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Abstract

Gilgel Gibe hydroelectric power dam was located in the submerging part of the Addis Ababa, Jimma highway in Ethiopia which is
about 55 km far from Jimma was constructed in 2004. A cross-sectional study was conducted during 2005 to assess the siltation and
nutrient enrichment level of the dam. It was found from the study that siltation and nutrient enrichment were the major problems in
this reservoir. The sheet erosion of catchment area was found to be 4.47 · 107 ton/year and hence 2210 ton/km2. The contribution of
the sediment load deposition of the Gilgel Gibe River to the dam was 277,437 ton/year and the total sediment load was
4.50 · 107 ton/year and this amount could cover 3.75 · 107 m3/year of the dam. From the analysis of water samples of Gilgel Gibe
dam, the concentrations of ammonia, chlorophyll a, total dissolved solids (TDS), dissolved oxygen (DO), biological oxygen demand
(BOD), pH and temperature were found within the permissible limits as prescribed by WHO standards, but other parameters like phos-
phate, nitrate, sulphate, total solids (TS), total suspended solids (TSS) and visibility were much higher than the permissible limits. Due to
the high concentration of suspended and sediment load, the secchi disc visibility of Gilgel Gibe dam was 0.72 m which indicated that it
was well within the range of eutrophic lakes.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Siltation is a major problem in reservoirs and dams as it
reduces water storage capacity, thus indirectly reducing
electricity production besides shortening the lifetime and
increasing the maintenance cost. Approximately 880 mil-
lion tons of agricultural soil is deposited in the American
reservoirs and other aquatic systems each year (Biswas,
1996). As a result of human activities, erosion and run-
off from croplands contribute about 25 billion metric tons
of soil, sediment, and suspended solids to the world surface
waters each year. As a result of human activities, erosion
and run-off contribute about 25 billion metric tons of soil,
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sediment, and suspended solids to world surface waters
each year. Owing to poor agricultural practices, overgraz-
ing and deforestation, the worst erosion problem in the
world per hectare of farmland is in Ethiopia (Saigo, 1995
and Lynch and Phillips, 2000).

Based on the data of the Organization for Economic
Cooperation and Development (OECD) monitoring survey
as well as nationwide and continent wide studies
(Nathanso, 2000) of lakes in 18 countries, 65% of total
lakes are eutrophic and 18% are oligotrophic. Similarly,
in the United States, 70% are eutrophic and only 7% are
oligotrophic (Biswas, 1996).

In Africa the water level of the lake Naivasha declined
between 1980 and 1987 and exposed about 35% of the lit-
toral soil, resulting in clearance of lakeside vegetation
(Cyprus papyrus and other emergent plants) (Biswas,
1996 and Gizaw et al., 2004).
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In Ethiopia, the annual incremental yield from forests
does not exceed 14.5 million m3 per year (Abiyou, 2004).
This situation along with rugged topography of the coun-
try exacerbates severe topsoil erosion and run-off agro-
chemicals, which end up in siltation of various water bodies
thereby upsetting their aquatic biota (Abiyou, 2004).

Like any other African nation Ethiopia is also having
nutrient enrichment of dams, ponds and lakes, which is a
big challenge. Abasamuel Lake in Addis Ababa, for
instance, is now completely eutrophied and lost recrea-
tional value due to the impacts of town wastes, poor agri-
cultural activities around the reservoir and poor watershed
level management (Gizaw et al., 2004). Similarly, some pre-
liminary studies indicate that the levels of some reservoirs
(e.g., Koka reservoir), rivers and lakes (e.g., Alemaya,
Awassa, Abaya, and Langano rivers) have decreased. The
process is so challenging that the initial water carrying
capacity of Aba-Samyuel dam (70 m3) has reduced to
about 50% due to progressive silt accumulation (4.45 tones
of silt/km2), while the Koka dam has accumulated about
3.5 million m3 of silt (or 2300 t/km2) in just 23 years (Gizaw
et al., 2004).

As part of the overall effort to improve the life of its peo-
ple, the Federal Government of Ethiopia has launched a
number of development projects throughout the nation.
One notable example worth mentioning is the Gilgel Gibe
hydroelectric dam construction (Yonas, 1996). The dam
has a capacity of 917 million cubic meter water. The area
of the dam is 5 km by 18 km and the depth is 4.0 m at
the intake. This modern rock fill hydroelectric dam was
constructed using more than three billion cubic meters of
stone and is the first of its kind in the nation. It would pro-
duce 184 MW electricity. It could increase the nation’s elec-
tric power by about 40%. 380 towns and 164 woredas
would be beneficiaries from this dam and a transmission
line of 750 km is under construction for the export of elec-
tricity to its neighbouring counties such as Djibouti, Kenya
and Sudan (EEPLA, 1996).

The dam was constructed downstream of Jimma where
untreated wastewater generated by more than 151,697
inhabitants is being directly discharged into the main trib-
utary of Gilgel Gibe River. As the river flows through var-
ious centers of commercial activities, administrative units,
rural dwellers and all of these interact with the river in
an unceasing manner in the form of cattle grazing, cloth
washing, bathing, drinking, and farming. These affect the
ecology of the river system as well as the newly constructed
dam by its siltation or eutrophication (Jamie and Richard,
1996; and Nezif, 1999).

A rainstorm generally causes increases in discharge and
is associated with turbulence in a dam and this turbulence
takes its bed sediments in the form of suspended material.
The physical and chemical characteristics of the river sig-
nificantly vary depending on the season of the year (Teb-
but, 1983 and Deborah, 1996). Therefore, the findings of
this study may not represent the actual condition of the
dam throughout the year. The best representative results
can be obtained from studies carried out through the whole
year.

Although the problems discussed above were likely to be
a major setback for the economic life of Gilgel Gibe dam,
so far no research work existed on the rate of siltation and
nutrient input to address this issue for early recognition
and to put remedial solutions in its place. Therefore, the
aim of this study was to know its current status and for-
ward remedial solutions for the present and emerging
problems.

2. Methodology

The Gilgel Gibe Hydroelectric project is located about
55 km from Jimma (Ethiopia) on the Addis Ababa-Jimma
highway as shown in Fig. 1. The Gilgel Gibe dam was built
with an estimated total cost of 2.2 billion Birr with the
finantial support of the World Bank (Yonas, 1996). A
cross-sectional study was conducted during 2005 to assess
siltation and nutrient enrichment of Gilgel Gibe dam.

2.1. Data collection

Secondary data were collected from the office of the Gil-
gel Gibe Hydroelectric Power Project Office. The Catch-
ment disturbances and anthropogenic impacts were also
analysed using pre-designed observational checklist.

2.2. Water sampling technique

Composite and integrated sampling techniques were
employed to take water samples for physico-chemical anal-
ysis following the standard procedures. Samples were
stored at 2–3 �C, transported soon within 6 h and analyzed
immediately to avoid any change in their physico-chemical
characteristics.

2.3. Variables and their measurements

2.3.1. Discharge

The discharge of the river into the dam was calculated
using a hydrological formula (Jamie and Richard, 1996)
and the instruments and materials used were flow meter,
tap measure and chaining pins.

2.3.2. Measurements of the sediment load of river

Sediment concentration was measured in terms of TDS
and TSS and turbidity using the standard procedures
(Jamie and Richard, 1996). Measurement of the quantity
of sand + silt + clay (i.e., 662 lm) in a sample requires
that a known volume [Vsample (ml)] of well-mixed sample
was first passed through a 62 lm mesh sieve. The sample
was wet sieved, i.e., distilled water was used to rinse the
sample through the sieve. All of the water that passes
through the sieve (original sample plus the water in which
the sample was rinsed) was collected and filtered through a
membrane filter of 0.45 lm pore size and having known



Fig. 1. Map of Gilgel Gibe dam (Source Ethiopian Electric Light and Power, Authority (EELPA)).
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weight. A known volume of raw water was filtered through
a pre-weighed 0.45 lm pore diameter filter paper. The total
sediment concentration (TS) is calculated as

TS concentration ðmg=lÞ ¼ fW sandþsiltþclay=V sampleg � 106

ð1Þ
where Wsand+silt+clay is the weight of sand + silt + clay,
Vsample is the volume of the sample and the suspended sed-
iment concentration (SS) is calculated as

SS concentration ðmg=lÞ
¼ ½Dryweight ðin gramsÞ of the filter paper

þ retained sediment

� the original weight of the filter paper�
=volume ðmlÞ of the sample ð2Þ
2.3.3. Estimation of suspended sediment concentration in

rivers

In rivers there was a moderately good relationship
between suspended sediment concentration and discharge,
i.e., the higher the discharge, the higher the suspended sed-
iment concentration. It was possible, therefore, to develop
a rating curve, which was a regression of suspended sedi-
ment concentration Y as a function of discharge X. This
relationship was, however, subject to a high degree of var-
iability and error. The suspended sediment load (SSL) in
tons per day was calculated as (Jamie and Richard, 1996)

SSL ¼ Qobserved � Cestimated � 0:0864 ð3Þ

where Q is the discharge of the river, C is the concentration
of the suspended sediments and 0.0864 is a constant.

This procedure was carried out daily and the daily loads
were summed for the months and calculated for the year.
The bed load was also estimated as 25% of suspended load
(Garg, 1996).
2.3.4. Estimation of catchment sediment load

The sediment yield of a reservoir basically depends on
sheet erosion, which can be estimated with the help of
empirical Musgrave equation (Garg, 1996).
2.3.5. Measurements of other variables

Temperature, pH, chlorophyll a and visibility were mea-
sured at the site using a thermometer, portable pH meter,
and secchi disc, respectively. Average depth of the dam
was also measured using a string and heavy rod attached
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to it from different sites and calculated. The analysis for
ammonia, nitrate, phosphate, BOD, DO and sulphate
was done according to the standard methods, such as direct
Nesslenzation method for ammonia, phenoldisulfonic acid
method for nitrate, stannous chloride method for phos-
phate, titrometric method for BOD, azide modification of
the Winkler method for DO and gravimetric method for
sulphate analysis prescribed by the American Public Health
Association (APHA, 1995).
3. Results and discussion

During the field visits, it was observed that the people
living around the catchment areas used fertilizers to
increase land productivity, practised poor agricultural
activities besides deforestation and over grazing by ani-
mals. There was also no buffer zone and protection mea-
sure against sheet erosion.

The sheet erosion of catchment area was calculated and
found to be 4.47 · 107 ton/year and hence was 2210 ton/
square km as from the secondary data (Yonas, 1996).
The contribution of the sediment load of the Gilgel Gibe
River to the dam was 277,437 ton/year and the total sedi-
ment load was 4.50 · 107 ton/year, and this amount could
occupy 3.75 · 107 m3/year.

The water analysis of Gilgel Gibe dam has indicated
that the concentrations of ammonia, chlorophyll a, total
dissolved solids (TDS), dissolved oxygen (DO), biological
oxygen demand (BOD), pH and temperature were
0.142 mg/l, 3.4 lg/l, 140 mg/l, 5.5 mg/l, 3.2 mg/l, 7.7 and
24.9 �C, respectively, and by comparing with WHO norms,
these parameters were within the permissible limits as
shown in Table 1. But the other important parameters such
as phosphate, nitrate, sulphate, total solids (TS), total sus-
pended solids (TSS), turbidity and visibility were much
higher than the permissible limits and their values are
Table 1
Physicochemical parameters of Gilgel Gibe dam, Ethiopia measured during 2

Parameters Gilgel Gibe river inlet (A) Gilgel Gibe

Phosphate (mg/l) 634 952
Nitrate (mg/l) 0.140 0.165
Ammonia (mg/l) 0.131 0.142
Sulphate (mg/l) 665.1 675
Chlorophyll a (lg/l) 1.8 3.4
TS (mg/l) 440 600
TSS (mg/l) 320 460
TDS (mg/l) 120 140
DO (mg/l) 6.0 5.5
BOD (mg/l) 3.0 3.2
Turbidity (NTU) 260 296
pH 7.2 7.7
Temperature (�C) 24.6 24.9
Depth (meter) 1.29 10.188
Volume (m3) – 917 · 106
Secchi disc visibility (m) 0.74 0.72
Discharge (m3/s) 22
952 mg/l 0.165 mg/l, 675 mg/l, 600 mg/l, 460 mg/l, 296
NTU and 0.72 m, respectively, as shown in Table 1.

Nitrogen was also associated with algal growth and
eutrophication of this dam. This might be associated with
the use of fertilizers around the dam and the decomposition
of organic debris added from sheet erosion and the river
load. The concentration of phosphate in the Gilgel Gibe
dam was found to be 952 mg/l, which was about 99 times
the critical concentration and enough to cause high algal
growth. This excess concentration in the dam might be
due to the use of fertilizers, use of detergents for bathing
and washing clothes by rural and Assendabo town resi-
dents and land erosion. The newly submerged plants and
grasses might also have an impact on the nutrient enrich-
ment of the dam.

The concentration of chlorophyll a in the Gilgel Gibe
dam was found to be 3.4 lg/l, which was within the limit
of mean mesotrophic lakes. The chlorophyll a, which pro-
vides an indirect measure of algal biomass was highly cor-
related with the concentration of nutrients such as
phosphate, nitrate and ammonia and had the correlation
coefficient (c) of 0.7803, 0.982 and 0.974, respectively. This
low algal biomass in the dam unlike other parameters
might be due to the recent construction of the dam, and
algae and other aquatic plants needed time to grow.

Secchi disc visibility standards for mean value of oligo-
trophic lake are in the range of 6–3 m and for mesotophic
lakes are 3–1.5 m, and for eutrophic lake are 1.5–0.70 m
(Deborah, 1996). Due to the high suspended and sediment
load, the secchi disc visibility of Gilgel Gibe dam was
0.72 m which indicated that it was within the range of
eutrophic lakes.
4. Conclusions and recommendations

Based on the results of physico-chemical parameters and
data obtained using the observational checklists, siltation
005 and permissible standards limits of WHO for comparison

dam (B) Outflow of the dam (C) WHO permissible limits

512 10
0.120 0.05
0.121 0.5
620.25 150
1.6 20
993 500
280 100
119 450
6.2 4–6
2.8 20–30
231 5–10
7.4 6–8.5
24.1 16–32
0.92
–
0.83 0.001
13
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and nutrient enrichment were the major problems of Gilgel
Gibe hydroelectric power dam. It is estimated that the Gil-
gel Gibe dam will reduce its volume by half within 12 years
and would be completely filled with sediments and eutrified
within 24 years unless timely remedial measures are taken
although it was expected to serve at least for 70 years.
Based on the findings of this study, the following recom-
mendations are forwarded: efficient use of fertilizers, specif-
ically organic fertilizers, for different agricultural activities,
reparation of green belt; removal of post flood water; ero-
sion control; and introduction of soil conservation activi-
ties besides creation of ecological awareness among the
residents dwelling near and around the dam.
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