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Dr. Khalid.E.A. Hassaballah
Researcher - HRC

The Dinder rise to the west of Lake Tana
in Ethiopia flowing westwards across the
Sudan border joining the Blue Nile below
Sennar at the village EI Rabwa. The Dinder
River basin has a complex hydrology,
with varying climate, topography, soil,
vegetation cover and geology as well as
human activities. The Dinder catchment
area is about 37.600 km2 and its effective
catchment in Ethiopia is some 14,000 km2
(Hassaballah et al. 2017).

The River is the main source of water for
the rich mayas ecosystem of the Dinder

July 2018

Dinder River: The blood stream

of the Dinder National Park and

source of life for the surrounding
communities.

National Park (DNP). Although the
Dinder flow is seasonal, the areas of mayas
welands used to be inundated each year
during the high flood period depend on the
magnitude of flood and storage capacity
of the maya. Then the flooded mayas start
to dry up as the spill drains or evaporates
or due to wildlife consumption or infiltrate
to recharge groundwater. Complicating
the mayas hydrology is also the presence
of man-made channelization of feeders
(small channels supply water to mayas) to
enhance the filling of mayas.

Plate 1: The Dinder River inside the DNP.
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The river also supplies water to the small-
scale horticulture activities (Jeroof) of
local communities on both side of the river
and 1nundate large areas of floodplain
outside the DNP which provide drinking
water storage for both domestic and
nomadic livestock during the dry period.
During the dry season the river bed left

Plate 2: Mayas ecosystem inside the DNP after the flood season

~

with small bools which consume by the
wild animal in the river reach inside the
DNP or used for other purposes such as
clothes washing and bricks making. Local
people also used to dig small water ponds
(Jammam) with depth of few centimetres
on the sandy river bed for drinking water
during the dry season.

Plate 3: small bools on the sandy bed of the river which consume by the wild animal in the river
reach inside the DNP or used for other purposes such as clothes washing.

Hydraulica
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dry season.

Ecological value of the DNP:

DNP forms an important ecological zone
in the arid and semiarid Sudano — Saharan
region (Abdel Hameed and Abdelhafes
2003). The most unique feature of the park
is the presence of the mayas wetlands,
which are one of the three major ecosystems
in the park. The water system of the park
consists of both the Dinder River in the
middle of the park and the Rahad River on
the Northern border of the park and their
tributaries and mayas. “Mayas”, a local
name for floodplain wetlands that are found

Plate 4: small water ponds (Jammam) with depth of few
centimetres on the sandy river bed for drinking water during the

| During recent years, the Dinder
| River has experienced significant

- | changes of floodplain hydrology
(i.e. dryness of some mayas
wetlands (Plate 7)), and the
causes are not fully identified
(Hassaballah et al. 2016). This has
significant consequences on the
| mayas ecosystem functions and
| services. Therefore, understanding
“| the climate variability and its
hydrological impacts is crucial for
water resources development, as
well as for sustainable ecosystem
conservations within the Dinder
basin.

on both sides along the Dinder River. The
mayas are formed by meanders and oxbow
cut on both sides of the rivers. According
to DNP authority, there are more than
40 mayas and pools that are part of the
rivers Dinder and Rahad systems. Mayas
are the main source of food and water for
wildlife (herbivores) in the park specially
during the dry season which extend from
November to June (AbdelHameed et al.
1997).

Hydraulica
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Mayas during the beginning of the dry season in December
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Social value of the DNP:

The residents of Magano Mountain village
were known to exist at the southwestern
boundaries of the park before the
establishment of the DNP. Their history
was traced back to 1912 (Abdel Hameed
and Abdelhafes 2003). When the park’s
boundaries were extended in 1983, the
Magano village community was affected
by the new extension and become inside
the park. Consequently all community
activities are being practiced inside the
park (Awad et al. 1992).

The Magano community depend mainly
on rain-fed agricultural crops and domestic
livestock goats. Water is a major issue
for the Magano community. It decides
their settlement and movement. They
accordingly move in the dry season,
mainly due to the scarcity of water in the
wet season settlements, to a place close to
the Dinder River, in south-east of the park,
where the river retain with some permanent
pools. They return to their village at the
beginning of the rainy season in June.
Ten villages on the eastern boundary which
lies on the west bank of the Rahad River
were affected by the park extension and
become inside the park. Another group
of villages in Kadallo area in the western
boundary were also became inside the
park. In addition, some 36 villages are
also located near the DNP boundaries
as reported by The Higher Council for
Environment and Natural Resources
(HCENR) of Sudan in 2002.

There are many non-wood products that
are utilized by the communities around and
within the park such as the “Saaf” which

July 2018

are young leaves of the dome palm. These
are used for making mats, baskets, honey
pots and handicrafts. Production of honey
in also one of the major activates for the
communities within and around the park.
Historical background of local
communities in the Dinder area:
The history of human settlement in the
Dinder area dates as far back as the pre-
nineteenth century. Some villages (i.e. in
Kadallo area) were recognized to exist
at the southwestern boundaries of the
park area since 1912. Due to the park»s
boundariesextensionin1983,some ofthese
villages were become inside the park and
their activities were regulated by the Park
authorities (Awad et al. 1992). However,
resettlement of the Dinder area intensified
in the early 1960s through immigration
from western Sudan and West African
countries. Additional internal immigration
happened due to severe droughts, famine,
and civil war of the 1980s.

The population composition in the Diner
area shows a multiplicity of tribes who are
mainly farmers and pastoralists. Nomadic
pastoralists have also been attracted by
the area where they continued to settle
during the dry seasons to utilize the
available water and grazing resources.
Factors that accelerated the influx of
human populations into the area include
the expansion of mechanized rain-fed
agriculture in 1970s which created a good
market for paid labour, thereby attracting
increasing numbers of workers who
settled seasonally or permanently in the

Hydraulica
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surrounding area of the DNP.

Protected areas safeguard biological
and cultural diversity, help to improve
the livelihoods of local peoples, provide
the homelands for many indigenous
communities and bring numerous benefits
to society in general (Sandwith et al. 2001).
Nevertheless, as population increases,
protectedareaswill be negatively impacted,
as the increased population requires
increased natural resources demands.
Habitat destruction in and around the
DNP, unnatural fire regimes, land use
land cover changes and alteration in
river flows disrupted ecosystem process
that result in wildlife migrations. This
threatens biodiversity and sustainable
land use management. To overcome these
problems and to ensure present and future
generations can have sufficient access to
naturalresourcesto securetheirlivelihoods;
the management of water resource and
ecosystems must become participatory
across local, national and international
levels. To ensure sustainability, planning
and management should take into account
the ecological, socio-cultural, economic,
and institutional concerns of stakeholders
across the park boundaries. Moreover,
integrated management is essential in
protecting the park as well as improving
the livelihood conditions of the inhabitants
of the Dinder area.
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On farm water management in
Gash Agricultural Scheme (GAS)

Experiment of changing size of Mesga

The IFAD funded project “Africa to Asia and back again: Testing
Adaptation in Flood-Based Resource Management Project” is
implemented in Sudan by the Hydraulics Research Center (HRC-
) ' ~ Sudan). In the framework of this project, the applied research work
Dr.Amira Adel Rahim mekawi . . .
Assistant Professor - HRC titled “On farm water management in Gash Agricultural Scheme”
is being undertaken by the institute in three phases over the period
2015 - 2017.
The research work aims to evaluate the performance of the existing
irrigation system in GAS at the farm level (Mesga level) and then
to introduce a newly irrigation scheduling instead of the current
practice.
In Phase I (season 20152016/), a pilot farm was selected in Kassala
Block in GAS (Mesga 1). The farm size is 1600 feddans. Intensive
. ~data collection and field measurements (flow and soil moisture)
Eng. Ahmed Abdalbagi Alamin o0 carried out in the selected Mesga during the period from
Assistant Researcher - HRC June 2015 to January 2016, i.e. through the full growing season.

I-Il'fl'?" " }

The major physical and chemical properties
of the soil in Mesga 1 were also determined,
which found to be Silty clay soil. The total
irrigation water diverted to Mesga 1 during
the flood season was measured as 4.7 Mm3.
The soil moisture measurements, covered 65
points in Mesga 1, were taken at three layers
(060-30 ,30- and 6090- cm). Measurements
were taken within certain intervals, before
flooding, immediately after flooding, until
end of the season, i.e. until soil moisture
matches pre-season condition.

The second Phase of the research work

Based on the main findings of WinSRFR,
a set of interventions were proposed to be
tested in the field during 20172018/ season.
The field work in season 20172018/ more
or less follows the same procedure of that
of Phase I i.e. quantification of flood water
entering a selected pilot farm, soil moisture

constitutes a desk study using WinSRFR | x
model to examine different scenarios of = =

irrigation scheduling on the Mesga level.

Hydraulica
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measurements all through the growing season,
etc. The only difference is the construction
works of the adopted interventions on farm
level.

Adopted interventions on Mesga
level (Year 2017)

Theselected farm (Mesga 14E)is 1000 feddans

(0.6 km x 7 km). It is divided into two equal
parts horizontally. Flood water is supplied to
the first half (500 feddans) from two sources:
water access and from downstream the weir.
The next half gets water from the newly
constructed Mesga (field) canal (see Table
and Map).

Excavation/
Mo. Intervention Description
Volume (m?)
1 Mesga canal Lenoth=3.5 km, Bed width = 2m, ~ 10000
Slope =0.0017 -0.001 (2 reaches)
2 Embankment Length of embankment = 600m
3 Weir construction Dimensions: total depth=3.5m

Flow measurements

Flow measurements over 11 days were carried
out to quantify the irrigation water diverted
from the secondary canal (Tugrar canal) to the
entire field. Total flood water, estimated at 3.0
Mm3, is presented by the following graph.

Discharges {m"/s}
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Soil moisture measurements

In Mesga 14E, Kassala Block, 40
representative sample locations have been
chosen in year 2017. Each sampling point
has been separately sampled into three depths
that are: 060-30 ,30- and 6090- cm at certain
intervals from pre-season (early June) up

July 2018

to harvesting time (December 2017). The
Figure below shows the improvement in soil
moisture distribution in year 2017 versus the
status in year 2015 because of the adopted
interventions.

—r— o 2017

ez Yogr 2015

Average soil moisture (%)

0.0
5/31 771 g/1 /1 10/2 11/2 12/3
Time
. number of days taking into account that
Achievements : :
: : L total farm area is equally and horizontally
Concerning  duration  of irrigation

application and soil moisture distribution,
some points are to be highlighted:

1. The total number of irrigation days
decreased from 15 days (current practice
in GAS for 1000 feddans) to 11 days
(the experiment case). This means 27%
of irrigation duration (4 days) is saved in
terms of irrigation water. Hence, probable
expansion in planned irrigated area in
GAS can take place or growing of second
cropping can be realized.

2. The applied water depth in year 2017 is
714 mm compared to 700 mm in 2015. The
applied depth (2017) is achieved in less

divided and consequently existence of
more than one access for irrigation water
leads to better distribution of flood water.
3. The available water (AW), computed as
the difference between the water depth of
the first reading of the soil moisture (FC)
and the water depth at harvesting stage, in
year 2015 was 13.3 cm while that of year
2017 was 14.9 cm.

4. Spatial and temporal distribution (as shown
by the generated soil moisture mapping)
reflects that moisture distribution in year
2017 is enhanced and more even than in year
2015 which showed clear decreasing trend
towards the farm tail. This is also supported

Hydraulica



July 2018

by analytical results that have ensured more uniformity of soil moisture distribution in year
2017 than in year 2015.
5. Productivity inyear 2017 is estimated at 10 sacks per Feddan on average for the two Sorghum

varieties.
Variery Average vield in GAS Yield in pilot farm (2017)
Tabat 10-12 11
Aklamov 5-7 g
Torae
el Prizeazaz Bassied
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Contribution of Water Users
Associations to Poverty Reduction of

Farmers in Gezira scheme, Sudan
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Abstract
Although there are various institutional

changes in Gezira Scheme, however the links
between these changes and poverty among
farmersisnotyetinvestigated. Thisstudy aims
to identify the contribution of Water Users
Associations in poverty reduction of farmers
in Gezira Scheme through the field survey
that was conducted in Bassatana Irrigation
Division (BID) in the Scheme. A sample of
100 farmers was randomly selected to collect
primary data through questionnaire. SPSS
and Excel software were run to statistically
analyze the collected data. The results
showed that WUAS have no positive impact
on farmers income, and hence the poverty
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status among farmers of BID. Only 5% of the
farmers depend completely on agriculture for
their income, while 24% depend on livestock
and 71% of farmers depend on other sources
to satisfy their family needs. The contribution
of WUAS in provision of seeds at only 33%
, finance at 15%, increasing area at 51%, and
provision of water at 43%. The responsibilities
of WUASs concentrated in the management
of irrigation water at the minor canal. It is
observed that more than 60% of the farmers
have rented part of their land because of high
farming cost and less revenue. Compared
with the other institutional periods since the
establishment of the scheme, farmers believe
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that their income was increased during
Individual Account System (IAS). More than
50% of farmers agree that the social services
(education, health, drinking water) evolved
during Joint Account System (JAS). WUAs
setup should be improved to contribute
positively on poverty status of farmers.

Introduction:

Gezira scheme is located between longitude
32° and 32° 50" and latitude 14° and 1415"
Eldaw (2004). Nanda and Azharul, (1994)
showed that Gezira Scheme topography is
the vast flat plain with a gentle slope from
South to North and from West to East, thus
providing an ideal situation for gravity flow
of irrigation water. In 1911 the scheme was
initiated as a pilot project with an area of 250
fed (105 ha) for growing cotton. Around the
time it was also decided to construct a dam
at Sennar on the Blue Nile to enable further
expansion to the scheme. In 1925 the Scheme
was begun in large scale after the completion
of the dam. Later it was expanded by adding
the Managil extension in (1957 to 1969) and
reached 2.2 million feds (880,000 ha). The
irrigation network comprises main, major
and minor canals with a total length of about
10000 km. Administratively, the Scheme was
divided into eighteen administrative groups
which are in turn were subdivided into 115
administration districts (Blocks). Later after
the Gezira New Act of 2005, the scheme was
divided into 21 irrigation divisions. Abdel
Gader, el al (2013) reported that the Gezira
scheme has a sum of 132,000 farmers. The
main crops grown in the Scheme are cotton,
wheat, sorghum, groundnuts, fodder and
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vegetables. More recently, some new crops
were introduced into the Gezira production
system in compliance with concepts of
freedom of crops choice such as cowpeas,
watermelons etc., Abdel Gader, (2012).
Because of Gezira scheme law of 2005 and
the transferring of some water management
responsibilities to the Water Users
Associations (WUASs), areas of crops showed
decreased trend for some crops e.g. cotton
(Bashier and Adeeb, 2015). The productivity
of crops which considered as low and would
not change among the most periods of the
scheme may directly influence farmers income
particularly farmers who are only agriculture
dependent. With establishment of WUAS in
Gezira Scheme, the efforts of agriculture,
canals maintenance and water management
in general have been fragmented between
farmers, Gezira Board, Ministry of Water
Resources, Irrigation & Electricity and State
Ministry of Agriculture & Irrigation without
clear coordination. This creates problems
and directly impacts the farmers’ production.
Therefore, poverty status of farmers in
Gezira Scheme under WUAs policy should
be examined so that corrective actions can be
made.

Study Area:

Bassatana irrigation division was selected in
which 100 farmers were randomly selected
for interview and discussion. Bassatana
irrigation division was selected because of
easy transportation, and accessible in terms
of data collection. Also there is available
information as so many studies conducted in
this division. In addition, this division is first
place experiencing establishment of WUAEs.
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Methodology and Materials:

Tools and techniques are used to achieve the
study objectives; these include the study area
description, sampling design and sampling
technique, data sources and methods for data
collection and analysis. The study assesses
farmers’ poverty status in terms of impact
of WUAs on farmers’ income and impact
of WUAs on water management. The study
based on primary data that was collected by
means of questionnaire from a random sample
designed to provide statistical information.
Also recorded data was collected from
various sources. Available literature on Gezira
Scheme, water management and WUAS were
reviewed and summarized.

The study used various methodologies to
achieve its objectives and will be based on
primary data that was collected by means of
questionnaire from a random sample designed
to provide statistical information on farmers.
Also recorded data has been collected and
available literature on Gezira Scheme, water
management and WUAs were reviewed, and
summarized. The formula below was used to
select a random sample of 100 farmers who
were interviewed
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n=1.962xp(1-p)/A?

n referred to appropriate number of the
sample of farmers that has been taken

p estimated prevalence of Gezira’s farmers
to Gezira ‘s Citizen that obtained when the
total number of farmers of Gezira Scheme
divided to number of total population of
Gezira State.

A referred to allowable error = 0.05

Also, below male adult equivalent equation,

(Deaton & Melbourne, 1980) was appropriate:
E=(A+ (ax K)) Aq

E = male adult equivalents

A = number of adult

K = number of children

a = fractional representation of children in

adult equivalence child cost ratio

q = the scale parameter (Deaton & Melbourne

1980)=0.5- 1.

Cropped area:

Figure (1) shows that area of main crops

(cotton, sorghum, groundnuts and wheat)

in Gezira scheme during (2000 to 2013).

Sorghum area was the biggest in season

20102011/. Farmers prefer sorghum, because

of low cultivation cost, easy plantation and
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Figure (1): Main crops area of Gezira scheme (2000 to 2013)
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easy cultivation process compared with other
crops. Also, sorghum is tolerant to drought
and it can be maintained by rainfall and
supplemented by irrigation. Sorghum is
food crop but highly influenced by change in
prices.

Groundnut is an oil crop and cultivated
through a shared cropping system, it highly
influenced by prices levels. The smallest area
grown by groundnut in the scheme during
(2000 to 2013) was 45000 fd in (2001/
2002), and when the prices increased the
area increased gradually up to 231632 fed in
season 2011/ 2012.

Wheat is one of main crops that have been
cultivated in Gezira scheme during winter
time. Wheat is considered as the most
important food crop that make government
subsidize to cultivate itand encourage farmers
to contribute in food security as strategic
factor for any country.

The scheme is originally designed to produce
cotton; however, the cotton area was greatly
Impacted by changing policies that discourage
farmers to grow cotton and hence the area
was sharply decreased. The Gezira law
since season 2005/ 2006 gives farmers free
choice to grow their own alternative crops
and therefore the farmers refused to grow
cotton but instead they widened in sorghum,
groundnuts and vegetables cultivation.

As Figure (2) depicted 15 crops were
cultivated in the Central block in both summer
and winter seasons, 229.1 fed has cultivated
by groundnuts and 212.3 fed of sorghum,
both crops are characterized by low cost of
cultivation and easy plantation. Sorghum
and groundnuts are food crops. Cotton was
cultivated at 107.5 fed, and 80 fed of wheat,
because both of them have high cultivation

cost with unclear marketing policy. Most of
farmers refused cultivating both crops as they
have choice to cultivate alternative crops.
These two crops seem to be highly influenced
by WUAs policies. Vegetables like onion,
tomato, sweet potato, and squash have been
intensively cultivated. Onion has cultivated
in 167.5 fed which considered the biggest
area of vegetables. Because of its high prices
In recent years, bigger areas expected to be
cultivated in the coming seasons. Because
of high cultivation cost of tomato, only 20
feds were cultivated. Sweet potato has cheap
cultivated cost but it has a long season it is
cultivated just 12.3 fed. Only 4 fe

ds of carrot were cultivated because of high
cultivation cost. It seems that costs and prices
control the area of crops; this indicates that
farmers are still poor to cultivate larger areas.
Millet has been cultivated normally in Gezira
scheme with sorghum. Farmers in Gezira
preferred sorghum more than Millet as main
food for most of people in Gezira. Chickpea
has been cultivated in Gezira scheme
during winter season. Some farmers refused
cultivating wheat; most of wheat area has
been replaced by chickpea. Area of chickpea
has increased in recent years, because of high
net return. Begun pea was cultivated in 128.3
fed as it is considered as popular crop, and it
has easy plantation and high benefit. Horse
bean was cultivated in 10 feds; few farmers
in Gezira scheme have cultivated horse bean
during winter season. Sunflower considered
potential crop in Gezira and covered about 10
fed in Basant irrigation division. The results
indicate that vegetables are generally grown
in small area and few farmers cultivated them.
Only 2 feds of Sesame were cultivated, while
huge areas cultivated in rain fed areas.
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Figure (4): Productivity of cotton
Table (1): Benefit of crops
Prices
Productivity Revenue Cost production Net Benefit
Crop
(Kg/Fed) (SDG/Kg) | (SDG/Fed) (SDG/Fed) SDG/Fed
Cotton 213.12 13.65766 2910.72 1905.302 1005412
Sorghum 1040 1.738 1807.52 9524023 8551177
GN 1290 0.875 1128.75 9281982 2025518
Wheat 520 3.405 17706 1835.3 -64.7
Omnion 3370 2028 G834.56 34472 338716
Tomato 540 5.975 32265 4424 7 -11598.2
Sweet Potato 14520 1.404 2091.96 985.7724 1106.188
Carrot 2460 0.667 15400.82 4785 11635.82
Sguash 170 1.75 297.5 996.8333 -6599.333
Millet 200 1.85 350 500 -210
Chickpeas 280 3.3058 324182 1819457 1423323
Begun pea 470 2.874 1350.78 705 3958 5413802
Horse Bean 200 3.366 B73.2 17418 -1068.6
Sunflower 300 0.25 135 1080.714 -245.714
Seasam 550 0.85 501.5 10440 -538.5
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Figure (6): Contribution of agriculture in poverty alleviation

Socioeconomic Analysis Results:

Farmers’ income has been compared for four
periods in the scheme. These periods are joint
account system, individual account system,
economic liberalization, and WUAs (Gezira
law of 2005). The Gezira Scheme still use

individual account but some difference today
that financing to farmers doesn’t be supported
as it would be in the past. Socioeconomic
indicators used are farmers’ income, education
services, provision of water and health
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services. More than 65% of farmers seem that
their income has been increased during the
individual account period, less than 20% seen
that their income has been increased during
WUAs, while 12% of farmers agreed that
Income increase during joint account, and
less than 3% during economic liberalization,
this indicate that the period of IAS is the best
in terms of income and this is because during

JAS the income from cotton was distribute
fairly between farmers, cotton company and
Gezira board. The majority of farmers believe
that JAS is the best in term of education,
health, and water developments. Because
at the period of JAS, payment of cotton net
return used for development of infrastructure
in Gezira.

Table (2): Impact of WUAs

Farmers answers
Impact of WU As Yesl No%o
Inereasing area 51 49
Provision of irrigation water 43 57
Providing seed 33 67

Table (3): Farmers’ efforts to improve their income from agriculture

Farmers efforts to improve their income Number of farmers %o
Use Machine for preparing land a9
Using seeds dispersal 55
Using improved variety seeds 83
Use mechanics for harvest o7

Table (4) Situations during different periods of Gezira scheme

Items Joint Individual Economic Gezira
Account Account Liberalization 2005
Law
O 04 04

%%
Increase of personal income 12 65 3 19
Upgrade education facilities 58 15 10 17
Upgrade dirking water 33 13 la 1g
Upgrade health facilities 62 l& 7 15
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Conclusions:

The results show that productivity in Gezira
Scheme isn’t significantly changed for most of
main crops during WUAs, and hence WUAs
relatively have no significant impact on
poverty alleviation. Farmers still concentrated
on traditional crops and vegetables. Cash
crops are grown in small areas by fewer
farmers. Free crop choice system introduced
with WUAs is negatively followed and area
has been increased beyond the system design.
Farmers depends completely on agriculture
as sources of income constitutes only 5% of
the total farmers in Gezira, other remaining
farmers depends on animals and other jobs
to satisfy their family needs. The net return
from some cultivated crops is low and under
low on negative returns poverty alleviation
cannot be expected to achieve. Also, it has
been observed that some farmers rent part
of their lands instead of cultivated it, WUASs
have no role in provision of finance and
agriculture inputs. Farmers living in modern
houses, uses electricity and gas. Greater part
of farmers owned animals even before WUAS.
Theoretically, there are WUASs however their
roles in water management and agricultural
process are far from the real responsibilities
of WUASs worldwide. Comparisons between
different institutional periods in Gezira
Scheme, the results show that IAS is the best
in terms of farmers’ income. JAS is better
as far as socioeconomic development is
concerned in Gezira.
Recommendations:

Based on the result and conclusion the
study suggests necessary improvement in
water management, agriculture, rules and
regulations and infrastructure of the Gezira

July 2018

scheme to serve the development as follows:
1. Productivity should be targeted in any
development program in Gezira Scheme.
2. The need to improve water management
both technically and financially to ensure high
productivity and hence positive contribution
on poverty alleviation.

3. Provide necessary financial support, backed
by the political volition for maintenance of
irrigation networks.

4. Set the necessary arrangement and policies
to bring the agriculture back to its leading
role in economic development.

5. Encourage scientific researches based on
increasing the productivity of crops to achieve
the efficiency of resources use.

6. Make use of agricultural techniques
especially in the field of agricultural
mechanization to reduce the cost of labor.
7. Strengthening farmers through education
to play real and effective role in their farms.
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Introduction:

The Blue Nile River and Atbara River that
originate from the Ethiopian Plateau are the
major source of sediment load in the Nile
River. These two rivers bring considerable
amounts of sediment during their flood times.
There was obvious increase in the incoming
sediment in the 70’s of last century. These
increases in income sediment were noticed
because of the increasing sedimentation
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problems reservoirs and irrigation canals.
Hydropower turbines in Roseires experienced
complete blackout due to blockage of their
intakes by sedimentation. Other problems
are the increased frequency of canal banks
incidences and blockage of hydraulic
structures due to sediment deposition. The
Ministry of Irrigation realized that knowing
the sediment load and its characteristics
in different river reaches and that entering
irrigation schemes is very crucial for sediment
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management. Then the Ministry of Irrigation
and Water Resources launched a sediment
monitoring program in Gezira Scheme and
the Blue Nile system in 1988. The program
was implemented by the Hydraulics Research
Station HRS in collaboration with the
Hydraulic Research Wallingford HRL. This
collaboration continued for two years, and
then HRS continued the program by itself.
Objectives:

The objectives of the sediment monitoring
program are:

* Quantify the sediment entering some
irrigation  schemes, particularly Gezira
scheme, and determine its distribution.
* Establish a correlation between the rate of
inflow and sediment concentration within the
river Nile system and the irrigation schemes.
* Define the optimum filling dates for the Blue
Nilereservoirs.

Methodology:

The sediment monitoring program started
with 52 stations stations distributed at the

head, middle and lower parts of the irrigation

properties. The methods used in determination
of sediment concentrations include the classic
gravimetric method and the turbidity-meter
measurements.

Sediment concentrationis generally expressed
in grams per liter for water-sediment mixture
or in part per million (ppm) by weight.
Concentrations in parts per million by weight
are obtained by dividing the weight of the dry
sediment by the weight of the water-sediment
mixture and multiplied by 10°to express the
result in parts per million (ppm). Since the
classic method is time consuming and labor
intensive method, only 10% of the samples
are analyzed using this method. All collected
samplesare analyzed using the turbidity-meter
measurements. A correlation is established
between the turbidity-meter readings and
the gravimetric method. This correlation is
then used for converting all turbidity-meter
readings into sediment concentrations.

system in the Gezira. Based on the long- ._

term experience in sediment monitoring, the

monitoring stations are now limited to 14 |
stations along the Nile and its tributaries and # 3

in the Gezira Scheme.

Water samples from the different station i" :

are collected on daily basis using samplers. |

The samples are kept in plastic bottles with

labels and transported to HRC laboratory in |

Wad Modani for analysis. About 1,378 water
samples were collected this season from
the different stations and analyzed in HRC
laboratory.

The tests conducted in the laboratory include
the determination of sediment concentrations,
sediment grain size analysis and other

Hantoub
KiS7

>
zirajicanalsisennar.dam

wWadlElais

Locations of sediment monitoring stations
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Results and discussion:

The results showed strong correlation,
R?=0.96, between the turbidity-
meter readings and the sediment
concentration in ppm (see graphl).
The sediment concentrations as well
as the sediment loads in the Blue
Nile this season are lower than those
for last season as shown in figures.
This can be attributed to the fact
that the Blue Nile flows are lower
than last year. The daily sediment
concentrations in all the stations along

the Blue Nile (see graph 2) have '-

the same pattern with peak of the
sediment concentration in the second
half of July, the highest sediment
concentration recorded in downstream
Senna station as 12,380ppm. The
sediment concentrations in Hantoub
station have the same pattern, but
lower values than those downstream
Sennar Dam. This may be attributed
to the sampling location. The total
sediment in the Blue Nile at Wad Elais
and downstream Sennar dam (see
graph 3) are 101 and 126 million ton
compared to 171 and 170-million-
ton last year, respectively. Sediment
concentrations in the two Gezira Main
Canals at Sennar and downstream K57
have the same magnitude as the Blue
Nile downstream Sennar. The newly
established stations in the lower canal
system in Gamousia major and Hamza
minor have shown higher sediment
concentrations than upstream stations
due to the rehabilitation that is taking
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Sennar this year was 8.3 M ton
compared to 8.6 M ton last year (see
graph 4).

The daily sediment concentrations
in Shambat/Tamanyat station in the
Main Nile stations have the same
pattern as those in the Blue Nile.
However, the damping effect of
Merowe dam is reflected in the low

Sediment entering Gezira Scheme (1995-2017)
sediment concentrations in Dongola
station (see graph 5).

Daily  sediment  concentrations

downstream Khashm Elgarian Dam graph (4)

(KED) and at New Halfa Canal (NHC)

have the same pattern and order of il Daily sediment concentrations in the Main Nile ==
magnitude (see graph 6). The sediment o R

concentrations in these two stations are

very low; these results are still under
investigation.
Recommendation wain | Ll | o
« It is recommended to relocate the sl A BTy ,
sampling location at Hantoub bridges - . ' ™ . [0
as the sediment concentrations at this I EVTRY 9 s . Wi .
station are low compared to other RO ¢
stations in the Blue Nile. A ‘
* It is also recommended to validate

the sediment data of Dongola station with

Elhesai downstream Merowe dam.

¢ [t is recommended to stop monitoring 2 i
at Gezira main canal downstream | £ T ~DsHikC
K57 as it has the same sediment 5 |
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1.Introduction

Sennar dam is the first large dam built across
the Blue Nile in Sudan some 300 km south of
Khartoum. The main purpose of Sennar dam
Is to store and divert water for irrigating cotton
in Gezira Scheme and secure drinking water
supply during the dry season. The construction
of the dam was started in 1914, stopped during
the World War | and completed in 1925. The
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Sedimentation in reservoirs
Evaluation of Present Sediment
Sluicing in Sennar reservoir

: sl
21925 ale G ¥ dill e i o) s Ll
e Os—le 930 Lo d Al A A8 da
SN S N [5G PR I UV U XY UL
dhf’)—iﬂ‘tjﬂwu—bﬂ‘:\—cbﬂcﬁﬂ‘ el_)A
1125485400 52 80 O 33 aana aliall 3 0
= il ol pa oy yeail A @S A le D) g
Ao Al (B4 )52 S i 2821962 alall
Jill (g il ol 0¥ aly & slana 7.5 Baal )
s A BV Amgll e iy 31 G5, Y
88 8 U Lgia 9% 80 «raSa e jLala 50
CloaaS gl cadag LaS (Hm 558) - 5 59) Gloadl)
b Osale 146 (o pafielab¥) e s 2
= O AN dei oy ladll s, 6 g
AR da g ) Al Qi sl aea &, 521925
G i (50 Dl sl pen o pal lizaidll 5,58
PN AN (= G_“Aj\ PN O A0 g ‘U\JAJ‘ gsJ
Jofil) el s Jopand ot (Sl 5 Glacadll Al
c«\_é:i}[\a._t_ﬂaﬁg_ﬂ\}cbuﬁ))_ﬂ\ S yaxlia
SV U 1Y S PRI IO i1 QPSP PV
SN 8 elala¥) oy JoEal 5o paall Joa il
Hﬁﬁ;ﬁ\gw&ckuﬂ\&;ua_ﬁ&ﬂ
e ozl 3,5 JMA (2 417.5) (=Y aall

initial storage capacity of Sennar reservoir
was 930x106m3. The dam was designed
with 80 deep sluices and 112 spillways gates
spreading across the river, capable of passing
the maximum flood. In 1962, two turbines,
7.5 MW each, were installed in the dam for
hydropower generation.

The Blue Nile originates from the Ethiopian
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highlands with an annual average flow of 50
Billion m3and about 80% of its flow occurs
during the flood season (July—October).
During the flood season, the Blue Nile
brings considerable amount of sediment that
originates mainly from heavy erosion in the
upper catchment area in Ethiopia. This high
sediment load has major influences on the
design and operation of the reservoir.

2. The Problem:

The original operation rule for the dam was
to leave the river flows naturally without
any impoundment in the reservoir during the
flood period. The reservoir is then filled in
November after the sediment is passed. This
operation of the dam was changed after the
installation of the power turbines in 1962.
The dam was then operated in accordance
with new operation rules that aim at reducing
sediment deposition. During the flood season
the water level in the reservoir is kept at the
minimum operation level. The reservoir is
filled after mid-September when the sediment
concentrations have dropped significantly.
Despite of these rules, Sennar dam lost 60% of
its original storage capacity during the past 85
years. This reduction in the reservoir storage
capacity due to sedimentation has reduced
the benefits from it such as irrigation, power
generation and flood attenuation capabilities.
3. Objectives:

The objective of this paper is to investigate
the present reservoir’s sediment management
strategy using contemporary knowledge
In reservoir sediment management and
evaluate the economic impacts of reservoir
sedimentation in present reservoir operation.
4, Material and methods:

Various information and datasets from
different sources were collected, collated and

analyzed. These include river flow time-series,
sedimentconcentrationsand loads time-series,
reservoir surveys, operation rules, power
generationandeconomicdata. Sedimentrating
curves downstream Sennar reservoir were
developed using sediment monitoring data at
the station and compared with a number of
contemporary empirical relations. Economic
Impacts of the present reservoir operation
were assessed using economic values of
water in agriculture and power generation.
The sediment concentrations in the Blue Nile
vary throughout the flood season, starting
with low sediment concentrations in mid-
June and increase gradually until it reaches
its maximum concentration in the second
period of July and then decreases again to
the lowest he beginning of November. The
transported sediment in the Blue Nile consists
of significant quantities of very fine material
composed of silt and clay which is transported
in suspension and accounts for approximately
85 - 90% of the total sediment load in the
Blue Nile. Part of the sediment load entering
the reservoir is trapped and the remaining is
released downstream. Outflow of sediment
discharge from reservoirs becomes smaller
than the inflow during the rising water level of
aflood, because of a decrease in flow velocity
and the backwater effect. To increase the
outflow of sediment from reservoirs, the flow
velocity is increased by lowering reservoir
water level and decreasing flow area. This
operation is known as sediment sluicing.
Sediment flushing differs from sluicing in
that; in flushing, previously accumulated
sediments in the reservoirs are remobilized
and transported downstream.

The operation rules of Sennar reservoir require
the water level to be kept minimal at 417.5
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minimize the flow area and increases
the flow velocity to sluice the heavy
sediment load. The reservoir is then
filled after the sediment concentration
has dropped significantly in mid-

Reservoir water level (in)
£
0

—

8000

+ 7000

T 6000

r 3000

T 4000

Sediment Concentration (ppin)

September, as shown in Fig (1). To e _;___-3(.3.(:.:;.::;. - - 3000

check whether sediment sluicing " ¥ ier 1 + 2000

is the best operation option for *° | - 1000
415 Lo

Sennar or not, the Basson (1997)
diagram, Fig (2), was employed.
The two indices in the diagram
are the water index Kw, which
Is the ratio of reservoir capacity
to mean annual runoff, and the
sediment index Kt, defined as
the ratio of reservoir capacity to
mean annual sediment yield. For
Sennar reservoir, Kw=0.0186 and
Kt=6.4, which falls in the area of
sediment sluicing. |
The annual volumes of sediment o
passing downstream  Sennar

dam were plotted against the

respective volume of water

released during season, for the period 2002
—2014. Paul and Dhillon (1988) equation for
free-surface flushing was plotted on the same
plot as shown in Fig (3).

Paul and Dhillon (1988) equation
Vs=0.1048V0%7 ... (1)
Where, Vs is volume sediment, V is the
volume of water used in the flushing.
Two sediment rating curves viz. rising and
falling curves, where developed for the
sediment monitoring station downstream
Sennar dam, (2002 — 2014), as shown in
equations (2) and equation (3).

Rising Flood Limb (Mid-June — August
20th)

100,000 |

10,000 |

1d)

1,000 |

100 |

Kt (Storage/ Mean Sediment Yie

1S:

Jun  Jul Aug Sept Oct MNov Dec Jan Feb Mar Apr May Jun

Figure (1): Present operation of Sennar reservoir

Aswian
L}

Storage

Kw(Storage h’l:’;l‘l Annual Runoff) I
Figure (2): Basson’s diagram
Qs = 0.406Q*442 [R2=0.69] ...... ()

Falling Flood Limb (Auqust 21st — Mid

November)
Qs =0.004Q32022

Where:

Q=released water discharge in 106 m3/day,
Qs= sediment discharge in 103 Tons/day.
Sediment concentrations for the different
dam releases were calculated using the
above sediment rating curves. The sediment
concentrations predicted by Wu (1989)
empirical equations for pressurized flushing,
equation(4),andfreesurfaceflushing,equation
(5), and Tsinghua University equation for
calculating sediment-transporting capacity
of the deep sluice at flushing, equation (6)

0.01

[R2=0.78] ......(3)

Hydraulica



July 2018

were compared with actual sediment
concentrations released downstream
Sennar dam as shown in Fig (4). '
Wu (1989) empirical equation for free
surface flushing:
C,,=847.1[V*/gdw]** 4)
Wu (1989) empirical equation for
pressurized  conditions:
C,,=64.9[V¥/gdw] % (5)
Where, V = the flow velocity in m/s;
d= the flow depth in m;

w=the falling velocity of the sediment
particles; g= the gravitational acceleration
in m/s?,

The Tsinghua equation for calculating
sediment-transporting capacity of the deep
sluice at flushing is given by (Atkinson,
1996):

tes

Sediment Discharge through Sluice Ga
(1000 Tons/day)

Q}-Esl.z
QS — LIJ WU.E {E')
Where:

Y is the multiplier in the Tsinghua
University method for sediment load
prediction during flushing, S=longitudinal
slope during flushing; W= s the
representative width of flow for flushing
conditions.

Four methods were used for calculating
the sediment trap efficiency of Sennar
reservoir. These are the Brune (1953)
curves, the empirical equation of Dendy
(1974), the sediment balance, and reservoir

resurveys.

Dendy (1974) empirical equation is:
log (7

TE = 0.97919 °'T ()

Where, V = initial reservoir volume; and
I= annual river flow
Thesedimentbalanceisdone by subtracting

<
(=1
(=1
<

100000 -

(=]
[=]
o

(=1
<

o

77

1000000 -+

Sen_rising
s Sen_falling
4 WuFreeflow
X WuPressurized
= Tsinghua

1 10 100 1000 10000
Discharge through Sluice Gates (Mm% day)

Figure (4): Sediment discharge versus water released

the sediment passing downstream from
that entering the reservoir. Daily sediment
loads entering the reservoir at Wad Elais
are predicted using the daily river flows and
the sediment rating curves at Wad Elais,
equations (8) and (9). While the released
sediment loads downstream the dam are
computed from the daily released water
and sediment rating curves downstream
Sennar dam viz. equations (2) and (3). The
sediment balance is done on annual basis.
The sediment rating curves for Wad Elais
station (1999 - 2014):

Rising Flood Limb (Mid-June — August

20th)
Q, = 0.0707Q*7s

[R2 = 0.69]
i (8)

Falling Flood Limb (August 21st — Mid

November)
Qs =0x10 4Q2.3361

[R2 =0.75]
(9

The trap efficiency as calculated from the
reservoir survey results for the years 1981,
1986, 2008 and 2009 is given by:

TE(%) = (V;ig‘;’h’ e (10)

Where;
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TE = trap efficiency after T years of
operation;

Vo = original reservoir volume;

V = volume remaining after T year of
operation;

Qs= annual sediment inflow;

T = number of operation years since first
impoundment,

vy = average specific weight of deposited
sediment over T years (t/m3). y is
calculated using Miller’s equation
(Miller, 1953) as:

July 2018

5. Results & Discussions:

The plotting of Sennar indices in Bassoon’s
(1997) diagram shows that, Sennar reservoir
falls in the zone of sediment sluicing, Fig (2).
Therefore, selection of sediment sluicing as
an initial sediment control was successful.
The plotted annual volumes of sediment
sluiced downstream Sennar versus the
corresponding flood water used in sluicing
showed good agreement with Paul and

Table (1): Average power generated in Sennar dam (2007-

2013)

T
y=ri+ :::.434}:[— (In T]}i
T-1

The Flow-Duration, Sediment-

Manth

Power (MWH/day) Meonthly

Generated FO[gOI'IE

Foregone

Rating Curve method developed by

Oct-June

2284

Miller (1951)wasused for estimating July

1755 529 1,640

the average sediment yield ‘Qs’ by

August

384 190.0 5,890

combining the short-term sediment-

September 889

139.4 4,182

rating curves for years (1970, 73, 75,
93, and 1994) with long-term flow-

Total 11,712

duration curve for the years 1966

- 2009 for Eddeim station. The estimated
long-term average sediment yield for the
Blue Nile at Eddeim is 146 million tons.
The lowering of the reservoir water level
during the flood season June, July and
August results in reducing the power
generation. The daily average power
generated in Sennar dam for the years
2007 - 2013 is shown in Table (1). The
daily average power generated during the
flood season June, July and August are
175.5, 38.4 and 88.9 MWH, respectively,
while the daily average power generated
for the remaining months of the year is
228.4 MWH. Therefore, the total power
generation foregone during the three-
month period of flood due to lowering the
water level in the reservoir is 11.71 GWH.

Dhillon (1988) equation for free-surface
flushing, Fig (3).

The sediment concentrations downstream
Sennar reservoir are as high as that calculated
from Wu (1989) equation for free surface
flushing, while Wu (1989) equation for
pressurized flushingresulted inlower sediment
loads, Fig (4). It is also clear from Fig (4) that
Tsinghua equation with a reduction factor of
3 gives much higher sediment concentrations
than those released in the present operation of
the reservoir. This indicates that it is possible
to increase the released sediment from Sennar
reservoir by flushing.

The present sediment trap efficiency of Sennar
reservoir as calculated from reservoir surveys
Is found to be 5.5%, while that calculated
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from other methods is about 18.5%. The
cost of the present operation is the foregone
benefits from dam’s services due to lowering
the reservoir’s water levels and damage due
to release of high sediment concentrations.
Annual lost revenue due to power forgone
during June, July and August is about 1.0
million dollars, at $0.084/kwh, 50% of it
being during August. If the foregone power
IS substituted by gas-turbine generation
then the total cost will be 65 million dollars
annually. Lowering of the reservoir level
during the rainy season has minor or no effect
on irrigated crops if rain is good.

The present operation of Sennar reservoir is
not sustainable as standalone option since
part of the incoming sediment is trapped
every year. Therefore; it is recommended to
combine the present sediment sluicing with
feasible sediment removal options.
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