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Existing Trunk Sewers

In the Study Area, there are six(6) trunk sewers (1-2-3 A/B,UNIWAX,21-22,24-25-26,33-
34,35-36), which were constructed in 1984. Most of these trunk sewers are located along
the storm water drainage canals.

These sewers are scriously damaged because of lack of proper maintenance for the sewers
and drainage canals. The main causc of the damage is the heavy erosion of soil in the
carthen canals. Existing sewerage network in the Study Area is shown in Fig.D.1.

The number in the Fig.D.1 indicates the parts of damaged scwer.

More detailed information about damaged sewers are shown in Table .1 - D.10.
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2.1

Requirement of Additional Pumps at Existing Pumping Stations
S1 Pumping Station

When a pump is operated, there are various losses in the suction pipe, discharge pipe,
discharge pipe outlet, ctc.

The Total Head (H) is the sum. of the Actual Head (f1), which represents the head
difference between the discharge liquid surface and the suction liquid surface, the pipeline
head loss (1), and the discharge flow velocity head (V?/2g). However the discharge flow
velocily head will be neglected because of small value. The Total Head (H) is described by
the following equation:

H=H,+H, +h,

Where H = Total head, m
H, = Actual Head, m
H,, =pipe line head loss, m
h, = allowance, 2.0m is mostly adopted

The pipeline head loss (H,) is calculated using the Hazen-Williams equation. The Hazen-
Williams equation is shown as follows:

H, = 10.67 x Q¥ xC'¥x D"y,

Where Q = Design sanitary waslewaler (m/s) in 2003, (2.09m%s)
C = Hazen-Williams discharge coefficient (C= 110)
D= diameter of pipe, m (1.0m)
L= pipeline length, m (600m)

Actual head (H,) will be given by the differcnce between the low water elevation of pump -
pit (-2.49m) and the top elevation of pipe attached by Pont de Gaulle (+7.4m). The actual
head (I1,) is 9.89 m. The Total Head is calculated as follows.

H, = 9.89 + 10.67x2,09'*x110"%x1.0"**"x 600

=9.9 4+ 10.67 x 3.91x 1.67x10"*x 1.0 x 600 +1.0
=99+42+ 1.0 =15.1(m)

b-2



2.2

Comparing to the result of computation (HI,=15.1m), the existing pump head capacity (8.4
m) will be insufficient. The discharge flow rate should be controlled to recover the lack of
the head capacity. According to the characteristic curve of a centrifugal pump, it will be
required to reduce the discharge flow rate from 0.57m’/s(existing pump capacity) to
0.35m’/s to recover the lack of the pump head capacity. Therefore the number of pump
required at S1 pumping station will be 6 units to carry the design wastewater in 2003 as
follows:

Number of required pump = 2.09m%s + 0.35m*s=597= 6
7J1 Pumping Station
The following information is known.

Q = Design wastewater in 2003, 2.81m’/s
H, = Actual head, 5.5m

D = Diameter of pipe, 0.8m

L = Pipeline length, 150m

C=110

Therefore the total head can be obtained as follows in the same way as S1 P/S. -

H =55+1067x281% x 110" x 0.8** x 150 + 1.0
=5.5+10.67 x6.76 x 1.67 x 10" x 2.96 x150 + 1.0
=55+54+10 =119m

Comparing to the result of computation (H=11.9m), the existing pump head capacity
(10.2m) is also insufficient. As same way of S1 P/S, the discharge pump capacity will be
reduced from 0.53m/s(existing pump capacity) to 0.47m*s according to the characteristic
curve of a centrifugal pump.

The ‘number of required pump will be obtained considering the design wastewaler

{Q=2.81m%s) in 2003 as follows:

The number of required pump =2.81m%s / 0.47m’s
- ' = 6 units -
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2.3

Three pumps have been alrcady installed, therefore, three additional pumps will be
required.

Koumassi Pre-Treatment Plant

There are two pump houses in Koumassi Pre-Treatment Plant. Different type of pumps are
installed in the each pump house. One is of screw type and the other is of submerged type.
The pump head capacity of screw type pump is sufficient 1o discharge the design
wastewaler (Q=3.38m’s) in 2003.0n the other hand, the pump discharge amount is
insufficient. Twvo additional pumps will be required as follows:

The number of required ppmp =3.38 m’/s+0.91 m’/s (cxisting pump capacity)
= 4 unils (2 units are already installed)

The decision of required number of submerged pump should be made considering the
required total head to discharge the design wastewater to the occan through the ocean

ouifall.

Conditions to compute the required capacity of submerged pump are as follows,

Design wastewater, Q = 3.38m’/s :
Diameter of occan outfall pipe = ¢ 1200mm (sce Fig.D.2)
Pipcline length = 1200m (see Fig. D.2)
Mean sea level = £ 0.00m (see Fig.D.2)
Diameter of discharge pipe from Koumassi P-T/P (o the sea

= ¢ 1400mm (see Fig.D.2)

Pipeline length = 2600m (see Fig.D.2)

At first, it will be necessary to obtain the required total head to discharge the design
wastewater to the sea before decision of the submerged pump capacity. The required total
head will be obtained concerning the above conditions. In this case the lotal head will
become same value of the ocean outfall pipe head loss because mean sea level is 0.00m.

The required total head =10.67 x Q" x C*®¥ x D*¥ x I
=10.67 x 3.38"% x 110"* x 1.2*¥x 1200
= 10.67 x9.52 x 1.995 x 10*x 0.411 x 1200
= 10.0
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Pipeline head loss between the Koumassi P-T/P and the sea is as follows:

The pipeline head loss = 10.67 x Q" x C'"* x D*¥ x L,
=10.67 x 3.38"% x 110" x 1.4*% x 2600
=10.67 x 9.52 x 1.995 x 10 x 0.194 x 2600
=10.22

And the L.W.L (low water level where pump stops) of wel well pit of submerged pump is -
1.6 m, Therefore, the required total head of submerged pump is as follows,

The required total head of submerged pump =100+ 10.22 + 1.6
=218
=22.0m

As a result of computation, hydraulic gradient line from Koumassi Pre T/P to the ocean
outfail is shown in Fig.D.2.

The total head of existing submerged pump is only 8.0 m. On the other hand, the required
total head is 22.0m.

Therefore it is recommendable that four existing submerged pumps will be replaced to the
new pumps because of the insufficient total head of the existing pumps.
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3. Improvenient of Existing Pumping Station

As mentioned in former scctions, additional pumps required at cach pumping station are
follows,

SLP/S 4 units pumps (0.35m’/s x 15m x 80kw)

731 P/S 3 units pumps (0.47 m*/s x 12m x 90kw)

Koumassi Pre-IM 2 units pumps (0.91 m*/s x 4m x 75kw)
4 units pumps (0.91 m’/s x 20m x 250kw)

Costs for additional equipment at cach pumping station are shown in Table D.11, 12 and 13.
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TABLED.1

EXISTING CONDITIONS OF DAMAGED SEWER- 2-3AB (D

Trunk Sewer; 2-3AB

Area: Niangon

S U S S

Location:Distance from
outfail into Lagoon=0.9%km |

Trunk Sewer Damaged stretch 6m L
Crossing with Drainage Canal River bed
Diameter ¢=800mm
Material Concrete pipe
Corrosion 1non a
Others
Cause of Damage Erosion of drainage canal Scouring of river bed
Washing away of ground -
Washing away of bridge foundation -
Others
Drainage Canal Width 8m
Depth 1.5m
Soil Sand
Conditions of bank erosion etc. Scouring of river bed
Bank protection of canal no exist

Photograph;

. Nz
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Others

1-2-3AB Junction MH




TABLE D.2 EXISTING CONDITIONS OF DAMAGED SEWER- PORT BOUET 11 ®

Trunk Sewer:PORT Area-Socogi Location:Distance from outfall into
BOUET IT 20C08 Lagoon=4.16km
Trunk Sewer Damaged stretch 10m
Crossing with Drainage Canal Under UNIWAX canal bed
Diameter ¢=6001nm
Material Congcrete pipe _
Corrosion N ]
Others
Causc of Damage  |Erosion of drainage canal -
Washing away of ground Scouring
Washing away of bridge foundation |-
Others
Drainage Canal Width 30m
Depth 10m
Soil Clayey sand
Conditions of bank erosion elc. Waterfall H=10m
Bank protection of canal no exist
Others
Photograph;

Sketeh;
Port Boust i ¥H Uniwax canal
cenal o ’ W=1ImH=15
\ }b '_..'_ L - ,/,4—\/
~ ~
~
LS.
1¢m
Water fall
Y
o \}_:b\m —
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TABLE D.3 EXISTING CONDITIONS OF DAMAGED SEWER- PORT BOUET 1 ®

Trunk Sewer: PORT

Location:Distance from outfall into

BOUET Il Area:Socog] 1.agoon=4.08km
Trunk Sewer Damaged stretch 25m
Crossing with Drainage Canal no exist, parallel
Diameter ¢=600mm
Material Concrete pipe
Corrosion -
QOthers

Cause of Damage

Erosion of drainage canal

Erosign of embankment

Washing away of ground

Washing away of bridge foundation

Others

Drainage Canal

Width 15m

Depth 10m

Soil Clayey sand

Conditions of bank erosion etc. Sliding, Slope faiture

Bank protection of canal no exist |
Others

Photograph;

Sketch;

b
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TABLE D.4

EXISTING CONDITIONS OF DAMAGED SEWER- UNIWAX

@

Trunk Sewer:

Location:Distance from outfall into

UNIWAX Area-Koute Lagoon=25km |
Trunk Scwer Damaged stretch 30m
Crossing with Drainage Canal Aqueduct
Diameter 6=900mm
Material Asbestos pipe
Corrosion Corrosion
Others H pile foundation
Cause of Damage Erosion of drainage canal Seriously
Washing away of ground -

Washing away of bridge foundation

Others

Corrosion of the material

Drainage Canal Width 30m
Depth 10m
Soil Clayey sand
Conditions of bank erosion etc. Scouring, Sliding, Bank erosion, Bank failure
Bank protection of canal no exist
Others -
Photograph;

Sketch;

D

----------

¥

H- Pile
0m___ ul

L)

UNBVAX Canal
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TABLE D.5

EXISTING CONDITIONS OF DAMAGED SEWER- 21-22 @

Trunk Sewer:21-22

AreaKoute

Location:Distance from outfall into

Lapoon=1.7km

Trunk Sewer Damaged siretch . S5m L R
Crossing with Drainage Canal  [Aqueduct type il
Diameter ¢=400mm §
Material PVC pipe at crossing point
Corrosion N
Others Congreie support

Cause of Damage  {Erosion of drainage canal Scouring
| Washing away of ground Seriously
Washing away of bridge foundation |-
Others -

Drainage Canal Width 10m }
Depth Sm
Soil Claycy sand
Conditions of bank erosion efc. Scouring
Bank protection of canal non
Others

Photograph;

Skeich;

fowed away dranags pipe
Quistariding manhole

Eroded Embankment
dus to rainwater




TABLE D.6

EXISTING CONDITIONS OF DAMAGED SEWER- 21-22 @

Trunk Sewer:21-22

Location:Distance from outfall into|

Tt Area: Koute Lagoon=800m

Trunk Sewer Damaged stretch i5m
Crossing with Drainage Canal River bed
Diameter 0=400mm
Material Concrete pipe
Corrosion -
Others -

Cause of Damage  |Erosion of drainage canal Scouring heavily
Washing away of ground -

Washing away of bridge foundation

Others

Bank fatlure

Drainage Canal

Width 5m
Depth 6m
Soil Clayey sand

Conditions of bank erosion etc.

Scouring of river bed, Bank failure

Bank protection of canal

no exist

Others

Photograph;

Skeich;




TABLE D.7

EXISTING CONDITIONS OF DAMAGED SEWER- 21-22

@

Location:Distance from outfall into |

Trunk Sewer:21-22 AreaKoute Est Lagoon=500m
Trunk Sewer Damaged stretch 42m
Crossing with Drainage Canal 40m in river, Parallel with river course
Diameter o ¢=400mm
Material Concrete pipe
Corrosion -
Others

Cause of Damage

Erosion of drainage canal

Mainly scouring

Washing away of ground

Washing away of bridge foundation

Others

10m

Drainage Canal Width
Depth Sm
Soil Clayey sand L
% Conditions of bank erosion efc. Scouring
Bank protection of canal no exist
Others -
Photograph; -
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TABLE D38

EXISTING CONDITIONS OF DAMAGED SEWER- 25-26-27

Location:Distance from outfall

I'runk Sewer:25-26-27 Area:Koute into Lagoon=1.43km ]
Trunk Sewer Damaged stretch 50m
Crossing with Drainage Canal Parellel
Diameter B $=400mm
Matertal _PVC pipe
Corrosion -
Others -
Cause of Damage Erosion of drainage canal Serious scouring and bank erosion
Washing away of ground - o
Washing away of bridge foundation |-
Others -
Drainage Canal Width 30
Depth 14m _
Soil Clayey sand
Conditions of bank erosion etc. Water fall, Seriously
Bank protection of canal no exist
Others -
Photograph;

Sketch;
e : ) e~ Smee. 0020 wuransrennasms
B bt B
5 3 T
Concrets lining canal ‘"T‘w AGm —..—_: \
3 Him 1.7m HMm
y Waterfali f\ o —
= Y 1
N
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TABLE D.9

EXISTING CONDITIONS OF DAMAGED SEWER- 25-26-27 ©

Trunk Sewer: 25-26-27

Area:Sante Villa.

Location:Distance from outfall
into Lagoon=1.0-1.4km

Trunk Sewer Damaged stretch 1500 m
Crossing with Drainage Canal Parcltel
Diameter $=500mm
Material Concrete pipe
Corrosion -
Qthers -
Cause of Damage Erosion of drainage canal Erosion of river bed ]
Washing away of ground -

Washing away of bridge foundation

Others

Drainage Canal

15-20m

Width
Depth 15m
Soil Clayey sand

Conditions of bank erosion efc.

Serious bank erosion, Lowering of river bE{L

Bank protection of canal

no exist

Others

Photograph;

Sketch;

| Waterfall

15-20m

»
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TABLE D.10 EXISTING CONDITIONS OF DAMAGED SEWER - 35-36 @

Trunk Sewer: 35-36

Area: Banco Nord

Location:Distance from outfall into
Lagoon=0-1.5km

Trunk Sewer Damaged stretch 1500 m
Crossing with Drainage Canal Parclle
Diameter $=200mm
Material Concrete pipe
Corrosion -
Others
Cause of Damage Erosion of drainage canal Scouring/sediment/sliding
Washing away of ground -

Washing away of bridge foundation

Others

])raiﬂagc Canal Width 5-15m
Depth 1-3m
Soil Sand

Conditions of bank erosion etc,

Erosion and sedimentation

Bank protection of canal

Concrete lining at downstream

QOthers

Photograph;

[}
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TABLE D.11 COST FOR ADDITIONAIL EQUIPMENTS

AT S1 PUMPING STATION

Item Description UnitjQuantity] Unit Price (FCFA) | Price (FCFA)
$ 450 Vertical Axis Pump 0.35m’/s<15m*80kW | No. 4 9,280,000 37,120,000
Vertical Induction Motor 80k Wx4Px400V x50z No., 4 8,000,000 32,000,000
Check Value ¢ 450 No. 4 5,120,000 20,480,000
Pipes and Fittings $ 500 1.5. 1 12,800,000 12,800,000
Automatic Trash Rake Screen No. 1 41,600,000 41,600,000
Submerged Sand Pump No. 2 9,600,000 19,200,000
Low Voltage Incoming Panel No. 1 25,600,600 25,600,000
Low Vollage Pump Starter Panel No. 4 11,200,000 44,800,000
Materials for Installation LS. i $3,200,000 83,200,000
Spare Parts LS. | 32,000,000 32,000,000
Instalfation Work LS. 1 16,800,000 76,800,000
Cost of Transporialion 32,000,000 32,000,000
Total 457,600,000
TABLE D.12 COST FOR ADDITIONAL EQUIPMENTS
AT 7J1 PUMPING STATION
Fem Description Unit| Quantity] Unit Price (FCFA) | Price (FCFA)
¢ 600 Vertical Axis Pump 0.47m /5% 12m=90kW | No. 3 92,800,000 278,400,000
Verlical Induction Motor GOKWx4Px400V=50Hz| No. 3 8,000,600 24,000,000
Check Value ¢ 600 No. 3 9,600,000 28,800,000
Pipes and Fittings ¢ 100 | 1 9,600,000 9,600,000
Avtomalic Trash Rake Screen No. 1 41,600,000 41,600,000
Low Voltage Incoming Panel No. I 25,600,000 25,600,000
Low Voltage Pump Starter Panel No. 3 11,200,000 33,600,000
Materials for Instalfation 1.5 1 51,200,000 51,200,600
Spare Pans LS. 11?7? ”
Instalfation Work I.S. | 48,000,000 48,000,000
Cost of Transporiaticn 25,600,000 25,600,000
Total 566,400,000

D-17




TABLE D.13 COST FOR ADDITIONAL EQUIPMENTS
AT KOUMASSI PRE TREATMENT PLANT

. Item Description Unit] Quantity| Unit Price (FCFA) | Price (FCFA)

¢ 1000 Screw Pump 0.91m/sxdm=T75kW | No. 2 70,4G0,000] 140,800,000

[ lorizontal Squirrel-cage Induction Moto) 75k\Wx4P=400V x50Hz| No. 2 4,800,000 9,600,000
Reduction Gear Unit No. 2 28,800,000 57,600,000

¢ 700 Diagonal Volute Submerged Pumpl 0.91 mfsx20mx250kW | No. 4 51,200,000] 204,800,000
Check Valve ¢ 700 No. 4 16,000,000 64,000,000

Sluce Valve $ 100 No. 4 9,600,000 38,400,000

Pipes and Fittings 1S. 1 9,600,000 9,600,000

Low Voltage Incoming Panel No. 1 19,200,000 19,200,000

Low Voltage Incoming Panel No. 1 25,600,000 25,600,000

Low Voltage Pump Starter Panel No. 2 11,200,000 22,400,000
Low Vollage Pump Starter Panel No. 4 11,200,000 44,800,000
Materials for Installation LS. 1 80,000,000 80,000,000

Spare Parts LS. ] 25,600,000 25,600,000

Installation Work LS. ] 64,000,000 64,000,000

Cost of Transporialion 1.8. | 38,400,600 38,460,000

Total 844,800,000
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1. Selection of Pressure Interceptor

In this Study, the optimum diameter of multiple pressure pipeline, which corresponds to
the most economical construction and operation cost, is decided. The peak flows for the
hydraulic calculation of the interceptor is the sum of inflow from ecach trunk sewer as
shown in Table LE.1.

For sclection of the diameter of the pipeline as shown in Table E.2, as minimum velocity
required for self-cleaning, 0.60 m/sec was used. The peak factor adapted is approximately
twice the minimum value of actual flow rate of the Quantily and Quality investigations as

shown in Fig. E.1.

The cost depends on the diameter of the pipeline of each span, A comparison of the cost is
shown in Table E.3 and E.4. The oplimum diameter of the pipeline, which corresponds to
the nost cconomical construction and operation cost, is decided: Case.3 was decided for

the South interceptor and Case.2 was decided for the West interceptor.

The above-mentioned comparative study for the optimum pipeline was based on the

following assumptions:
1) Based on Design Consideration

(1) Calculation of Pump Head

The Total Head (H) is expressed by the following cquation:
H=Ha4+ Hp+ b, |
Where H = Total head, m

Ha= Aciual head, m

Hy= Pipeline head loss, m

h, = Allowance, 2.0 m is adopiéd '

The pipeline head loss (I,) is estimated by using the Hazen-Williams equation as

described below:

]



)

H=1067x(Q /C)®xD ™ x L

Where Q = Design sanitary wastewater in ycar 2003,(m’/s )
C = Hazen-Williams discharge coefficient (C= 110)
D = Diamcter of pipeline, (m)
L = Pipeline length, (m }

Actual head (1l.) is cstimated by the difference between the LWL (low water level
where the pump stops) of the wet-well pit and control water level of the discharge

tank.

Calculation of Pump Electric Power Input

The pump electric power input is estimated using the following formula:

P=0.163x 7 xQxHy/ 7,

Where T : Specific gravity of water (1 kgf/1)
Q : Pump capacily per unit (m® / min)
It : Pump total head (m)
11, : Pump efficiency (53%)

2) Based on Coslt Consideration

(1)

)

Unit cost of the pipeline is assumed as follows based on the cost estimate:

Unit Cost = 0.00089X 2 - 037X 1311 (1000 FCFA/m)
Where X : Dismeter of pipe (mm) |

However, small diameters pipelines, such as 200 mm and/or 250 mm, were assumed
to cost 187,000/m and 226,000 CFCA/m, respectively.

Cost of Pumping Station

‘The cost of the Pumping Station, which consists of the cost of _mz_iph__inp, electric

cquipment, and civil work, is roughly estimated as follows. The dilference of cost

E2



among the different capacily pumps is small. The cost of each Pumping Station is

estimated as follows (Unit; Mil. FCFA).

P1 P/S P2 P/S P3 P/S P4 P/S PS5 P/S
5,000 6,000 4,000 4,000 3,000

(3) Operation cost of pump was assumed based on the following equation:

Operating Cost (FCFA/Year)
= {Motor Output x 0.8 x 24 hr/d x 30 d x 38.2 FCFA
+ (168,000 FCFA + 311,404 FCFA )} x 12

Selection of Diameter of Gravity Interceptor

The proposed pipeline diameter under the assumed maximum flow is decided based on the
hydrautic gradiént line to be below the control watér level of the discharge tank, which is
21'm, The maximum hydraulic gradient line is based on the water level 0.0 m of the inlct
of the S1 Pumping Station. The pipeline head loss (H,) was calculated using Hazen-

Williams equation as shown earlicr, The selected pipeline is as shown in Table E.S.

Drawings of longitudinal profile of Interceptor are shown in Fig. E2 — E.14, and drawings

of protection for pressurized bend pipes are shown in E.15, E.16.
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TABLEE.1 PEAK INFLOW OF EACH SPAN

South Interceptor wcsl_mﬁ
Span [ Span 1l Span 1M Span IV Interceptor
Trunk Sewer | 123AB | UNIWAX | 2122 2526 | 333 3536
Length (m) 1600 2000 1600 | 1000 1000
Chflow (%) | 0233 0.537 0.118 | 0104 0.078
| Peak Flow (m%s) | 0.233 0.770 0.888 0.992 0.078

TABLEE.2 EXAMINED DIAMETER OF FACH SPAN

South Interceptor

| West Interceptor

Span | Span 1l Span I . .Span IV
Q=0233m¥s Q=0.770ms Q=0.888m’s Q=0992m%/s Q=0078ms
Dia- | Velocity(m/s) | Dia- Velocily(in/s) | Dia- | Velocily(mys) - | Dia- Velocity(mys} | Dia- | Velocity(m/s)
meter  F meler ' meter mefer meler
Max Min Max Max Max Min Max | Min Max | . Min

{mm) (mm) : “[ (mm) (mm) (mm |

450 1465 {0773 800 1.532 | 0.766 800 | 1.767 | 0.883 | 900 ] .559 1 0.780 |- 200 2482 1.241

500 1.187 | 0593 00 1.210 0.605 7 .9“] Vl 395 | 0.698 1000 § 1.263 | 0.632 250 1589 | 0.794
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TABLE LS

DIAMETER OF GRAVITY FLLOW PIPELINE

Existing road

Existing road

Line.(m)

Urban Road Existing
Section of Wesl BANCO bay of West
Sl pipeline
BANCO bay BANCO bay
Length (m) 700 2000 1000 2400 1600
Inflow (m%s) | ogw 0992 1.070 1.187 1.187
| Diameter of pipe (mm) 900 900 900 1000 1200
Velocity (m/s) 1.559 1.559 1.682 1.511 1.050
Loss Head (m) 2055 5872 '3.378 5.880 1.613
Max. Hydraulic Gradient _

18.798 16.743 10.871 7.493 1.613

16
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APPENDIX F

PUMPING STATIONS
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1. Pump Fotal Head

During the opcration of pump, head losses occur in the suction, discharge, discharge-outlet pipes
ctc. The total Head (H) is the sum of actual head (H,), which represents the head difference
belween the discharge liquid surface and the suction liquid surface, pipeline head loss (H,), and
velocity head (V/2g) loss.  However, the velacity head loss is negligible. A total head (H) is
described by the following equation:

H=I‘Ia+llp+ha

Where, H  =Tolal head, m
Ha = Actual head, m
Hp = Pipe line head loss, m
h, = Allowance, 2.0 m is mostly adopted

The pipeline head loss (Hp) is calculated using the Hazen-Williams equation as described below:

| H=10.67x(Q/C)®xD ~*x L
Where Q = Design sanitary wastewater (m’/s) in the year 2003
_ C = Hazen-Williams discharge coefficient (C= 110)
D) = Diameter of pipe, (i)
L = Pipe line length, (m)

The actual head (1) is calculated by the difference beiween LWL (low water level where the
pump stops) of the wet-well pit and control water level of the discharge tank. The total head of
pump is shown in Table E 1.

2. Selection of Pump Type

In general, the selection of pump type should be comprehensively considered and examined
based on usage/purpose, water quantity, pump head, cosi, control system, water qualily, and
other factors. - The small-sized pumps with a bore of 300 mm or less should be considered

'economica'liy,_molre advantageous based on usage/purpose: standard type models meet such

requirements as water demand, pump head and speed.

In this Study, basic points for the selection of pump type for sewage are durability, reliability and



pump cfficiency because these pumps are operated continuously. Also, non-clogging type pumps
shall be adopted because of floating materials in the inflow.

2.1  Comparison of Pump Types

‘Table F.2 shows the general comparison for the three types of scwage pump based on the above
considerations. '

2.2 Sclection of Pump Type

As shown in Tables F.3 and Ed4, horizontal type screw pump is recommended for the Pumping
Stations P1 and P2. Regarding Pumping Stations P3, P4 and 33-34, submersible type screw
pump is recommended.

3.  Number of Pump and Suction Bore of Pump

The number of pumps to be installed depends on the peak and minimum flow, construction plan,
and standby pump requirement. Moreover, all thé pumps installed in each of the pumping station
should have the same capacity because of easy maintenance and also the variations in séwage
flows are small. | '

According to the sewage quality and quaniity survey by JICA Study Team as described in
Appendix C, the ratio of the existing total sewage flow and estimated for the year 1998 is about
60 %. However, high accuracy in the survey could not be obtained because of large quantity of
floating materials and solids in the sewage flows in addition due to influence of rainwater inflow.
Moreover, the sudden increase in flow for a short time in the midnight and in the early morning
was supposed to be due to industrial wastewater discharges and it could be assumed that the
industrial wastewater discharge in the sewer is actually more than the amount obtained from
SIIC. From these observations, an overall ratio is assumed to be about 60% or less and the
sewage flow in each trunk sewer is assumed to be as follows.

(D 1-2-3A/B and West Yopougon Basin .
The paitern of variations in sewage flow through the survey results is di-fﬁclll{'té" know
because the sewer is broken. It is assumed that the ratio in year 2003, which is the tatget
year of the Project, is about 60% or less based ‘on the ‘séwer c'oﬁn'e'_ct_ioﬁ ratio " aad
assumption that the West Yopougon basin will not be served in the near future,



-
i g

@ UNIWAX Basin
In this basin, sewage flow ratio measured during the survey was about 50% compared to
the estimated flow for year 1998. Therefore, even if the exisling broken sewer in the

downstream is rchabilitated, the ratio is presumed to be about 60% of estimated flow in the
year 2003.

@  21-22, 25-26 Basin
The amount of sewage flow measured during the survey is almost same as the estimated
flow for the year 1998.

@  33-34Basin
The flow ratio measured during the survey is about 75% compared to the estimated flow
for the year 1998.

Based on the above-mentioned observations, the ratio of flow in year 2003, which is the target
year for the Project and year 1998 is assumed to be differed not so much. Therefore, the
construction is planned jn two stages. The number of pumps to be installed in the first stage is
decided based on the flow ratio of the year 2003, The number of pumps at the first stage and
the second stage is shown in Table 5 and ‘Fable 6. ' '

4,  Analysis of Water Hammer

To investigate the complicated pipeline system accurately, analysis based on the characteristic
curves using the computer is the most appropriate method. Therefore, a computerized analysis
is performed in this Study using characteristic curves, which have the following advantages:

(1) By gencral numerical analysis of equations of partial derivatives, which are formulated
for wave movements, equations dealing with differentials suitable for computerized
analysis have been yielded without omilting the minor terms of basic equations.

(2) Calculation accuracy is very high because the discontinuity of wave propagation is
exactly shown.

(3) Head loss effects of pipeline gradients and others are programmable without difficulty.

(4) Applications to special problems such as complicated pipeline systems or water column
separation are easily performed.

The computerized analysis of water hammer by the above-mentioned method is as shown in the
following sections.  The pipeline diagram for analysis model is shown in Fig. E.1.

F-3:



To examine the water hammer phenomena, it was assumed that all the pumps are in operation.
Further, the minimum allowable negative pressure was assumed to be -0.058842 MPa (-6m).

The following cases were investigated using computer.

4.1

(D

@

G)

“)

Case 1: No countermeasure for water hammer

Case 2: Countermeasure using surge tank and flywheel.

Basic Conditions

Main Pump

1) Pump station

2) Pump service

3) Pump type :

4) Number of installed pumps (set) :
5) Number of operating pumps (set):

6) Rated pump capacity (in’/min)
7) Rated pump total head (m):
8) Rated speed of rotation (min™)

Motor and GD2

1) Motor output (kW)

2) Motor type

3) Motor voltage (V)

4) Motor frequency (Hz)

5) Number of pole (P)

6) Pump & motor GD2 (kg-m?)

Check Valve
1) Valve bore (mm)
2) Valve type

Pipeline

1) Pipe No.

2) Location

3) Pipe material

4) Pipe diameter (mm)

Pl P2 P3
Sewage water

Horizontal screw

F-4

P4

Submersible screw

4 4 3 3

3 3 2 2

4.66 10.74 3.54 3.13

38 27 20 11

1,485 1,485 1,485 1,485

55 110 22 11

Induction type - Dry type submersible

380 380 380 380

50 50 50 - 50

4 4 4 4

10.95 14.30 -24.00 13.50

(Inctuding Flywheel)

200 300 200 - 200

Ordinary swing check valve Lo

1 2 3 4
CP1-P2 - P2-P3 P3—P4 - P4OTANK

Ductile cast iron ' SRR

500 800 900 900



5) Wave speed (m/sec) : 1,179 1,122 1,108 1,108

6) Pipeline length (m) : 1,600 2,000 1,600 1,000
7) Loss co-cflicient (C) : 110 110 110 110
8) Pipeline loss (m) : 5.039 6.523 3.828 2.938

(5) Operating Conditions

1) Pump station : Pl P2 P3 P4
2) Flow condition : Design capacity
3) Flow capacity (m*/min) : 13.98 3222 7.08 6.20
4) Suction water level (im) : 4.113 9.651 10 15
5) Discharge water level (m) : - - - 21
\%: 4.2 Calculation Results without Countermeasure (CASE 1)
Pressure Distance Elevation
(MPa) fromPS(m) (EL.m)
Minimum pressure  -0.505 1,200 23
Maximum pressure  0.334 0 - 6.31

The results of the water hammer phenomena calcutations are shown in the Fig. F.2 which
consists of pipeline profile, hydraulic gradient line, and maximum and minimum pressure lines.
In Case I, ncgative pressure is observed and water column separation occurs in the pipeline.
After column separation occurrence, abnormal high pressure will be generated in the pipeline
due to return of water after the column separation and pipeline may be damaged. Therefore,

counternieasures are necessary to protect pipeline from the water hammer.

4.3 Recommended Water Hammer Protection Devices

(1) Additional flywheel

1) Pump station : Pl P2 P3 P4
2) Flywheel GD2 (kg-m?2) : 10 - Including Including
3) Total GD2 (kg-m2) i 2095 14.30 24.00 13.50
4) Flywheel type : Coupling - - -
type

(2) Installation of universal surge tank
1) Location fr_om Pl (m) ! 1,200 2,000 4,000
2) Instalied elevation (EL, m) : 23.0 22.0 21.9



3) Initial water level (EL m) : 35.697 32,982 26.807
4) Diameter of universal surge tank (m) : 3 3 3

4.4 Calculation Results after Installation of Protection Devices (CASE 2)

Pressure Distance Elcvation

(MPa) from PS (m) (EL m)
Minimum pressur ~ -0.003 5,800 21.20
Maximum pressure  0.547 0 6.31

The results of water hammer calculations are shown in Fig. ¥3. In Case 2, water hammer
protection devices arc added.  Negative pressure in the pipeline is within the allowable value (-
0.058842 MPa). Regarding the maximum pressure, it should be checked with the company
when purchasing whether the maximum pressure is within the allowabie pressure of the pipeline
or not. If the maximum pressure is within allowable pressure, these protection devices are

effective and recommendable,

4.5 Water Hammer Protection Equipment

Flywheel and universal surge tanks to protect from water hammer are recommended, ..
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TABLE E2 GENERAL COMPARISON OF PUMP TYPE

HORIZONTAL, SCREW TYPE | VERTICAL, VOLUTE TYPE SUBMERSIBLE, SCREW
(Plan 1) (Plan 2) TYPE(Plan 3)
3
LAYOUT ﬂ W NS
r | il
s, -
i’ \_m
Since horizontal suction and | Flange layout is under suction | Since the impeller is always
PUMP verlical discharge layout, pump | and horizontal discharge. | submerged in the water, pump
COlNSTR can bc disassembled without | Because single suction and | starting can be carried out casily.
UCTION disassembling of pipings. Non- | volule casing, this Iype has a | However, also electric motor is
clog impeller of screw type is | meril for clogging. Thrust force | in the water, this type has a
AND
FEATURE adopted, for lower dircction is gencrated. | demerit for water leakage into
S Motor is installed on the pump | the motor and deteriorating of
casing. insulation.
Dry -pit for installation of + Dry-pit for installation of ¢ Dry-pit is not necessary
. cquipment  is  necessary. : cquipment IS necessary. ¢ because pump is installed in
SPACE -Also wide  spacc s ! However, it will be narrow ¢ the suction pit,
OF PUMP | % ! necessary because horizontal i compare  with  Plan 1] O:
ROOM E pump, v:ﬂves, pipes, ctc. i because molor is installed on :
+ shall install same floor. i the pump. :
‘ Height of pump room is low : Height of pump room shail |~ Out-door type can be
HEIGHT i because horizontal pump. | be considered for i applied. :
OF PUMP | O! A maintenance  of  vertical | O
ROOM : i motor. ;
: Pump weight is light and ; Total weight for pump and 1 Weight of submersible pump
i equipment load is supported i motor is supported by pump iis light. Also, load for
LOAD 1 by wide floor asea. i floor. If distance between ! boltom pit is light,
FOR O . A i ground level and suction o'
PUMP : + water level is high, separate i
FLOOR ' + floor for “electric motor is ;
: r necessary. :
' Installation of equipnicnt g'lhc installation  requires i Thc' installation is the casiesl
EASINES { such as shaft alignment is i well trained technicians with i among those three.
S FOR OE easy because pump, mofor, A'E special  pump  installation 05 o
INSTALL i valves, pipings are msta]lcd i skills for leveling and ‘shaft H
ATION ' honzonla]ly i alignment. :
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: Longer device life,
: comparing with submergible
i pumps, can be expected
! because the molor unit is

Same as left.

]
.
.
.
.
»
»
I
"
]
.
]
’
]
»
I
.
]
I
]
'
’

i A long life span cannot be
! expecied. Submergible
i pumps are generaliy used for
¢ shorl-time  or temporally

flywheel, it will be
expensive.

DURABI 03 frce  from  suction  water 0O 1 stations. Leakage may
LITY  contact. By employing some roccur because motor unit
i anti-crosion and or non- vand pump itself are always
+ metal materials, the pump ¢ in the suction watcr.
i life can be enhanced. ;
HORVZONTAL, SCREW TYPE | VERTICAL, VOLUTE TYPE SUBMERSIBLE, SCREW
(Plan 1) (Plan 2) TYPE(Plan 3)
| ' 1
i fthe periodicalty check and ! Same as left, i Because of possible leakage
¢ mainlenance are carried : ' into the motor unit due to
RELIABI | , i oul, long lifc operation and OE 1 the  lemperature  changes
LITY : higher rehiability are ! rcaused by  intermittent
1 expected, : i operation, it has the lowest
! : : reliability.
: Because of horizontal punp, : Because of verlical pump, i Generally, flywheel can not
: flywheel as a water hamuner |} flywheel as a water hammer : be applied for submersible
+ proteclion can be applied. In s prolection  ¢an not  be 1 pump. However, it can be
: this case, flywheel has a i applicd. Other method such i applicd for speeial pump as
WATER .+ merit for maidtenance free : as surge tank or air chamber 1 a option.
HAMME : and high reliabitity. i shall be applied. :
R Q: A Air valves  which  are :
PROTEC : i installed in the pipeline can :
TION : inot . be  recommended :
H { because  foreign  malterials :
' ! are included in the sewerage :
waler. '
! Screw impeller has a merit + This pump has a volute i Screw  impeller or vorlex
! for clogging. ! casing, if foreign materials i type impeller has a merit for
CLOGGI o! A { are passed in the impeller il : clogging.
NG : ! will not be clogged in the :
: casing.
i Operaling condition can be ¢ When disassembling of the . Operating condition cannot
: checked directly because all : pump, verlical molor shall ! be checked directly because
MAINTE O the rolating components, Al be dismantled. Also, special s all the componenls,
NANCE ¢ including the motor, are : skitls for leveling and shaft :including the molor, are
1 above the water. : alignment are necessary. : submerged in water.
tIf suction water level s ! Same as left, ? Pump can be easily started
: higher  than cenfer  of : $ because impeller is always
OPERATI : pump, pump can be easily : : submerged in the water.
ON | A starfed because impeller is | A :
METHOD : always submerged -in the | - ! :
i water. . ; :
i For the small capacity this |- i For the large capacily this ' Same as lefl,
: type of pump is used for  type of pump is used for :
RECORD i many cases of sewerage i many -cases- of sewerage :
S~ FOR : purpose. Because this pump 1 purpose. Because this pump :
SAME . O: 151__ expected  for  non- | A :si expected i for non- :
: clogging, i clogging. owever, In .
PROJECT . ._g icase of small capacity,
: i ! there is no metil. ' :
i Honizontal - pump and molor ! Most cxpensive among three : Standard submersible pump
iare not expensive compare ! types. : is not ¢xpensive. However,
. - "+ with verlical one. HE Vit there is a  special
ggcgglglg oy - A ' requirement  such  as




CIVIL.
COST

i If positive suction method is
: adopted, quantity of
i excavation will be large and
{ pump floor arca is wide.
i Accordingly, civil cost is
! most expensive among three
p!ans

' Middle cost among fthree
: plans.

A

+ Quantity of excavation is
! most small because there is
not dry pit. Accordingly,
civil cost is cheapest,

RUNNIN
G COST

Vlow pump  cfficiency
Al comparc with plan 2.

+ Highest  pump

ctliciency
O: ; among three plans.

Lowest pump
among threc plans.

efficiency

TABLEF3 P1(1-2-3A/B) . P2(UNIWAX)} PUMPING STATION

HORIZONTAL, SCREW TYPE

VERTICAL, VOLUTE TYPE

SUBMERSIBLE, SCREW
TYPE

RESULT

©' MOST RECOMMENDED

o NoT STRONGLY
{ RECOMMENDED

A NOT RECOMMENDED

REASON
FOR
SELECT]
ON

If positive suction method is
adopted, civil cost will be
expensive. However, this pump
has a merit for durability,
reliability, non-clogging, water
hammer protection (fiywheel can
be adopted), elc. compare with
other plans. Accordingly, this
pump is most recommendable in
consideration of total judgement.

Initiat cost is  expensive,
however, in case thal funning
cost, durabilily and reliabilily are
considered as first priority, this
pump should bz considercd for
comparison.

However, when this pump is
adopted in sewerage purpose,
large pump bore (ex. over $ 500)
is necessary because of clogging
of materials.

Pump stalion Pl: as a waler
hammer protection, flywheel is
necessary. However, there is no
submersible pump with flywheel
in this rating.

Pump slation P2: flywheel! is not
necessaty, so that submersible
pump can be applied. However,
capacity of this pumping stalion
is large and this pumping station
is  imporlant.  Accordingly,
submersible pump can not be
recommended because of its low
durability and reliability.

TABLE F4 P3(21-22), P4(25-26-27) AND 33-34 PUMPING STATION

HORIZONTAL, SCREW TYFPE

VERTICAL, VOLUTE TYPE

SUBMERSIBLE, SCREW
" TYPE -

RESULT

o! ' NOT STRONGLY
: RECOMMENDED

A | NOT RECOMMENDED

© | MOST RECOMMENDED

REASON
FOR
SELECTI
ON

In case that durability and
reliability are considered as first
priority, this pump should be
considered  for  comparison.
However, initlal cost such as
facilities and civil is expensive.
Accordingly, pump type should
be selected in consideralion of
total budget.

Since total capacily is too small,
this - pump can not be
recommended as a  sewerage
pump.

‘this pump . is

In (his pumping station, (lotal
capacity - .is small and
submeisible pump with flywheel
is adopled, Accoidingly,
submersible  pump: is low
durability:  and reliability,

-_ ho\vever,-initial cost including
facilitics

:"ar'lc‘l' civil cost is
cheapest among thice. -So that
most
recommendable.

¥-10



TABLEES NUMBER OF PUMP FOR SECOUND STAGE IN FUTURE

73334 ¢ 3536 21-22 25-26-27 1-2-3A/B | UNIWAX
Pumping Station basin basin basin basin basin
Pcak Flow 4.68 ny’fmin 7.08 m¥ntin | 6.24 m*/min 133 '95,3 332 22
m'/min ny’/min
No. of Qp=1/2Q Qp=1.3Q
Pump unit 3 units (standby 1 unit) 4 units (standby 1 unit)
Suction bore 150 mm 200 mm 200 mm 200 mm 300 mm
TABLE F.6 NUMBER OF PUMP FOR FIRST STAGE IN 2003
33-34 21-22 25-26-27 1-2-3A/8B UNIWAX
Pumping Station basin basin basin basin basin
Peak Flow 1.62m*min 7.08 */min | 6.24 m¥min | 8.39 m¥min | 19.33 m¥min
No. of QR=Q Q,=1.12Q Q,=1.72Q
Pump unit 1 units (standby 1 unit} | 3 units {standby 1 unit) 3 units (standby 1 unit)
Suction bore 100 mm 200 mm 200 mm 200 mm 300 mm

The suction bore of the pump is calculated by the equation below.

Where,

Q: discharge flow of pump (

D =146 (Q/ V)%

D: suction bore (mm).

/ min),

V: velocity: 2.0 ~ 2.5 m /sec on the suction side
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PIPELINE DIAGRAM

THE FEASIBILITY STUDY ON SEWERAGE FACILITIES IN WESTERN DISTRICT

FIG.F.1
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1.1

Current Situation of Construction Cost

The inquiry for the basic construction cost (materials, equipment and labour) was
conducted by visiting the main construction companies and suppliets in Abidjan in June
and July 1999 (refer to Table G.1). The current situation on the procurement of
construction materials and labour and the mobilization of construction equipment were

also investigated through those inquiries.

The following are the situation of the procurement of construction materials, labour and

equipment in the Abidjan area.
Construction Materials

Among the basic materials for construction, only cement and coarse/fine aggregate for
concrete are manufactured and provided domestically to the market. There arc several
manufacturing companies in Abidjan that produce concrete tubes/pipes, steel tubes/pipes

and tanks and provide those products for construction works.

SIBM (Société Ivoirienne de Béton Manufactur¢) is a manufacturing company of pre-cast
concrete products such as tubes, pipes, poles, blocks and so on. In the line-up of the
products, there appeared a large variety of RC (reinforced concrete) pipes to be used for

the construction works of water supply and/or sewerage sj*stem.

The company has the experience to provide the RC pipes to be used in Jacking Method.

Those products are manufactured in accordance with Norme Frangaise and the prices

“(including VAT 20%) are seen as half of the similar products in the Japanese Market. It is

advised that the prices of products are stable aftet the devaluation of CFA franc in January
1994.

Steel consfruction materials in the market are imported products mainly from Europe. It

“was informed that the sewér pipes of steel or iron préducts from middle to large diameter

(nominal diameter is 900 mm and above) are imported mainly from Trance. Then, the

G-1



1.2

prices of stcel products scemed rather higher compared with that of the current Japanese

market.

Table G.2, (1) and (2) show the prices of miscellancous construction materials. STCA
(Société de Tuyauteric Chaudronnerie d¢’Abidjan) is a manufacturing company of steel
tubes, steel tanks and miscellaneous stecl-processed products. The company also deals in
installation of those products, aﬁd a department of this company (Travaux sous Marins)

carricd out the construction of lagoon crossing of sewerage (Marcory - Brocosso) as the

sub-contractor of SONITRA.
Construction Equipment

The unit prices of construction equipment informed from the construction companies in
Abidjan are shown in Table G.3. Those are from two to five times higher than that of
current market prices in Japan. All the construction equipment, vehicles and machines in
this country are imported from the European countries, the United States and Japan and the

market does not scem to have the wide range line-up of equipment.

Therefore, the construction cost in this market has a tendency that the work depending its

nrajor portion on mechanical exccution becomes much higher than manual execution. -

There are a few companies that deal with the leasing business of construction cquipment in
Abidjan (THINET, LOCATP, SIMPO, ctc.).

Labor Conditions and Cost

The Ivorian labor_ market scemed to be segmented. Unskilled and day lab’ourris_‘readily

available, while clerical, technical, managerial, and professional talent is more difficult to
find.

By regional standards, Cote d’lvoire has a highly-trained and highly-capable work force
and the government has traditionally encouraged the hiring of Ivorian nationals. Wage

rates are relatively high by regional standards, but costs of capital g(_)_ods, transport, and

G2



encrgy are also high; it is therefore not obvious that high labor costs provoke overspending

on labor-saving technology.

The unit prices of construction labours informed from the construction companics ii
Abidjan are shown in Table G.4. Those are rather lower than that of the developed

countries.

The following are the institutional conditions of labour in Cdte d’Ivoire.

Working hours: 40 hours a weck
Allowance for overtime: weckdays: 15% increase for 5:00~21:00;
75% increase for 21:00~5:00
holidays:  75% increase for 5:00~21:00;
100% increase for 21:00~5:00
Guaranteed minimum monthly wage: 29,000 FCFA (about USD 58; 1996}

Average monthly wages
| Unskilled worker: 29,000 F/CFA (about USD 58)
Semi-skilled worker: 48,500 F/CFA (about USD 105)
Skilled worker: SO,GOO—GS,OOO FICFA
(about USD 108 - 136)
Bilingual Skilled Office Worker:
750,000 F/CFA (about UsD 1509)

Typist: ©45,000-54,000 F/CFA

| | "~ (about USD 90-108)
.-B-i'li.ng.ual Receptionisl:' . 330,ﬁ00 FICFA (aBout UsSD 660).

Secretary: 64,000 F/CFA (about USD 128)
Public Holidays | _
7 New Year's Day R Janvary |
Eiid of Ramadan T Mareh
Easter Monday March - April
Labor Day (Féte du Travail) May 1
Ascension Day (Féte de I’ Ascension) May

G-3-



2.1

2.2

Tabaski May

Pentecost Monday June
Independence Day (Féte Nationale) August 7
Assumption Day (Assomption) August 15
Prophet M_ohammcd's Birthday August

All Saint's Day (Toussaint) November 1
National Peace Day November 15

Commemoration du Décés F, Houphouet Boigny
December 7

Christmas (No¢l) December 25

Basis of Cost Estimate
Unit Price of Labor; Material and Equipment

Unit price of each element such as labour, major material and major equipment were
determined on the basis of the data collected in the field inveStigalidn in June and July
1999. The social and market conditions of Abidjan are to be taken into account 1o

determine the unit cost of each construction work.
Basic Cost of the Works

The basic costs of the conslruclrion works arc obtained by accumulalting labor cost, material
cost, equipment cost for the aésumed typical and conceptual design. Cost of general
temporary works (20% of accumulated direct cost of each construction work) and indirect
cost (30% of the smﬁmaﬁon of the cost of direcl: éonslruclibh .Wor-ks and general temporary

works) which consists of overhead expenses, profit and so on are to be added.

‘The construction methods, equipment and labors, pmceeding sbee’d of the works are
applied in accordance with STANDARDS FOR COS'I‘ ESTIMATIONS OF PUBLIC
WORKS (Minisiry of Construclion in Japan, 1999),




2.3

2.4 ' Procurement of l_iu'mp'Equipm:ént .

Procurement of Sewer Pipes

Three kinds of sewer pipes are assumed to be used in the conceptual design stage, i.c.,

ductile cast-iron {DCI) pipes, reinforced concrete (RC) pipes and steel pipes.

DCI pipes arc unique goods that have only a few manufacturers in the world. The
procurcinent of DCI pipe is, therefore, assumed as importation from Europe. Unit price of
DCI pipe is based on the market price of FOB at UK port and was adjusted considering

curstoms, insurance and freight and transportation cost inside Abidjan.

In case of RC pipes there is a few reputed manufacturers, such as SIBM, in Abidjan. RC

pipes are to be procured at lower prices in Abidjan as domestic products of Céte d'Ivoire.

Import of steel pipe products fromn fdreign countries was considered costing and
uneconomical. The possibility of domestic procurement of steel pipes has been sought for.
There are a few manufacturers of ‘steel tubes, pipes and/or tanks, such as STCA and
SOTACI, and those companies in Abidjan have technology and capabilities of processing

(bending, welding) of steel sheet to form steel pipes.

Steel sheet may be imported from Evropean countries economically, and combining this

with the technology of Ivorian manufacturers and the process of inner coating of steel

pipes by mortar, the necessary quantity of steel sewer pipes can be provided domestically.

The cost estimation here assumes the above-mentioned conditions of procurement.

The procurement of Pump Equipment are assumed as import from Japan at this stage but

not limited to this method.

Unit cost of Pump EquipIﬁent for pumping station includes costs of design, manufacturing

~in factory in Japan, workshop lest, spare parts, cost of delivery and installation, based on

the FOB Tokyo prices and is to be adjusted considering customs, insurance and freight.



2.5

Capability of Local Construction Companies

Three stages of construction projects of sewerage facilities had been implemented in the
past 24 years in Abidjan and scveral of the local construction companies engaged in the
projects as a main contractor and/or sub-contractors. Thercfore those companics in the
region have expericnce with equipment and key staff to carry out the construction works at

the acceptable level.

Although a significant labour force will be needed when the construction stars, there
would be no serious difficulty in finding common labor. But skilled tabour, foremen and

construction supervisors at various levels could posc some difficulty in their availability.

The project of sewerage facilities often involves the construction works of large-scale, such
as pumping stations, andfor of complicated method and equipment, such as tunneling under
exisling urban structures using of jacking method, to require skills and expetience of the
contractors. For such important portion of conslruction works would require experienced

foreign contractor, dispatch of expatriate engineers and/or instruction of them.
Estimate of Construction Cost for Planned Facilities
After the preliminary design of the proposed facilities and equipment is prepared based

upon the topographic and geographic survey, the quantitics of works of such designed

facilities and equipment are eslimated.

The construction costs of all the works and facilities are estimated and divided into the .

local currency portion and the foreign currency portion depending on the components of

materials or works.

The local currency portion is the estimated cost of the materials, equipment, labor and
products that arc available to be procured domestically in Céte d’Ivoire. The foreign
currency portion is the cstimated cost of the imported materials and services such as stecl

products, DCI pipes, use of imported construction equipment andfor employment of
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expatriate engineers.

Considering the above aspects for cach component of works, the propottion of the local
currency and foreign currency was introduced to the unit prices in the breakdown of cost

estimation.
Opcration and Maintenance (O&M) Costs

Operation and maintenance for this project arc composed of sewer pipeline, and pumping

stations.

Pumping stations are composed of electricity, repairing costs and personnel expenses. And
that of sewer pipeline is composed of repairing costs, daily inspection, cleaning works and
personnel expensés. The frequency of these works are assuming that it will be inspected
twice a year and to be cleaned at least every two years by use of thrusting rods and minor

repair of the equipment.
The annual O&M costs of the sewerage system is shown in Table G.5.
Pumping Station

O/M costs of the pumpi'ng stations are composed of electricity, repairing costs and

personnel expenses. The method of costs estimate are as follows.

Electricity ;
Cost (FCFA/Year) = {Motor Output x 0.8 x 24 hr/d x 30 d x 38.2 FCFA
+ (68,000 FCFA +311,404 FCFA )} x 12

Repairing Cost ;

Cost (FCFA/Year) = Construction Cost x 0.5 %
= 3,335,000,000 x 0.005
= 16,675,000FCFA



4.2

Required electricity cost of pumping stations is in shown in Table G.6.
Scwer Pipeline

It is assuming that the daily inspection and cleaning works of pipeline will be carried out
twice per year and once every two years, respectively. The daily inspection is estimated
400 m/day by two to three (2-3) crews in each team. The cleaning works is estimated 200

m/day by three to four (3-4) crews in cach team.

For the daily inspection and cleaning of the sewer pipeline, required costs of working cars,

trucks, fuels and repairs of them are as follows.
M =900 FCFA / m-pipcline ( See Table G.7)

where:
M : unit maintenance cost of pipeline

(except the personnel expenses and repairing costs)

Repairing Cost ;

Cost ( FCFA ) = construction Cost x 0.5%
=9,740,965,000 x 0.005
= 48,705,000 FCFA

Detailed annual operation and maintenance costs are shown in Table G.8.
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TABLE G.1i

ICI

COLAS - CI

FRANZETTI

SIBM

STCA

LIST OF THE COMPANIES VISITED FOR PRICE INQUIRIES
IN ABIDJAN

Ingenicurs Conseils en Infrastructure
13, Rue Paris Village, Abidjan-Plateau, 01 BP. 8466

A consultants company of civil engineering and public works.

COLAS Céte d’lvoire
Rue du Chevalier de Clieu (Zone 4C) - 01 BP. 1082

A construction company of civil engineering and public works, and a member
company of the Bouygue Group with SODECI and SEATO. The company has its
fortes in the fields of construction of road and/or sewerage facility.

01 BP. 1724 -Abidian 01

A construction company of civil engineering and public works established in 1953,
and a member company of the SADE Group. The company has its fortes especially
in the fields of construction of water supply and/or sewerage facility.

Société Ivoirienne de Béton Manufacturé
12 Rue Thomas Edison —~ 01 BP. 902 Abidjan 01

A manufacturing company of pre-cast concrele producls such as tubes, pipes, poles,
blocks and s0 on.

" Société de T uyauteric Chaudronnerie d’ Abidjan

Rue des Alizes, Bietry — 01 BP. 1912 Abldjan 01

A manufacturing company of steel tubes, steel tanks and miscellaneous steel-
processed products. The company deals in installation of those products, and a
department of this company (Travaux sous Marins) carried out the construction of
lagoon crossing of sewerage (Mftrcory — Brocosso) as the sub-contractor of
SONITRA.

FLUTEC Brossette  Zone 4A Boulevard Valéry Giscard d’Estaing, 01 BP 1593 Abidjan 01

A supplier company of construction materials.

SONITRA (Société Nationale [Qoirienm’: de Travaux) -- 01 BP. 2609 Abidjan 01

SOTACH

~ SIPEL |
SOTRA _Dragage
SOTELCO

Yopougon — 01 BP 2747 Abidjan 01
Rue Dr Fleﬁlinl_g, anc 4 C, 11 BP 30 Abidjan 11
© 01 BP 1237 Abidjan 01

01 BP 6824 Abidjan 01



TABLE G.2 COST INVESTIGATION (MATERIAL 1/2; June 1999)

*)Yen:CFAF= 1:020

No. Ttem Description Unit [Price (CFA F) Price (J Yen) Remarks
1 {pvCPipeDNITOmm  [t=30wm | m | 33100  662|FLUTEC Brosseltc
2 [PVCPipeDNI2Smm __ [t=30mm | m {3780 156{FLUTEC Brosselte
T3 |PvCPRipe DNI6O W [=32me b m [ 5230| _ 1,046[FLUTEC Drosselte
4| Tdwe T esswmo | m | 56800 1136[FLUTEC Brossette
5 PVC  Pipe DNZOD mm o =39%mm f om f 7860 LST2IFLUTE Q__I_Brosselle
6 dmg__ B el mm . m 9,400 1,880|F FL UTEC Brossette
7 lj\{C Elpe DNZSO mm =49mm | m | 12280 2,456 FLUTEC Brossette
8| dmo  heGdmm 1w | 15270 3,054]FLUTEC Brosselle
9 PVC Pipe DN3]5 mm C|=62mm om0 19,650] 3,930|FLUTEC Brosseite
10 ?diliug o =12mm D om0 24,1300 4,826 l*LU“_i_l_ﬂ_(_Zg_[qgelw
Il PVC Pipe DN_L!QQ mm l?isimm ol m 3L170 6,234|FLUTEC Brossetic
12| diee o [=98mm | om [ 38860|  7,772|FLUTEC Brosscile
13 |Centrifugal RC Plpe ' I T o
___| DNgo0mm L=4.0m, 60A no | _157,988)  31,508[SIBM
@ divo L40m90A | no | 177,046] _35400i8tBM
15| i L=a0m, 135A | o | 19424l T 3sges|SIBM
_16_[Centrifugal RC Pipe AU I RSO B e
Tl oN10comm  [t2sm60A | mo | ie3sei|  32700/SIBM__
7| dive e2smoooa | Tno | Timsges|  sagaifsisM
18| diwe [L=25m,135A  } mo } 188178 37,636/SIBM
19 Centnl‘ugal RC Plpe R .
______ DNI1200mm  |L=2.5 I]]_g(_)i\______.___ - no 225,505 45,10135tBM )
20| dito  ue2sm90A | ne | 242,122] 48d424|SIBM
20 dito L=25m,135A | no | 264,707 52,941{SIBM
22 [Centrifugal RC Pipe O NN R -
_ | DN 1400mm l_.—2 dm, 6 60A | no 336,833 67,367|SIBM )
23 ditto L=25m,90A _no 357,534 71,507(SIBM
24 | dito L=25m,135A | no |  415706]  83,141|SIBM
25 |Ductile Cast-lron Pipe DN6Omm | m | 96 942 19,388 I:QQ atUKPort
26 diito |DN80Omm | m .,“4 050 22,810|FOB at UK Port
2T _ditio IDN9O0mm | m 136,364 27273|FOB at UK Port
281 dillO__ o QNﬁlOﬁOO mmr_‘ - m_ | 170,455 . 34,031|FOB at UK Port
29 ditto ~_|DN 1100 mm m 202,922 40,584|FOB at UK Port
30 dmo DN 12060 mm m | 241,574  48,315|FOB at UK Port
31 Read) mmed Concrete 350kgfem2 | m3 63, 000 - 12,600}SN SATCI © -
E R 2S0kgrem2 | m3 | 57,000 1L, 400[SN SATCE
33 \10rtar for Plpe Coaling o | om3 309,000 60,000{by hearing =
34 Ccmcm B 1 | ton | 49,600 9,800]COLAS
o Ccmen_t_____ o lon - 54,000 10,800{SOTELCO
35 [Portland Cement | | Tton | 520000 10400[FRANZETTI _
36_[sand ) T e | T as0of o seolcotAs
37 |Sand for Filling ld=0-5mm “m3 | 25000  500]SOTELCO
| ewe ) diwe _m3 | ddoof 2,280|FRANZETTI _~
38 Transpgn_al_lon of Sand - ~ Jton*km| 300-5001  60- 100JCOLAS
39 |Aggregate | T L wen | T7800f T 1SE0|COLAS
37 |ComseAgeregate | | Ten | 7000] " T1440/SOTELCO
[Coarse Aggregate | | ten } 139200 2984|FRANZETTI
38 |FineAggregate ] ton /8000 1600[SOTELCO
Fine Aggregate ton 16,160 3,232| FRANZETTI




TABLE G.2 COST INVESTIGATION (MATERIAL 2/2; Junc 1999)

*1Yen:CFAF= 1:0.20

No. ltem Descriplion Unit [Price {CFA F)Y Price (J Ycn) Remarks
39 |Ready-mixed Concrete 300 kg/em2 m3 | 45000] 9,000|FRANZETT]
| dito  PsOkgom2 | m3 43,0000  8,600|FRANZETTI

B __die  [180kglem2 m3 - _4_(}_(!9_0 _ 8,000|FRANZETTI
| dite 120 kg/em2 | m3 | 37,500} 7,500 FR/_\_I}I_Z_FTT% -

40 Gravel for htlmg o _d__5 =251 mm ] m3 10, 200 ~ 2,040iSOTELCO

41 .,.,E‘,'l‘?,,,,, ~ |d=25-100 mm | m3  §500] 1,700{SOTELCO
A2 dito _|g=re0-300mm w3 | 4 R
43 |Gravel for Fitling  [d=5-25mm | w3 | 14,800]  2,960|FRANZGITL

,_.d'“,‘?,,,,,,,,,,ﬂ ~ |4=25-100 mm m3 123201 2464[FRANZETTI
dite  d= IOO_;OO mm m3 12,000 2400 IRANZF] TI
44 s Stone for Pltchmg - m3 ! 14,000 2 800 COLAS
45 SIructuraIStecl | ton 235,000 47 000 COLAS
_46_{Steel Shect Pile. | |ten_t _ 345000|  69,000{SOTELCO
_[SteelSheetPite [ | ton |  300000|  60,000[FRANZETTI
AT jAs-ConHotMix ton | 70,000 14,000|FRANZETIE
48 |ReinforcingBar De__fgr_m_c:_d Bar 6mm ten ~290,000]  58,000|Dernabe CI
49 ]  diwe - ID8-DI6 | ton 260000 _____ 52,000[{Bernabe C1
50 m__“ii_tl_tg o D20 -D32 ton | 300,000 ~ 60,000|Bermabe CI

51 |Deformed Reinforcing Bar ) ton | 450,000] 96,000 lRANZlZT]I B
_S1_[Form Material e=tsmm b w2 | s400f  1,080|SOTELCO
52| dito  J=l2mm w2 | 4,000 ... 800[SOTELCO

53 I‘orm Material = 15 mm m2 2,_5__()9  L500]r FRANZ[‘.TTI

54 ditto =12 mm o m2 6'3757(10 1,300(F I‘RANALTT!




TABLE G.3 COST INVESTIGATION (EQUIPMENT; June 1999)

* Unit Prices include fuel and operator, and do not include governmental taxes.
¥ I¥Yen:CFAF= 1:020

No. ftiem Description Unit |Price (CFA F) Price (J Yen) Remarks
1 |Bulldozer (Ripper) ~ (32ton howr 1 96,038  19208]COLAS
2 |Bulldozer 21 ton | hour _______']6 248 15,250 COLAS o
3 B_gl@ggir______________________ 15ton hour 58,8051  1L,761{COLAS )
| Bulldozer . I‘tton | day | 4QQ 7()7(7)70 - 7§Q 000 EBAN?[ {Tj 77777
4 Whecl Loader _ 2 mB Bukket | hour | 65,6991 13, 140|COLAS
7777777 %efelﬁkpggg B o CAT 950 day 350,000  70,000|FRANZETTI
5 |Excavator l Om3 day 450,000 90,000{FRANZETTE
6 Backhoe  lo9m3 day | 375,000 75,000]FRANZETTI i
7 |Backhoe ~ j0.6m3 | day 300,000 60,000 FRANZETTI
Backhoe Jo6m3  f hour | 49623 9925[COLAS
_8_|Backhoc _ Clo4m3 | hour | 41936]  8387[COLAS
9 [Dump TrucL L lOton o | day 226, 338 45,268COLAS L
|pump Truek w3 day 200,000 40,000|FRANZETTI
10 |Flat Body Truck gg_t_o_n day | 250,000 50,000|FRANZETTI
11 |Vibration Roller |10 ton | hour 65,720 13,144|COLAS
12 |Vibration Roller Jdton Y hour | 44,558]  8,912|COLAS i
;l}” ll)draultc Crawler Crane 35ton 1 howr 98,665] - 19,733|COLAS
L H_)iq[au_hq_CrawIer Crane [35ton | day 450,000 90,000|FRANZETTI
14 {Hydraulic Crawler Crane  |50-60ton | day | 650, 000 ___130,000[FRANZETTI
15_|Hydraulic Crawler Cranc [80ton | day 800,000] - 160,000/FRANZETTI .
. 16 {Hydraulic Crane 20ton Chour | 144295 28859ICOLAS
17 {Hydraulic Crane ~ {i5ton hour 116,267} 23,253|COLAS
18 tHydrawlic Crane 5ton hour 73,316]  14,663|COLAS L
19 |Truck wgl_l*!*g{ane  fton | day | 273,239 54,648|COLAS B
20 |Hydraulic Truck Crane [25ton ) ‘day 350,000 70,000{FRANZETTI
21 |EngineCutter  |forsieel day | 136364|  27273|byhearing
22 [CrawlerDin hour 83, 419 16,634|COLAS
23 |AirCompresser ~ 117m3 | _day 1174827  23,496|COLAS L
24 |Air Compresser 5m3 day 50,036 10,007}]COLAS
25 [RoadRollr  [5-20wn | hwr | asp00|  ooslcorAs
26 |Generator 100 kVA hour | 24401 " 4880|COLAS
27 |Gengrator !_S_O_,_I_gYA__V | day 250, 0eo| 50,000[FRANZETTI
28 |Generator_ . 20kVA | hour | 41,801  8360COLAS
~ lGenerator 200 kvA | day | 300,000  60,000]FRANZETTI
29 |Motor Grader o Blade —-3 l m hour 46,505 9,301COLAS
30 |Tyre Rolter o121 hour | 71,120]  14,224|COLAS
31 Pick-wp ) Ullhty Car | day 82,194 16,439[COLAS
32 Concrx_te_B_q_t_gﬁl_ng Plant B lOm3fhour S B o
~ |Mobilization and pe:ypﬁbﬁ e B 5000 000} 10{]0 000 l:g_!ﬁ._b!_&_l_.:l"_]_[ L
|Daily RentalCharge  y  } day | ___]_5,000 N 15,000{FRANZETTI
~ _|OperationCost | | day | 80,0000  16000|FRANZETTI
33 [Plant Mobl!lgglgll 7 3707(9:1 'lralh,r | wip | 200,000) 40,000|COLAS
[Concrete Truck Mixer  sm3 | day | 300,000  60,000(FRANZETTI
Concrete Mixer 07m3 | day 45,000 9, 000 FRANZETTI
3:1 Wa!er Pump |5 m3/min | day _25_@0 5,000 I_‘B_ANZ[-,TTI ___
35 Teslmg Equlpmem ) Water Pressure unit ti 500,000  900,000]by hearing B
36 [UndestructiveTest —~ [Welding | m | 318| 64{by hearing _
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TABLLE G4 COST INVESTIGATION (LABOR; June 1999)

*JYen:CFAF = 1:0.20

No. Item Description Unit |Price {CFA F) Price (J Yen) Remarks
1 {Foreman hour 1,160 _238[COLAS

eoreman || ey | usooo s ev0fkmANzET
_fPoreman | |.day ] 250001  5000[SIPCL

2 iSkilled Labour hour 910 182]COLAS

___iSkilledLabowr | | day | 6,000 77#777777],7297(}IRAN/ETFI
 {Skilledlabour 1 | day | 25000 S00[SIPEL
3 [Commontabour |~ | hew | 630  126[COLAS
——_jfCommeonlabour | | day [ 50000  1OOOIFRANZETTI
~ {Commonlabour } | day | 2,000 400|SIPEL
4 Qgg:gt_tpl S Hcavy Lqulpmcnt ~ | hour ~_Losop 210 COLAS _
_ 5 |Operalor _|Light Equipment | hour 1,050 210 COLASﬁ -
6 |Driver N Heavy Equipment | hour | Los0) 210|COLAS
fi 7 [)_E\{_e_r_ _________________________ ~ l_Jighl Equipment hour 1,050  210[COLAS o
8 |Driverof Truck ) ] day 80001 1,600 FRANZLTT[ o
_|psiverofTruck | day 15,000] 3,000[SIPEL
9 Es_lggl_rlgl_@l___ L hour 1,050 210|COLAS o
o [-'leclnt:lan o o day 10,000 2,000 }‘RANAL!'!_I________
o Flec_ir_i_c_:lan L day | 15,000 3,000[SIPEL.
10 |Mechanic - | hour 1,050} 210|COLAS
o |Mechamic (" " day | 10,000]  2,000|/FRANZETTI |
11 |Concrete Worker - | hour f ~ -910f  182|COLAS
12 |SteetFixer | hour | 910 _ 182|COLAS
__|Steei Fixer _ R day - 8,000] 1,600 FRANZETTIV_W_____
13 |Carpenter. | hour 910 182|COLAS
Carpenter - U N A 8,000 LOOO|FRANZETTI
14 |Welder - o | _hour 910]| - 182|COLAS

Welder - o day - 8,000| 1,600 FRANZETTI

15 |Masonry oo fhouw | Tolof  182fCOLAS
16 Pa\ement Worker 1 I haur | 910] 182 COLAS )

17 |Plumber ~ hour 910| i82lcoLas
18 [Plasterer 1 hour 910} 182]JCOLAS
19 |EathWorker | hour | 630}  126[COLAS
20 |Supervisor (Expatriatey | day } 200,000 40,000 FRAN/FTTI

21 |Supervisor(Local) | | day 40,000 77”'78,9(}70 EBJ\]{ZF ,,,TT,{,,,,,,,
_|Supervisor(Loca) __day 350000  7,000(SIPEL.
22 Ass:staqg_gg_glnee_r__m____ Civi I month{ 450,000 90,000 (,:,QL,A,S,,,,,,,,,,, o
23 lAssistant Engineer |Mechanical | month |  450,000{  90,000{COLAS
24 JAssistant Engincer  |Electde " |'month | ~450,000{  90,000]COLAS
25 Assistanl__Eilgjnccr ?lumbi_i}g______________ ) month 450, OBQ 90,000 COLAS

26 Surveyor month 450,000  90,000jcOLAS

27 [AssistantSurveyor | T o [ 350,000 70,000|COLAS
_28 IClerk | month 250,000 50,000]COLAS

29 [StoreKeeper [ fmonth|  250,000] " s50000/COLAS

30 |Secretary | |month|  350,000{ 70,000 QQLAS o
31 |Typist ) .. |month| 150,000 _ 30,000{COLAS
32 |Guedsman  f  jmonth|  90,000]  18000|COLAS
33 |vadman o month 90,000 18,000jCOLAS -
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TABLE G.5 SUMMARY OF ANNUAL OPERATION
AND MAINTENANCE COSTS

Unit : 1000FCFA

No Year Sewer Punping Personal Total
) Pipeline Station | Expenses |O & M Cost
1 2001 0 0 0 0
2 2002 0 0 0 0
3 2003 0 0 0 0
4 2004 62,205 147,000 18,000 227,205
5 2005 62,205 147,000 18,000 227,205
6 2006 62,205 147,000 18,000 227,205
7 2007 62,205 196,000 18,000 276,205
8 2008 62,205 196,000 18,000 276,205
9 2009 62,205 196,000 18,000 276,205
10 2010 62,205 196,000 18,000 | 276,205
11 2011 62,205 196,000 18,000 276,205
12 2012 62,205 196,000 18,000 276,205
13 2013 62,205 | 196,000 18,000 276,205
14 2014 62,205 196,000 18,000 | 276,205
15 2015 62,205 196,000 18,000 276,205
16| - 2016 62,205 196,000 18,000 216,205
17 2017 62,205 196,000 18,000 ) 276,205
18 2018 62,205 196,000 18,000 276,205
19 2019 62,205 196,000 18,000 276,205
20 2020 62,205 196,000 18,000 276,205
21 2021 62,205 | 196,000 18,000 | 276,205
22 2022 . 62,205 196,000 18,000 276,205
23 2023 62,205 196,000 18,000 276,205
24 2024 62,205 196,000 13,000 276,205
25 2025 62,205 196,000 13,000 276,205

Note 1) Exchange Rate : -
2) Cost : as of August 1997.
3) Repairing Cost : Direct Construction Cost x 0.5%/year
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TABLE G.6 REQUIRED ELECTRICITY COST OF PUMPING STATIONS

Unit : 1000 FCFA
Electricity Cost -

No. Year P 3 p3y P Ps l'otal
1 2001 0 0 0 0 0 0
2 2002 0 0 0 0 0 0
3 2003 0 0 0 0 0 0
4 2004 33,597 62,421 16,171 10,362 7,457 130,228
5 2005 33,597 62,421 16,171 10,362 7,457 130,228
6 2006 33,597 62,421 16,171 10,362 7,457 130,228
7 2007 " 48,119 91,685 16,171 10,362 10,362 176,699
] 2008 48,119 91,685 16,171 10,362 10,362 176,699
9 2009 48,119 91,685 16,171 10,362 10,362 176,699
10 2010 48,119 91,685 16,171 10,362 10,362 176,699
11 2011 48,119 91,685 16,171 16,362 10,362 176,699
12 2012 48,119 91,685 16,171 10,362 10,362 176,699
13 2013 48,119 91,685 16,171 10,362 10,362 176,699
14 2014 48,119 91,685 16,171 10,362 10,362 176,699
15 2015 48,119 91,685 16,171 10,362 10,362 176,699
16 2016 48,119 91,685 16,171 10,362 10,362 176,699
17 2017 - 48,119 91,685 16,171 10,362 10,362 176,699
18 2018 48,119 91,685 16,171 10,362 10,362 176,699
19] 2019 48,119 91,685 | 16,171 10,362 10,362 176,699
20 2020 48,119 91,685 | . 16,171 10,362 10,362 176,699
21 2021 48,119 91,685 16,171 10,362 10,362 176,699
22 2022 48,119 91,685 16,171 10,362 10,362 176,699
23 2023 48,119 91,685 16,171 10,362 10,362 176,699
24 2024 48,119 91,685 16,171 10,362 10,362 176,699
25 2025 48,119 91,685 16,171 10,362 10,362 176,699




TABLE G.7 MAINTENANCE COSTS OF SEWER PIPELINE
Unit : 1000 FCFA

Item Description Daily Inspection]  Cleaning Total
Car Lease [nos 1 1
unit price |( FCFA) 2,000 - 2,000
Sub-Total |( FCFA) 2,000 2,000 4,000
Truck-lease |nos 0 2
unit price  |{ FCFA) 3,500 3,500
Sub-Total |( FCFA) 0 7,000 7,000
Fuel Q'ty 1,040 840
unit price {{ FCFA) 0.45 0.45
Sub-Total {{ FCFA ) 468 378 846
Repairing Cost ( FCFA) 100 400 500
Total (FCFA). 12,346
~ jtem . Unit Total
Pipe Length (m) 15,000
Unit Maintenance Cost  |(FCFA/m) [0.82 = 0.9

Note ;

1) Car Lease Cost = 2,000,000 Yen/0.2Yen/FCFA x § Year = 2,000 FCFA/Year

2) Truck Lease Cost = 3,500,000 Yen/0.2 Yen/FCFA x 5 Year = 3,500 FCFA/Ycar

3) Fuel 7 :
For Daily Inspection = 20 km/d/nos x 260 Day/Ycar x 1 nos/5 km/liter = 1,040 liter-gasoline
For Cleean Works = 20 km/d/nos x 70 Day/Year x 3 nos/5 knv/liter = 840 Liter-gasoline .
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TABLE G.8 DETAILED ANNUAL OPERATION AND MAINTENANCE COSTS
Unit = 1000FCTA

Sewer

Pumping Stations (P/S)

No. Year [i T Total O & M
) napecion Repairing | Sub Total | Electricity | Repairing | Sub Total Cost
Cleanin
1| 2001 0 0 0 0 0 0 0
2 | 2002 0 0 0 0 0 0 0
31 200 0 0 0 0 0 0 0
4 | 2004 | 13500| 48705| 62205| 130228 16674 1:?3310300 209,205
146,902
s | 2005 | 13s00| as70s| e2205) 130228 16674 {10002 | 209205
6| 2006 | 13500 as705| 62205 130228 16,674 |HS0Z 1 20905
195,874
7 2007 | 13s00| ag70s| e2205| 176699 19,75 %87 1 2sga05
8 | 2008 | 135000 as705| 6220s| 176699 1917519874 258205
' ’ ’ . 113 1 196,000 :
195874
9 | 2009 | 13500] as7os| 62205| 176699 | 19,175 [0 258 20s
10| 2000 § 13500| 4870s| 62205| 176699 19,175 195874 258205
, ’ ' : 1131 196,000 .
195.874
i 201 13500| 48705 | 62205 | 176699 | 19,175 |50t 258205
12| 2012 | 13s500| 4s705| e2205] 176,699 19,175[038T | 258205
13| 2003 | 13500| 48705| 62205 176699 19,175 ',_9*:’5367300 258,205
195,874
t] 2014 | 13s00f 4g705| 62205 16699 97| P | 2805
15| 2015 | 13500 48705| o62.205| 176699 19,175 [19%:874 258205
> ] 3 > > &‘196'000 s
195874 ‘
16| 2016 | 13:500| a8705| 62205 | 176,699 | 19,15 |80 | 256205
171 2017 | 13500 48705| 62205| 176699 19,175 ffésggﬂo 258,205
195.874
18 [ 208 | 13500 as70s| e220s| 176699 ] 19,075 |P%EM 1 95205
195,874
19| 2009 | 13500) as70s| e2205| 176699 19,175 P08 b asso0s
20 [ 2020 | 13,500| as8705| 62205| 176699] 19,175 195874 258,205
196,000
21| 2020 | 13500 48705] 62205 176699 19175 (195874 258205
’ , . ’ A7 L+ 196,000 :
) 195.874
2| 202 | 13500| 48705 62205 176699 19,75 |03E | ass0s
195,874
2 [ 2023 | 13500| ag70s| 62205 176,699 | 19,175 |37 1 25805
195,874
24| 204 | 13500 as70s| 62205 | 16699 | 19,175 (P04 | 25805
25| 2025 | 13500 48705 62205| 176699 19,175 z?’e?goo 258205
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Water Quality of Coast

The sewcrage system of Abidjan has been discharging through ocean outfall to Gulf of
Guinca after pretreatment at Koumassi treatment plant. Data concerning sea water
quality of Gulf of Guinea has been cxecuted by Denmark International Development
Agency in 1993 as shown in Table H.1. The sampling location is shown in Fig. T¥.1.
Such survey and an analysis are necessary to understand the water quality environment of

Gulf of Guinea once a month in the future,
Resettlement Projects Executed by the Ivorian Government

The Ivorian Government has executed three Resettlement Projects, such as Washington
Resettlement Project, Cocody-Marcory Bridge Project and Azito Power Plant Project in
Abidjan. These projects were executed through a steering committee, which consisted of
Ministére du Logemcnt et de 'Urbanisme, Ministére de I'Environnement et de la Forét and
BNETD. Caritas Céte d’Ivoire (NGO) parlicipated in mediation, evatuation and o see
the fairness in compensation modalities. Resettlement was completed in accordance with
the Guideline of the World Bank (OD 4.30 June 1990).

The compensation guideline in Céte d’Ivoire for reseitlement and properly damage as a

result of project is explained in the following sections.

Principles

In application of lvorian regulations or Directive 4.30 of the World Bank, when this one is
more favorable than the Ivorian regulations, the Government of the Republié of Céte
d’Ivoite has accepted the Principle that ingdivi'dl'lals whose propertics, housing or sources of
income affected by the project is entitled to a compensation permitting them to reconstruct,
at least as identical, the said properties or to find within an acceptable deadline housing or

equivalent sources of income.

" Principles of coml‘).cns'at'ioh according to different types of damages are as folfows:
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3)

4)

5)

Type of Damage
1. Loss of house for precarious occupants
owner of the house
2. Total or partiat loss of land for
Tandowners with a land certificate
3. Loss of Tand and of house for private
OWNers
4. Loss of rent for owner no malter their
status
3. Moving of resident households affected
by the project no matter their status
6. Loss of housing for tepant

7. Moving of an activily no matter its
status (legally installed on the private
property or precarious on the public
property)

8. Impact on accesses or parking lois of an
aclivity

Principles of Compensation
~ Cash indemnification for the house lost and given if possible
an arca for reconstruction
- Indemnification within the framework of the common
expropriation procedure
- Indemnification for house within the framework of the
commeon expropriation procedure _
- Cash indemnification of lost rents dug to resettiement

- Indémnification for moving cosls

- Cash indemnification destinde & compenser le relogement
provisoire éventuellement nécessaire

- Indemnification for house and for spécific equipment if avaitable
-Indemmification for temporary loss of income due to moving
or more generally due to the project

- Indemnification for moving

- Indeinnification for loss of income of permanent employées -

if available.
- Correction works aiming at reducing the impact

Expropriation of titled lands affected by the project

Owners concerned .-by a partial expropriation will be indemnified according to the
slipulations of the decrec of 1930. In practice, an amicable agreement is sought between
an indemnification steering committee and the concerned. It is only when an agreement
cannot be re-ached that the matter is transferred to the Judge for a final expropriation

judgment.

Expropriation and destrucllon of buildings located on tltled lands _ -
The procedure is the same as the previous one: the owner is mvnted to negotlate for

compensation in front of the commission.

Actwliles on pubhc property _
Prmcnples of compensation are. based on the scale. of lhe activities (small, medium and

large activities), search for a subsmule, negoftation and expert appraisal.

Aspiration of people affected by pro_]ect y ‘ _
The people affected by pro_|ect are mvnted to express their msh as f‘ar as compensation
modalitics arc concemed Cantas Cote d’lvoire (NGO) is invited to. partlc1pate in

mediation, evaluation and to see the fairness in compensation modalities.

12
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1)

2

3)

4)

5)

The above Ivorian guideling can be snmmarized as follow. Land certificate is the pre-
requisite for the claim of the resetttement.  If the household does not have one, then he is
considered as an illegal occupant. In the casc of illegal occupants, the Government
offered them fice land at a designated location and cach houschold regardless of the
number of members is offered 150-m’ arca of land. In the case of occupants having land

cerlificate, an expert does the existing house and land appraisal. The houschold having

~ land certificate can choose any onc alternative among the thriee of the following

alternatives.

i)  Household has option to have constructed house in the resettlement site

ii)  Household has option to have land and capital to construct his house

iii)  Houschold has option to have capital both for land and house

Regulations and Institutions related to Environment/Water Sector Management

Existing Laws and Regulations

Forest Law of December 20, 1965 related to Forestry Code; Decree of 1978 allowing the

Transfer of Reserved Forests as Rural Domain.

Industrial Environment: Decree of October 20, 1926 related to Classified Industries and the

order of June 28, 1989 Fixing their Nomenclature.

Protection of Nature: Law of August 4, 1965 related to Protection of Fauna against
Hunting Practices; order No 3 of February 20, 1974 Prohibiting Hunting all over the
Country.

-Waters: Decree of March 5, 1921, of May 25, 1955 related to Regulation of Public

Domain; Decree of March 19, 1921 sur la police et la conservation des eaux;

recommendation of September 7, 1955 for services in charge of Drinking Water

: Distribution. ,

Law No. 88-651 of July 1988 related to Protection of Public Health and Environment
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3)

against Eftects of Toxic and Nuclear Waste, and Harmful Substances.

Law No 95-553 of July 18, 1995 related to Mines including Arrangements for the

Protection of Environment.

Law No. 96-7066 of November 3, 1996 related to Establishment of a Legislative
Framework: Environment Code, Decree of Classified Industries, Decree on EIA, Decree

for Individual Exploitation.

Decree No. 98-43 of January 28, 1998 about the Classified Industries for Protection of

Environment
Proposed Laws and Regulations

Texts in Preparation (noise, waste, etc)

Water: Project de code de I'eau regroupant et complétant les texts existants’
Treaties and International Conventions

Cote d'Ivoirc has ratified several international conventions in the area of coastal and

niarine environment.

The Protocol related to Iuternational Convention of 1973 for Prevention of Pollution by
Ships (MARPOL, came into force on October 2, 1983). Cote d'Ivoire is one of the

members since October 5, 1987.

International Convention for Iutervention in Sea in case of Accident leading or can lead to

Hydrocarbons Pollution (came into force on May 6, 1985); came into force in Cole d'Ivoire
on April 7, 1988. '

International Convention of 1973 for Prevention of Pollution by Ships (MARPOL 1973);
ratified in Cole d'lvoire through the law No 87-776 in 1987.

H-4
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6)
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8)
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10)

1)

12)

13)

International Convention on Civil Liability for Damages caused by Pollution through

Hydrocarbons. Ratified on June 21, 1973, and came into force on June 15, 1975.

International Convention related to Creation of an International Indemnification Fund for
Damages caused by Pollution through Hydrocarbons (faite & Bruxelles le December 18,
1971, came into force on October 16, 1978); Céle d'Ivoire adhere to it from October 5,

1987.

Convention on Protection of Sca against Pollution resulting from the Disposal of Waste;

came into force on August 30, 1975; Cote d'Ivoire adhere to it from October 9, 1987.

Convention related to Cooperation on Protection and Exploitation of Sca and Coastal
Areas of West and Central Africa Region (WACAF); ratified on March 23, 1981 and came

into force in Cote d'Ivoire on August 5, 1984,

Protocol related to Cooperation on Fight against Pollution in case of Critical Situation;

came into-flo'rcc on Au'gus't 5, 1 984j camc into force in Cdte d'Ivoire on August Sr,' 1984,

Afica Convention on Conservation of Nature and Natural Reéources, Alger 1968; came

into force in Cote d'Ivoire on June 16, {969.

“Convention on Protection of World, Cultural and Natural Patrimony, Paris 1972; came into

* force in Céte d'Ivoire on April 9, 1981.

‘Convention ‘on Intemational Trade of Endangered Wild Species of Fauna and Flora

(Washington, 1973), came into force in Céte d'Ivoire on February 1993.
RAMSAR Convention felating to Humid Arcas of International Importance aiming at
Guaranteeing Strengthened Protection of Stay and Nesiling Places of Soeme Migratory

Species; ratified in Céte d'Ivoire on February 1993.

Béle Convention on Control of Transboundry Movements of Déngérous Wastes and their

Destruction (March 22, 1989); Cété d'Ivoire is member since Juné 9; 1994,
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14)

15)

16)

34
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2)

Bamako Convention on Prohibition of Importing to Africa of Dangerous Wastes (signed

on January 31, 1991); ratified by Céte d'Ivoire on June 9, 1994,

Rio Convention on Biological Diversily (June 1992); ratified by Cdte d'Ivoire on
November 14, 1994.

Rio Convention on Climate Changes (June 1992); ratified by Céte d'Ivoire on November
14, 1994,

Institutions
Ministére de I’Environnement et de la Forét (MINEF)

MINEF is the governmental structure responsible of the formulation and the coordination
of the national environmental policy and the examination of EJA.  The organization chart

of MINEF is shown in Fig. H.2. Direction de l'Enyironncmhﬁt is belonged to MINEF.
National Agency for Environment (ANDE)

ANDE, which has been just created, is in charge of National Plan Implementation for
Environment Action (PNAE). PNAE includes measures to control and minimize
degradation of marine and coastal environment of Cote d’lvoire. PNAE was elaborated
to improve environmental management through strengthening institution capacity,
formulation of standards for environmental quality, development of economic incentive fo
promote environﬁwﬁtal managehlem and es{ablish.mem of national environmental data
management system.  Also envisaged are developments of integrated coastal area

management, biodiversily preservation and integrated management of water resources.

ANDE ajms:
e To assure the coordination of development project implementation in relation with

the environment

¢ To start a follow-up of PNAE project -

3
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To evaluate the PNAE projects

To take care of implementation and management of national system of environmental

information
Implementation of international conventions regarding the environment

To participate, jointly with the competent ministerial department, to getting financing
for PNAE

CIAPOL (Cenire Ivoirien d'Anti-Pollution)

CIAPOL is under the authority of the Ministry of Environment and Forest.

The missions assigned to CIAPOL are to:

Follow up and investigate the quality of continental, sea and lagoon waters
Analytical support to SIIC

Control of accidental toxic and hydrocarbons pollution in sea, lagoon and coastal

areas
Environmental data exchange

Warning

Surveillance and control of poliution in sea and lagoon

Training, information, sensibilization and campaign for environment protection

CIAPOL has revenue from the analysis of indusirial wastewater. The total number of

staff is about 50 people. Among them, 25 people are involved in the analytical work.

SIIC (Service de I'Inspection des Installations Classées)

SIIC is under the authority of the Ministry of Envitonment and Forest.

“The missions assigned to SIIC are to:

Actualize of the data base on the classified installations

Elaboration themalic data base (water, air, wastes, noise, odor, and sccurily)
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e  Control and inspect the classified installations (application and respect of regulation

in force)
® Instruct the files of the authorization and declaration demand
¢  Instruct the complaints
e  Study and implement the projects for the protection of environment
®  List the existing classified installations
¢  Assure the inspection and control of the classified installations

¢ Take care of application and respect of regulation in force in industries working on

national territory.

¢ Assure the management of industrial wastes (dangerous or toxic) and promote the

clean technologies

¢  Permit the access fo clean technologies and encourage the industries' interest for

these kind of technologies

¢  Integrate indusiries to the plan for fighting against pollution by assuring their

sensibilization, information, and training

The total number of staff is about 23. Among them, 14 staffs are assigned for the
inspection activity of 2,230 factories in Abidjan. An inspection fee is levied to the

factories.

LANEMA (Laboratoire National d’Essais de Qualité, de Métrologie et 4’ Analyses)

The Ministére de ia Promotion du Commerce Exterieur is charge of industrial environment.
It has under its responsibility LANEMA specialized in the control and analysis of

industrial pollution.  The total number of staff of LANEMA is about 50.

CRO (center de Recherches Océanologiques)

CRO is under the authority of the Minisiry of Universily Education, research and
Technological Innovation. Created in 1958 as a government service managed until
November 1991 by ORSTOM, the center was reéognizcd as a Nalional Public Institution
(Decree No. 91-646 of October 9, 1991), R
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CRO carry out the research necessary to:

®  Understand the aquatic environmental interactions enabling its environment

conservation and protection

e  Put into praclice the rational exploitation and management of living or non-living

aquatic resources

The JICA Study Team concluded that some lcgislation existed in Cote d'Ivoire but
problems were with implementation and enforcement because many provisions were not
specified and penalties were obsolete.  However, the new legislation (Environment Code
Law No. 96-766 of October 3, 1996) with its pursuance law under preparation, takes into
accounf all environmental aspects including public health, pollution, natural resource
management, EIA., ete. The environment code represents the first action of the
Government o create a legal, integrated and inter-sector-based framework for the

managemeit of national challenges concerning environment.
Terms of Reference for ETA
Introduction

This Feasibili{y. Study of the sewerage facilities in the Westem District of Abidjan City is
011'intercepling the existing trunk sewers to transport the wastewater to S1 Pumping Station
to be disposed of to the Gulf of Guinea through the ocean outfall after pre-treatment at the
Koumassi Sewage Pre-treatment Plant. ‘The sewerage system in Abidjan will be
completed after the installation of t_he interceptor in the Study Area.  With the completion,
the wastewater of the entire Abidjan will be discharged to the Gulf of Guinea through the
occan outfall.  As a result of discharge of all wastewater of Abidjan to the Gulf of Guinea,
the water quality of the lagoon is sure to be improved gradually., At present, the trunk
sewers in the Study Arca are discharging wastewater into the légoon, rcsuiting in high
pbllution of the lagoon water, and posing a serious threat to the environment and the

sanitary condition of the communitiés. -

On the other hahd, after completion of the proposed Project, the total amount of
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wastewater discharged into the Gulf of Guinca through the ocean outfall will be increased
substantially. The wastewater, which composed of domestic, commercial and industrial
wastewaler, is discharged to the ocean only aficr a simple pre-treatment at the Koumassi
Sewage pre-treatment plant in which minimal amount of pollutant load is removed. The
wastewater contains human and hospital waste, which poses a public health hazard through
parasitic infections and various waterborne diseases. The harmful effects to the aquatic
life in the Gulf of Guinea may occur due to the discharged of the untreated domestic,
commercial and industrial wastewater.
.

In order to support sustainable marine environment, it is nccéssary to give suflicient
consideration to the environmental effects that could be from the proposed Project on the
marine environment. The environmental impact assessment is designed to make full
surveys, predictions and asscssments in advance on the poSSible enviromﬁcnlal impact that
may arise from the implementation of a project; release the findings; énd listen to the
views of community residents so that environmental conservation measures. may be

implemented to the full. Ttisan effective means to prevent cnvironmental poilﬂlidn.
Céte d’Ivoire EIA Guidelines

In Céte d’Ivoire, decree no. 96-894 of November 1996, which deteﬁﬁiﬁes thé .r'ules aﬁd

procedures for EIA, is one of the application decrees of Environment Code (law no. 96-766

of November 3 1996). The decree includes 21 articles and 4 annexes dealing with

dispositions, rules, administrative procedures and content of EIA. Fig. H.3 shows the

flow of procedures for implementation of EIA in Céte &’ Ivoire.
In the following sections, the guidélines of FIA are cxpléin'ed.

Area subjected to EIA

. Protected arca and analpg re-s_c.r'.,fcs

®  Zones humides ct mangrovés |

. Area with scientific, cullural and tourist i-ntcre_st N

¢ Arcas defined as sensitive ecological areas
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4)

®¢  Sca area regulated by national or international jurisdiction or other international

waters

The client or petitioner could be free from paying tax to the environment fund for
examining the ElA file by the Burcan of Impact Assessment (BIA) in the Ministry of

Environment and Forest. BIA is in-charge of:
® Technical assistance to different structures involved

¢  Definition of terms of reference of EIA in consultation with parent technical
administration in charge, client or petitioner, or its representatives and eventually the

public

* Registration and evaluation of impacts noticing and EIA in order to get authorization
under the signature of the Minisfry of Environment and Foreslt

. Control and follow-up of measures recommended by EIA

¢ Public survey for an organization with the administrations involved

e  The publicatioh of information susceptible to objectively lighten the appreciation of

measures envisaged and their impacis

The public survey is made in the framework of EIA decree organized by client or BIA.
The whole document is dropped at the public hall. A commissioner collects the public
observations. Some public meetings are organized in the public hall. The project and its
impacts are communicated and every person can make known his observation. At the end

of the public survey, the commissioner prepares a report on public observations to

_ communicate to the client to take into account the observations.

According to article 12 of EIA decree, the content of EIA consisis on 5 major activities:

Identification, Analysis, Evaluation, Corrective Measures, and Follow-up and Control.

(1) Identification
The detailed description of the project

(2)  Analysis’

- The analysis of actual conditions of site: The analysis must deal with natural area clements
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(fauna, flora, natural resources, hydrographic system, climate, soil etc.), nature of activitics
(agricultural, tourism, industrial, commercial, etc.} and human environment (population
and sanitary situation, occupation), le statut juridique du site and its environment, defined
by national development plans and by decrees of specified-area protection.  An analysis
of direct or indirect, predictable, reversible, irreversible, cumulating and synergic
consequences {mainly those deriving from works) of the projects or unit program on
environment and in particular site and landscapes.  The resources and natural areas: The
ecological equilibrium, living condition of citizen on hygiene, healthiness and commoditics

of neighborhood, consequences of light emission, odors, and other unforeseen effects.

(3) Appraisal
The environmental reasons why the project has been selected, particularly among the
envisaged-options. The presentation of other envisaged-variants would be donc for

projects mentioned in the decree.

(1) Corrective Measures
The measures of prevention, elimination, mitigation and/or compensation envisaged by the
owner or the petitioner to prevent, eliminate and mitigate and eventually compensate the

damageable consequences of the project.

(5) Follow-up and Control

The limits of scientific knowledge in the field particutarly those that burden net
appreciation of damageable consequences of the project. The indicators allow follow-up
and control of effective implementation of measures of prevention, elimination, mitigation

and compensation prescribed by EIA.

The Ivorian Government EIA guidelines and specific guidelines by JICA Study Team for
this particular proposed Project should be followed in preparing the EIA report for this
proposed Project.

General Concerns of the Proposed Project

After completion of the proposed Project, the total design amount of untreated wastéwater,
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which composed of domestic, commercial and industrial, discharged into the Gulf of
Guinea through the occan outfall will increase to 3.38 m¥s in year 2003. With the
increase in population and expansion in the sewerage conncction in the future, this amount
is sure to be increased substantially. In addition to increase in wastewater quantity, the
quality of the industrial wastewater discharged to the sewerage system will change as a

result of rapid industrialization in Abidjan.

The function of ocean outfall could be judged acceptable if there is no influence on the
ccosystem of ocean by the disposal of untreated wastewaters.  The effluent discharged to
ocean should not degrade significant water areas, contaminate shellfish beds and beaches.
A mathematical model can be used to simulate the processes of dilution, dispersion,
diffusion, assimilative capacity of the Gulf of Guinea, die-off of microorganisins, effect on
aquatic life and so on to determine the influence of the proposed Project. The model will
requirc data on current, temperature, salinity and water quality, along with detailed

bathymetric and ecological information.

In Cote d’lvoire, there are no water quality standards for raw water used for drinking,
standards for orolec{ion of aquatic ecosystem in fresh water, standards for protection of
aqualic ccosystem in marine waters, and standards for recreation and aesthetics values.
Because of this lack of standards, waterbodieé in the counlryrhave not been classified as to
their most beneficial or intended use. There is no basis therefore to evaluate if the ocean
has already exceeded its acceplable limits for its intended use. The WHO guidelines or

standards of other countries may be adopted.

The occan outfall to dispose of the wastewater was constructed in 1995 based on 1971
Master Plan. Afler completion of the proposed Project, the total design amount of
waslewater discharged into the Gulf of Gumea through the ocean outfall will increase to

3.38 m¥s in year 2003 Wllh the mcrease m populallon and cxpansion in the sewerage

connectlon m the future, thls amount is sure to bc increased substantially.  The

_charactenstlcs of the ocean outfall are as follows
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4.4

)

Diameter of the pipe 1,200 mm
Length of pipe through water 1,200 m

Depth of diftuser 20m
Difluser 4 orifices spaced over 20 m
Piameter of orifices 0.50 m

According to USEPA (United States Environmental Protection Agency), the following

conditions arc considered to be important while selecting a discharge point in the ocean.

50 times dilution based on treated effluent suspended solids concentration: The
sewage is almost like fresh water so that it is lighter than seawater and rises toward
the water surface while being mixed with seawater by the buoyancy. The density of
the sewage is increased by mixing in the perpendicutar direction and becomes almost
the same as the density of seawater. This mixing takes within 2-3 minutes and 10
meter from the diffuser.  In addition, the mixing of sewage is continued while rising
due to horizontal diffusion by tidal currents.  According to USEPA, about 30:meter

depth is necessary to achieve 50 times dilution.

Enough distance in the offshore so that the dlscharged solids do not reach the

shoreline during high tide.

Avoid the damage to scarce oceanic resources (fishes and coral etc.)

Based on the above consideration, it seems to be important to reevaluate the effectiveness

of the existing occan outfall in terms of dilution and nécessar’y depih.

Contents of EIA Report

Baseline Data

)

The water quality (physical and éhél'n-ical) of the wastewatér and receivi':ng water
surrounding the outfall in the Guif of Guinea should be camed oul. Approprnte
sampling locations should be eslabllshed in lhe Sewage Pre- lrealment Plant (before
disposing to ocean), receiving waler surroundmg the outfall and major eﬂ‘lucnt
discharge points of the factories. In the receiving water, the water- quality

investigations should be carried out at M1, M9, P1, P5, M6, and M8 locations
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iii)

established by CIAPOL (APPENDIX C). The parameters, i.c. pH, Temp., oxygen
saturation, conductivity, salinity, BOD, COD, S§, NO2, NO3, N114, PO4, microbial
content (total and faecal coliform bacteria) should be investigated. In addition,
sediments should be analyzed/observed for COD, T-P, T-N, color and benthic
organisms at two locations (one near outfall discharge point and other far from
outfall discharge point) atlcast one time. The composite sampling for the analysis
(pH, Temp. conductivity, salinity, BOD, COD, SS, NO2, NO3, NH4, organic
nitrogen, T-P, sulfate, microbial content (total and faccal coliform bacteria), oil &
grease, heavy metals) and composite measurement of flow should be carried out at
least two times in the Koumassi Se\'vagc'Prc-lrcatment Plant (before disposal) and
manholes in which major industrial efMiuents are discharged. Trained staff using
sampling equipment and methods that are valid for the analysis required should take

samples, Qualified technicians in the laboratory should analyze samples.

‘The chemical analysis, although important and necessary, does not provide all the
infonnalion.rcquired in pollution assessments. Biological studies are of more
particular value in providing a realistic assessment of pollution. The marine
cnvironment (c.g. benthic invertebrates, plankton, fish, scabirds, marine mammals
and flora) with the discharge of untreated domestic, commercial and industrial
wastewaters may accunulate toxic metals and chemicals. According to the expert
of CRO, there are no coral reefs in Cote d'lvoire. The present state of aquatic
environment (such as fish fauna communities, numbers etc) and accumulation of
toxic metals (Cd, Hg, Zn, Pb) in some fishes of the waters at two locations (one near
outfall discharge point and other far from outfall discharge point) should be

investigated at least one time.

Test should be conducted to confirm the distribution of effluent discharge along the
diffuser and the minimum initial dilution under weak ;md typical current condition as
predicted originally. Monitoring of head losses to deteet any -problcms duc to
sediment accumulation or blockage of the pipes: Outfall should be inspected for the
foiloivillg items: i) ports-open or clogged/marine growths; ii) sediment accumulation
inside diffuser; iii) damage to coatings; iv) corrosion or decline in structural integrity

v) scour and undercutting; vi) objects attached to outfall-anchors; and vii) lack of
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2)

3)

4)

5)

6)

7)

anchors or of attachment to piles.

iv) A mathematical model to simulate the processes of dilution, dispersion, diffusion,
assimilative capacity of the Gulfl of Guinca, dic-off of microorganisms, effect on
aquatic life and so on to dctermine the influence of the proposed Project.  Based
on the consideration of USEPA, it seems to be also important to reevaluate the

effectiveness of the existing ocean outfall in terms of dilution and necessary depth.

Impact Asscssment: This section should include identification and assessment of the
positive and ncgative impacts likely to result from the proposcd Project. Mitigation
measures, and any residual negative impacts that cannot be mitigated, should be identified.

Opportunities for environmental enhancement should be explored.

A long-term monitoring and investigation program to evaluate the environmental impact of
the outfall on the receiving water should be proposed.  This program should include
effluent, industrial wastewaters, and receiving water ‘in addition to aquatic marine
environment.  The monitoring can serve as a management tool to provide dircctions in the
management of the discharge and water quality objectives of the recciving water.  As a
preventive measure to control ‘contamination of toxic, hazardous and cbrfésiﬁe' materials

into the sewerage system, water quality monitoring of the industrial effluents is included.
Public Consultation: Consultation with affected communitics is recognized as key to
identifying environmental impacts and designing mitigation measures. The
cstablishments along the coast, ¢oastal population and fishermen may be at risk with
discharge of untreated wastewater to the ocean. Information about the project and its
likely environmental effects should be disseminated to local affectcd communities.

Overall evaluation of the propbsed Project

Policy, Legal and Administrative Framework: Discussion of ‘the  policy, legal and

administrative framework within which the EIA is prepared.

Appendixes
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(i)

(iii)

(iv)
\)

List of EIA report prepares

References-written materials both published and unpublished, used in  study
preparation,

Record of interagency and consultation meetings, including consultations for
obtaining the informed views of the affected people. The record specifies any
means other than consultations (e.g., surveys) that were used to obtain the views of
the aftected groups.

Tables presenting the relevant data referred to or summarized in the main text,

List of associated reports
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TABLE 1.1 WATER QUALITY OF COAST IN 1993 (1/3)

Site [Mon |Dep.| pH  Temp. O0: Cond.  Sal. 8§ NO: NO:» NIl POs
ml C %% uS 000 wmgl uM uM  aM  uM
Febj S| - 274 - 46400 341 - 00 59 09 04
10| - 2720 - 47200 348 - 00 30 03 01
201 - 267 - 47200 348 - 00 21 23 01
Aug | S | 80 200 63 46400 336 - 23 147 05 04
wol- - - 4900 - - - - - -
20| 80 185 50 49000 358 - 14 176 01 05
Ml |Oct | S | 82 271 - 39700 285 - 24 46 24 12
0|82 267 - 41400 298 - 09 17 29 04
20|82 262 - - - - 0.4 06 10 07
Decy S (82 296 - 32000 3t9 - - - - 00
10|82 283 - 46400 342 - - - -0l
20| 81 261 - 47,800 354 - - - - 0.5
Feb | S| - 2725 - 46600 344 - 00 72 21 00
10} - 272 - 47300 349 - 00 13 07 00
201 - 244 0 43000 352 - 00 28 15 00
Avg | S | 80 209 65 43000 322 - 32 171 04 iS5
16180 190 56 49000 358 - 15 159 01 02
20| - - R - - - - - - -
M2joct | S 182 272 - 36700 260 - 20 39 37 L1
|82 267 - - - - 04 07 05 08
20|82 263 - - - - 0.4 06 04 10
Dec | S 182 295 - 42300 311 - - - - 05
10§82 283 - 46600 345 - - - - 0.7
2 - - . <O .o
Feb | S| - 275 94 46600 344 - 00 04 12 00
10| - 270 81 47300 349 - 00 41 04 0
20| - 243 80 48000 353 - 0.0 21 06 0
Aug| S 180 206 64 45000 330 - 36 184 02 14
10805 192 61 49000 358 - - - - -
20| 80 183 48 49000 358 - 21 177 01 04
M3[oet | S [82 270 - 32000 235 - 19 37 15 14
1082 267 - 46300 340 - 03 03 09 LI
20|82 264 - 46500 342 . 0.9 14 29 14
Dec | S |82 296 - 43,100 315 - - - - 08
101816 285 - 46,500 343 - - - - -
26| 81 260 - 48,100 355 - - - - 0.7
Feb | S| - 276 95 46600 343 - 0.0 76 14 00
10| - 246 84 47,800 352 - 00 44 08 04
200 - 239 - 48,000 354 - 0.0 1.3 07 -~ 05
Avg | S [ 80 202 65 46000 336 - 30 147 04 04
101803 19.1 59 49000 359 - - - - .
20| 80 189 56 49100 359 - 18 167 01 04
M4 |Oct | S | 82 270 - 38000 274 - LI 12 08 13
1082 268 - 46500 342 - 04 08 03 15
20| 82 267 - 46,700 343 - 0.4 09 05 1.3
Dec | § [ 82 287 - 45500 335 - - - - 08
10 816 285 104 46600 344 - - - - -
20081 251 - 48200 357 - - - - -
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TABLE 111 WATER QUALITY OF COAST IN 1993 (2/3)

Sitc [Mon.|Dep) pH Temp. O: Cond. Sal.  SS  NO: NOs - NHs  POu
m C % ns 0/60 mp/l H M M u )i oM

o - 245 97 48000 354 - 00 48 08 02

200 - 239 83 48200 354 - 00 13 15 05

Feb | S| - 275 99 46400 342 - 00 31 14 02

Aug | S |81 197 66 48000 354 - 24 139 01 03

10§82 191 57""5'9"600”5'5’33"'"""—'"* - - e

20| 80 184 52 49000 358 - 16 204 01 03
MS|Oct | S |82 271 - 34000 245 - 22 32 0.l 13

1082 267 - 46000 341 - 04 04 06 10

20182 261 - 46500 342 - 05 03 09 08

Dec | 8§ | 82 286 - 45500 337 - - - - 08

10]816 283 102 46600 344 - . U

20| 85 255 99 48,000 355 - - . . n

Feb | S - 218 97 46300 34.1 - 00 30 00 0.1

10] - 242 81 48000 353 - 00 15 03 02

20 - 238 78 48000 1354 00 33 04 02

fAug | S 180 203 65 47,000 34.1 - 1.9 126 0.1 06

10802 190 58 49,000 358 - . ) ; 3

20180 187 55 49,100 368 - 24 129 02 04

M6 [Oct | S | 82 27 - 39,000 278 - 0.0 1.8 04 1.2

10182 267 - 46600 343 - 06 09 08 09

20182 267 - 46700 344 - 12 09 01 12

Dec| S |82 287 - 46100 341 - - - - To»

10(82 285 - de600 3a_ . U oL T

20 8.1 252 - 48,100 357 - - - - 08

Feb ] S <218 99 46,600 343 - 0.0 6.5 09 0.2

Jof - 355 s anew 3ss 00 85 M1 02

2] - 237 M 48200 354 - 0.0 29 04 0.2

Aug| s [80 197 59 47500 348 - 24 186 0.1 05

10 {802 189 62 48900 358 - T .

20| 80 188 59 49000 358 - 22 171 04 05

3 —

10182 268 - 47,100 346 - 06 LI 06 13

2: M7 |0ct | S | 82 2712 - 39%400 282 - 12 05 14 I

20|81 267 - 47,000  34.6 - 0.7 04 03 12

Dec | S [81 285 - 45700 336 - - - TTTes

1of82 285 . 46500 343 - o U

20| 8.1 253 - 48400 357 - - - -
Feb | S| - 284 101 46,500 342 - 0.0 5019 03

107 on1 86 as000 3507 - o 53 03 02

20] - 242 83 48000 354 - 00 48 07 05
Aug|{ S |81 205 7N 47500 340 - 18 139 01 04

10 (805 Io1 65 aseoo 358 o o

20| 80 186 48 48,900 358 - 1.6 133 03 0.5
M8 {Oct | S 8.1 272 - 42,100 305 - 09 03 02 1.3

10| 8.1 268 - 47]00 346 - 03_ 09 06 1.2

20| 8.1 263 - 47,300 347 - 0.9 06 09 1.2

Dec | S 81 290 - 45400 334 - - - - 09

o fTRITaRS T L adoo 3as T

20| 81 257 . 48300 366 - - - -
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TABLE H.1 WATER QUALITY OF COAST IN 1993 (3/3)

Site [Mon.Depd pi Temp. O: Cond. Sal. 8§ NO: NO; NHi POs
°C % us 000 mgh M oM M uM

Feb | S§ - 274 - 46800 341 - 00 25 04 00
0 - 270 - 47200 348 - 00 00 00 00 _

20| - 269 - 47200 348 - 00 00 00 00

Avg{ S |81 205 81 48700 357 - 14 142 01 03
101801 187 65 49,100 358 - - - - -

M9 20| 80 186 69 49,100 358 - i6 190 01 05
Dec | S |82 292 - 45000 332 - - . . 0.0
10|82 283 - 46400 342 - - - ) -

20 81 255 - 48200 356 - - . - -

Jut | S |82 236 - 48000 350 - . - . .

Pl {Oct | S|82 283 115 44000 319 - - - - 0.1
Dec | S | 81 288 116 44,100 324 - - - - .
Feb | S| - - - - - - - - - 0.0
W | s - - - 48,000 - - - N -
p2 lOoct | S {81 267 123 43000 310 - 0.0 03 - 03
Dec} S| - 290 96 45800 337 - - - R ;
¥Feb | S| - - - ) - . 00 00 00 00

Wl [ sT81 215 119 47500 347 - - ; - R
P3 [oct | S |81 259 111 45000 329 - 0.1 21 - 0.2
Dec | S | 81 290 88 44400 326 - - . - -
Feb | S - - - - - - - - - -
Jul | S |81 226 164 46000 336 - . . . R
P4 [oct | S [81 262 112 41,000 299 - 0.0 Ly - 0.3
Dec | S |81 200 94 45000 331 - - . . N

¥eb | 5| - - - - . - - - . -
i | S |81 226 204 46000 336 - ; . - -
psfoct | S 182 265 112 43,000 311 - 0.2 16 - 0.3
Deci S |80 290 95 45800 338 - - - .
Feb | S | - - - - ; . ; ; - )
| s 80 230 209 44000 320 - - - - -
P6 {Oct | S |81 265 115 44,000 323 - 0.0 1.0 - 03
Dec | S |81 290 94 45700 337 - - - - -
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FIG.H.i | SAMPLING LOCATION OF EXISTING WATER QUALITY DATA IN COAST
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FIG.11.3  FLOW OF PROCEDURES FOR IMPLEMENTATION OF EIA

Recording of category

exclusion 4

v

Category A

Delivered-authorization

Project
v l
Category B Category C ¢
Peeliminary evalvation of
the impacts on the + Tax ]
environmeatl: Impact
Record
* I + 1 month
Minor impacts mportant impacts
expected expected
EIA:
EIA report
¢ 2 months
> Environmental <
Impacts Examination [«

v

'

v

Authorization refused
with reasons

Delivered-
authorization

!

Asking for arbitration against
the refusal or the conditions

\ 4

Additional studies and
conditions required

Refusal or conditions
confirmed

Project implementation,
follow-up and evaluation

H-23



	APPENDIX D EXISTING SEWER SYSTEM 
	APPENDIX E ALTERNATIVE INTERCEPTOR STUDY 
	APPENDIX F PUMPING STATIONS 
	APPENDIX G COST ESTIMATE 
	APPENDIX H ENVIRONMENTAL CONSIDERATIONS 



