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CHAPTER 3 PROPOSED WASTEWATER SYSTEM
SEWERAGE ZONES

The Sewerage planning area determined in Section 2.2 is divided into 14 sewerage zones for system
design, taking into account the topographic conditions and the existing sewerage system. Figure B.3.1
shows the sewerage zones. Units included in each sewerage zone are shown in Table B.3,1,

Units which should be provided with small bore sewer system were identified according to the criteria
mentioned in Sections 2.2 and 2.4. These units are also shown in Table B.3.1.

WASTEWATER FLOW AND CHARACTERISTICS FOR FACILITY DESIGN
Wastewater Flow

Two sets of wastewater flow were calculated for sewerage facilities design, viz, complete flow and
actual flow. The former is the total wastewater flow generated in each unit in 2010. The latter is the
flow expected to be actually coliected by the sewerage system in 2010, calculated by taking into
account the connection ratios. For the design of sewer pipes including trunk sewers (diameter 300 mm
or more), the complete wastewater flow is used because the useful life time of sewer pipes is, in
general, mach longer than the 17-year period to 2010, and replacement or installation of new pipes ©
increase the capacity will require unnecessarily high cost.

On the other hand, treatment plant is usually extended by stages to meet the increasing wastewater
flow. Pumping stations, at least their mechanical and electrical equipment, are also installed to keep
pace with the increase of wastewater flow. Therefore, for the design of these facilities, the actual flow
which is likely to flow in the sewerage system in 2010 is used.

Factors discussed in Section 2.4, such as discharge ratio and infiltration, are taken into account in
cafculating the wastewater flow. Two wastewater flows in sewerage zones are presented in Tables B.3.2
and B.3.3.

In 2010, a total wastewater flow of 426,449 m3/day (daily average) will be generated in the entire

sewerage planning area, out of which 335,917 m3/day or 78.8 % of the total will be collected by the
sewerage system,

Wastewater Characteristics

The BOD load collected by the sewerage system in 2010 amounted to 143,837 kg/day. Out of the total
BOD load collected, 118,316 kg/day or 82.2 % is domestic in origin. Among the 14 sewerage zones,
wastewater in 10 zones except for, Dakar Porl, (No.2). Pikine Industrial (No.8) and. Thiaroye Industrial
(No.9), is domestic in nature. BOD load collected by the sewerage system in 2010 and BOD
concentrations are calculated as shown in Table B.3.4. The average BOD concentration of raw
waslewater of the 10 zones is 382 mg/l.

The SS concentration of the raw wastewater was estimated based on its ratio to BOD obtained from the
water quality analysis at the Camberenc WWTP, Consequently, concentrations for the design of
treatment plant for the 10 zones were determined as shown below,

Raw Wastewater Characteristics for Design
BOD : 380 (mg/h)
88 1 410 (mg/)

For the three sewerage zones where industrial wastewater is dominant, BOD concenlration are calculated
as shown in Table B.3.5. The average BOD and SS concentrations are calculated in the same manner as
shown below,

Raw Wastewater Characteristics for Design
BOD : 970 (mg/l)
S5 1 1,100 (mg/)
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COMPARISON OF ALTERNATIVE SEWERAGE SYSTEMS
Sewer Networks
Dakar Zone

This zone was already provided with sewer networks and the connection rate of most of the units is 100
%. Therefore, the extension of the sewerage network is not necessary, except for minor extension and
replacement of damaged pipes.

The most important issue for the sewer network in this zone is the capacity of the main trunk sewers.
The total wastewater flow in the zone is estimated to increase from 49,461 m3/day {(daily average) in

1993 10 115,327 m3/day in 2010, Therefore, the capacity of main trunk sewers should be investigated
to ascertain if it can accommodate the increased wastewater flow.

The capacity of the largest Hann-Fann collector was examined with the design flow rates in 2010,
Based on the drawings and information obtained from SONEES, their capacities were estimated and
bottleneck sections located. The size and the capacity of the bottleneck culverl at the most downstream
section are as follows.

Hann-Fann Collcctor Bottleneck Section
Size: Culvert W 0,90 m x H 1.06 m (oval)
Gradient: 1.0 per mill (estimated)

Capacity: 1.06 m3/sec

The capacity of the culvert is insufficient to accommodate the design flow from the catchment sewerage
area. In order 1o resolve the problem, the following two alternative measures can be considered.

Alternative A: To install an additional collector in parallel with the existing collector

Alternative B; To convert the upstream caichment area to the Camberene WWTP to keep
the wastewater flow within the capacity of the existing culvert

The two alternatives are shown in Figure B.3.2. The construction costs of the two aliernatives are
shown in Table B.3.6,

The construction cost for Alternative B is lower than that for Alternative A. In addition, there are many
advantages with Alternative B. The wastewater flow of the upstream catchment area, i.c. about 30,000
m3/day on daily average basis, will be treated at the Camberene WW'TP. Extension of the Cambrene
plant is likely to be realized earlier than the future treatment plant in Ouakam. Thus, this decreases the
pollutant load which will otherwise be discharged from Pointe de Fann.

Construction of a pumping station and force mains 10 the Camberene WWTP is much easier than that
of a new collector in parallel with the existing Hann-Fann collector. In case of the new collector,
installation of large pipes along the main roads in the busting urban center will cause much more
disturbance (o the inhabitanis as well as to traffic. Conversion of the secondary mains to the new
collector will require additional costs and increase disturbances,

For the reasons mentioned above, Alternative B, i.e. conversion of the upstream catchment area of the
Hann-Fann collector to the Camberene WWTP, is proposed.

Improvements of the Madeleines sewer system including the three small ocean outfalls in the zone were
investigated. Integration of the threc outfails to the main collectors were planned to prevent discharge of
wastewalter at the coast, together with examination of capacities of the existing main collectors.

There are two methods 1o integrate the existing three outfalls theoretically, viz. pumping and bypassing
by means of additional collectors. The two alternatives arc compared for each of the three outfalls,
taking into account the wastewater flow in 2010.

Consequently, construction of three new pumping stations, two at the sites of the existing outfalls and
one at Soumbedioune and new collectors {rom southern part of Madeleines to Soumbedioune are
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proposed as shown schematically in Figure B.3.3, All coliectors are proposed to be installed newly, and
construction costs are estimated. However, the possibility of using certain sections of the existing
collectors, especially from the proposed No. 2 pumping station to the existing Soumbedioune
pumping station, should be investigated at the later stage of planning.

Parcelles Assainies and Its Surroundings Zone

Most of the small units included in this sewerage zone were already provided with sewer networks and
the wastewater is sent to the Camberene WWTP for treatment. Wastewater from new housing
developments can be sent to the Camberene WWTP without difficulty. The main problem for the zone
is low sewerage connection rate in the large Parcelles Assainies area. Installation of sewer networks
should be accelerated. Improvements of the existing pumping stations in this area should be considered
in accordance with the concept of the current sewerage planning,

In the preliminary design of the trunk sewers for the zone, two collectors separately flowing into the
Camberene WWTP are proposed. One network pumping station is necessary for the west collector
because of the topography of the zone. The location of the new pumping station is in the vicinity of
the existing Djily Mbaye pumping station. The capacities of the existing and new pumping stations
are as follows,

Capacity of the Pumping Stations
Dsily Mbaye {existing): 351/
West (proposed): 551/

Design flow of the new pumping station is larger than the existing one. However, there is a possibility
of increasing the pump capacity by replacement of pumps and attached equipment while utilizing the
structure of the existing pumping station.

Two new network pomping stations are proposed for the east collector. The first station (E-1) is to be
constructed at exactly the same location of the existing Unite 2 pumping station, The capacities of the
existing and the new pumping stations are as follows.

Capacity of the Pumping Stations
Unite 2 (existing): 29 1/s
E-1 (proposed): 9 1fs

The existing Unite 2 pumping station can be used for the future sewerage system as far as the capacity
is concerned, If the pumping station is continued to be used, a new force main to change the direction
of the wastewater flow is required, because the existing force main is connected to the Guediawaye
pumping station,

The other pumping station is proposed at a different site, and it cannot be replaced by any of the
existing pumping stations,

The other seven (7) exisling pumping stations will not be used once the two proposed collectors and
secondary trunk sewers are constructed. However, advantages and disadvantages of pumping stations and
secondary trunk sewers shonld be further investigated at a fater siage, and, therelore, the proposal of
SONEES 1o improve the existing pumping stations should also be reviewed.

Grand Yoff Zonc

Small housing units recently developed in the zone have been provided with sewer networks, Two large
housing units, viz. Unit 43b (SCAT-URBAM) and Unit 45 (Grand Yoff/Khar Yalla), are not sewered at
present. However, a part of Unit 43b, which is under construction, is provided with a sewer network,
and wastewater from this unit will be collected by the AK3 collector. 1t is, therefore, expected that the
new housing arcas o be developed in the zone will have scwer networks, The sections of the existing
Hann-Fann collector in the zone will have sulficient capacity to accommodate waslewater gencrated in
the zone if the conversion of the upstream of the collector 1o the Camberene WWTP proposced in the
current plan is realized.

Provision of a sewer network in Unit 45 is considered to be difficult because of ihe present conditions
of the houses. Many houses were constructed at levels below the surface of the roads, and in many
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cases more than 1 m, There are depressions where flooding occurs during the rainy season. Special
considerations are required for the design of sewer networks. Construction costs for sewer networks is
expected to be higher than those for other units.

Hann Zone

Units in this zone are generally small and residential areas have been developed with adequate road
networks, Yet all residential units, except for Unit 94 (Cite Faycal), do not have sewer networks. The
early provision of sewer networks is, therefore, recommended for the zone, The proximity of this zone
to the Camberene WWTP is an advantage.

The construction of a small pumping station at Cite Faycal proposed by SONEES was reviewed, as
presented below, Wastewater from the unit can be collected by the proposed Guediawaye-Piking
collector. However, taking into account the urgency to stop the current raw sewage disposal to Niaye
and completion of the new collector, this proposal should be realized as soon as possible.

Design Wastewater Flow of Unit 94 (Cite Faycal)

1993 2010
Daily Average (m3/day) 73 221
Peak Flow (1 / s) 1.4 4.8

Design of the pumping station with two minimum capacily pumps, (one for standby), and force mains,
(PVC, diameter 110 mm, length 671 m), was reviewed with the design wastewater flow. It was
confirmed that they have sufficient capacities to send the wastewater even in 2010. A pump well with
enough capacity should be provided to prevent frequent on-off operation of the pumps, since
intermittent operation due to small quantity of wastewater can not be avoided.

Pikine Regular and Guediawaye Zones

These are two large residential areas, and the presently already large population inhabiting the areas will
further increase up to 2010 and farther.

Development of the Pikine Regular zone was, in general, more recent than that of the Pikine Irregular
areca, but older than the Guediawaye zone. Most of the Pikine Regular zone, except for Units 112b
(Cite SOTIBA), and 114 (Cile ICOTAF), have been developed without sewerage planning, The
sewerage conneclion rate in this zone is, therefore, very low.

Another difficulty encountered in sewerage planning s the topography of the zone. The zone is located
on sand dunes and depressions, both of which run in the northeast-southwest direction. Therefore,
several long secondary sewers along the depressions will be required to collect wastewater. Road
networks in some areas are not adequately provided.

Sewer networks in the Technopole (Unit 94b) should be designed and constructed by the development
authority as one of the necessary utilities. For the sewerage planning purpose, it is assumed that the
first phase of the development project will be completed by 2000 and the sccond phase by 2010,
Wastewater flow generated in the Technopole is taken into account the planning of main sewerage
facilitics, such as trunk sewers and the Camberene WW TP, However, it is likely that the completion of
the first phase will come ahead of the construction of trunk scwers. In this case, a pumping station and
a force main which will ransfer the wastewater to the Camberene WWTP should be provided.

Wastewater generated in the Technopole is considered to be two different kinds in nature, viz. domestic
wastewater and wastewaler gencrated from various institutions and factories. Characteristics of the latter
wastewaler vary significantly, like industrial wastewaler, depending on the kinds of institutions and
factories. The development authority should investigate the characteristics of wasiewater of an
institution or a factory in sclecting them. Institutions or factories which may produce hazardous
waslewater should not be allowed, or these can be allowed if their wastewater is treated individually by
themselves 10 the allowable level and not o be discharged to the sewerage system,

The Guediawaye zone is composed of small- o medium-sized housing areas that have developed in
recent years. Two of them, viz, Units 107 (Lotissement Golf Nord) and 109b (HLM Guediawaye), have
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been provided with sewer networks constructed by the developers. The other units do not have sewer
networks. Provision of sewer networks in these units is not difficult because of orderly road networks.

Difficulty for the Guediawaye zone in planning the sewerage system is its remote location from the
Camberene WWTP, The zone is located at the opposite side of Grand Niaye from the Camberene
WWTP. To collect wastewater in the zone and send to the Camberene WWTP, pumping stations and
long collectors are required. Two alternatives are considered for the collector system. One is to send
wastewater through the neighboring Pikine Regular zone, and another through the neighboring
Parcelles Assainies zone.

Two alternatives were compared based on the topographic conditions of these zones. Consequendy,
total pumping head in case of combination with the Pikine Regular is found to be less than in case of
combination with the Parcelles Assainies. Therefore, a collector from the Guediawaye zone 1o the
Camberene WWTP through the Pikine Regular is proposed.

In preliminary designing the trunk sewer system for the Guediawaye zone, a network pumping station
(W-1) is proposed at exactly the same location as the existing Guediawaye pumping station. SONEES
has prepared an improvement plan for the station, which includes a new pumping station exclusively
for wastewater and conversion of the existing pumping station for stormwater drainage purposes. The
capacity of the three pumping stations, viz. the existing, that proposed by SONEES and a new
pumping station proposed in the current planning, are as follows.

Capacity of the Pumping Stations

Guediawaye (existing): 16 Ifs
SONEES (proposed): 43 Ifs
W-1 (proposed): 54 s

The design of the new pumping station proposed by SONEES should be reviewed according 1o the
proposed trunk sewer system, and at least the design flow should be increased to 54 1/s.

A pumping station for storm water drainage will not be necessary, when the drainage system proposed
in Chapter 3 of the Appendix C is constructed. Therefore, early implementation of the proposed
drainage system is recommended instead of the conversion of the existing pumping station.

6) Malika and Mbao Housing Development Zones

These are two large housing development areas. Housing development in a part of the Malika area has
been initiated recently. Most of the development area is, however, still an open area at present. There is
no construction of any kind in the Mbao development area, and the area is left untouched at present.

Taking into account the present conditions in the zones and future sanilary and environmental
conditions of the entire Study Area, these two zones are proposed to be included in the sewerage
planning area. Construction of the sewerage facilities along with the development of the arca is much
casier and requires less time and money.

Individual sewerage systems for the two zones and a combined system with one treatment plant can be
considered which are discussed in Section 3.3.3.

7 Almadics Zone

The sewerage planning area surrounds the northern and western sides of the Dakar Airport. The
topography of the northern part of the zone becomes lower towards the west, and that of the western
part becomes lower lowards the north. Therefore, wastewaler in the zonc is taken to the northwestern
part of the zone near Ngor. In case of individual treatment, a treatment plant will be located at the side
of the existing stormwater drain near Ngor. Advantages and disadvantages of the two alternatives, viz.
individual treatment and combination with the Quakam zone will be discussed in the next Section
333,

On-site sanitation systems are the other possibility for the zone. There are large hotel and holiday resort
complexes in the zone. Also, houses in the western part are large detached types. The buildings and
houses have some kind of on-site sanitation systems. Although the soil conditions of the zone is not
suitable for disposal of wastewater by infiltration, discharge to the sea by individual outfalls or to a

{CHAPTER 3 : 94/10/14) B3-35



8)

9

10

3.3.2

B.3 PROPOSED WASTEWATER SYSTEM

nearby drain after sufficient treatment by an on-site system can be considered for the zone, Individual
on-sile treatment systems are discussed in Section 3.4.3.

QOuakam Zone

Most of the newly developed units in the zone have been provided with sewer networks. There is one
traditional village called Village de Quakam, and one spontaneous irregular area called Quartir de
Ouakam. It is difficult to construct sewer networks in these areas unless they are redeveloped. However,
these areas are surrounded by already sewered areas, and construction of a small bore sewer system can
be considered. Therefore, sewerage systems in the units are planned on the basis of small bore sewer
system instead of the conventional sewer system.

Dakar Port, Pikine Industrial and Tiaroye Industrial Zones

These are port and industrial zones. The characteristics of wastewater in the zones are quite different
from those of the domestic wastewater generated in the zones previously mentioned.

1t is advisable to separate the wastewater of these zones from that of other zones from view points of
wastewater treatment and reuse of the effluent, Industrial wastewater sometimes contains hazardous
materials, such as heavy metals, which have a serious effect on the operation of the plant or can not be
reduced by the conventional wastewater treatment, making the reuse of the effluent for the agriculiural
purposes impossible,

Individual reatment by each factory is another desirable alternative for industrial waste treaiment. If
industrial waste contains only inorganics or non-biodegradable organics, the wastewater should be
excluded from the sewerage system which depends on the biological treatment. Otherwise, inclusion of
these kinds of industrial wastewater into the sewerage system increases the construction cost needlessly.

For the reasons mentioned above, three industrial zones were separated from residential zones, A
sewerage system is planned as one of the alternatives for the wastewater treatment, which is explained
in Section 3.3.3.

Pikine Irregular

This sewerage zone consists of the units which are classified as spontancous irregular housing type,
Road networks are disorderly arranged and construction of sewer networks is very difficult at present. A
sewerage system should be provided after or in keeping pace with redevelopment of the area. Therefore,
main sewerage facilities, such as trunk sewers, pumping stations and a treatment plant are planned
based on the redevelopment plan. A commercial and administrative center planned at the existing
military camp is taken into account the calculation of wastewater flow and facility design,

Wastewater Treatment Process

Three representative wastewalter reatment processes selected in the previous Chapter 2 were evaluated in
order 1o find the most suitable process for the sewerage system in the Study Area. Three processes are
as follows.

) Conventional Activated Sludge
2) Oxidation Ditch
3 Oxidation Pond

Treatmenl process using aquatic weeds is not sclected because this process requires larger unit pond
areas than the oxidation pond system and the configuration of the ponds is not suitable for 4 large scale
trealment plant, This process, however, has many advantages and can be applied lor small scale plants.

Design of the wastewalter treatment plants based on the three processes were carried out under the same
conditions mentioned below, and construction cost functions are developed based on the actual
construction costs for the Camberenc WWTP, General plans of the plants were drawn to investigale
land arca required for each process.
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Design Basis
Daily Average Flow: 10,000 m3/day
Raw Sewage
BOD Concentration: 380 mgA
S8 Concentration: 410 mg/l
Effluent
BOD Concentration: 30 mg/1 (60 mg/l for oxidation pond)
S8 Concentration; 30 mg/ (60 mg/1 for oxidation pond)

For the conventional activated sludge process, facilities are designed on the same basis as for the
existing Camberene WWTP, The sizes of each component facility were examined, and it was confirmed
that the existing facilities designed for 9,600 m3/day flow and 625 mg/l BOD concentration satisfy the
above mentioned conditions.

The arrangement of the facilities are modified to investigate the necessary land area, The general plan of
the conventional activated sludge process is shown in Figure B.3.4. As shown in the figure, the
necessary land area including green spaces as a buffer zone to the surrounding areas is 3.91 ha.

The oxidation ditch treatment plant was designed on the basis of the design criteria used in Japan which
are suitable for the conditions mentioned above. The same sludge treatment as that used for the
conventional activated sludge process, i.e, sludge digestion and sludge drying beds, is adopted. The
general plan of the plant is shown in Figure B.3.5. The land area for the plant is 5.13 ha on the same
basis as applied for the conventional activated sludge process. It is 1.3 times that required for the
conventional activated sludge process.

The effluent standards for the oxidation pond system are established at a lower level than the former two
processes taking into account the nature of the treatment and the characteristics of the effluent, Effluent
BOD and SS concentrations of 60/60 mg/! are considered to be satisfactory for the process.

Important factors for the design of the plant are the various organic loads for the ponds, viz. volumetric
load for the anaerobic pond and surface load for the facultative pond. Coliform die-off cocfficient is
important to size the maturation pond.

All the factors for the pond design are highly temperature dependent. The temperature for the design was
determined 1o be 20.6 C, which is the mean temperature in the coldest month in Dakar. The general
plan is shown in Figure B.3.6. The land area required for the plant is 17.82 ha, which is 4.6 times that
for the conventional activated sludge process.

Cost functions for the three processes were worked out by modifying those developed in Japan. The
construction cost for the Camberenc WW'TP at 1987 price level was converted to 1993 price level and
then o March 1994 price level as shown below, and used for the modification.

Camberene WWTP Construction Cost

2,630 (million FCFA, 1987} x 1.114 = 2,930 (million FCFA, 1993)

1,172 x 140 + 1,758 x 2.00 = 5,157 (million FCFA, 1994)

Consequently, the following formulas were obtained.

Construction Cost Function

(1) Conventional Activated Sludge: C =989 QO'73
(2) Oxidation Ditch: C=912Q0.79
(3) Oxidation Pond: C=472Q 0.86

Where C: Construction Cost {million FCFA}
Q: Design Flow (1,000 m3/day)

Three cost functions are shown in Figure B.3.7. As shown in the figure, for the range of the design

flow between 5,000 m3/day to 200,000 m3/day, the construction cost for the oxidation ditch process is
the highest, followed by that for the conventional activated sludge process. The construction cost for
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the oxidation pond process is the lowest among the three. For the smaller design flow, less than 5,000

m3/day, the construction cost for the oxidation ditch process is lower than that for the conventional
activated shudge process.

The oxidation pond system is the most advantageous from a construction cost view point, Moreover, if
the operation and maintenance cosis are taken into account, this process becomes more advantageous
than the other two processes. However, the fatal defect which prohibit the process from being adopted
for the sewerage system in Dakar is the requirement of large land area for the construction.

Approximately 18 ha is required for a plant with 10,000 m3/day capacity. If design flow increases to
100,000 m3/day, almost 180 ha of the land is required, because economy of scale cannot be expected
for the land requirement of the process. If all wastewater is to be treated by the oxidation pond process,
a total of over 500 ha land arca is necessary for the construction of the treatment plants, This
magnitude of land area cannot be obtained in the Study Area. Therefore, the oxidation pond process is
sifted out from the current sewerage planning,

The remaining two processes can be used for the current sewerage planning depending upon the design
flow of each treatment plant, i.e. the conventional activated sludge process for a plant with a design

flow targer than 5,000 m3/day, and the oxidation ditch process for smaller plants,
Possible Wastewater Treatment Plant Sites

Nine (9) possible wastewater treatment plant sites were marked on the map and the Study Team visited
each site, These are shown in Figure B.3.8 and described below,

Location of the Site

Around the Camberene WWTP and the Patte d'Qie WWTPs

Around the cxisting ocean outfall at Poinie de Fann

Around the Niaye WWTP

North of Pikine, near Lac Warouwaye

East of Malika, near Khereub Keur

Around the Mbao Indusirial WWTP

South of the National Road No.1, between the Reboisement de Mbao and Rufisque
Ouakam, near the old acrodome

Ngor, near the downstream of storm waler drain

\DDO\JO\MAUJM)—-g

Firstly, the present WW TP sites were selected since extension of a treatment plant is, in general, easier
than constructing a new treatment plant at a different site. Sizable land is available at the site, and land,
as needed, can be purchased easily in the vicinity of the existing WW'T'P. Therefore, Nos. 1, 3, and 6
were selected.

Among the three sites, the extension of the Camberene WWTP is most desirable because of the
topographic advantage of the location and existence of the only one properly functioning WWTP, The
existing plant is located in the center of the castern half of the sewerage planning arca including
Parcelles Assainies and Its Surroundings, Grand Yoff, Hann, Guediawaye and Pikine Regular sewerage
zones. Urban development in the Niaye arca surrounding the Camberene WWTP is prohibited by law,
and procurement of the land for the extension is not difficult,

The existing Niaye WWTP is also located in the Niaye arca, at the castern part, near Pikine Regular
sewcrage zone. The location is convenient for a treatment plant for the same five sewerage zones
mentioned above. However, it is less advantageous than that of the Camberene WWTP. The existing
treatment plant cannot be used for secondary wreatment of larger wastewater flow, Significant
modifications or even demolition is required for the new treatment plant construction.

Also medifications and extension of the existing trunk sewers to the Camberene WWTP is required if
the wastewaler is to be centrally collected at the new plant. 1t is not advisable (o leave the plant as it is
and treat a small quantity of wastewater matching the plant capacity from economic and operation and
maintenance point of view. Conversion of the plant with some minor modification, such as a treaiment
plant for the sludge from the on-site systems, should be considered.
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No.2, the site at Pointe de Fann was sclected for wastewater treatment before discharging to the sea.
This point is most suitable since all wastewaler from the already sewered Dakar sewerage zone is
collected here, This is government land, and no cost needs 1o be incurred in obtaining this land.
However, the area is limited to about 3 ha and a conventional secondary ireatment plant of any kind can
not be accommodalted unless the area is expanded by land reclamation, which is prohibitively costly.
Therefore, this place is left out as a possible site for a treatment plant,

No, 8, the site in Quakam near the old aerodome is, therefore, selected as the alternative site for
treatment of the same wastewater. The site is farmland at present. Taking into account the magnitude of
the wastewater from Dakar and Ouakam sewerage zones in 2010, which is nearly 100,000 m3/day,
approximately 30 ha of land is needed for the new treatment plant if the same design criteria as for the
Camberene WWTP is adopted.

It is considered difficult to obtain 30 ha of land in the vicinity of the old aerodome, It is, therefore,
recommended that the compact design of the conventional activated sludge process and sludge treatment
by mechanical dewatering instead of sludge drying beds should be applied for the new treatment plant,

A sample of the general plan of such a design, which is commonly used for treatment plants in Japan,
is shown in Figure B.3.9. In this case, the required land area is less than 10 ha. Although the
construction cost as wetl as the operation and maintenance cost for the design is higher than those for
the Camberene type treatment plant, this has other advantages. Among others, it enables easier central
control of operation and easier prevention of odor emission to the surrounding arcas. Therefore, this
compact design is recommended unless conditions of the surrounding area do not permit the adoption of
the Camberene type design.

Nos. 4, 5 and 7 were selected as possible treatment sites for Pikine Irregular, Malika and Mbao housing
development sewerage zones.

Sites No.5 and No.7 are open spaces and have convenient topographic conditions to collect wastewater
from these areas. No. 7 site was selected so as not to have an adverse effcct on the old village located
near the Cap des Biches.

Individual or a combined treatment plant may be possible to service these zones. When one treatment
plant for both zones is considered, site No. S is recommended for the following reasons. Firstly,
Malika is expected to be developed carlier than Mbao, and construction of the reatment plant is also
expected carlier, Secondly, the effluent from the plant can be discharged from the north coast of the Cap
Vert peninsula instead of the Hann bay, which is more vulnerable to pollutant loads.

Alternative A :  Individual Treatment
Alternative B:  Combined treatment at Malika WWTP

Two alternatives are shown in Figure B.3.10. The construction costs for the components which differ
for the two alternatives are compared, as shown in Table B.3.7.

Construction cost of Allernative A is less expensive than that of Alternative B. In addition, greater
{lexibility of the construction program to expand the treatment plants by siages is expected for
Allernative A. Thus, Alternative A, individual sewerage systems for two zones, are proposed.

Site No. 7, near the existing industrial wastewater treatment plant was sclected for a possible new
industrial wastewater treatment plant for sewerage zones of Dakar Port, Pikine Industrial and Tiaroye
Industrial. The total wastewater from these three zones, mostly industrial wastcwater, is about 26,000
m3/day in 2010. Approximately 15 ha of land is needed for the treatment plant. This area cannot be
obtained in the Dakar Port zone, because the zone has been fully developed and various port facilitics
and factories have been established.

Two old villages, viz. Hann Pecheurs and Tiaroye Mer, are located belween these three sewerage zones.
Construction of a new treatment plant in the vicinity of the villages should be avoided as much as
possible to protect the villages. Consequently, in case of the treatment of the industrial wastewater by a
sewcerage system, possible site for the plant is limited 1o the area near the existing planL
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Site No. 9 in Ngor was selected for a possible treatment plant for the Almadies sewerage zone. The

total volume of the wastewater in the zone in 2010 is about 4,100 m3/day. The following two
alternatives can be considered 1o dispose off the wastewater,

Aliernative A: Individual treatment by oxidation ditch process

Alternative B: Combined treatment with the Onakam sewerage zone. Treatment plant is
located at site No.8. A pumping station and a force main from site No, 9
1o site No.8 is necessary.

Two alternatives are shown schematically in Figure B,3.11, Construction costs for two alternatives are
compared as shown in Table B,3.8. Constraction costs which are common to both alternatives, such as
costs for sewer networks are not included in the comparison,

The construction costs, including that for the new treatment plant in Ouakam, for two alternatives are
almost same, 1.8 % higher for Alternative A, Selection of alternatives cannot be based on this small
difference.

One of the advantages of Alternative A, individual trcatment, is the flexibility of construction of the
treatment plant No, 9 for Almadies zone, The treatment plant can be constructed independently of the
treatment plant in OQuakam. In case of combined treatment, wastewater of the zone cannot be treated
until the treatment plant in Quakam becomes operational. Thus, individual treatment is proposed for
the zone,

PROPOSED WASTEWATER SYSTEM
Sewerage System

Based on the considerations mentioned in the previous Section 3.3.3, the scwerage system for the
Study Area is proposed as described below,

Seven (7) wastewater treatment plants are proposed to be constructed to treat the wastewater collected
by the sewerage system, Thercfore, the entire sewerage planning area is divided into seven independent
sewerage systems. Name of the treatment plants, which are virtnally the name of the sewerage systems,
and their corresponding sewerage zones are as shown in Table B.3.9.

Systems of the trunk sewers and large pumping stations attached to them to collect wastewater from
corresponding sewerage zones and to send to each treatment plant were designed.

Sizes and lengths of trunk sewers in cach sewerage sysiem are shown in Table B.3.10. A total of
61,810 m of trunk sewers with diameter from 350 mm to 1,650 mm is proposed to be construcied. For
trunk sewers which should be laid decper than 4.0 m from the ground level, driving method is proposed
for construction. The total length of sewers for the driving method is approximately 3,600 m.
Centrifugally reinforced concrete pipes are recommended for trunk sewers.

Force mains were designed together with pumping stations and trunk sewers. The total length of force
mains is approximately 19,170 m with diameiers from 130 mm to 1,350 mm. Ductile cast iron is
recommended as the pipe material,

A total of cleven (11) large pumping stations are proposed. Design capacities of the pumping stations
are shown in Table B.3.11. All pumping stations arc proposed 1o be constructed as dry pit type, in
which pumps are to be installed in a dry pit separated from a pump well. Electrical equipment including
generators for emergencics is to be provided adequatcly.

All wastewater treatment plants are proposed to adopt biological sccondary trealment processes. Six
treatment plants, except for the Almadies WWTP, are conventional activated sludge plants. The
Almadies WW'TP is proposed to be an oxidation ditch plant. The design capacitics of the seven
treatment plants are shown in Table B.3.12.

Occan outfalls which discharge the effluents sufficiently far from the coast are proposed for four
treatment plants, viz. Quakam, Camberene, Lac Warouwaya and Malika WWTPs.
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The major components of the sewerage system are shown in Figure B.3.12,
Industrial Wastewater Treatment

For the industrial wastewater treatment in the study area, the sewerage system collecting wasiewater
from three industrial arcas along the Hann Bay and having a treatment plant in Mbao has been discussed
in the previous section. This system has been designed to collect and treat only industrial wastewater,
because mixing of industrial wastewater and domestic wastewater may cause unexpected contaminations
of the treated water by hazardous materials originated from industrial wastewater, which makes difficult
to use the treated water to possible re-uses. Therefore, the discussed sysiem is congidered to be the
system only for factories but not for public. Thus, factories concerned should take responsibility for
such system including its construction and operations. In this section, another alternative for the
treatment of the industrial wastewater, that is individual treatment by each factory, is investigated.
Therefore, factories concerned will be able to study on two options, namely individual treatment and
collective treatment when they are required to treat their wastewater before discharging.

Characteristic of Wastewater and Wastewater Quantity for Different Industries

Based on the results of Industrial Wastewater Survey, characteristic of wastewater in each industry and
wastewater quantity in 1993 and 2010 are shown in Table B.3.13. Assuming that the characteristics of
wastewater in the future will not change, wastewater quantity in the future is estimated by the arca of
industrial zone in the year 2010 and the existing discharge quantity per unit arca.

Effective Treatment Process

Unit treatment process effective to each water quality parameter are shown in Table B.3.14. Overall
treatment process by industry type is proposed as a combination of unit processes effective to particular
objective parameter in wastewaler, Typical processes for each industry type are shown in Figure
B.3.13.

Cost Estimates

Construction cost of wastewater treatment facilitics highly depends on the waslewater concentrations,
daily wastewater quantity and construction materials of facilities. Designing of treatment facilities for
each factory would be necessary 10 estimate precisc construction costs for such industrial wastewater
reatment. However, since the necessary information for cach factory is not available at present,
indicative costs are presented in this study to provide reference information for further studies. In the
calculation, construction costs of similar facilities in Japan was converled to unil price of construction
in Senegal, Total costs for the estimated wastewater quantity in 2010 are shown in Table B.3.15.

On-site System

On-site system was supposed to be proposed aiming the following two improvements:

- Sanitation conditions, fly control, deodorization, protection of bacteriotogical
contamination of well water,
- Groundwater conditions; mitigation of the nitrate contamination of the

groundwater.
To improve the sanilation conditions, it is necessary;

i) 1o cut off the air movement between the excreta storage place and the wilet compartment,

i) 1o isolate the excreta storage place from the external atmosphere,

iii) 1o accclerate the ventilation of the toilet compartments and the cxcreta storage place, and

iv) 1o locate the excreta storage place with a certain distance (minimum 10m) away from shallow
wells.

An example of the toilet to meet with the above requirements is shown in Figure B.3.14,
To improve the groundwater condilion, it was considered necessary to stop the disposal of wastewaier

by infiltration in the area where the groundwater would be affected by the infiltration. Therefore, the
system that collects excreta by withdrawal from each house and transferring them by tankers to a
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treatment facility was investigated. Table B.3.16 shows the estimated population in 2010 which relies
on the on-site system classified by the housing type and soil type. In the table, the soil types II, III
and VI are judged to be not suitable to apply infiliration system because penetrated wastewater would
easily reach 1o the groundwater and affect its water quality. Thus, the excreta generated in these arcas
has to be disposed through the excreta collection system that is to be newly proposed. The amount of
the excreta was calculated as follows:

Total populaticn in these areas in 2010; 1,222,000
Daily quantity of excreta per capita (including excreta

itself, anal cleansing water and pour flush water); 5 1/day/capita
Daily excreta generation in these arcas; 6,110 m3/day

Required facilities are considered as follows:
Treatment plants 200m3/day x 30

Collection vehicle 682 pumping cars (with a suction pump and 3m3 1ank), supposing
one car works three times a day.

These requirements seem apparently to be not feasible because it would be difficult to provide such
many sites {or the treatment plants in the area. It would be possible to reduce the number of plants by
increasing the treatment capacity of each plant. However, few treatment plant with a capacity of more
than 200m3/day can be found in Japan( where excreta treaument was most developed in the world) and a
larger capacity of the plant may cause other problems such as cxireme concentration of excreta
transferring vehicles in the vicinity of the plant and necessary time to transfer the excreta from vehicles
to the treatment process.

The roughly estimated required costs for the above facilitics are as follows:

Treatment plants; 9,200 million/plant x 30 plants = 276,000 million FCFA
Collection vehicles; 50 million/vehicle x 682 vehicles = 34,100 million FCFA
Tolal; 310,000 miilion FCFA

The estimated costs exceeds the estimated costs for a conventional sewerage system by several folds.

As such, the excreta collection system that aimed to reduce the infiltration of the wastewater in the area
is judged to be not feasible from technical and financial view points. For the on-site system, therefore,
it 18 proposed Lo improve toilet facilitics from view point of local sanitation as shown in Figure
B.3.14.

In the consideration of the on-sile treatment, it has been aimed to reduce the nitrate supply to the
groundwater by changing the disposal methods of the wastewater in the area from infiltration to
collection system and judged to be not feasible. Furthermore, development of a conventional of
sewerage sysiem can not be expected before 2010. However, it is a matter of fact that the groundwater
is contaminated by the nitrate nitrogen and people drink it every day. The sitation should be improved
as soon as possible. Only way o improve the situation seems carlier utilization of the Cayor Canal
water. According o the water supply development program mentioned in Section 2.0.3 of Appendix A
in this report, water supply to the area is to increase from 276,000 m3/day to 689,000 m34day in 1995,
Among 276,000 m3/day of the present supply, the supply [rom Thiaroye source, which is the
groundwater highly contaminated by the nitrate nitrogen, counts 10,500 m3/duy. Al the tlime when the
Cayor canal water becomes available (scheduled in 1995), it will counts only 1.5 % of the total supply,
that is 689,000 m3/duy. It would be possible Lo substitute the water from Thiaroye source by the
water from other sources. The water from Thiaroye sotrce may be able to be used 1o supplement the
other uses than drinking, such as agricultural use.
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Re-use of Treated Water

Since the study area is situaled in an arid zone, where people are suffering from severe shortage of water
and some people are using even raw wastewater for irrigation, there could be potential demand of reuse
of the reated wastewater.

In this section, possibilities of reuse of the treated wastewater will be studied. A feasibility of the
reuse of wastewater highly depends on the types of treatments being required to obtain the water quality
that enables the necessary water uses. Theoretically, it is possible to obtain same of quality as that of
pure water after treatments, The feasibility of the reuse could be determined based on comparison of
required costs to achieve reusable wastewater, with the cost of other alternative sources. Thus, the
reuse of the treated wastewater should be considered in water consuming projects.

Therefore, the study will indicate rough estimates of costs necessary for the reuse of wreated water afier
conventional wastewater treatments, for the reference of further studies.

Possible Uses of Treated Wastewater
The potential uses of the treated wastewater in the arca are considered as follows:

- Imrigation

- Walering of road side trees and reforestation
- Industrial/domestic use

- Recharging of groundwater

Among the above, the industrial/domestic uses and the recharging are judged to be not practical because
of the following reasons:

- Tt is difficult to eliminate any possibilities of contamination of groundwater. It is
theoretically impossible to assure 100% safety, even if any advanced treatment is applied.

- Industrial/domestic uses could require further advanced treatment in addition to conventicnal
treatment (o obtain water quality for such uses and another water supply network to distribute
water to users. This would increase the project cost. The main objective of wastewater
treatment system development is to extend wastewater collection and increase the amount of
wastewater 10 be treated. Therefore, this should be studied as an alternative water source for
water supply, if necessary.

Therefore, the reuse of the treated wastewater in this area is considered (0 be possible for the irrigation
and watering uses.

Irrigalion
(1) Demands for irrigation use

Potential water demands for irrigation in the study area arc estimated based on cultivated arca and
irrigation rates by crop. Also cultivation schedule in the area, shown in Figure B.3.16 is considered to
estimate the daily irrigation rates by month,

The irrigation arca, irrigation rates and daily irrigation rates are given in Table B.3.17. Monthly
fluctuation of waier demand for irrigation is calculated as shown Figure B.3.17. The maximum
demands is estimated at approximately 40,000 m3/day. As scveral crops, such as kidney beans, onion
and potato, are not cultivaled from April to October, demand decreases during that period. In the above
calculation, it is assumed that irrigation water is nol required during the rainy season (July to
Scptember). In addition, required irrigation water for crops not caten raw is considercd, since the
required water quality would be different for the crops eaten raw and not caten raw. The demand for the
crops not eaten raw, which is approximately 50 % of those for all crops, has been also indicated in the
Figure B.3.17.

The above estimation is based on information for 1991 - 1992, A general trend of the agricultural
production in the area, however, is expected to decrease, according (o the information from ISRA. The
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vegetable production in Dakar and Pikine was about 30 to 36 % of the national production in 1970 -
1980 and the recent production has decreased to 10 % of the national production, Therefore, the
estimated irrigation demands would further decrease in the future,

(2) System Considerations

a, Treatment

Table B.3.18 shows the required water quality for various uses. As can be scen in the Table, if the use
of the treated water is limited to the irrigation for only crops not eaten raw, the treated water by the
present treatment in Camberene plant can be used without any additional treatment. It is not
recommendable to expand the use to the irrigation for the freshly eatable crops because that could
considerably increase both construction and operational costs, due to necessary additional treatments ,
such as sand filtration and sterilization,

However, there is possibility that treated wastewater is used by mistake for the crops eaten raw,
Special care should be taken in this regard. In case of mistake, possibility of contamination is not so
serious as secondary treatment includes chlorination, which reduces bacteria effectively.

b. Distribution

To enable the reuse of treated water, it is necessary to distribute the water 1o the users. Thus the
facilities for the reuse would include pumping stations, water transmission pipelines and distribution
net work, To design the distribution facilities, it is necessary to know the actual service arca of the
reuse, required amount of the water and those in the year 2010.

However, since above data is not available now, distribution system will be designed based on the
following assumptions:

- The service area is limited to the cullivated land near Grand Niaye, excluding the captivated
land in the East Pikine. (The area in the Grand Niaye is about 50% of the total)

- Required amount of the irrigation water in the Grand Niaye is 10,000 m3/day.
- The water is transmitted by pumps that is installed in the Camberene plant.

- The water is transmitied through a pipeline that is installed around the Grand Niaye and users
will take water from a conneclion point on the pipeling.

Schematic drawing of the facilitics is shown in Figure B.3.18.

Watering of trees

Presently drinking water produced by SONEES is used for watering trecs along streets and trees in the
reforestation. There is no need to say that such walering never require such high guality waler, It could
be replaced by the treated wastewater . Such reuse would be more preferable than that for irrigation use
as possibility of mistake is reduced.

N Demands for walering of trees

Two applications are considered as watering of trees; trees along roads and trees in the reforestation,

a. Trees along roads

Two roads, the high way and the National road No.1, are considered to be watered by the treated water.
Trees are supposed to be planted every 10 m pitch along the road with cross sections below:

Determining the sections to be watered as shown in Figure B.3.19, the necessary amount for the
watering is calculated as follows (assuming the walering rate is 70 1/day/tree):
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The National Road No,1 (13,500 m): {13500/10+1)*2*%0,07= 189.1. m3
The High Way (6.500m) (6500/10+1)*3*0.07= 136,7 m3
Total 325.8 m3
b. Reforestation

Assuming 90 trees per hector as the planting density and 70 lfiree/day of the watering rate, a total
watering amount for the Mbaw reforestation zone is calculated as follows:

A total watering rate: 654 ha * 90 * 0.07 = 4,120 m3
2 System Considerations

a. Trees along roads

Watering amount for trees along roads is as low as 325 m3/day. Distribution by water tankers is
considered to be more practical than by pipeling that will be very long with small diameter.

b. Reforestation

It is necessary to send water from the plant (o the reforestation zone by a pump and pipeline (11km), as
shown in Figare B.3.19, Also it is necessary 1o install distribution network in the zone to spread
water to each tree.

Construction Cost

Construction costs for the facilities proposed in the previous section were estimated based on the
following preliminary design. Facilities are limited to those which may be constructed by the sewerage
authority. The other facilities, such as pipes or aopen channels for distribution, are not included because
the most suitable distribution system is to be selected and construction costs are to be borne by the
beneficiaries.

(1) Facilities for Cost Estimation
a. Irrigation
Facilities Type, Size, Capacity elg.

Pumping Station: Submersible, Dia. 200 mm,(at Camberene WWTP)
3 units (including pumps for reforestation)

Force Main: DCIP, Dia, 300 mm, L 3.8 km
Reservoir: RC, Capacity 2,5%) m3
b. Reforestation
Eacilitics
Force Main: DCIP, Dia. 300 mm, L 9.0 km
Elevated Tank: RC, Capacity 130 m3 (al Mbaw reforestation)
2) Construction Costs

Direct construction cost for each: facility is as follows,

a Irrigation
Factlitics Construction Cost
Pumping Station (at Cambecrenc WWTP): 1,100  million FCFA
Force Main: 535
Reservoir: 830
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b. Reforestation
Force Main: 1,269  million FCFA
Elevated Tank (at Mbaw reforestation): 9
Total: 5,786

The total construction cost for irrigation and reforestation is 5,786 million FCFA,

PROJECT COST
Basis for Cost Estimates

Project costs required for the construction of the sewerage facilitics planned, as proposed in Section 3.4,
were estimated in this section,

The latest information regarding the construction of similar facilities as the sewerage facilities was
collected from the authorities concerned, including the Department of Hydraulics and SONEES, and
utilized for the estimation. For construction costs for the facilities or methods which have not
available in Dakar, standardized costs used in Japan were modified and applied.

All costs are indicated at March, 1994 price level taking price escalation effects by devaluation of
FCFA of January, 1994 into account.

The project cost is composed of the following components.

Project Cost Components

1. Direct Construction Cost

2. Land Acquisition Cost

3. Engincering Cost

4, Government Administration Cost
3. Physical Contingency

Direct construction cost was estimated for each sewerage facility as described later in this section.

Land acquisition cost was estimated based on the land areas necessary for the construction of facilities
and unit land price. Sizable land arcas are necessary for construction of large pumping stations and
treatment plants. Unit land prices at varions locations were collecied from the Department of Cadastral,
the Ministry of Finance.

Two indircct cost components, viz, engineering cost and governmenl administration cost, were
estimated as ratios of the direct construction cost. 10 % and 1.5 % of the direct construction cost were
applied for the engineering and government administration costs, respectively.

The physical contingency cost was also cstimated as a ratio of direct construction cost. A commonly
used ratio of 10 % of the direct construction cost was applied.

Direct construction costs for component sewerage facilities are described below.
House Connection

Although the cost lor installation of house conncctions is paid [or by the beneficiarics and is not a part
of the project cost, it was also estimated so as o get an idea of the magnitude of expenses bome by the
beneliciarics.

A unit cost for installation of a house connection of 150,000 FCFA, which was obtained from
SONEES in 1993 was converted to 264,000 FCFA at 1994 price level. An average numbcer of house
connections per unit area was worked oul from the calculation for the following three representalive
areas.
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Average Number of House Connections per Area

Plot Area(ha) Nos./ha
a. Pacelles Assainies (existing) 10,458 387 27
b. Malika Housing Development (plan) 13,000 418 31
¢, Mbao Housing Development (plan) 27,000 647 42
Total (average) 50,458 1,452 35

Therefore, a unit cost per area of 9,24 million FCFA/ha was obtained by using an average number of
house connections per area of 35 nos./ha.

264,000 x 35 = 9,240,000 FCFA/ha
Sewer Network
The construction costs for providing sewer networks, consisting of branch and lateral sewers and small
pumping stations called network pumping stations, were estimated based on the cost estimation

prepared by SONEES and preliminary design of sewer network for a sample area.

Representative costs for component facilities were worked out from a few cost estimates of SONEES
as follows.

Unit Cost for Component Facility

a.  Sewer (dia. 250 mm, PVC): 40,000 FCFA/m
b. Manhole: 282,000 FCFA/unit
¢, Network Pumping Station: 54,000,000 FCFA/unit

An area of 72.4 ha in Parcelles Assainies was selected for the preliminary design to work out average
length of sewer pipes and number of manholcs, These are as shown below.,

Average Length of Sewer Pipes and Number of Manholes

Total Average
a. Sewern 20,382 m 20,382 / 12.4 = 282 m/ha
b. Manhole: 635 unit 635/ 72.4 = 8.77 unit/ha

An average number of network pumping stations was worked out to be 0.018 unit/ha, based on the
number of the existing pumping stations (7 units) in and the total arca of Parcelles Assainics (387 ha).

Average Number of Network Pumping Stations
7/ 387 = (.018 unit/ha

The unit construction cost for sewer network of 14,725 million FCFA was obtained by using the

figures presented above.

Unit Construction Cost for Sewer Nelwork
Average Length
or Number Unit Cost Cost

a. Sewer: 282 X 40,000 = 11,280,000

b. Manhole: 8,77 X 282,000 = 2,473,140

c. P/S: 0.018 «x 54,000,000 = 972,000

Total 14,725,140 (FCFA)

Sewer networks in the industrial sewerage zones are differcntly arranged from those in residentiak zones
because of different plot sizes and road arrangement. Preliminary design of a sewer network was
conducted for the same industrial area as sclected for the calculation of waslewater flow in Section
2.3.2.

A total sewer length of 8,320 m was oblained for an area of 61.6 ha. Thus, a unit sewer length per area
was calculated to be 135 m/ha as shown below,

Average Length of Sewer Pipes in the Industrial Area
8,320/ 61.6 = 135 (m/ha)
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For the planning purposes, an average length of 150 m/ha is used, and the unit sewer network
consiruction cost was proportionally reduced to 7,832 million FCFA/ha.

Trunk Sewer and Force Main

Construction costs for trunk sewers (diameter 300 mm or more) and force mains were estimated, based
on the preliminary design.

Construction of shallow pipes (depth of excavation 4.0 m or less) is to be carried out by the open-cut
method. Driving method is proposed for the construction of deep (depth of excavation more than 4.0 m)
sewers. Centrifugally reinforced concrete pipes are recommended for pipe material. All force mains are
to be constructed by the open-cut method. Pipe material recommended is ductile cast iron.

Representative unit construction costs for trunk sewers and force mains are shown in Tables B.3.19 and
B.3.20 respectively.

Pumping Stations

Construction costs for the major pumping stations (capacity 50 I/sec or more) were estimated based on
the capacities obtained from the preliminary design and the cost function shown in Figure B.3.20.

Treatment Plants

Construction costs for the treatment plants were estimated in the same manner as for pumping stations.
The oxidation ditch process is proposed for the Almadics WWTP. The other six treatment plants are
proposed to be conventional activated sludge plants. The following cost functions described in Section
3.3 were used.

A compact design of wastewater treatment and sludge treatment by mechanical dewatering is proposed
for the Ouakam WWTP to reduce land area required. An additional cost for the adoption of these was
estimated taking into consideration construction practices in Japan,

Cost Function for Treatment Plants

a. Conventional Activated Sludge Process: C =989 Q073
b. Oxidation Ditch Process: C=912Q0.79
where C: Construction Cost (million FCFA)

Q: Design Flow (1,000 m3/day)
Project Cost
House Connection
Costs for the house connection to be borne by the beneficiaries are shown in Table B.3.21. As shown

in the table, a total of 50,794 million FCFA will be necessary to provide house connections in the
entire sewerage planning arca. Three industrial sewerage zones are excluded from the total cost.

Sewerage System

The project cost for the seven sewerage systems is shown in Table B.3.22, with breakdowns for
component facilities. The total project cost amounts to approximately 311 billion FCFA al 1994 price
level.

IMPLEMENTATION SCHEDULE FOR SEWERAGE SYSTEM

Priority for Implementation

In order to develop an implementation program up to 2010, priorities of the component works of the

project were evaluated. Component works of the sewerage system should not be implemented
independently of each other, Expansion of the treatment plant should keep pace with installation of
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sewer networks at the upstream end and with construction of collectors and pumping stations to
connect them, Therefore, priority of each sewerage sysiem was evaluated firstly, and then those of
component zones or facilities.

The total project cost for the six (6) sewerage systems, excluding the sewerage system for the industrial
zones, amounted to approximately 289 billion FCFA. 1t is considered very difficult to complete all
these project by 2010, As discussed later, financial analysis revealed that approximately 100 billion
FCFA would be a realistic amount of the project cost up to 2010. Selection of the sewerage zones or
component works is necessary in this regard.

A unit direct construction cost per unit wastewaler was calculated for cach sewerage system as a factor
which indicates the cost efficiency. These are as follows.

Unit Direct Cost
Sewerage Total Direct Cost Waslewaler Flow Unit Cost
System (1,000 FCFA) (m3/day) {1,000 FCFA/m3/day)
Quakam 56,521,431 00,558 624
Camberene 76,217,622 99,528 766
Malika 20,195,795 22,472 899
Mbao 29,012,655 44,604 650
Almadics 12,997,403 4,111 3,161
Pikine Irregular 41,911,222 48,290 867

The lowest figure, which means the highest efficiency, was obtained for Ouakam sewerage system,
This systemn services the Dakar and the Ouakam sewcrage zones where sewer networks in most areas
have already been provided. Therefore, no consiruction cost for provision of sewer networks is required.
This is a main reason for the lower unit cost than the other sewerage systems for which sewer networks
are to be newly provided.

The entire population inhabiting Dakar and Quakam in the existing service area is enjoying sewerage
service, and the increasing population in the future will enjoy it regardless of the implementation of the
proposed project. The main purpose for the construction of the proposed facilities, i.e. new collectors,
pumping stations, force maing and the treatment plant, is treatment of wastewater, It will contribute
greatly to the reduction of pollutant load to the sca. However, it will not enhance the service level of
the already sewered area,

Taking into consideration the fact that there are many arcas where sewerage service is not available and
inhabitants arc living under inferior conditions, priority should be given o these arcas. Major facilities
for the Ouakam sewerage system, therefore, have been sified out from the priority project. The
construction of a few collectors 10 increase the capacities and to stop the raw sewage disposal from
three small ocean outfalls are 1o be implemented by 2010.

The highest unit cost which mcans the lowest efliciency was oblained for the Almadies sewerage
system. The tolal wastewater collected by the sewerage system is small, i.c. approximately 4,100
m3/day. Unit construction cost for the treatment is higher than the other sewerage systems because of
the smaller design flow. In addition, a long collector and a pumping station is required to collect the
wastewater. This is also onc of the reasons for the highest unil construction caost.

The sewerage planning arca of the system consists of large hote! and holiday resort complexes, high
class residential area and a traditional village. Population densities of the first two areas are relatively
low, and cnough space for an on-site treatment syslem is available in cach plot. A small bore sewer
syslem is proposed for the village and conncction ratio Lo the system is considered to be low even in
2010 when the proposed sewerage system is completed.

Under the circumstances mentioned above, the priority of the Almadies sewerage system is considered
10 be lower than the other four systems,
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Three remaining sewerage systems, viz, the Camberene, the Malika, and the Mbao sewerage systems,
have medinum unit costs. Although the unit cost for the Mbao system is lower than that for the
Camberene system, it should be noted that the level of the preliminary design on which the cost
estimation is based is different for the system. The same can be said to the Malika sewerage system.
Therefore, priority among the three systems cannot be compared merely by unit costs,

A different financial arrangement can be considered for the Malika and the Mbao sewerage systems
rather than that for the Camberene system because these two systems are to be constructed for the new
housing developments, Therefare, priority of the two sewerage systems for the implementation by the
authority is considered to be lower than that of the Camberene system,

Unit cost for the Pikine Irregular sewerage sysiem is moderate, However, as mentioned previously, the
sewerage system can not be constructed before the zones are not redeveloped. Main facilities of the
sewerage system such as trunk sewers and pumping stations are proposed based on the redevelopment
plan. Therefore, pricrity of the system can not be compared with the other systems on the unit cost
basis.

Taking into account the discussions mentioned above, the highest priority is given to the Camberene
system,

The Camberene sewerage system is broadly divided into three subsystems with the main collector
systems, viz. the northern subsysiem consisting of a part of the Parcelles Assainies and Its
Surroundings sewerage zone, the southwestlern subsystem consisting of parts of Dakar and Parcelles
Assainies and the entire Hann and Grand Yoff sewerage zones, and the eastern subsystem consisting of
Guediawaye and Pikine Reguiar sewerage zones.

In order to cvaluate the prioritics of the three subsystems, unit constriction costs for sewerage zones
were calculated with the same method used for the sewerage systems. In this case, unit construction
costs were calculated based on the direct construction costs for sewer networks and collector systems.
Costs for the treatment plant were excluded from the comparison since all three subsystems flow into
the same treatment plant, Unit construction costs are as follows,

Unit Diirect Cost
Sewerage Direct Construction Cost Wastewater Flow Unit Cost
Zones (1,000 FCFA) (m3/day) (1,000 FCFA/m3/day)
Parcelles Assainies 11,640,365 23,946 486
and Its Surroundings
Grand Yoff 4,266,954 17,037 250
Dakar (part) 2,933,104 30,000 98
Hann 9,025,602 8,807 1,025
Guediawaye 11,569,157 8,890 1,301
Pikine Regular 7,298,302 10,848 672

Among the three subsystems, the unit costs of the sewerage zones connecied to the southwesiern
subsystem, viz. Dakar and Grand Yoff sewerage zones, are lower than the others. Most of the newly
developed areas in Dakar and Grand Yoff sewerage zones have been provided with sewer networks, and
wastewater 15 collected by the existing Hann-Fanno collector. This is the main reason for the lower unit
construction costs. However, priority of the scwerage project for these arcas is low for the same reason
as mentioned for the Ouakam sewerage system. Therefore, the lowest priority among the zones of the
Camberene system is given to the works to convert the upstream arca of the existing Hann-Fann
collector,

On the other hand, there remains relatively targe unsewered areas in Grand Yoff and Hann sewerage
zones. Although provision of sewer network for Grand Yoft/Khar Yalla is difficult and takes longer
period, priority for the sewerage project for these unsewered areas is high. Therefore, Grand Yoff and
Hann sewecrage zones are given the sccond highest priority next to the Parcelles Assainies and Its
Surroundings zone,
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Unit construction cost for the Parcelles Assainies and Its Surroundings zone is second to those of the
three zones mentioned above. Sewerage connection ratio in the zone is low although sewer networks
have been provided in some areas, e.g. Unit 101 (Parcelles Assainies) where connection ratio was
estimated to be 25 % at present. Therefore, potential to increase the wastewater flow to the Camberene:
WWTP is high. In the current planning, the connection ratio in Unit 101 was conservatively assomed
to be 55 % in 2010. If connection ratio is higher than 55 %, which can be realized with sufficient
effort, the unit construction cost is lower than the figure shown above.

Improvements of the existing pumping stations are proposed by SONEES for the zone. The system of
small pumping stations should be significantly changed if the currendly proposed collector system is
constructed. Since improvements to the pumping stations are urgently requircd, early implementation
of the proposed sewerage system is desirable.

For the reasons mentioned above, the highest priorily is given to the Parcelles Assainies and Its
Surroundings zone.

The primary reasons for the higher unit construction costs for the Guediawaye and the Pikine Regular
zones are their relatively remote locations from the Camberene WWTP and topography. Three large
pumping stations and long and large diameter collectors are necessary to collect the wastewater. Also,
the sewerage connection ratio in 2010 was estimated to be low, except a few small residential areas
recently developed, because of the development conditions in the past. Therefore, priority of the zones
is considered to follow those of the Grand Yol and Hann,

Technopole is included in the Pikine regular sewerage zone of the Camberene system. Priority of the
Pikine Regular zone is low and construction of the trunk sewer into which the wastewater from the
Technopole is discharged is not expected to be completed until 2000. Therefore, a pumping station and
force mains should be constructed by the developer to send the wastewater to the Camberene WWTP as
soon as the wastewater is generated.

Based on the discussions mentioned above, priority of the sewerage project is classified into the
following four ranks, The Pikine Irregular, the Malika and the Mbao sewerage systems are excluded
from the classification for the reasons mentioned previously and it was revealed that the inclusion of
these systems exceed the limit of approximately 100 billion FCFA.

Priority Sewerage System Zone or Works
1 Camberene Parcelles Assainies Zone
2 Camberenc Grand Yoff and Hann
Ouakam Improvement of Collector

system (collectors, pumping stations and ocean
outfalls)

3 Camberene Guediawaye and Pikine Regular Zones

4 Quakam and Almadies

With a limit of approximately 100 billion FCFA, sewerage systems under priorities 1,2 and 3 were
confirmed to be implemented until 2010. Therefore, the Ouakam and the Almadics sewerage systems
are not included in the implementation schedule.

Implementation Schedule

The implementation schedule for the sewerage master plan has been developed to complete all the
works identified in the previous scction by 2010. Implementation  of the sewerage project depends
upon the availability of funding in Senegal, since it involves a heavy investment including a sizable
foreign currency component,

The project is expected be initiated from the beginning of 1995. Prioritics of the sewcrage systems and
component works are major factors to distribute the components over a 16 year period up to 2010, The
duration needed for the necessary preparatory works, such as survey, design, contract process and land
acquisition, has been reasonably assumed for each component work.

Construction periods of each work are assumed, taking into account the work load and the construction
cost. Tt has been intended as much as possible that the work load and the invesiment be distributed
evenly throughout the period. However, work loads for five years from 2001 to 2005 are relatively high
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because balanced construction program for the extension of the wastewater treatment plant and
collection systems are intended,

The implementation schedule of the proposed sewerage project is shown in Figure B.3.21.

Project Cost and Operation and Maintenance Cost by Phase

Project Cost

Project cost over a 16 year period from 1995 to 2010 was estimated based on the implementation
schedule developed in the previous section. Indirect cost items, such as engineering service, government

administration and physical contingency, are included in the project cost.

Project cost is divided into two currency portions, viz. local and foreign currency portions. Percentages
of the two portions in each cost items are as follows.

Percentage of Local and Foreign Currency Portions

Cost Item Work Item L/C F/C
Direct Construction Sewer (1) 30 % 70 %
Sewer (2) 15 % 85 %
Pumping Station 25 % 75 %
Treatment Plant 30 % 70 %
Land Acquisition 100 % 0%
Engineering Service 30 % 70 %
Government Administration 100 % 0%
Physical Contingency 100 % 0%

Breakdowns of the project cost by year are shown in Table B.3.23, Project cost distribution up to 2010
is shown in Figure B.3.22.

The total project cost amounis to approximately 102,279 million FCFA at 1994 price level, of which
29,828 million FCFA or 29 % is local currency portion and 72,451 million FCFA or 71 % foreign
currency portion.

Operation and Maintenance Cost

Operation and maintenance cost required for all sewerage facilities completed by 2010 was estimated
based on the extents and numbers of the facilities.

Addittonal annual operation and maintenance cost which is required for the operation and maintenance
of the sewerage facilities proposed under the Master Plan is 1,516 miilion FCFA, and its breakdown in
Table B.3.24,

FINANCIAL ANALYSIS

Financial Sources
In January, 1994 the Senegalese currency was devaluated from 50 FCFA to 100 FCFA 1o one French
franc, It forced a complete recalculation of the costs and revenues concerned that had been estimated by
the JICA Study Team before the devaluation. The following are the final results of such new
estimations.
Financial Sources of Initial Cost
(1) Foreign Components
The initial cost of the project proposed in the master plan study is cstimated to amount to 102,279

miltion FCFA. Qut of it, the foreign components are estimated at 72,451 million FCFA, accounting
for 70.8%. The balance of 28,828 million FCFA or 29.2% can be met by local currency.
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One way of financing the project is that the foreign components will be met by external resources,
while the local components will be covered by the domestic resources.

Another way is that all the initial cost will be externally derived.

Any way, the ratio of the external financing will be determined by consultation between the
government of Senegal and the foreign party concerned.

) Terms of External Loans

Al this stage one cannot determine the terms of loans of external resources because one is not sure
about the country or the financing organ from which they will be derived and also because such terms
will depend on the negotiations by the parties concerned before the project starts.

Whichever is the financing country or organ and whatever are the results of the negotiations, one is
certain that the lending terms will be not hard in view of the social nature of the project and also in
consideration of the budgetary situation of the couniry.

Supposing the urgent project is financed by Japan, it is probable that it will be in the form of grant.

Supposing the ensuing Phase 11 project is also financed by Japan, it is possible that it will be in the
form of soft loan. In that case the terms of the loan will be something like the annual interest rate of
2.5%, the repayment period of 30 years and the grace period of 10 years,

3) Relending Terms

The financial resources for construction works will be provided by the govermnment to SONEES or a
new sewerage organization which will be the executing bedy of the project.

The terms under which the government provides the financial resources to SONEES or a new sewerage
organization may differ depending on the conditions under which external resources will be obtained.

As a result of the interviews and discussions with the key persons in the Directorate of Debt and
Investment, Ministry of Economy, Finance and Planning (Direction de la Dette et de I'Envetissement,
Ministere de 'Economie, des Finances et du Plan) and the Directorate of Finance, SONEES (Direction
Financicre, SONEES) and also based on the knowledge and experience of the JICA Study Team it is
proposed that the financial resources of the initial cost be provided by the government to SONEES or
its equivalent on the following tcrms:

a. 70% of initial cost: Loan
30% of initial cost: Subsidy

b. Terms of loan

a) Annual rate of interest 1 5%
b) Repayment period 1 25 years
) Grace peried 1 Syears

Financial Sources of Operation & Maintenance Cost

It is estimated that 2,350 million FCFA will be annually required to operate & maintain the sewerage
{acititics to be constructed by the project as well as the existing sewerage facilitics.

This amount does not include such cost as depreciation, replacement cost and the repayment of loan
{principal plus interest).

It is proposed that the new sewerage Lariff be introduced from the year 2001 onward so that the revenue
from sewerage service may cover all the above-mentioned cost.
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(D Willingness to Pay for Sewerage Service

The average water supply charge for the clients who were located in the sewered areas exciuding
gardening crops growers were before the devaluation estimated at 279.5 FCFA per m3. This charge
included the charge for sewerage service, which was estimated to be 14.5 FCFA per m3. The net water
supply charge thus worked out at 265 FCFA per m3, That is to say, the sewerage charge as percentage
of the water supply charge was on average estimated at 5.5%. (These are not the results of theoretical
calculation, but are based on the actual amount collected by SONEES.)

The revenue from this sewerage tariff was estimated to be about 830 miltion FCFA for the whole area
under SONEES's control in 1993, This amount was enough only for the operation and minor
maintenance of the sewerage facilities.

After the devaluation, it was announced by the government that the water supply charge would be raised
by 30%. In accordance with the official bulletin the JICA Study Team estimates the average water
supply charge in 1994 at 344.5 FCFA (265 FCFA x 1.3) per m3,

In the master plan study the JICA Study Team proposes that the sewerage charge be elevated to such a
level where SONEES can cover the repayment and replacement cost as well as the operation &
maintenance cost as in the case of the walter supply charge.

However, that level must not be much beyond the financial capacity of the bencficiaries,

In this connection the JICA Study Team conducied the sampling questionnaire survey to know the
amount beneficiaries are willing to pay for sewerage service. The number of samples was 137 for
houscholds and 100 for commercefinstitutions/industry. The tcam tried so that samples might
encompass all types or classifications of housing, commerce, institutions and industry,

It is i0 be noted thal the survey was carried out before the devaluation,

The resulis are shown in Table B,3.25. As it shows, the amount a household was on average willing to
pay for sewerage service as percentage of water supply charge was 24,7%. And the amount itself
worked out at 896 FCFA per month as the average monthly water supply charge was estimated at
3,632 FCFA. In case of commerce/institutions/industry the amount a client was on average willing to
pay for sewerage service as percentage of water supply charge was 18.7%.

It is noticed as a general trend that richer households and bigger enterprises were less willing to pay for
sewerage service in terms of the ratio to water supply charge.

It turned out that the amount households were on average willing to pay for sewerage service was
estimated to constitute 1.3% of their income. (Refer to Table B.3.26.)

2) Proposed Sewerage Tariff

Based on the results of the questionnaire survey it is proposed that a new sewerage tariff be established.
Under the new tariff the average sewerage charge will be 12% of the average water supply charge from
2001 10 2010 and the percentage will go up to 22% from 2011 onward. It means that the sewerage
charge per m3 will be on average 41.34 FCFA (344.5 FCFA x 12%) from 2001 10 2010 and 75.7
FCFA (344.5 FCFA x 22%) from 2011 on at the 1994 prices. It means also that the sewerage charge
per houschold will be on average 567 FCFA (3,632 FCFA x 1.3 x 1249) from 2001 to 2010 and 1,039
FCFA (3,632 FCFA x 1.3 x 22%) from 2011 on. Under the bimonthly paying system a houschold
will pay 1,134 FCFA (2001 to 2010} and 2,078 FCFA (from 2011) on average every lwo months.

Up to 2000 the existing sewerage charge will continue 1o be enforced. That is (o say, the average
sewerage charge will be around 6.1% of the average water supply charge. It means that the sewerage
charge per m3 will be on average 21.01 FCFA (344.5 FCFA x 6.1%). It means also that the sewerage
charge per houschold will be on average 288 FCFA (3,632 FCFA x 1.3 x 6.1%). Under the bimonthly
paying system a houschold will pay 576 FCFA on average cvery two months.

The collection efficiency of the sewerage charge taking into consideration such things as social tariff is
assumed to be 90%.
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Under the pre-devaluation tariff households on average paid 0.31% of their income as sewerage charge
and along with water supply charge the payment totaled 5.44% of their income.

Supposing household income will increase in parallel with the raising of the water supply tariff, under
the new tariff to be introduced from 2001 houscholds will on average pay (0.62% of their income for
sewerage service and the combined payment of households for water supply and sewerage service will
come to 5.74% of their income, From 2011 on sewerage charge will on average occupy 1.13% of
household income and the combined sewerage and water supply charge will share 6.25% of houschold
income.

3) Estimated Sewerage Revenue

The annual sewerage revenue for the master plan study area to be derived from the above-mentioned new
tariff is estimated to come to 3,340 million FCFA in 2001 and 10,020 million FCFA in 2011 at 1994
prices at the charge collection efficiency of 90%, if the project proposed in the master plan study is
implemented. (For the revenue in other years refer to Table B.3.27.) This revenue is intended to cover
the repayment and replacement cost and the operation & maintenance cost of the project as well as the
operation & maintenance cost of the existing facilities.

Financial Projections
Projection of Financial Statements
1) Preconditions/Assumptions

In preparing projected financial statements including the income statement and funds statement the
following conditions/ assumptions were established:

a. Depreciation period
Sewerage facililies : 50 years
Electro-mechanical equipment : 15 years

b. Period of projection: 30 years
¢. Annual rate of inflation: 2%
d. Rate of tax on corporate income: 30%

e. Sources of initial cost
Government loan : 70%
Government subsidy : 30%

. Terms of government loan
Annual interest rate of 5%, repayment
period of 25 years, grace period of §
years

g. Source of operation & maintenance cost
Revenue from scwerage charge

h.  Average sewerage charge

Up to 2000:

6.1% of water supply charge or 21.01 FCFA/m3

Frem to 2001 10 2010

12% of water supply charge or 41.34 FCFA/m3

From 2011 on:

22% of water supply charge or 75.79 FCFA/m3

Note:  The per cubic meter charge is based on the actually collected water supply
charge.

i, Sewerage charge collection efficiency: %0%
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(taking social tariff into account)

J.  Source of replacement cost
Revenue from sewerage charge

2 Projected Financial Statements

Upon the above-listed preconditions and assumptions the projection of financial statements was
performed for the sanitation organization of SONEES or a new sewerage organization under the
circumstances where the master plan sewerage project is implemented. The service area concerned is the
master plan study area, It was revealed as Table B.3.28 shows that the organization will be financially
sound and stable in terms of eamings as well as solvency during the projection period of 30 years.

Estimation of Financial Internal Rate of Return

The cost benefit streams was prepared for 40 years for financial anatysis of the project as shown in
Table B.3.29, Using the table the financial internal rate of return (FIRR) was estimated. It worked out
at 7.4%, which, afier setting aside 5% for the repayment of interest of the loan, leaves the surplus of
2.49, which is a litde higher than 2%, i.e, the minimum rate of profit on the fixed assets employed as
provided in the Second Contract and Plan between the State and SONEES (Deuxieme Contrat-Plan
Etat-SONEES). Thus, the value of FIRR is judged to be a reasonable one.

Alternative Proposal

4} Alternative [
Here is a proposal taking into account the way the state usually adopts in providing financial
resources of initial cost to SONEES in the realm of water supply. The idea as well as the
practice of subsidy has not been evident in such a case.

nditions/Assumption

a. Source of initial cost
100% government loan

b. Average sewerage charge
Up to 2000:
6.1% of watcr supply charge or 21.01 FCFA/m3
From 10 2001 10 2010:
34% of water supply charge or 48.23 FCFA/m3
From 2011 on:
28% of water supply charge or 96.46 FCFA/m3

Regarding other preconditions/assumptions they are the same as those shown in 1) of this section.

As one can see above, under this allernative the government of Senegal provides the financial resources
of initial cost entirely as loan to SONEES. The sewerage tarifl will be harder than the initial proposal,
but can be judged to be not very much beyond people's willingness to pay. The average charge from
2001 to 2010 will be 14% of walcr supply charge instcad of 12% and from 2011 on it will go up 1o
28% instead of 22%.

The revenue from the sewerage charge will cover the operation, maintenance, replacement  and
repayiment cost.

Financial Projections

The projection of financial statements was done under the above conditions. As shown in Table B.3.30,
SONEES is projected to have a healthy financial performance with regard 1o the master plan study area
during the period of 30 years, Also, the FIRR was cstimated using Table B.3.31. It worked out at
6.8%, which after subtracting 5% for repayment of interest leaves a surplus of 1.8%. The value of
FIRR is thus judged to be a reasonable one for a public organization like SONEES.
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) Alternative 11

Here is another proposal taking into consideration the delicate political implications of the sewerage
tariff issue.

Preconditions/Assumptiong

a. Source of initial cost
100% government subsidy

b. Average sewerage charge
Up to 2000:
6.1% of water supply charge or 21.0f FCFA/m3
From 2001 to 2010:
7% of waler supply charge or 24.12 FCFA/m3
From 2011 on:
8% of waler supply charge or 27.56 FCFA/m3

¢. There will be no depreciation, nor repayment.
Regarding other preconditions/assumptions they are the same as those shown in 3.7.2,

As shown above, under this alternative the government of Senegal provides all the initial cost as
subsidy 10 SONEES. The sewerage tariff will revised in 2001, under which the average charge will be
7% of water supply charge. In 2011 it will be revised again so that the average charge will be 8% of
water supply charge, The revenue from the sewerage charge will cover the operation, maintenance and
replacement cost,

Financial Projections

Projected financial statements were prepared under the above conditions. Table B.3.32 shows that
SONEES will be financially in a good shape during the period of 30 years.

ORGANIZATIONS AND MANAGEMENT
Important Organizational/Institutional Issues

Based on the interviews with the important officials concerned, the examination of the Strategic Plan
and the past cxperience and knowledge in other countries the JICA Study Team lists the following as
important issues relative 1o sanitation from the organizational/institutional viewpoint.

Low rate of connection 1o sewerage

Low sewerage charge

Limited power of SONEES vis-a-vis the state in sanitation

Low status given Lo sanitation functions in the organizational set-up of SONEES

Lack of coordination between the ministries concerned regarding the planning and
implementation of sanitation works

f. Needs for the control of industrial wastewater discharge

g. Reuse of waslewaler

paooe

Each item in the above will be explained hereunder:
Low Rate of Connection o Sewerage

It is estimated that out of the population of 1,517,400 in the study arca 453,958 people are sewered in
1993, That is to say, 29.9% of the population are connected to the sewerage. On the other hand, the
population in the sewered areas are estimated at 733,000. It means that only 61.9% of the houscholds
in the sewered areas are connected to the sewerage, although some households which are not connected
to the sewerage in the sewered areas utilize public stand pipes.
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What this state of affairs represents is that much of the initial capital invested in the sewerage facilities
is left un-utilized. It is a big economic loss to the government of Sencgal.

Because of the under-utilization of the sewerage network, especially in Pikine and Parcelles Assainies,
the Camberene WWTP is forced to function at 40% of its normal capacity,

Low Sewerage Charge

Under the pre-devaluation sewerage tariff beneficiarics, excepting those who only consumed the basic
volume of water and gardening crops growers, paid 22,23 to 25.57 FCFA per cubic meter of consumed
water depending on the volume or type of water consumption, It is said that under the tariff SONEES
could cover only the costs of operation and a part of maintenance,

After the devaluation of the Senegalese currency in January, 1994 it was officially decided that the water
supply charge would be raised by 30%. According to the decision, beneficiaries now pay 28.90 to
33.24 FCFA per cubic meter.

Until today sanitation was not given a full-fledged status as in the case of water supply in reality ag
well as in the government's perception, It is reflected in the above charge. From the long term
standpoint covering the period up to 2010, during which population in the study area will grow by
91.7% from the present 1,517,400 to 2,908,871, sooner or later sanitation will have to be given a
parallel position with water supply,

According to the analysis of the JICA Study Team the average sewerage charge per cubic meter of used
water shall be 41.34 10 75.79 FCFA if the projects proposed in this master plan study are (0 be
financially successfully implemented. (The above average sewerage charge is not a theoretical one based
on the scwerage tariff, but a practical one on the actual collection basis.) The charge will meet not only
the operation and maintenance cost, but also the replacement cost and a major part of the initial cost.

Limited Power of SONEES vis-a-vis the Siate in Sanitation

In the Second Contract and Plan between the State and SONEES (Deuxieme Contrat-Plan Etat-
SONEES) it is written as the missions of SONEES that in the realm of water supply SONEES shall
manage all the existing and future facilities, supervise all the investment projects, operate & maintain
all the installations and repay external debis on one hand, and in the realm of sanitation it shali be in
charge of the operation & maintenance and renewal of electro-mechanical equipment on the other,

What signifies above is that the slate endows SONEES with an independent status in managerial and
financial terms so far as the water supply sector is concerned. Indeed, the Society is equipped with every
aspect as an independent enterprise, performing all the "plan-do-see” activitics by itself. Only in light
of the public nature of the Socicty's activities governmental approval is required in important decision-
makings,

However, in the case of the sanitation scctor SONEES cannot manage the facilities, nor supervise
investment projects, nor have obligations to pay back capital costs. In short, sanitation is not regarded
as important as water supply by (he state.

Low Status given to Sanitation Functions in ihe Organizational Set-up of SONEES

Under the present circumstances a majority of the study arca, especially the Pikine area, is still left
unsewered, a multitude of the population in the sewered arca remain unconnected to the sewerage
network and a majority of the waslewater collected in the sewers is discharged into the sea without any
{reatment,

This state of affairs testifics 1o the stand of the state and the people toward sanitation. However, it will
be too late to wait until the catastrophe surfaces as the sufferings and costs will be enormous in such
an event.

Reflecting such a stand, the organizational set-up related 10 sanitation in SONEES is small and not
very significant. The Sanitation Service (Service Assainissement) under the Directorate of Technique is
only one of 33 services. This scrvice performs unblocking, dredging, operation of the Camberene
WWTP and pumping stations, and small-scale extension, connection and prefabrication works. It is
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manned by about 100 permanent employees out of the total manpower of 1,477. (Refer to Fig. A.2.10
and A.2.11,) Indeed, it can be said that sanitation is organizationally given the importance of around
6.8%.

Lack of Coordination between the Ministries Concerned regarding the Planning and Implementation of
Sanitation Works

It will be unwise economically to construct sanitation network where not much population is
envisaged in the future. It will cost more if the construction plan of sanitation is not coordinated with
that of road. It would not work properly if sanitation works were planned and executed without due
regard to financial capacity of the state and the people. Due care must be taken so that environment and
people’ well beings may not be affected by the implementation of the sanitation project especially in
the domain of the locations of the trcatment plants and relocation/compensation for the evacuated
people. It will be not sensible for the sake of the cconomy to burden industries with too much financial
sacrifices in order to control the discharge of industrial wastewaler.

Because of all of this the coordination and cooperation between the Ministries in charge of the urban
development, transportation, finance, economy, planning, environment, public health, industry, elc. are
indispensable for the proper and correct functioning of the sanitation sector.

Needs for the Control of Industrial Wastewater Discharge

The JICA Study Team estimates that pollution load that is daily discharged by the industry in the study
area corresponds to that of 250,000 people. It warns that because of the discharge of untreated
industrial wastewater for years the Bay of Hann is now progressively being polluted,

It seems that now is the time for the state to take measures in order to preserve the environment by
institutionally preparing the physical, chemical and biological standards of industrial wastewater that is
allowed to be discharged. To facilitate such action it is advised that the state institutionally support the
industry by exempting duties regarding the acquisition of anti-pollution equipment.

Reuse of Wastewater

In conjunction with the treatment of domestic and industrial wastewater it is advised to recycle the
wastewater for agricultural and industrial use. It will contribute to reducing the cost and price of
agricultural and industrial products.

Recommendations

Based on the important institutional/organizational issues explained above the JICA Study Team would
like to come up wilh the following recommendations. They are founded upon the strong perception that
the sanitation sector must be given the important position comparable to that of the water supply
sector because of its inseparable connections with the environment and people's health,

Institutional Support for Connection to Sewerage

After the devaluation everything related to the FCFA is thrown into turmoils. One is not very surc
about the outcome of price escalation, But, for the sole purpose of convenience it was assumed that the
cost of connection and the monthly houschold income in 1994 be by 30% higher than the pre-
devaluation levels.

Many houses and other installations in the sewered arcas are not connected to the sewerage due to the
expensive cost of connection. The cost of connection ranges from 83,200 to 195,000 FCFA depending
on the execulioner, materials, transport and other factors, averaging around 156,000 FCFA. On the
other hand, according to the results of the questionnaire survey conducted by the JICA Study Team the
average monthly houschold income in the study arca is 92,125 FCFA.

This fact coupled with people's lack of proper knowledge about the importance of sanitation tends 10
Timit their willingness 1o have their houses connected to sewerage. It results in a remendous loss to
the cconomy as mentioned above.
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To rectify this sitvation it is recommended that the state institutionally make it possible for the
households to pay the connection charge on instaliment. Supposing the period of installment on the
original cost of 156,000 FCFA is 36 months at the annual interest rate of 2%, then the monthly
payment will be 4,467 FCFA, It occupies 4.8% of the average monthly household income. Supposing
the period of installment is 60 months at the annual interest rate of 2%, then the monthly payment
will be 2,733 FCFA, occupying 3.0% of the average monthly household income. It is recommended
that the interest rate be not higher that the inflation rate.

Raising of Sewerage Charge

It is estimated that currently the sewerage charge of 28.90 to 33.24 FCFA per cubic meter is applied
depending on the volume or type of water consumption. In terms of the ratio of sewerage charge to the
water supply charge it is 6.1% for the water consumption to which the Normal or Dissuasive Section
(Tranche Normale or Disnasive) applies and it is 17.5% for the public stand pipe. For the water
consumption 10 which the Social Section (Tranche Sociale) applies as well as for the gardening crops
growers sewerage charge is not imposed.

The average sewerage charge as percentage of the water supply charge for the clients other than the
Social Section consumers and gardening crops growers is estimated at 6.1% on the actual collection
basis.

It is recommended that the ratio be raised to 12 to 22 % if the sewerage projects envisaged in the master
plan are to be financially successfully implemented. This level is warranted to be proper by the resulis
of the questionnaire survey conducted by the JICA Study Team. According to the survey the average
amount of sewerage charge households are willing to pay is 24.7% of the water supply charge. In case
of commerce, institutions and industry they are willing 1o pay the sewerage charge corresponding to
18.7% of the water supply charge on average.

Raising the Power of SONEES vis-a-vis the State in Sanitation

The underlying conception of the state regarding the sanitation scctor is that it is essentially a social
sector and in this sense not profitable. However, so far as the sewerage project is concerned, the trend in
the world is increasingly to treat it as an income generating business like the water supply project. As
regard the rain water drainage project, it is considered a social project because the whole society
concerned benefits from it and one cannot specify the beneficiaries.

Therefore, it is recommended that the state institutionally provides SONEES with the power in the
sewerage sector essentially the same as in the waler supply sector,

The power will include:

To prepare the long and medium term development plan subject to the government's approval;
To execute the construction project under its supervision;

To manage the whole existing and future facilities;

To renew the facilitics;

To operate & maintain the installations:

To revise ihe wariff subject to the government's approval,

To pay back a majority of the initial cost.

In short SONEES will be given a full managerial and financial power as well as responsibility in the
SEWErage Sector.

As regard the rain water drainage sector the power of SONEES will remain limited as at present because
the sector will continue 10 need the financial and other protection of the state.
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Elevation of Sanitation-Related Organizational Set-up in SONEES

At present the organizational set-up directly related to sanitation in SONEES is the Sanitation Service
(Service Assainissement). It is one of the 33 services and manned by about 100 workers accounting for
6.8% of the total manpower, It performs unblocking, dredging, pumping and treatment of wastewater,
and little extension, connection and prefabrication works in accordance with the contract between the
state and SONEES,

It is recommended that as a gradual process the organizational set-up related to sanitation be enlarged
and clevated to such a one as will eventually in 2010 be consisted of one department and four services
under the Directorate of Sewerage, namely the Planning Service, the Construction Service, the Water
Pollution Control Service, the Operation & Maintenance Department, and the Administration and
Finance Service, (Refer to Fig B.3.23.)

The Planning Service will work out the long and medium term plans on sewerage demands,
construction of sewerage, revenues/fexpenses, financial resources, personnel requirements, etc, It will be
composed of three divisions, i.e. the Facility Planning, Financial Planning and Personnel Planning
Divisions. It will have 20 personnel.

The Construction Service will perform the planning, designing and execution of the sewerage projects.
It will consist of three divisions, that is, the Technical Rescarch, Planning & Design and Contracts
Divisions, It will be manned by 50 people.

The Water Pollution Control Service will implement the related provisions in the related laws
including the Bill of Sanitation Law (Project de Loi portant Code de I'Assainissement), the Bill of
Environment Law (Projet de Loi portant Code de I'Environnement}, the Water Law (Loi portant Code
de 1'Eau), the Hygiene Law (Loi portant Code de 'Hygiene) and the Town Development Law (Loi
portant Code de 'Urbanisme), This service will control the Water Pollution Division and the Water
Pollution Monitoring Division, It will have 20 staff,

The Operation & Maintenance Department will perform the operation & maintenance, inspection,
liaison with organizations concerned and keeping of technical records, It will consist of five divisions,
namely the Technical Records, Liatson, Inspection, Operation & Maintenance and Workshop
Divisions. This department will be manned by 120 workers.

The Administration and Finance Service perform the functions of general administration, finance,
accounting, public relations and internal audit. It will be made up of five divisions, i.e. Internal Audit,
Public Relations, Personnel and General Administration, Accounting and Finance Divisions. It will
have 40 personncl.

The total staffing of this directorate will be 250.
Establishment of Coordination Committee

The general lack of coordination between government organizations (such as the ministrics) concerned
was strongly voiced in the interviews with the key persons concerned. The construction and operation
& maintenance of the sewerage facilitics involve many other domains of activities as already explained
in Section 3.8.1. The failure of adcquale coordination has somelimes actually resulted in major or
minor economic losscs.

To avoid such circumstances it is recommended that the Coordination Commitlee be set up, composed
of SONEES, the local autonomous bodics, the Ministry of Hydraulics (Ministere de 'Hyrdaulique), the
Ministry of Economy, Finance and Planning (Ministere de 'Economie, des Finances ¢t du Plan), the
Ministry of Environment and the Protection of Nature (Ministere de I'Environnement el de la
Protection de la Nature), the Ministry of Town Planning and Housing (Ministere de ['Urbanisme et de
I'Habitat), the Ministry of Energy, Mining and Industry (Ministere de I'Energie, des Mines et de
I'Industrie), the Ministry of Public Health and Social Action (Ministere de Ia Sante Publique et de
I'Action Sociale}, the Ministry of Equipment and Transportation (Ministere de 'Equipement et des
Transports), and the Ministry of the City {Ministere de la Ville). It will be the standing committee and
the regular session will be held every two months. The extraordinary session will be convened as the
need arises.
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The major items for communication and discussion will be long and medium term investment plans,
designing and execution of construction works, financial resources, water pollution monitoring,
impact on environment, daily operation & maintenance, tariff, manpower, etc,

Establishment of Quality Standards for Industrial Wastewater Discharges

It is high time for the state 10 institutionalize the quality standards of industrial wastewater to be
discharged. Standard values will be established for physicat, chemical, organic and other parameters.

Physical parameters will include turbidity, temperature and color,

Chemical parameters will include Hg, NH3-N, As, Fe, B, E, Cd, PO4-P, C12, Cl, Cr, Cr(VD), Ni,
NO3-N, NO2-N, pH, Zn, 804, H2S-S, Cu and Pb.

Organic parameters will include phenol, oil and grease, methylene blue active substance, CN and
KMn(4 value.

Special parameters will include BOD (biochemical oxygen demand) and COD (chemical oxygen
demand), S5 (suspended solid), dissolved solid, settleable solid, pesticide and radioactivity.

Also it is advised that the quality standards for sea water be established as soon as possible, Standard
values will be established for physical, chemical and biological parameters. Those parameters are
shown hereunder for reference.

Physical parameters will include color, odor, transparency, turbidity, SS (suspended solid), floating
solid, oil film and temperature,

Chemical parameters will include pH, salinity, DO (dissolved oxygen), BODS (biochemical oxygen
demand), COD (chemical oxygen demand), NH4-N, NO2-N, CN, H2S, crude oil, phenol compound and
metal/semi-metal (Hg, Cr(VI), As, Se, Cd, Cu, Pb, Zn, Ni, Ag).

Biological parameters will include fecal coliform, pathogens and plankton.
Also, radioactive parameters will be added, which will include alpha, beta, Sr-90 and Ra-226.

Industry has to set aside a substantial financial resources if it is to abide by the quality standards of its
effluents. It is advised in order to facilitate the introduction and implementation of such a regulation
that the custom duties be suspended for the importation of anti-pollution equipment and supplies and
also that direct taxes be alleviated by permitting an accelerated depreciation of such equipment,

Institational Support for Reuse of Wastewater

Supposing the unit cost of the recycling of domestic wastewater is less than that of the production of
piped water, then the gardening crop growers will be able to buy the recycled domestic wastewater at a
cheaper price than piped water. It is not only a good thing for them, but also for the consumers since
they can buy cheaper gardening products.

Similarly, supposing the unit cost of the recycling of industrial wastewater is less than that of the
production of piped water, then the industry will prefer o use the recycled industrial wastewater in order
to reduce production cost. It constitutes a benefit for the industry. Also, it may lead to a cheaper price
of industrial products, thus benefiting consumers.

In short the cheap recycled wastewaler can benefit the economy as a whole, The state can help the
things to move in this dircction by institutionally [acilitating recycling processes. That is 1o say, it can
cxempl duties and direct taxes for the equipment and chemicals concerned.

PROJECT EVALUATION

The proposed sewerage projects will cover an arca of 3,480 ha, which is 20 % of the total study area.
The proposed system will collect wastewaler for a population of 1,041,328, which is 35.8 % of the

toial population in 2010 of the study area, and treat 97,200 m3/day of wastewater that is equivalent to
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that for a population of 635,466. This will increase the sewerage coverage rate from 29.9 % to 35.8 %
and the treatment rate from 4.2 % to 21.8 %,

The proposed Master Plan has following distinct objectives:

- To enable the maximum utilization of the existing capacity of the Camberene WWTP, which
was constructed by a loan from the African Development Bank and only 40 % of its capacity
is presently utilized.

- To expand the sewerage service arca towards the Pikine area, which is being cstablished as a
new urban center.

- To balance the development of sewage collection area and sewage treatment area in Pikine area
by expanding the Camberene WWTP,

Purposes of the development of a sewerage system are to collect and eliminate wastewater from areas
where the wastewater is generated, to improve sanitation conditions of the areas as it was so in the
initial stage of the sewerage history, and to reduce pollutants oads to the nature by treatment in order
to improve the water quality, environment inside andfor surrounding arcas, which is now a major
concern in most of the urban areas. Thus sewerage system usually consists of a set of collection
system and treatment system, resulting in high projects costs. However, if such project costs are not
affordable, it is reasonable to put priority on either of two purposes namely sewage collection or
sewage treatment by considering urgent requirements of the project area. In this regard, the sewage
collection has been put a higher priority in the study area, which is situated in an arid zone and has few
natural water surface except the surrounding sea. The initial environmental investigation conducted in
this study has identified possible adverse effects to the western shoreline in limited periods of a year
(June and August) by continuing untreated wastewater discharge from Fann. However it is not judged to
be so severe (o require urgent improvement. Therefore, it can be justified to put a higher priority on
the expansion of the sewage collection than the treatment of waslewater presently discharged to the sea.

Another big concern in this area is the pollution of the groundwater which is at present one of the
major water supply sources. The proposed sewerage plan may result in the reduction of wastewater
infiltration that is supposed to be a major cause of the groundwater contamination up to some extent,
but the infiitration from on-site system that will remain in the un-sewered areas is estimated 10 be big
enough to increase the contamination. The on-site treatment that eliminate the infiltration was
investigated but judged to be not feasible, Therefore, the plan recommends the substitution of the
present wells by a surface water source,

In terms of the financial feasibility, the proposed projects, the total costs of which is 102,279 million
FCFA, is judged to be affordable by considering the people's willingness 1o pay for sewerage service
and the subsidy by the government.

3.10 RECOMMENDATION

- The Sewcrage Master Plan was proposed by shifting out several project components from the
Sewerage Development Plan that covered the whole study area, because of budget constraint.
The proposed Sewerage Master Plan is considered 1o be the essential compenents to satisfy the
minimum requirements Lo improve the present sewerage conditions of the area and (o ensure
the {urther development following the sifted out project components. Therefore, il is
recommended to implement projects according 10 the proposcd Master Plan as carliest as
possible. In this regard, the political decision to provide special financial supports to the
projects are strongly required,

- It is desired to review this master plan when the projects in the plan proceed to the some
extent to cope with areas not included in this master plan.

- Either by re-organization of SONEES or by creation of a new organization, one organization
should take responsibilities for planning and exccution of projects, operation and maintenance
of facilities and management of organization and finance of sewerage system, as SONEES is
presently doing in the water supply system. The Ministry Hydraulics, which is presently
responsible for the projects execution, should be invelved in the system as an governmental
autharity Lo give approvals o each activitics.
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- Efforts to improve present conditions existing in the Study Area, especially to increase
wastewater flow to the Camberene WWTP by promoting house connections in the existing
sewered areas, should be continued. Provision of installment would help these efforts.

- Though industrial wastewaler was recognized as one of major pollutant sources, sewerage
system for industrial zones were shified out from the Master Plan. This is because that
industrial wastewater was judged to be treated either by individual treatment or by treatment
plant to be constructed and operated by such industries, Therefore, it is recommended that the
government apply regulations for the wastewater discharges to encourage this direction,

- Improvement of toilet facilities of the on-site system should be encouraged to mitigate the
sanitary problems of the area, in particular bacteriological contamination of shallow well
waler,

- Substitution of Thiaroye water supply source by other water sources would be essential to
avoid supplying water with the high concentrations of the nitrate nitrogen. In this regard,
earlier implementation of the Cayor Canal project is strongly recommended.

- Reuse of raw sewage from the Niaye WWTP for agricultural purpose should be ceased as soon
as possible.

- The coordination and cooperation among the Ministries and the other organizations concerncd
are prercquisites if the sewerage construction project and the operation & maintenance of the
sewerage facilities are to be successfully conducted. In this connection the establishment of
the Coordination Committee is recommended.
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TABLE B.3.1

COMPONENT UNITS IN SEWERAGE ZONES

Sewerage Zone

Units

10

11
12
13
14

Dakar

Parcelles Assalnles
and Its Surroundings
Grand Yoff

Hann

Plkine Regular
Guedlawaye

Mallka Housing Dev,
iMbao Housing Dev.
Almadles

Ouakam

Dakar Port
Pikine Industrial
Tiaroye Industrial
Pikine Irregular

24, 25, 26, 27, 28, 29, 30, 50, 50b, 51, 51b,

52, 52h, 52t, 53, 53b, 53t, 54, 55, 55b, 56, 57,

58, 59, 59b, 60, 61, 62, 63, 63b, 65, 66, 67,
68, 69, 70, 71, 71b, 72, 73, 74, 75, 75b, 76,
77,78

33, 34, 35, 36, 37, 38, 39b, 40, 41, {42), 98,
89, 100, 101, (102), 103, 104, 105

31, 32, 43, 43b, 44, 45, 46, 46b, 47, 48, 49
(81), 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92

94, 94b, 111, 142, 112b, 113, 114, 115b
107, 108, 108b, 109, 108b, 129, 130, 130b,
131,132, 133, 134

142b

159

1,2,3(4),56,7,8

9,10,11,12, 13, 14, 15, 16, (17), 18, 19,
(20), 21, 22, 23

79, 80 (part)

80 (part), 115, 116, 117, 118

80 (part), 120, 123, 153

119, 121, 124, 125, 126, 127, 128, (135),
(136), 137, 138, (139}, 143, 144, 145, (146),
147, 148, 149

Note : Unit number in parentheses Is small bore sewer system.
Source : Study Team
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TABLE B.3.2 WASTEWATER FLOW IN 2010 (COMPLETE)

(unit : m3/day)

Sewerage Zonhe Daily Average Flow Peak Flow
1 Dakar 124,524 249,046
2 Parcelles Assainies and lts 39,383 78,762
Surroundings
3 Grand Yoff 24,110 48,219
4 Hann 10,783 20,537
5 Pikine Regular 23,379 45,030
6 Guediawaye 39,098 75,590
7 Malika Housing Development 22,472 43,272
8 Mbao Housing Development 44,604 86,620
9 Almadies 12,008 24 175
10 Ouakam 9,001 17,998
11 Dakar Port 8,362 16,723
12 Pikine Indusrial 648 1,201
13 Tiaoye Industrial 4,466 8,486
14 Pikine Irregular 63,611 120,560
Total 426,449 836,219

Source ; Study Team
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TABLE B.3.3 WASTEWATER FLOW IN 2010 (ACTUAL)

{unit : m3/day)

Sewerage Zone Daily Average Flow Peak Flow
1 Dakar 115,327 230,653
2 Parcelles Assainies and lis 23,946 47,886

Surroundings

3 Grand Yoff 17,037 34,074
4 Hann 8,807 16,585
5 Pikine Regular 10,848 19,969
6 Guediawaye 8,890 15,173
7 Malika Housing Development 22,472 43,272
8 Mbao Housing Development 44,604 86,620
9 Almadies 4,111 8,222
10 Ouakam 5,231 10,459
11 Dakar Port 15,351 30,701
12 Pikine Indusrial 2,212 4,329
13 Tiaoye Industrial 8,791 7,108
14 Pikine brregular 48,290 89,918
Total 335,917 644,969

Source : Study Team

B3-37



TABLE B.3.4

BOD CONCENTRATION OF DOMESTIC SEWAGE

BOD Load Daily Average  BOD Concentra-
Sewerage Zone (kg/day) Flow (m3/day) tion (mg/l)
1 Dakar 36,992 115,327 a1
2 Parcelles Assainies and Its 10,403 23,946 434
Surroundings
3 Grand Yoff 6,601 17,037 387
4 Hann 2,961 8,807 336
5 Pikine Regular 5,256 10,848 485
6 Guediawaye 2,643 8,890 297
7 Mallka Housing Development 7,800 22,472 347
8 Mbao Houing Develoment 15,756 44,604 353
9 Almadies 1,437 4,111 350
10 Cuakam 2,182 5,231 417
14 Pikine Irregular 26,285 48,290 544
Total 118,316 309,563 382

Source : Study Team

TABLE B.3.5 BOD CONCENTRATION OF INDUSTRIAL SEWAGE
BOD Load Daily Average  BOD Concentra-
Sewerage Zone (kg/day) Flow (m3/day) tion {(mg/l)
11 Dakar Port 14,634 15,351 953
12 Pikine Industrial 2,318 2,212 1,048
13 Tiaroye Industrial 8,569 8,791 ,9?4
Totai 25,521 26,354 968

Source : Study Team
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TABLE B.3.6

CONSTRUCTION COST FOR TWO ALTERNATIVES, DAKAR

{unit: million FCFA)

Facility Alternative A Alternative B
Pipes and Culverts 5,068 874
Pumping Station 1,880
Total 5,068 2,754
TABLE B.3.7 CONSTRUCTION COST FOR TWO ALTERNATIVES

FOR MALIKA AND MBAO

{unit: million FCFA)

Alternative B
Combined Treatment

Alternative A
Individual Treaiment

Component Facility

Treatment Plant, No.5 9,592 21,312
Treatment Plant, No.7 15,822

Pumping Station, Mbao 3,448
{to send to No.5)

Pumping Station, Malika 2,506 4,699
Force Main and Ocean Cutfall, 459 1,918
Malika {for effluent discharge)

Total 28,379 31,375
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TABLE B.3.8 CONSTRUCTION COSTS FOR TWO ALTERNATIVES
FOR ALMADIES

(unit: milllon FCFA)

Component Facility Alternative A Alternative B
Individual Treatment  Combined Treatment

Treaiment Plant, No. 9 6,100

Treatment plant, No. 8 25,418 26,305
Pumping Stations (2} - 3,759
Force Main, from No. & to No. 8 - 1,077
Additional Coliectors 192

Total 31,710 31,141

TABLE B.3.9 WASTE WATER TREATMENT PLANTS
AND CORRESPONDING SEWERAGE ZONES

__WWTP Sewerage Zone
1. Quakam Dakar(part), Quakam
2. Camberene Dakar{part), Parcelles Assainies, Grand Yoff, Hann, Pikine Regular,
Guediawaye
3. Malika Malika Housing Development
4. Mbao Mbao Housing Development
5. Almadies Almadies
8. Mbao industrial Dakar Port, Pikine Industrial, Tiaroye Industrial
7.Lac Warouwaye Pikine Irregular
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TABLE B.3.11

PROPOSED PUMPING STATIONS

Sg\;set;arge Zone No. Capacity (Us)

Ouakam Dakar 1 2,000

2 650

3 133

4 67

Camberene Guediawaye 1 133

2 250

Pikine Regular 3 750

Hann 4 4117

Pacelles Assainies 5 144

Malka Malika 1 500

Almadies Almadies 1 83
TABLE B.3.12 PROPOSED WASTE WATER TREATMENT PLANT

Sys?:nv:(?rrr?g/?jay) Location Process* Capacity

Quakam Quakam AS 85,400

Camberene Camberene AS 100,000

Malka Malika AS 22,500

Mbao Mbao AS 44,600

Almadies Ngor QoD 4,200

Pikine Irregular __ Lac Warouwaye AS 63,600

Industrial Mbao AS 26,400

Note *AS = Activaled Sludge
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TABLE B.3.13

AND WASTEWATER QUANTITY

CHARACTERISTICS OF INDUSTRIAL WASTEWATER

Industrial Wastewater

Industry Type Charactaristic of Wast j
y Typ a astewater Objective Parametars Quantlity (cu.m/d)
1993 2010
contains blood, gut, i
Fishing & Canning gilijshfnget and oil from BOD, §S, n-Hexane ex. 1585 3486
Beer, Beverage,
Condonead Muk,%th ors | Wastewater from machine washing BOD, S8 1463 3217
Cooking Qil contalns oil n-Hexane ex., BOD 1463 3217
Textile Wastawatet from washing COD, BOD 4389 9652
Fuel contains ofl n-Hexane ex. 1341 2949
Fertifizer Process wastewater pH, 88§ 1219 2681
Shipbuilding contains ofl n-Hexane ex. 244 536
Slaughtarhouse contains blood, gut, meet BOD, 88 488 1072
Total - - 12192 26810

TABLE B.3.14

EFFECTIVE TREATMENT PROCESSES BY WATER QUALITY PARAMETERS

Parameters Trealment Processes
pH Neutralization
BOD ( COB ) Sedimeniaton, Biological reatment (Activated Sludge process, Tricking filter, Oxidation ditch,
Aerated Lagoon)
5351 Sedimentation, Filtration
n-hexane axtracts Oif-water separation{pressurized flotation), Biological ireatment
Cd Precipitation, Coagulation, lon-exchange
CN Alkaline oxidation
Pb Precipitation, Coagulation, lon-exchange
Cr(hexavalant)
As
Ho(total) Coagulation, Adsorption
Hg(alkyl)
Se Precipitation, Coagulation, lon-gxchange
Agricuitural chemicals Adsorption
PCB -
Number of coliform groups |Sterilization ( Chlorination )
Phanols Adsorption
Cu Precipitation, Ceagulation, lon-exchange
Zn
sol-Fe
sol-Mn
Cr
F Coagulation, Adsorption
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TABLE B.3.15

CONSTRUCTION COSTS OF INDUSTRIAL WASTEWATER
TREATMENT PLANT (ON SITE)

Industrial Unit .
Treatment Wastewaler Construction Cost Construction
Industry Typa Cost in 2010
Procasses Quantity in 2010 {miflion (million CFA)
(cu.m/d) CrA/cu.m/d)
Biologloal Tr. Fishing & Canning 3,486 0.44 1,634
& Sedimentation
Beer, Beverage, 3017 1416
Condensed Milk, others ! !
sub-total 6,703 2,950
Flotation & Cooking Qil,
Biological Tr, Slaughterhouse 4,289 1.22 5,282
Coagulation Textile 8,652 0.70 6,756
& Sedimentation Fertilizer 2,681 1,876
sub-total 12,333 8,632
Shiphuilding 536 514
sub-total 3,485 3,346
Total 26,810 - 20,160
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TABLE B.3.17

TABLE B.3.18

ESTIMATION OF WATER DEMAND FOR IRRIGATION IN THE STUDY AREA

Total e
Cultivated Irrigation Number of  Dalily rates Irrigation
Name of Crop area in the Rates months {m3/ha) demands by
Study Area  (m3/halyear) cuitivated in crop
{(ha) a year (m3)
Potato 539 2000 8 11.1 5,989
Onion 290 5000 8 20.8 6,042
Cabbage* 561 3000 12 8.3 4,675
Tomato™ 390 7200 12 20.0 7,800
Kidney beans 220 **3700 5 247 5,427
Pepper* 62 **3700 10 12.3 765
Turnip 117 2400 12 6.7 780
Lettuce* 264 3000 12 8.3 2,200
Jaxatu* 162 **3700 12 10.3 1,665
Aubergine 53 7200 12 20.0 1,060
Carrot 72 3700 12 10.3 740
Others* 260 **3700 12 10.3 2,672
Note: * : Freshly eatable crop.

** : For cultivation schedule, refer to Figure 5.

: Average of those for others crops, no data available.

QUALITY AND NECESSARY TREATMENT PROCESS

SEVERAL POTENTIAL USES OF THE TREATED WATER AND THEIR REQUIRED

Irrigation [ Recreational | |
Uses Cropsnot | Crops eaten Crops Not contact | Contactto | Industrial
directly to be after freshly ealen| to water water
eaten cooking
Required water quality iFree from crude [Less bacteria.  |Free from Less bacteria  Free from Free from
golids and free from bacteria and bacteria and bacteria/ virus
parasiles hazardous hazardous irritable chemicat
¢hemical materials materials
materials
Primary treatment X X X X
Secondary treatment, X X
including disinfection
Sand filtration X X X
Nitrification X
Denitrofication X
[Activated carbon X
absorption
lon Exchange X
Sterilization X X X X

X: Necessary treatmenti process.

{TABS5.DOC/November 19 1863
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TABLE B.3.19  UNIT CONSTRUCTION COST FOR TRUNK SEWERS

{unit: FCFA/m)

Earth Covering (m}
Diameter {mm) 1.0 3.0 6.0
300 117,500 305,500 (888,300)
500 235,000 376,000 (987,000)
800 352,500 423,000 (1,217,300)
1,500 376,000 N.A. N.A.
2,000 582,800 N.A. N.A.
2,500 658,000 NA. N.A.

Note : Figures in parentheses are driving method

TABLE B.3.20 UNIT CONSTRUCTION COST FOR FORCE MAINS

Diameter (mm)

300

600 800

Unit Cost (FCFA/m)

141,000 323,000 526,000

TABLE B.3.21 COSTS FOR HOUSE CONNECTIONS

WWTP Sewerage Zone Cost (million FCFA)

1. Qukam Dakar 2,616
Quakam 976
Sub-total 3,6a2

2. Camberene Dakar -
Parcelles Assainies 2,431
Grand Yoff 3,740
Hann 5,601
Pikine Regular 2,689
Guediawaye 1,122
Sub-total 15,5683

Malika
Mbao
Almadies

> o s o

Lac Warouwaye

Malika Housing Development 6,155

Mbao Housing Development 9,627

Almadies
Pikine Irregular

2,888
13,049
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TABLE O & M COST

TABLE B.3.24 ANNUAL OPERATION AND MAINTENANCE COST
ltem Quantity Unit Cost Cost
(FCFA) {million FCFA/Year)
1. Sewer Pipes 13 persons 2,160,000/person 28
2. Pumping Stations
Elactricity 33,400,000 m3 4.66/m3 156
Repalring Construction Cost x 0.5 % 46
Personnel 12 persons 2,160,000 /person 26
Sub-total 228
3. Treatment Plant
Electricity 36,500,000 m3 22/m3 803
Chemicals 36,500,000 m3 1.5/m3 55
Repairing Construction Cost x 0.5% 132
Personnel 50 persons 2,160,000/person 108
Sub-total 1,098
4. Overheads 75 persons 2,160,000/parson 162
Total 1,516
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TABLE B.3.25 WILLINGNESS TO PAY FOR SEWERAGE SERVICE
1. Households

- A W W o i e Bk Skh ek ) e et bt s frm ey b kb ey ) e o  YEE e W wR e e Rt W dmr Tere Y W W M Y e R M EME WEE e e e mn Gvm Gt W A Rk bk Ak ek e et

Type of Housing Willingness Monthly Water Willingness
to Pay ( % ) Charge (FCFA) to Pay (FCFA)
village = 32.2 1,083  3&
Spontaneous, irreqular 21.5 1,454 313
Spontaneous, regular 44.7 2,781 1,243
Planned 18.4 6,518 1,199
Detached (large) houses 8.1 19,221 1,557
Flats 9.9 11,142 1,103
Average  24.7 3,632 896

W Wt Yty B e T P oot ey i et e e T T WS S WS S S LA AP W Al SRS S AL B MY e Bt A bh Al Sk bk b b ek e e b e (e oy T AN T PR MAE T S S M e S AR A A e e

Note: 1. Willingness to pay (%): The amount households are
willing to pay for sewerage service as percentage of
water supply charge

2. Monthly water charge (FCFA): Monthly water supply
charge per household

3. Willingness to pay (FCFA): The amount a household is
willing to pay for sewerage service per month

2. Commerce/Institutions/Industry

ot e vk bk Tk Gk b b et v} b Y (o b TR e W Pt Py Wb P PR e TR TR Y M MR Fer B Mt e M e PR S e S A ot S

Type of Beneficiaries Willingness to Pay

(%)
Big Commerce o.1
Small Commerce 24.5
Institutions 27.9
Industries 15,4
Average  1s.1

o o i g o oy ok e il o o e g e o e o o P o o o o By oy A Vo AR T b o po rn

Note: Willingness to pay (%): The amount beneficiaries are
willing to pay for sewerage service as percentage of water
supply charge

Source: Results of the questionnaire survey conducted by JICA
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TABLE B.3.26 WILLINGNESS TO PAY FOR SEWERAGE SERVICE
AS PERCENTAGE OF HOUSEHOLD INCOME

S - A M et S A T S ot o i SMM Mt g Bt P M B S R A Mt Gt Rt Saae m rww fw brm S e ) A v et Seh N 4 et A A WY S A S G e S S e e Seim ame S St

Type of Housing Willingness Monthly Income Willingness
to Pay (FCFA) (FCFA) to Pay (%)

village 349 43,34 0.8
Spontaneous, irregular 313 45,466 0.7
Spontaneous, regqular 1,243 69,350 1.8
Planned 1,199 92,288 1.3
Detached (large) houses 1,557 236,667 0.7
Flats 1,103 133,340 0.8
average 8% 70,865 1.3

—— . - . i Tt un s Ao Mut BiR Mt S PR BAS Mt Mt O Y MR M T ETE e Wd et d b (el fld et e S ) e L e AR Gk EES AN M T WS ek ML S S WA R e W S e

Note: 1. Willingness to pay (FCFA): The amount a household is
willing to pay for sewerage service per month

2. Monthly income (FCFA): Monthly income per household

3. Willingness to pay (%): The amount households are
willing to pay for sewerage service as percentage of
income

Source: Results of the questionnaire survey conducted by JICA
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TABLE B.3.27 REVENUE FROM SEWERAGE CHARGE IN CASE OF
PROJECT IMPLEMENTATION

(Unitt: thousand m3, FCFA million)

Year Wastewater Generation Sewerage Revenue
1995 31,650 460
1996 31,650 460
1997 31,650 460
1998 40,087 583
1999 51,899 755
2000 67,086 876
2001 71,561 2,560
2002 76,037 2,720
2003 80,512 2,880
2004 84,987 3,040
2005 89,462 3,201
2006 93,938 3,361
2007 98,413 3,521
2008 102,888 3,681
2009 107,364 3,841
2010 111,839 4,001
2011 111,83¢ 8,002
2012 111,839 8,002
2013 111,839 8,002
2014 111,839 8,002
2015 111,839 8,002

Note; 1. <Wastewater generation> concerns the clients
other than farmers and big industrialists.

2. Average sewerage charge is assumed as 39.75
FCFA/m3 from 2001 to 2010 and 79.50 FCFA/m3
from 2011 onward.

3. Charge collection rate is assumed as 90X.

4. The sewerage revenue is at 1993 prices.

Source: JICA
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TABLE B.3.29 COST BENEFIT STREAMS
Unit ; FCFA Million
Capital Costs| O/M Costs Costs Benefits Cash flow
No.| Year (a) (b) | (c=a+b)| (d) (do)
1 1995 363 4117 780 599 -181
2 1996 363 512 875 599 -276
3 1997 2,187 607 2,794 599 -2,195
4 1068 2,269 701 2,870 832 -2,138
5 1899 4,073 796 4,869 1,158 -3,711
6 2000 5,055 891 5,946 1,578 -4,368
7 2001 7,110 1,194 8,304 3,340 -4,964
8 2002 8,723 1,289 10,012 3,576 -6,436
9 2003 8,027 1,384 9,411 3,812 -5,509
10 2004 8,870 1,478 10,348 4,048 -6,300
11 2005 7,369 1,573 8,942 4,284 -4,658
12 2006 50186 1,668 6,684 4,520 -2,164
13 2007 3,078 1,763 4,841 4,757 -84
14 2008 2,610 1,857 4,467 4,993 526
15 2008 3,241 1,952 5,193 5,229 36
16 2010 3,241 2,047 5,288 5,465 177
17 2011 0 2,350 2,350 10,020 7,670
18 2012 422 2,350 2,772 10,020 7,248
19 2013 361 2,350 2,711 10,020 7,309
20 2014 437 2,350 2,787 10,020 7,233
21 2015 454 2,350 2,804 10,020 7,216
22 2016 981 2,350 3,331 10,020 6,689
23 2017 981 2,350 3,331 10,020 6,689
ed 2018 981 2,350 3,331 10,020 6,689
25 2019 1,685 2,350 4,035 10,020 5,985
26 2020 1,403 2,350 3,753 10,020 6,267
27 2021 1,215 2,350 3,565 10,020 6,455
28 2022 746 2,350 3,096 10,020 8,924
29 2023 746 2,350 3,096 10,020 6,924
30 2024 1,028 2,350 3,378 10,020 5,642
31 2025 1,028 2,350 3,378 10,020 6,642
32 2026 1,028 2,350 3,378 10,020 6,642
33 2027 422 2,350 2,772 10,020 7,248
34 2028 361 2,350 2,711 10,020 7,309
35 2029 437 2,350 2,787 10,020 7,233
36 2030 454 2,350 2,804 10,020 7,216
37 2031 981 2,350 3,331 10,020 6,689
38 2032 981 2,350 3,331 10,020 6,689
39 2033 981 2,350 3,331 10,020 6,689
40 2034 1,685 2,350 4,035 10,020 5,985
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F/S-M-table5.18

TABLE B.3.31 COST BENEFIT STREAMS, ALTERNATIVE |
Unit : FCFA Million
No. Year Capital Costs  O/M Costs Costs Benefits Cash flow
(a) (b) (c=a+b) (d) (dc)

1 1995 519 417 936 599 -337

2 1996 519 512 1,031 599 -432

3 1997 3,124 607 3,731 599 -3,132

4 1998 3,242 701 3,943 832 -3,111

5 1999 5,819 796 6,615 1,158 -5,457

6 2000 7,222 891 8,113 1,578 -6,535

7 2001 10,157 1,194 11,351 3,896 -7,455

8 2002 12,462 1,289 13,751 4,172 -9,579

9 2003 11,467 1,384 12,851 4,447 -8,404
10 2004 12,672 1,478 14,150 4,723 -9,427
11 2005 10,528 1,573 12,101 4,998 -7,103
12 2006 7,166 1,668 8,834 5274 -3,560
13 2007 4,397 1,763 6,160 5,549 -611
14 2008 3,728 1,857 5,685 5825 240
15 2009 4,630 1,952 6,582 6,101 481
16 2010 4,630 2,047 6,677 6,376 -301
17 2011 0 2,350 2,350 12,752 10,402
18 2012 422 2,350 2,772 12,752 9,980
19 2013 361 2,350 2,711 12,752 10,041
20 2014 437 2,350 2,787 12,752 8,965
21 2015 454 2,350 2,804 12,752 9,948
22 2016 a81 2,350 3,331 12,752 9,421
23 2017 981 2,350 3,331 12,752 9,421
24 2018 981 2,350 3,331 12,752 9,421
25 2019 1,685 2,350 4,035 12,752 8,717
26 2020 1,403 2,350 3,753 12,752 8,999
27 2021 1,215 2,350 3,565 12,752 9,187
28 2022 746 2,350 3,096 12,752 9,656
29 2023 746 2,350 3,096 12,752 9,656
30 2024 1,028 2,350 3,378 12,752 9,374
3 2025 1,028 2,350 3,378 12,752 9,374
32 2026 1,028 2,350 3,378 12,752 9,374
33 2027 422 2,350 2,772 12,752 9,980
34 2028 361 2,350 2,711 12,752 10,041
35 2029 437 2,350 2,787 12,752 9,965
36 2030 454 2,350 2,804 12,752 9,948
37 2031 981 2,350 3,331 12,752 9,421
38 2032 981 2,350 3,331 12,752 9,421
39 2033 981 2,350 3,331 12,752 9,421
40 2034 1,685 2,350 4,035 12,752 8,717
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FIGURE B.3.13 TYPICAL TREATMENT PROCESS FOR INDUSTRIAL WASTEWATER (1)
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5| . Month in cultivation
FIGURE B.3.16 TYPICAL CULTIVATION SCHEDULE OF MAJOR CROPS
IN THE STUDY AREA
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FIGURE B.3.17 ESTIMATED WATER DEMAND FOR IRRIGATION
IN THE STUDY AREA
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FIGURE B.3.21
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B4 FEASIBILITY STUDY ON THE WASTEWATER PRIORITY PROJECT

CHAPTER 4 FEASIBILITY STUDY ON THE WASTEWATER PRIORITY PROJECT

4.1

4.1.1

4.1.2

PROJECT AREA
Feasibility Study Area

The feasibility study area for the wastewater priority project was selected under the Master Plans, and it
is Parcelles Assainies and Its Surroundings sewerage zone which is shown in Figure B.4.1, The study
area is one of the sewerage zones of the Camberene sewerage system.

As shown in the figure, the zone is divided into 14 subzones taking into account the service areas of
the existing pumping stations and development conditions. There are eight (8) pumping stations in the
Parcelles Assainies housing development and one (1) in Djily Mbaye housing development. Each of
the service areas of the existing nine (9) pumping stations forms a subzone.

Patte d'Oie subzones is provided with sewer networks and all the wastewater which had been treated at
the old Patte d'Cic WWTP is now transferred to the Camberene WWTP for treatment,

Three subzones, viz. Nord Foire, Stadium and East to Patte d'Oie, are classified as new development
areas, Housing development in the Nord Foire subzone started a few years ago and a large open space is
still remain. A devclopment plan for the sebzone was established by the Ministry of City Planning and
Housing (Ministere de I'Urbanisme et de I'Habitat). The latter two subzones are open spaces at present
and no deveclopment plan is available.

Three areas are excluded from the sewerage service area. These are Cemetery (Unit 39), Grand Niaye
and Grand Medina (Unit 42). The first two arcas are open space and no wastewater generated, Grand
Medina is a spontaneous irregular housing area where conventional sewer system can not be
constructed. Nevertheless, a part of wastewater from Grand Medina is taken inte account in the
preliminary designing of sewerage facilities because small bore sewer system can be applied in the area
in the fulure,

The project area for the sewerage project totals 820 ha, and areas of the subzones are as follows.

No. Name of Subzones Area (ha)
1 P.A. P/S Unilte 2 69
2 P.A. P/S Unite 7 55
3 P.A. P/S Unitc 9 19
4 P.A. P/S Unite 13 %)
5 P.A. P/S Unite 17 6
6 P.A. P/S Unite 15 130
7 P.A. P/S Unite 22 19
8 P.A. P/S Unite 23 26
9 North to Stadium 57
10 Djily Mbaye P/S 46
11 Nord Foire 129
12 Stadium 92
13 Patte d'Qic 80
14 East 1o Patte d'Oic 28
Total 820

Existing Sewer Networks

Al present provision of sewer networks in subzones varies greatly. There are sewer networks in all
subzones in Pacelles Assainies excepl North to Stadium subzone, although they are rather thinly
provided and connection ratio is as low as 25 % on an average.

In Djily Mbayc subzone, all the houses are connected 1o the sewer networks although development is
now progressing and many houses are yet Lo be constructed. All wastewater in this subzone is collected
to the existing Djily Mbaye pumping station at the lowest point. Wastewater from undeveloped arcas

(CHAPTER 4:94/10/14) B4-1
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