Eastern 410 |Embu U-60 |Embu 92,214 23,100 17,273 4,8%6
16 |Eastern 420 FISioTO U463 |lsiolo 23,340 20,502 15,634 4,430
17 |Eastern 440 |Masaky 69 JAhi River 4544 12,110 2,083 2573
18 |Eastern 440 |Masaku U-71 |Machakos 407,822 203511 50,978 14,444
19| Eastern 160 [Mero U-86 |Meru 337,437 168,718 42,180 11,95
20 [Nonh Eastern | 510 (Garissa U-104 |Garissa 115,126 46,051 17,269 4,893
21 |North Eastern | 520 [Mandera U-109 |Mandera 51,680 12,900 9,693 214
22 [Nonth Eastern | 530 |Wajic U-116 |Wajir 66,052 16,500 12,391 5
23 |Nyanza 610 | Kisii U-3117 VKisii 120,615 48,246 18,092 5,126
24 [Nyanza 620 |Kisumu U-120 |Kisumu 561,029 280,514 70,128 19,870
25 INyanza 640 [Homa Bay U-129 {Homa Bay 71,860 18,000 13,465 3.815
26 [Rift Valley N0 |Kajiado U-144 [Ngong 41,207 10,300 7,927 2,189
27 |Rifi Valley 710 |Kajiado U-146 |Ongata Longai 81,185 20,337 15,212 4,310
28 \Rift Valiey 720 |Kipsigis U-148 |Kericho 152,522 76,261 19,065 5402
29 |Rift Valley 730 JLaikipia U-153 [Nanyuki 57,975 44,089 13,472 3,817
0 |Rift Valley 740 |Nakuru U138 INaivasha 163,905 £4,452 21113 5,982
31 [Rift Valley 740 |Nakuiw U-159 |Nakure 760,237 380,119 93,030 26,923
32 |Rift Valley T30 [Narok U-163 pNarok 77,231 19,347 11471 4,100
33 |Rift Valley 760 |Trans Nzoia U-164 |Kitake 229.328 114,664 28,666 g1
34]Rift Valley 770 [Uasin Gishu 1-166 |Eidoret 430,623 215319 56,329 15,960
35 |Rift Valley 810 |Baringo U-179 |Kabarnet 32,363 8.100 6.066 1,719
36 |Rift Valley 830 |Nandi U-185 |Kapsabet + Baraton 11,693 11,200 8,373 2,372
37 |Westein 910 |Bengoma L-§99 |Bangoma 114,086 55,634 17,113 4349
38 fWestern 910 |Buagoma U-295 YWebaye 120647 43,259 18057 5,118
39 {Westemn 920 [Busia U-206 |Busia 103,633 41,454 15543 4405
40 fWestera 930 [Kakamega U-210 |Kakamega 202516 101,238 25314 8.607
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