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CHAPTER 8  PRESENT STATUS AND ISSUES OF O & M
FOR WATER CONTROL FACILITIES

8.1 Agricultural Facilities

(1) Present Status of O & M

Among approximately 600 dams, nearly 88% of dams are mainly used for the agriculture sector,
consisting of agriculture (21%), livestock (63%) and fishery (4%).

Farmers themselves usually operate dams for agriculture, livestock and fishery. Only a few
dams have the farmer�s association or group. The guidance by ANADER (private company
under the Ministry of Agriculture) or PNR (Ministry of Agriculture) is very limited to a few
dams.

Other kinds of structures/facilities such as diversion weir and intake, pumping station and sluice
gate/pipe do not have the storage function. The operation is generally done, without the specific
operation rule, by simple way of open/close or switch on/off according to the requirement of
water.

The most noteworthy matter is that many dams and irrigation systems are actually not used at
present. It seems there are many issues which need to be improved.

(2) Issues on O & M

There are the following issues on O & M of water control facilities/structures for agricultural
uses:

(a) Agriculture/farmers associations are not organized at most dams. And the farmers
themselves carry out the operation, without any guidance. There are only a few dams
with farmer�s association. It was informed that the farmer�s associations are generally
not functioning well, even if it is organized. For example, in Bouake, it was informed
that only two associations are successfully managed among 21 associations (not for
irrigation).

(b) Except some dams, many dams do not have their operation rule. Their operation is
done on the basis of the requirement without detailed considerations for the effective
water use.

(c) There is no O & M manual for the associations to be used for agricultural facilities. If
a governmental agency can take care of the operation, the method of the guidance is
generally as follows:

- Explain them only verbally (Many farmers are illiteracy)

- Gate operation is usually based on the frequency of handle turning.
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- Necessary release of water is based on the requirement of paddy (depending
on the growth level), but not based on the reservoir storage level.

- Detailed operation is decided after discussion with farmers.

Farmer has difficulty of appropriate operation, if any guidance is given occasionally.
There are some difficulties for the government to give sufficient guidance to farmers,
due to shortage of manpower and shortage of budget.

(d) There are many dams which were abandoned to use due to the following reasons:

- A part of structure was damaged but not repaired yet.
- Farmers do not have knowledge to take countermeasure against troubles
- Company or organization in charge of operation was dissolved.
- Villagers left the site due to social problems such as dispute of land ownership
- Irrigation canal system was not constructed.

(e) There are some dams of which water is not used sufficiently due to the following
reasons:

- Irrigation canal system is not extended sufficiently to all the objective area.
- Water control facilities are not sufficiently operational.
- Farmland to be irrigated is too small comparing with the water supply capacity.
- Farmer can not sufficiently control the facilities
- Upstream farmer takes excessive water without consideration of the supply to

the downstream
- It is rather costly to use water from dam.

(f) There are a few dams used for multi-purposes, generally for agriculture, livestock,
and water supply. When the extraordinary dry season comes and the reservoir water
level becomes much lower than the ordinary years, some disputes occasionally occur.
However, as a general consideration, the priority is given to the water supply first and
then to the livestock second. There is no written agreement or regulations on this
issue. The water supply requirement is generally informed from SODECI to
ANADER, however, occasionally the demand from SODECI is unreasonably too
much from the estimate by ANADER.

Note: This issue happens only in severe dry years.

(g) There is no rule curve or regulation rule for reservoir operation. However, ANADER
(in case of dam in charge) can occasionally analyze the appropriate operation from the
reservoir storage condition and rainfall prediction based on the estimated demand for
irrigation. The irrigation water supply valve is closed by ANADER if considered
necessary, but informing the farmers beforehand. However, the farmers sometimes
can not understand or agree to the closing due to the requirement for farming.

Note: This issue happens only in severe dry years.
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(h) Many dams have no definite HWL and LWL. In addition, the reservoir capacity curve
is not available at most dams. At the stage of planning and design, the basic features
including water levels, storage capacity, and reservoir area are usually decided or
calculated. However, after the completion, no care is taken for such reservoir water
levels during the operation. In most dams, no water level staff gauge is established.
Even there is staff gauge in the reservoir, nobody keep the records.

(i) The design drawings and reports are mostly not found for most dams. When the dam
and irrigation is planned, the design report and drawings are prepared. However,
almost no such documents are available after the completion of dam. The
governmental agencies in charge do not have such documents. If asking the
availability of a document, they may answer that it is considerable that somebody
may keep the documents.

(j) It seems that not a few dams are designed or constructed properly from hydrological
and structural viewpoints, although no definite review is possible.

8.2 Rural Water Supply Facilities

(1) Present Status of O & M

There are approximately 13,500 wells in Cote d�Ivoire as of 1999. It was informed that more
than 8,000 wells are required to be exploited further and approximately 1,500 wells among
them are already planned definitely. Majority of them is used for rural water supply. In other
words, the rural water supply facilities mean wells and the appurtenant facilities.

The wells are exploited by the government assistance and many cases are with foreign grant
aide. The well exploitation cost approximately 5 � 7 million CFA per well in case of a private
contract, but 4 � 6 million CFA in case of a government contract, although the cost could be
much different by various conditions. There are 4 or 5 private companies for well exploitation
at present.

In a village, there are one or some wells, which are classified as follows:

(a) Deep well
(b) Shallow well

or

(a) Operation by hand-pump
(b) Operation by electrical pump

or

(a) Without distribution pipe (Water available only at well site)
(b) With distribution pipe
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A committee for O & M of well is generally organized. The organization and O & M system is
more or less different by village. However, a typical example is described as folllows:

(A) Committee for O & M

The following members organizes a committee (example):

- Chairman (1 person)
- Vice-chairman (1)
- Repair man (2)
- Accountant (1)
- Sanitary-care person (2)

(B) Budget for O & M

The budget for repair is prepared by the following methods (example):

(a) A certain amount (for example 150,000CFA per well) is collected and saved
for repair in prior to the construction. The government office generally
requests to prepare such budget as a condition of well exploitation in a
village.

(b) Water charge is collected monthly (periodically).

(c) Water charge is collected at well site every time. The charge is more or less
10 CFA for a large bucket/basin.

(d) The time of water use is generally limited, mostly for a few hours in the
morning and in the evening.

(e) There is a repair manual to be given to the village after the completion of well
construction.

The governmental office has a basic policy that the villagers have to be conscious of their own
responsibility for operation and maintenance of wells. The development of new wells in a
village needs to confirm their intention to the necessity and self-consciousness to the O & M in
prior to decide the assistance to the village.

After the construction of well, the government offices (head office and local office) provide the
information and education on O & M in the following manner.

(a) The head office or regional office of �village water supply section� visits the relevant
administration offices (Regional, department and sub-prefecture) to explain about the
development of wells and the O & M system.

(b) The regional or local office of  �village water supply section� visit villages and give
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them the education concerning importance of clean water and also the instruction of
operation and maintenance of the well facilities.

Concerning the spare parts, the government office selects only a sole agency in charge of
storage and supply of spare parts and consumables. The agency has branch shops in major cities
and the villagers can get necessary spare parts from a nearby shop.

(2) Issues on O & M

In general, 75 � 80 % of well exploitation is successful. But, among them, a large number of
wells are out of use after some period of operation. The rate of abandoned well is generally 35
� 40 % of the successful wells. The causes are classified as follows:

(a) Problem of water (Approx. 25 %)

- Water quality deterioration
- Water level lowering/changes

(b) Function of pump (Approx. 65 %)

- Out of order

(c) Others (Approx. 10 %)

- Spare parts , not available

Note: Shortage of budget is not included in the above causes.
These troubles occur mostly at wells with hand-pump.

There are the following issues on O & M of water control facilities/structures obtained from the
site reconnaissance and hearing from the villagers as well as the governmental offices in
charge:

(a) The government side provides a guidance of operation and maintenance to
farmers/users just after the completion of well construction.

(b) The government side generally gives the periodical services to check the conditions
and repair, if necessary, after the construction. However, such service system for
assisting in repairing is not available after a year.

(c) In a rural village, many people are not educated and illiteracy rate is high, so that the
repair manual is not always useful for them.

(d) Due to increase of population in a village, additional wells are exploited. However,
both wells have to be abandoned when the water level goes down due to excessive
use from wells located closely.



3-150

(e) Due to shortage of budget, wells are abandoned to use when the repair or replacement
of spare parts is necessary.

(f) Spare parts are sometimes out of stock mainly due to budget issues.

(g) Many villagers do not have sufficient capacity of understanding the education
provided by the governmental officers.

8.3 Urban Water Supply Facilities

(1) Present Status of O & M

There are 564 localities of urban water supply service areas. There are three kinds of water
sources, that is, ground water (well), dam and river (pumping). The breakdown is as follows:

- Ground water : more than 400 locations
- Dam : 26 locations
- River intake (pumping) : 18 locations

The water taken from dams or rivers needs the water treatment facilities. The groundwater
generally does not need the treatment, but in Abidjan, the simple treatment is required due to
water quality with low PH. The water supply capacity per a water source is larger in case of
dam. Most major cities have their main water source in dam. But in Abidjan, all the water is
taken from the underground aquifer.

SODECI is a private company, with 47 % of the capital by a French company and 53% by the
government of Cote d�Ivoire, in charge of O & M of urban water supply. There are 465,599
units of connectors (mainly household) as of 1999. The government is in charge of funding for
the construction of all structures and facilities, including dams, treatment plants and distribution
pipes.

The number of connection has been steadily increasing year by year, at nearly 10 % increase
annually in these some years. The basic features of water supply services are summarized in the
following table:

Year No. of total
connection unit

Annual
production

(million m3)

Annual
consumption
(million m3)

Accounted
percentage (%)

1974/75 57,163 59,200 43,028 72.68

1985/86 185,602 85,828 76,576 89.22
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1990/91 254,132 99,498 86,032 86.47

1995/96 344,855 118,147 100,064 84.69

1998 421,417 135,315 112,993 83.50

As far as seen during the inspection at some intake/reservoir sites and water treatment plants, it
seems that O & M by SODECI is good enough. For example, the unaccounted water ratio is low
and number of persons working at each treatment plant is very limited. SODECI has many
experienced staff (approximately 1,470 members including 5 French staff) and the annual
revenue of 35 billion CFA by the capital of 4.5 billion CFA)

The water charge is fixed in the whole country. The current (May 2000) water charge for
domestic water use of ordinary family is approximately 250CFA/ m3, (Unit charge is different
by quantity of consumption, but almost in a range of 200~280 CFA/m3), which is equivalent to
nearly 42 yen/ m3 at current exchange rate. The unit rate of water charge is higher for the large
consumption (Maximum rate becomes higher than 500 CFA/ m3 for a user of 300 m3/3-months).
The sewage charge is generally added in the bill of water charge. The rate is different by the
conditions of sewage service, but much lower than the water charge.

Although the data is a little old (1985) and the present charge is higher, the example is shown in
the following table:

City Yen/m3 City Yen/m3

Tokyo 185.0 London 130.0

New York 37.3 Paris 114.2

Washington 444.4 Cairo 586.0

Los Angeles 218.2 Bangkok 94.0

Toronto 42.0 Sydney 177.8

San Paulo 171.8 Peking 11.7

Note:  Japanese yen is one of stable currencies.

If the current charges are estimated by converting from those in 1985, the rate of these countries
may become higher. The water charge seems to be accepted level even for low-income people
in Cote d�Ivoire.

The major reasons of low water charge will be as follows:
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- Management by SODECI�s for O & M is efficient.

- Development cost of water is not costly. (Especially in Abidjan with large
consumption)

- Water quality is not yet contaminated, so that the treatment is not costly.

- Present service area is generally for populated districts. (In other country, the
water supply is provided to many isolated locations as well.)

The reference data for urban water supply by SODECI are shown in Tables 3.8-1 to 5.

(2) Issues on O & M

The urban water supply is generally well operated and maintained and there are no serious
issues. However, the following issues (although they may not be a serious one) on O & M of
water control facilities/structures are to be presented for a reference:

(a) Some water supply/distribution pipes are old (mostly steel) and damage and leakage is
seen at some locations, although such pipes are to be replaced according to a schedule
(Information from a local office).

(b)  It takes time to find a location of damage (Information from a local office).

(c) There is no periodical check and replacement of meter. The meter condition is
checked only when a user claims a problem or any questionable indication is found.

(d) At most pumping/intake sites, there is no stand-by generator. Accordingly the
pumping is stop when the power supply is cut off, although such case is not frequent.

(e) At some reservoirs, the water quality is more or less contaminated due to inflow of
effluent from a town or drainage water from the surrounding agricultural. (Probably
more contaminated in the future)

(f) There are a few dams constructed for water supply, which were abandoned to use due
to the following reasons:

- A part of structure was damaged but not repaired yet.
- O & M cost was expensive.
- Water quality in the reservoir was contaminated.
- Actual water demand was much smaller than expected.

(g) Unaccounted ratio of water supply is low, but it become higher in these years (17 % in
1998) in comparing with 10 ~ 15 years ago (only 11% in 1985/86). The major causes
of water loss are such as follows:

- Leakage from pipe
- Washing of tanks and treatment ponds
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- Flashing of mud in pipe
- Illegal connection

The reason of decreasing the unaccounted ratio in these years is not sure.

(h) Some ground water sources, without treatment, contain comparatively high
concentration of iron.

(i) Most major spare parts, consumables and equipment are imported from France. There
are some difficulties occasionally for obtaining them in time. There is sometimes not
enough stock in France or the budget is not enough.

(j) The service area of urban water supply has been expanding every year. However,
most newly expanded areas are located in a rural area or more or less an isolated area,
which does not have enough population, although the development cost is high. In
addition, the unit consumption volume is much less than that of city areas. The
government decides the newly expanded areas.

(k) The water charge rate is fixed in the country. That is, the rate in Abidjan with
low cost of operation is the same as that of a rural isolated district, where the
operation cost per m3 is much higher. The government basically decides the
water charge rate.

8.4 Hydro-Electric Power Facilities

(1) Present Status of O & M

There are six dams mainly used for the hydro-electric power as listed as follows:

Name River First Year of
Operation

Installed
capacity (MW)

Annual
Generation
(GWH)

Ayame I Bia 1959 20

Ayame II Bia 1965 30

Kossou Bandama 1972 174

Taabo Bandama 1979 210

Buyo Sassandra 1980 165

Grah (or Faye) San Pedro 1983 5

                         Total 604

The past records of hydroelectric power generation of these six stations are summarized as
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follows:

Description AYAME I AYAME II KOSSOU TAABO BUYO GRAH

Operation
year

1959 -
present

1965 -
present

1972 -
present

1979 -
present

1980 -
present

1983 -
present

1996-97 67,958 122,167 189,344 636,602 876,836 359

Max. 106,945 171,717 247,745 744,410 876,836 4,585

Mini. 15,310 47,543 2,265 112,030 172,132 359 (0 ?)

Mean 64,245 111,328 109,641 439,507 611,600 2,811

These dams and power stations are all operated by CIE under the contract with Ministry of
Energy. The Dispatching Service of CIE in Abidjan decides the operation rule everyday from
the comprehensive viewpoints of demand and supply capacity of the whole country.

CIE is a private company with nearly 3,400 staff (including 12 French staff). The official share
of the company stock is 51% by SAUR (French company) and EDF (French Power corporation)
and 49% by the Cote d�Ivoire side (the government, CIE staff and company). The capital is 14
billion CFA and the annual sale is approximately 170 billion CFA (75 billion for CIE and the
rest for the government).  CIE is in charge of O & M of electric power generation and supply
including the thermal power and hydropower. The electric charge is also collected by CIE.
Beside the CIE, there are some other companies/corporations, which are organized under the
Ministry of Energy as follows:

- SOPIE : Public corporation for electric power development planning
- SOGEPE : Public corporation for Financial management of water sector facilities
- ANARE : Public corporation for coordination of related organizations
- CIPREI : Private company for a thermal power station
- CINERGY : Private company for a thermal power station

The power generation capacity is enough for the present demand in Cote d�Ivoire. However, it is
beneficial and necessary to generate more power due to requirement of the neighboring
countries. At present, CIE supplies the electricity to VRA (Gahana) at the rate of 4.8 US
cents/KWH, to CEB (Benin and Togo) at the rate of 27 CFA/KWH, and to Mali (by 30 KV line).
While the electricity rate to consumers in Cote d�Ivore is approx. 58 CFA/KWH on an average,
as of 1999. CIE will supply to Burkina Faso and Mali as well.

The power loss from the generation to the actual consumption is approximately 86 %, while the
loss from the power generation to the end of transmission line (before the distribution to
consumers) is approx. 92 %.
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The operation of all the power station is controlled by the Dispatching Center of CIE located in
Adbijan. The necessary information and data of the actual conditions of all the power stations
and the reservoirs can be seen to the center. The center also can see the daily and hourly demand
records. The center estimate the required power generation based on the estimated demand of
the next day. Then the center decide the operation (number of unit and hour for operation) of the
next day and inform the conditions of operation for the next day to all the power stations.

The dispatching center is well operated. There are only 12 staff members in total. But, the
operation is made by 3 shift for 24 hours control. There are usually only 2 or 3 staff working in
the center.

CIE holds discussion with the government side (Ministry of Energy, SOPIE, SOGEPE and
ANARE) every three years since 1992 for the maintenance of facilities. The agreement is
prepared after the discussion for the program of maintenance works, which should be carried
out by the government side.

The reference data for electric power supply by CIE are shown in Tables 3.8-6 to 8 and Figures
3.8-1 and 3.8-2.

(2) Issues on O & M

The hydropower station is operated almost on schedule of the original planning and design at
Taabo dam and Ayame I & II dams, but not on schedule at Kossou dam, Buyo dam and Faye
dam.

As seen in the table of power generation and some other detailed records, there are the
following issues on the operation of these dams and power stations:

(a) The actual power generation is very low in comparison with the installed capacity.

(b) The actual power generation is not constant and varies remarkably every year. It is
very low in certain years.

The major causes of the above situation are as follows:

(a) Inflow to reservoir is lower than the design discharge, especially in Kossou dam.

- Due to reduction of rainfall, especially in the northern area, the runoff to rivers
has been decreased.

- Due to extensive use (and loss) of water in the upstream basin, mostly by
constructing reservoirs/ponds, the runoff volume is remarkably decreased. (It is
noted, however, the most reservoirs located in the upstream/northern areas are
already constructed before the construction of large dams for hydro-power.)
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(b) Turbine and Generator do not work effectively:

- The design combined efficiency of turbine and generator is 85%, however the
actual efficiency is 70 % or less (in case of Kossue dam), mainly due to lower
reservoir level and less discharge the design.

(c) Power demand for hydro-power is lower than the projected one:

- Due to economic recession, the demand increase rate has been lower than the
projected one.

- Some thermal power stations (such as TAG 1-4, VRIDI II and
AZITO/CINERGY) have been constructed in these 15 years, while no hydro-
electric power station has been constructed since 1983. Possibly, the thermal
power is considered to be more reliable for stable power supply and also more
economically feasible.

(d) Other reasons

- Turbine and Generator sometimes need maintenance and repair.

- The planned capacity and structures (reservoirs) are too large in consideration
of actual runoff. (This is not yet verified, but it would be a probable reason.)

- The evaporation loss from reservoir surface is very large.

As seen above, issues related to inappropriate operation are not included as a major reason of
the low power generation. It seems that the change of operation can not expect remarkable
increase of power generation.

The more specific information on issues concerning O & M of respective dam is presented as
follows:

(A) Kossou dam

Kossou dam with power station has the following issues:

(a) The reservoir water level has never reach to HWL (El. 206 m). The spillway
(with the crest elevation of El.196m and the design capacity of 2,160 m3/s) has
been never used. The past highest water level is El. 192.81 m.

(b)  The past lowest water level reached to El.180.21 m, while the original LWL
was El.186m. The LWL for operation was changed to El. 183m and again to
El.180m for keeping the power generation. Some dredging works was carried at
the time of LWL change.
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(c) Three sets of generator have the following design capacity:

Total power 175 MW

No.1 : Q= 152.28 m3/s, H=49.5m
No.2 : Q= 146.33 m3/s, H=40.5m
No.3 : Q= 136 m3/s, H=35m

Annual power generation 505 GWH

However, the actual power generation has been very low and unstable since the
commencement of operation in 1972. The past maximum annual generation was
247.7 GWH(1981-82), while the past minimum was only 2.2 GWH(1983-84).
More than half of the past years has recorded the annual power generation less
than 100 GWH.

(d)  The inflow to the reservoir was much lower than that estimated in the design,
although no reliable design documents are obtained.

The above situations mean that the Kossou dam and power station was too large. That
is, a large amount of waste/loss has happened not only for the construction cost and O
& M cost but also for various environmental conditions.

There is no detailed survey and study to identify the causes and the possible
countermeasures to reduce the further loss. At present, the following causes are
considerable and will be necessary to be confirmed by survey & study.

(a) Inappropriate estimate of inflow and the excessive large structure and
reservoir by a consulting company in charge of planning and design.

(b) Natural inflow was remarkably reduced since the completion of the project
due to decrease of rainfall, decrease of runoff percentage, or excessive use
in the upper basin.

(c) Evaporation in the reservoir was much larger than the estimate.

(d) Leakage from dam foundation was large due to insufficient foundation
treatment.

(e) Leakage from the reservoir was unexpectedly happened.

Note: The causes (b) ~ (e) are also to be more or less included to the
cause (a).

(B) Faye/Grah dam

Faye/Grah dam with power station has the following issues:
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(a) The power station was planned to be operated 24 hours a day, however, the
operation is possible only 3 or 4 hours a day during the dry season(January to
March) due to shortage of water inflow and storage

(b) The dam was planned to use the reservoir water for industrial water supply as
well as the power generation. However, the intake gates (two units) are not used
at all due to the cancellation of the planned factory.

(c) There was extraordinary leakage from the reservoir through the dam and dam
foundation. However, it was already stop by piling sheet-piles in front of the
dam embankment of the reservoir side.

(C) Buyo dam

At Buyo dam, the turbine axis is inclined caused by expansion of foundation concrete.
It is necessary to repair almost every three years in the past. There are three turbines
there. Accordingly, every year, one turbine is not operated for the repair. If three
turbines are constantly operated, more power generation is possible without releasing
water from the spillway.

Note: At present, a project of repair for this issue started by AFD assisstance.

(D) Taabo dam

At Taabo dam, there is no serious issue at present. However, according to the
information of CIR staff, it seems that the annual inflow discharge has slightly
decreasing gradually. If this tendency continues, the efficiency of operation may
become low.

(E) Ayame dam (I & II)

At Ayame dam, the power generation is almost on schedule. However, in these 10
years, water plants increased remarkably. They sometimes enter to the turbine
facilities and cause trouble of operation.

(F) Other considerable issues

(a) The sedimentation records in reservoir were not available.

(b) The capacity of transmission lines is not enough for the increasing power
supply.

As described above, the present operation itself seems to be not the major issues of insufficient
water during the dry season at many dams. However, it is sure that the more effective use of
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water is expected if the present operation can be done more efficiently.
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