


Preface

The Hydraulics Research Center (HRC) is the largest
research institute in Sudan working on water related
research programs. It is the main research institute of the
Ministry of Water Resources, Irrigation and Electricity.
HRC has the mandate of:

e Implementing applied (solution-oriented) research in
areas of: Hydraulics, hydrology, irrigation and water
resources management;

e Carrying out consultancy studies for the water sector
at large, with clients from inside and outside Sudan;
and

e Conducting capacity building programs (short
courses, training workshops, and on the job training
related to the water sector.

This abstract book contains summary of the research
projects implemented in year 2018. It includes very wide set
of research and consultancy projects, covering hydraulics
and river morphology; water resources; hydrology, among
others. The projects vary from small projects of 3 to 4 month,
to large projects of 2 to 3 years.

For further and detailed information, you are welcome to
visit HRC — Sudan website (www.hrc-sudan.sd), consult
HRC library, or contact info@hrc-sudan.sd .
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Mapping of Cropped Areas in Gezira Irrigation
Scheme Using Remote Sensing and GIS techniques
(Rwnag M. Adam, Amgad A. Khalifa, Julia A. Mustafa, & Yasir A.

Mohamed)

Irrigation schemes in Sudan face many challenges. One of these
challenges is to determine the actual cultivated area for the crops, in
particular for large schemes such as Gezira (880,000 ha). Mapping of
cropped areas using a classical approaches based on ground
information becomes complex and expensive. The main objective of
this project is to generate crop maps for Gezira scheme using satellite
images. This is for winter crops, i.e., images of January/February and
summer crops, with images of September/October.

The Landsat 8 and sentinel 2 satellite images were used for mapping
the cropped area in Gezira through map classification of three
selected agricultural blocks as a sample of the Gezira Scheme. Three
canals from each block were selected for ground truthing through
precise field survey to assess accuracy of the classification. Then,
assuming average classification error from the three blocks to be
valid for the whole scheme.

Two methods of supervised classification process were used namely:
the maximum likelihood classifier (MLC) and the object-based image
analysis (OBIA)

The dominant crops in this season (summer season 2018/2019)
were: sorghum, Groundnut, and Cotton, The results (error and area
in Feddan) were (#8%, 363,061), (+6.7%, 181,057) and (*7%,
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158,977) respectively. The total cultivated area in Gezira scheme was
estimated as 706,000 Feddan with an error of +4%.

This project will continue to map all the crop types that might be
cultivated during the winter season of 2018/2019. These outputs are
critical not only for proper water management but also for other
agricultural processes within the scheme.
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Selection of the Nile gauging site upstream High
Aswan Dam
(Yasir M. O. Hageltom, Ebaa E. Elsmmani, Rawnag M. Adam, Islam S.

Suliman, Rami Kawas, Omer M. Nour, Taha M. Dafalla, Mohamed Y.
Abbas, Abu Obieda B. Ahmed, & Yasir A. Mohamed)

As per a request from the Permanent Joint Technical Commission for
Nile Water (PJTC), The Hydraulics Research Center (HRC)
conducted a study to investigate a suitable location of a discharge
measuring station within the reach upstream of the High Aswan Dam
(HAD) reservoir and downstream the proposed Dal dam. The new
station is planned to provide net outflow discharges data of the Nile
River that needed for operating HAD. Currently, the outflow
measurements to Egypt is taken from Dongola station (established in
1962). However, the distance from Dongola up to the tail end of the
HAD reservoir reaches more than 300 km. In addition, such station
may not be functional any longer in the future after constructing the
new proposed dams of Dal and/or Kajbar in Sudan. Therefore, it is
important to find another location, instead of Dongola, as a permanent
measuring site.

The study includes investigation of the hydrology and morphology of
the Nile River in the neighborhood of the proposed gauging site, as
well as the topographic and bathymetric surveys.

A one-dimensional model has been built in SOBEK to study the

influence of the backwater curve caused by HAD. The model has been

calibrated and validated with historical records from nearby stations.

The model results showed that the recommended reach as given by

the terms of reference of the PJTC (20 to 40 km downstream Dal), is

within the backwater curve of HAD, and may not be suitable for a
3
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discharge measuring station. This reach is also characterized by scanty
villages, and difficult accessibility to the river due to the hill ranges
on both sides of the river.

The evaluation of the river morphology of the study area (20 to 40 km
downstream Dal) derived from satellite imageries for the last three
decades showed that the reach is very stable, and experienced no
morphological changes (no meandering).

The hydrographic survey comprises the land and bathymetric surveys
to define river cross-section within the study area were conducted. The
topography of the river channel bathymetry combined with DEM was
used to generate contour maps of the river topography in the vicinity
of the proposed sites.

The study concluded that within the reach of Dal — HAD there is no
suitable location for discharge measurement because of the backwater
curve effect. The backwater results in lowering the water surface
slope, therefore, a smaller discharge passes through the gauging
station for the same stage. In addition, the presence of backwater does
not allow the use of a simple unique rating curve. Accordingly, it was
not recommended to establish a discharge measurement station within
the reach downstream Dal.
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Water Balance Study and Validation of Reservoir
Releases from Merowe Dam

(Younis A. Gismalla, Amgad A. Khalifa, Khalid E. Hassaballah, Hiba A.
Musa, Ebaa E. Elsmmani.& Yasir A. Mohamed)

Realizing the importance of accurate determination of water balance
components in reservoir operation and planning, Merowe Dam
Electrical Company (MDEC) has requested HRC to conduct this
study. The objective of Merowe reservoir water balance Study is to
verify the accuracy of all water balance components. These are,
inflows at Elkuro, reservoir evaporation losses, seepage into ground
water, and outflow releases to the downstream at Elhesai and
eventually conduct a reservoir water balance.

The methodology followed in this study consists of collection of
historical data, field visits and limited discharge measurements for
verification. The collected data includes manual and automatic
hydrological data, climatic data, reservoir characteristics and
operation data with limited discharge measurements conducted at
Elkuro and Elhesai. The measurements have shown that MEDC and
HRC at both stations are identical. Analysis has also shown that the
method used in deriving the rating curves at both Elkuro and Elhesai
is compatible with HRC method. The daily evaporation rates from the
reservoir agreed well with those computed from climatic data of
Gumaiza and Merowe Dam-Axis stations using Penman (1948)
equation. Dam gates discharges were validated using the downstream
discharge series at Elhesai. Power gates discharges were validated first
for the periods when all releases are passed through turbines followed
by the sluice and sediment gates. The water balance for the reservoir
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was conducted for different time steps viz. daily, monthly and
annually.

The study also includes an on-the-job training of the dam’s engineers
and developing a Graphical User Interface (GUI) for daily operation
of the dam. The main objective of the developed GUI is daily
hydrological data management. The interface consist of three main
components, viz. input module for real time monitoring of data and
create/append the database automatically, calculation module and
output and visualization module for graphical representation and
reports. The Merowe Dam GUI was fully developed and tested.
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The Sediment Monitoring Program— Season 2018
(Nazik A. M. Ahmed & Younis A. Gismalla)

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 brings about 180 million ton of sediment
annually. Sediment deposition in the reservoirs and in the irrigation
and drainage networks are the major operational problems in Sudan.
Knowing the sediment load and its characteristics in different river
reaches and that entering irrigation schemes is very crucial for
sediment management.

The sediment monitoring program is a continuous program operated
by HRC since 1988. The former Ministry of Irrigation and Water
Resources has started it in the Gezira Scheme and the Blue Nile
system to assist in managing reservoir and canal sedimentation. The
main objective of the program is to estimate the annual sediment yield
and its distribution within the Nile system and in selected irrigation
schemes, particularly the Gezira Scheme. Also to establish a
correlation between the rate of inflow and sediment concentration
within the river Nile system and the irrigation schemes, beside
establishing a sediment database for the Nile and irrigation scheme
systems.

Dissemination of the program findings will definitely contribute in
defining the optimum existing reservoirs filling dates and planning of
sediment removal within irrigated schemes.

The sampling process started on the 1%, of June and ended by 30" of
September 2018. All samples were analyzed using the turbidity-meter
method, while 10% were also analyzed using classical method for the

7
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sake of calibration. The calibration results showed good correlation
between the two methods (R? = 0.88).

The sediment concentration pattern of the Blue Nile stations (Wad
Elais, Downstream Sennar Dam, Hantoub, Police station (this station
was established this year only to verify the data of Hantoub station it
stopped at the end of August and Khartoum) show normal sediment
concentration trend. The peak of the sediment concentration at these
stations registered on the 12" of July with the highest sediment
concentration recorded Downstream Sennar dam as 12,257 ppm for
the main Nile stations (Tamanyiat / Shambat and Dongola), the
sediment concentration peak was registered on 26" of July at
Tamanyiat/Shambat station with concentration of 9146 ppm. The
sediment concentration record at Dongola station shows very low
values. This may be attributed to the damping effect at Marowe dam.
For Atbara River station downstream Khashm Elgirba dam, the
sediment concentration peak appeared on the 31% of July also the
sediment concentration is very low, which is strange and needs further
verification.

To monitor the sediment entering the Gezira scheme, the station is at
the Gezira main canal at Sennar. The sediment concentration peak
appeared on the 12" of July with concentration of 10420 ppm at
Gezira main at Sennar. To monitor further more downstream the
Gezira Scheme the station is at the Gamousia major, the sediment
concentration peak on the major appeared on the 20th of July with
concentration 10829 ppm higher than in the Gezira main canal may be
due to the sediment deposition downstream the Gezira main canal or
upstream the major canal.
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The monitoring program revealed that, the sediment concentrations as
well as the sediment loads for this season 2018 are lower than those
for last season 2017. This could be attributed to the fact that the Blue
Nile flows are lower than last year.

The sediment passing downstream Sennar dam this year is 154 million
ton (Blue nile), while the total sediment load entering the Gezira
scheme this season (2018) is estimated as 7.5 million ton compared to
8.3 million ton last season (2017).
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River Basin Simulation for Improved
Transboundary Water Management in the Nile. Case
Study: Tekezze — Atbara Sub-basin

(Yasir M. O. Hageltom, Hana A. Mohammed, Sarah Seifeldin, Yasir A.
Mohamed, Abubaker M. Saeed, Mohamed A. Mohamed, Maweya D.
Abdelgader, EIWR-AAU, IHE-Delft)

Tekezze Atbara (T-A) sub-basin is a transboundary river basin
originates from Ethiopian highlands and traverses through the eastern
plains of Sudan to join the Nile at Atbara Town. A small part of the
catchment is located in Eritrea. Competition over water resources in
the T-A basin is increasing to respond to the rising demands for
hydropower and irrigation in both Ethiopia and Sudan, and further
downstream in Egypt. Three dams were built in the basin: Girba
(1966) and Atbara Dams Complex (2015) in Sudan, and Tekezze Five
(2010) in Ethiopia, while several others are on the drawing board.
However, these storage reservoirs are operated independently, not
necessarily because of conflicting interests, but possibly due to lack
of information of the added value of coordinated operation of the
system.

The Hydraulics Research Center (HRC-Sudan), the Ethiopian
Institute for Water Resources (EiWR-AAU), and IHE Delft
(Netherlands) have been conducting applied research on the needs and
potentials of transboundary water resources management in T-A
basin. The main goal of this research project is to evaluate the costs
and benefits of coordinated versus non-coordinated operation of the
reservoirs system in the T-A sub-basin.

10
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For that, a river basin simulation model is developed to respond to
demands of irrigation, hydropower and environmental flow. The
project is also directly contributing to strengthen the capacity and
enhance trust among Ethiopian and Sudanese researchers through the
joint development of models and analysis of operation scenarios.
Furthermore, this project fits the research agenda of Ethiopia-Sudan
Technical Advisory Committee (ESTAC), who are well informed of
the project and its progress.

The research project lasts for 2 years started in February 2017 with an
inception workshop implemented during 22- 23 May 2017 in Upper
Atbara Dams complex, Sudan where the activities and the research
plan were discussed among the stakeholders.

The intermediate workshop has been conducted at EIWR in Addis
Ababa on 2-3 May 2018, a one-year after the inception workshop. The
intermediate workshop is a milestone step in project implementation,
whereby the two modelling teams of HRC-Sudan and EiWR
exchanged data and models. The workshop marked the completion of
the data validation exercise, as well as model development at the sub-
basin level (Phase 1).

Thereafter, each team developed the model for the whole Tekeze-
Atbara basin separately (Phase 2), which preceded the work of the
joint team (Phase 3), started on September 1, 2018.

The project has published a documentary film for the T-A sub-basin.
The objective of the film is to give more information about the river
to the public, from the source at the Ethiopian highlands, down to the
outlet in Sudan. The film focusses on the landscape, natural resources,
people and their livelihoods. It uses personal stories of people along

11
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the basin, backed up by material from the ongoing research project to
indicate similarities, differences, and potential of collaboration and
benefit sharing within the basin.

12
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Africa to Asia and Back Again: Testing Adaptation
in Flood-Based Resource Management Project

Modification of on farm water management in Gash Agricultural
Scheme (GAS), seasons 2015/2016 to 2017-2018

(Amira A. Mekawi, Almutaz A. Abdelfattah, Ahmed A. Elamin, Omer M.
Nour, Mohammed A. Mohammed, Taha M. Dafalla, Yasir A. Mohamed, Abu
Obieda B. Ahmed & Abraham M. Haile)

The “Africa to Asia and Back Again: Testing Adaptation in Flood-
Based Resource Management Project” has started in April 2015 in
eight countries, including Sudan. The project is funded by the
International Fund for Agricultural Development (IFAD) and
European Commission (EC) Grant to the Water, Land and Ecosystem
(WLE) program of IWMI. The research project is implemented by
MetaMeta (The Netherlands) and ICRAF. The duration of the project
is from April 2015 to March 2019. The implementing organization in
Sudan is the Hydraulics Research Center (HRC-Sudan) of the
Ministry of Water Resources, Irrigation and Electricity. The project
targets the spate systems in Sudan with special emphasis on the spate
system in the Gash Agricultural Scheme (GAS), and in particular
modification of the on-farm water management system.

The research work “On farm water management in Gash Agricultural
Scheme (GAS)” has taken place over the period 2015-2017, and is
being continued for the season 2018/2019. The research has basically
aimed to evaluate the performance of the existing irrigation system in
GAS at the farm level (called Mesga in GAS) and then to introduce a
newly irrigation scheduling instead of the current practice where spate
water is diverted to Mesgas of 2000 feddans size over 25-30 days.

In phase I, investigation of baseline condition in season 2015/2016,
measurements of flood water entering a selected pilot Mesga, soil

moisture measurements within the entire Mesga area through the
13
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whole growing season, and assessment of water productivity have
been carried out. Based on results of phase Il, the modelling
simulations using WInSRFR, a certain set of interventions was
determined to be executed on the ground. The adopted interventions
basically consist of dividing the irrigated area equally and horizontally
in addition to construction of a Mesga canal (tertiary canal) of half of
the total Mesga length to convey spate waters directly to the
downstream half while the upstream half supplied from the feeding
main canal.

In phase 11 (season 2017/2018), a pilot farm was selected in Kassala
Block in GAS (Mesga 14E). The farm size is 1000 feddans. The field
work has followed the same procedure of phase I. The only difference
was the construction works of the adopted interventions at farm level.
Intensive field measurements (flow and soil moisture) were carried
out at the selected Mesga during 2017/2018 growing season, which
starts from June to March 2017. The total irrigation water, diverted to
Mesga 14E during the flood season, was estimated as 3.0 Mm®. Also,
the total number of irrigation days decreased from 15 days (current
practice in GAS for irrigating 1000 feddans) to 11 days (the
experiment case). This means 27% of irrigation duration (4 days) is
saved in terms of irrigation water.

The soil moisture measurements, covered 40 points in the Mesga,
were taken at three layers (0-30, 30-60 and 60-90 cm). Soil moisture
measurements were taken at specific intervals: before flooding,
immediately after flooding, and then every 3 to 4 weeks until end of
the cropping season, i.e. until soil moisture matches pre-season
condition. The available water (AW) in season 2017/2018 was 14.9
cm. This is beyond the theoretical range of the water holding
capacities for Silty clay (12-14 mm/dm).

14



Hydraulics Research Center
Wy by S

Productivity in season 2017/2018 was estimated at 10 sacks per
feddan on average for the two Sorghum varieties. The production of
Aklamoy (local variety in Gash basin) was almost doubled.

The research has been continued for the fourth year (season
2018/2019) where the irrigation scheduling and associated set of
interventions as determined in the modelling phase are executed on
the ground. In season 2018/2019, two pilot mesgas were selected in
GAS namely Mesga 12W (1400 Feddans) in Kassala Block and
Mesga 39W (2000 Feddans) in Degain Block.

Unfortunately the experiment at the two pilot mesgas (12W, and 39W)
could not be completed because of not sufficient spate entering the
mesgas in spite of high flooding of Gash River in year 2018. As
reported from the field, total irrigated areas in Degain and Kassala
have not exceeded 400 Feddans. This is about 20% and 30% of the
total mesgas’ areas of the two pilot sites, respectively. Hence, the
research goal could not be realized on the ground.

It was recommended to replicate the experiment during 2019/2020
season again in two mesgas.

15
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Impacts of GERD on the Hydrology and Water
Resources Study (Phase 111)

(Yasir A. Mohamed, Abdelnassir K. Osman, Hiba A. Musa, Hana A.
Mohammed & Ebaa E. Elsmmani)

The research work of Phase Il on the impacts of the GERD on the
downstream hydrology and water Resources, focusses on two parts:
(1) The impacts of initial filling on the operation of Sudanese
reservoirs and the High Aswan Dam, and (iii) the impact of different
sizes of GERD on the downstream water resources.

All analysis has been carried out using river basin simulation
modelling (RIBASIM), after been verified with observed data of the
system at 10-daily time step.

The results of the initial filling showed high impacts on the operation
of Roseires and Merowe dam, if filling of GERD takes place in
months outside the flood season, i.e., other than in July and August.

The results of downstream impacts if GERD has the storage capacity
similar to Border Dam (14.47 BCM), showed that the power
generation at Border dam will be about 6200 Gwh/year. The irrigation
demand in Gezira scheme will be fully met in case of average years
(1988 to 1997), but will be affected in case of dry years (1979 to
1987). The hydropower generation in Sudan showed no effect during
average years, but reduced for the sequence of dry years. The High
Aswan Dam (HAD) dam will be affected in the case of average years
or dry years.

16
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