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To date, the hydro-politics of Nile water
has entered a new phase in which the coun-
tries are having issues to cooperate in the
utilization and to benefit from the shared
water resources. Consequently, the states
are trying to use water diplomacy ap-
proaches that are not supplemented by the
international water laws to suit their inter-

est,

W

The EN countries are giving less weight on
the role of water diplomacy and its im-
portance that can resolve the disputes re-
garding sustainable management and de-
velopment of Nile waters. Additionally, the
EN countries are trying to reach to cooper-

ation using the formal water diplomacy

with the minimal informal water diplomacy
consideration, which is a challenge for suc-
cessful negotiation and establishment of a
permanent institutional setup that verifies
and enforce mechanism to commit and

bind countries for treaties.

The result of the study carried out in the
respective countries towards the challeng-
es that hindering the cooperation in the
FEastern Nile indicates common issues
concerning the information sharing, lack
of commitments and willingness for devel-
oping benefit-sharing projects. Neverthe-
less, the water diplomacy that has been
practiced does not address the interest and
demand of all the riparian countries,
which led the riparian countries to pursue

unilateral development of the Nile Waters.
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Water Diplomacy & Cooperation Challenges
in the Eastern Nile Basin

Ali Mohamed A. Elhaj, (M.Sc.)

Researcher in Water-Diplomacy & Hydro-Policies

Water is the resource that will determine
the wealth, welfare and stability of many
countries in the twenty-first century. On
the other hand, Water diplomacy plays a
vital role in the negotiation and manage-
ment of a shared resource such as multi-
faceted trans-boundary river networks.
It has a significant impact on coopera-
tion among water resource sharing na-

tions and countries.

The Nile is the longest river, which travels
along 11 countries including Burundi, Con-
go, Egypt, Ethiopia, Eritrea, Kenya, Rwan-
da, South Sudan, Sudan, Tanzania and
Uganda. It has many tributaries grouped
Eastern Nile

into two major sub-basins:

and Equatorial Lakes.

The population growth in the Eastern Nile
results in a rapid increase demand for uti-
lizing water, which is mainly taping to the

Nile River.

m—s,,_“u.

such as climate change, inadequate water

storage, and lack to cope with extreme
events and related. On the other hand, Ag-
riculture is the backbone for most of the
Eastern Countries and irrigated agriculture
and energy considered as the primary driv-

ing force for enhancing food and nutrition

security.
The EN countries are primarily focusing
on satisfying the current need and demands
with less emphasis on the long-term effect
Hydraulica
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Recommendations and conclusion:

Sudan should seriously study joining
Lake Victoria Basin Commission
(LVBC) as a permanent member or at
least as an observer.

Monitoring mechanism for Lake Victo-
ria, Kyoga and Albert should be devel-
oped.

Frequent information products should be
prepared for the decision makers, and
stakeholders.

Research, collective studies, and atten-
tion should be given to the regions of the
Equatorial Lakes.

Extra flow (above annual mean) is ex-
pected at Malakal in the coming year
(July 2020 to June 2021). If high rainfall
episodes continue and the releases from
Jinja remains the same for the coming
few months, we may expect at least ex-
tral0 Milliard m’

The dam operators at Jabal Awlia and
Merwe Dams should plan well for this
extra coming water.

Agricultural projects along the White
and Main Nile should receive this warn-

ing information about this extra water.
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Sudan and the countries should prepare
for the potential negative and positive
impacts over the coming year (July
2020 to June 2021).

Specific implication on Sudan:

In Sudan, a higher discharge is expected

Fig. 4. Submerged hydro-met station around
Lake Kyoga, in Uganda.

this year (July 2020 to June 2021), if the
high rainfall episodes continue and the
release from Lake Victoria at Jinja re-
mains the same. The long annual mean
flow at Malakal station in Sudan is
around 30 Milliard m’. However, during
the early 1960s it experienced high flows
with the peak during 1964 (48.647 Milli-
ard m’), as shown in the table 1.

Navigation on the White Nile in Sudan is
expected to enhance. The power genera-
tion on Merwe Dam is expected to in-

creasc.

Annual flow (Million
Year m3)
1962 34198.5
1963 40249.9
1964 48646.9
1965 47775.7
Average 42717.8

Table 1. Annual flows at Malakal station
during the early 1960s

Fig. 5. Boundries of Lake Victoria and Victo-
ria Nile Subbasins.

Victoria Nile Sub-basin rainfall compared to the average
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Fig. 6. Victoria Nile Subbasin rainfall in the re-
cent months compared to the average.
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Historical and current water level varia-

tion:

The Lake level rise in the early 1960s was a
result of abnormally heavy rains; in the last
six months of 1961, 2323 mm of rain were
recorded, nearly 100% higher than its aver-
age value. Very high rainfall was recorded
during the first six

months of 1962 (1884 mm/year, about 50-
60% above average), and 1963 (1739 mm),
and 1964 (1739 mm). As a result the lake
levels rose by 2.5 m by 19649 which was
the historical highest level before 2020.
From 1964 onwards, Lake levels continued
falling with some isolated increases (e.g. in
1982 and 1997/98) until they reached a
minimum of 10.4 m in 2006. Due to the re-
cent heavy rains however by May 2020 the
water level had exceeded the historical

mark and hit 13.42.

Discharge analysis:

The discharge at Jinja, where the White
Nile commences, has been recorded since
1900'°“!". The average annual flow is ap-
proximately 32 billion m’ (1948 to 2014) at
Jinja station in Uganda’. The recent rise of
water level led to release of around 2400 to
2600 m’/sec, which is around 207 to 225
million m’/day respectively. By aggregat-

ing this amount to 30 days, the flow is cur-

rently 6.21 to 6.75 Milliard m*/month com-

pared to a long term average of 2.6 Milliard

m’/month.

General implications on upstream and

downstream Nile Basin countries:

e Shoreline communities and businesses
in low lying areas in Uganda and Kenya
have been severely affected, and some
communities displaced. In addition,
some infrastructure have been damaged
or made inaccessible while crops were
washed away.

e Hydro power generation at Owen Falls
Dam in Uganda has been affected by a
number of floating islands resulting in
temporary blackouts that sometimes af-
fect Uganda. The high velocity of the
flow from Lake Victoria tributaries and
the wind pushed the floating islands to-
wards the only outlet. High persistent
outflows are also causing river bank ero-
sion downstream and risking collapse.

e Downstream communities were also af-
fected especially around Lake Kyoga.
The picture in Fig. 4. shows a Uganda
Government hydrological measuring in-
strument that has been submerged.

o Higher discharges are expected this year
if the high rainfall episodes continue and

water levels remain very high. This will

have major impacts in South Sudan and

Hydraulica
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anomalous behavior of the Lake system and
many studies have been carried out to un-
derstand the influence of these systems on
water balance of the Lake. The Lake sur-
face receives a high amount of rainfall of
about 1500 mm,; However, 94.5% of this
amount evaporates, the remaining comes
from the 23 rivers that drain the catchment.
The annual evaporation rate from the Lake
surface is about 1350 mm.

Recent rainfall variations:

In the recent months, Lake Victoria has ex-
perienced rising water levels that have
caused significant flooding impacts on the
Lake shoreline communities in Kenya, Tan-
zania and Uganda as well as downstream
communities near Lake Kyoga and Lake
Albert. Based on analysis
CHIRPS v2.0 dataset, the rainfall in Lake

using the

Victoria exhibited above average rainfall
since May 2019. A considerable increase in
rainfall in 2019 was experienced in October
by 79%, in November by 56%, and in De-
cember by 74% compared to the long term
average. Observed rainfall in 2020 in-
creased in January by 83%, in February by
25%, in March by 43%, and in April by
33% compared to the long term average.
However May was less than the long term

average (Fig. 2). Victoria Nile Sub-basin

(Fig. 5) also experienced high rainfall as
shown in Annex 1 (Fig. 6).

Lake Victoria Sub-basin rainfall compared to the average
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Fig. 2. Lake Victoria Sub-basin rainfall in the
recent months compared to the average.

The cause of these major increases in rain-
fall in Lake Victoria Sub-basin was due to a
positive Indian Ocean Dipole (I0OD)
phase>®’ due to warmer sea temperatures in
the western Indian Ocean region, with the
opposite in the east (Fig.3). This resulted in
the higher-than-average rainfall and floods
in eastern Africa. The positive IOD occurs
when the westerly wind weakens and the
easterly wind forms and allows warm water
to shift towards Africa. The 2019 10D was

the most extreme event over the past 40

years® -

INDIAN OCEAN DIPOLE

Positive phase

D,
\

convection

60°E 120°E 180

longitude

Fig.3. Positive Indian Ocean Dipole (IOD)8.
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Unprecedented 2020 rising water level of Lake

Victoria and the impact on Sudan

In the recent months, Lake Victoria has ex-
perienced rising water levels that have
caused significant flooding impacts on
Lake Shoreline communities in Kenya,
Tanzania and Uganda as well as down-
stream communities near Lake Kyoga and
Lake Albert. Dr Modathir Zaroug shares
some insight in the following article.

Lake Victoria is the largest lake in Africa
and the second largest freshwater lake in
the world'. The Lake is shared by Kenya
(6%), Uganda (43%) and Tanzania (51%)
while Burundi and Rwanda'® are also part
of its catchment area which covers 184000
km®. The main outlet for Lake Victoria is
River Nile at Jinja before flowing through
South Sudan, Sudan, Egypt and into the
Mediterranean Sea’. All the five countries
are members of the Nile Basin Initiative
(NBI). The Lake has a surface area of
around 69,000 km* (Fig.1). It means when
Lake rises by 1 m, the volume increases by
69 Milliard m”.

Lake Basin Climate:

The diurnal, seasonal and inter-annual vari-
ability of Lake Victoria (and East Africa
generally) climate result from a complex

interaction between the Inter-tropical

s |
BUJUME_UBA:' ¢
4°54 ':72

55

&
6°s4 ¢

Dr. Modathir Zaroug

Convergence Zone (ITCZ), El Nido/

Southern  Oscillation (ENSO), Quasi-
biennial Oscillation (QBO), large scale
monsoonal winds, meso-scale circulations

and extra-tropical weather systems.

These interactions are responsible for the

A

A Main Cities
[ Lake victoria Subcatchments| |
B Lake Surface

wve National Boundaries

‘ 02550 100 150 200
S — — T

ivers

Fig. 1. Lake Victoria Sub-basin and its sub-
catchments®.
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Figure 3: Untimely maintenance activities in

GAS scheme during season 2014.

pared to other strategies. It could save 40%
of the current application time during large
flood seasons, and 20% during medium
flood seasons. This shows that a revision of
irrigation schedule to a more adaptive flexi-
ble approach with improved field layout of
large sized fields is vital for improving irri-
gation performance and equity. This can al-
so save irrigation water to be used for
downstream fields that currently receive too
little water. Improved field design is simple
and easy to implement through longitudinal
earthen bunds that divide the field into two
sub-fields.

A conceptual framework to assess flexibil-
ity in spate irrigation was developed and
applied to different types of spate irrigation.
The framework consisted of four principle

questions, eight main flexibility features

and five sub-features that were found to ad-
equately represent flexibility in spate irriga-
tion systems. The conceptual framework
confirmed that the infrastructure of tradi-
tional spate irrigation is most flexible to
handle unpredictable high, low and untime-
ly flood events. However, this flexibility
comes at the expense of higher maintenance
and rebuilding costs. Modernized systems
with concrete structures are least flexible
but less costly to maintain. Flexibility in
managerial decisions and farmer participa-
tion are essential in modernized systems to
be able to cope with uncertainty.

A key contribution of this research is the
development of methodological frame-
works for the assessment of risks and cop-
ing strategies in spate irrigation systems.
Proper assessment of risks and coping strat-
egies lead to effective measures which can
enhance irrigation performance and equity.
This  will

ultimately support farmers

trapped in poverty and illiteracy.
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late floods. Findings showed that farmers,
WUAs and system managers perceived the
risks from floods differently. The farmers
were primarily concerned by low floods
which could lead to water shortage to their

crops (Figure2).

@Very likely ®Likely ©Possible CUnlikely OVery unlikely

% of farmers

J i = ml [ |_|
High flood

Low flood Late flood Early flood

Figure 2: Farmers’ perception of risk sources.

WUAs were more disturbed by untimely
floods which could disrupt scheduling and
maintenance. The system managers were
most troubled by high and potentially de-
structive floods, leading to damage of in-
takes and main canals. The poor state of the
infrastructure, lack of proper maintenance
and suboptimal operation aggravated the
consequences of unpredictable flows. Con-
sequently, the resultant impacts were low
crop yields and highly variable crop pro-
duction and irrigated area.

The effectiveness of existing coping strate-
gies was evaluated based on practices by

farmers, WUAs, and water managers. The

most effective measures by farmers were
soil and crop management practices such as
pre-tillage, summer tillage and change crop
choices. Effective measures practiced by
WUAs include land clearance, heightening
of field embankments, and risk sharing de-
cisions on land and water allocation. The
most effective strategies by water managers
were timely maintenance of river embank-
ments and intakes (Figure 3), flexibility in
system operation and water allocation deci-
sions. Unfortunately, the most effective
measures were not the most adopted ones.
The level of adoption is primarily related to
the capacity to implement the measures
without outside support. Apparently, the
most effective measures need outside sup-
port. The research findings highlight the
importance of governmental support in land
preparation activities and the facilitation of
the private sector involvement in the
maintenance activities.

The performance of three locally developed
strategies for on-farm field design and wa-
ter application were evaluated, namely;
time management strategy, improved field
design with time management strategy and
improved field design with flow manage-
ment strategy. The adoption of improved
field design with time management strategy

resulted in the highest performance com-
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that perform better with respect to the se-

lected criteria.

Third, locally developed practice for on-
farm improvements were investigated using
field experience based on actual practice of
continuous irrigation of a large sized-border
field (8,400 mx500 m), continuously irri-
gated for 25 days but also under alternative
designs and irrigation times. Alternative
flexible operational and field design scenar-
10s were simulated for high, medium and
low floods using the hydrodynamic model
WinSRFR 4.3.1. Irrigation performance of
different combinations was then examined
using application efficiency, distribution
uniformity, and adequacy criteria to obtain
the best performing scenario. Last, As flexi-
bility of management decisions and actions
were a defining feature in coping with risks
in spate irrigation systems, we developed a
conceptual framework for flexibility con-
sideration in spate irrigation systems: tradi-
tional, improved traditional and modern-
1ized. This was based on literature review,
primary data from field observations in Su-
dan, Ethiopia and Yemen, reports, special-

1zed web-sites, and regional workshops.

The SPRC was a useful framework for ana-
lyzing risks at different spatial scales and

for different stakeholders in the spate irriga-

tion system. Results showed that the main
source of risk is the extreme variability of
rainfall, causing unpredictable flows re-
garding volume, timing and duration. The
farmers, WUAs and system managers per-
ceive the risks from floods differently. The
farmers are primarily concerned by low
floods, while the WUASs are more disturbed
by untimely floods. Figure “a” illustrates
farmers’ perception of risk sources. The
system managers are most troubled by high
and potentially destructive floods. The poor
state of the infrastructure, lack of proper
maintenance and suboptimal operation ag-
gravate the consequences of unpredictable
flows. Consequently, the result is low and
highly variable crop production.

The SPRC is a useful framework for  an-
alyzing risks at different spatial scales and
for different stakeholders in spate irrigation

systems.

Due to limited knowledge and lack of flash
flood forecasting systems, water supply to

the irrigation system

was unpredictable with regards to volume,
timing and duration. Observations of flood
events in historical records of hydro-
climatic data were categorized based on
stakeholder’s perceptions on threshold val-

ues for low, high, short, extended, early and

G
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1- to study the main elements of uncertain
water supply risks that have significant im-
pact on irrigation performance, 2- to evalu-
ate the strengths and limitations of local
coping strategies and practices, 3- to identi-
fy alternative locally feasible measures at
field level that would address the different
level of hydrological events to mitigate wa-
ter supply risks and enhance irrigation per-
formance, and 4- to establish a conceptual
framework for flexibility consideration on
spate irrigation systems to cope with varia-

bility and uncertainty of water supply.

The research framework developed and ap-
plied in this study followed a series of
steps. First, a novel approach was devel-
oped for risk assessment using SPRC
(Source-Pathway-Receptors Consequence)
model. We re-framed the SPRC model,
originally developed for description of
coastal flooding, in the context of a flood
risk in spate irrigation system located in
semi-arid regions in Sudan. The SPRC
model, building on primary and secondary
data, assisted in a insightful comprehension
and description of the sources of risks,
propagation pathways, risk perceptions and
consequences for the farmers, water user
associations and water managers in the

GAS during high, medium and low floods.

N
Legend / My,
/ ? . livy -‘{L—
@Y  Gauging stations / S,
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m— Gash River

"7 Irigation Block

Figure 1: The study area

Second, the effectiveness of adaptation
strategies was evaluated using the mDSS4
(The MULINO Decision Support System)
tool which is based on the Driving force-
Pressure-State-Impact-Response  (DPSIR)
framework. Using data from interviews
with 101 randomly selected farmers, 17 wa-
ter user associations (WUAs), and 7 system
water managers in the Gash spate irrigation

system in Sudan, we compared the effec-

tiveness with the rate of adoption.

The mDSS4 tool evaluated the current strat-

egies presenting a logical sequence from:

1) identification of issues and problem
structuring within a cause-effect environ-
ment; 2) identification of the existing adap-
tation strategies in terms of the DPSIR
framework; 3) selection of the evaluation
criteria and indicators; and 4) choosing the

most effective measures in each strategy
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Risks and Strategies to Cope with Uncertain

Water Supply in Spate Irrigation —A summary

Spate irrigation is a flood-based irrigation, a
special type of irrigated agriculture that has
been practiced in arid and semi-arid regions
for centuries. The irrigation is based on di-
verting into the low lands the highly variable
and unpredictable flash floods from valleys
and ephemeral riverbeds using gravity force.
This allows moisture storage in the soil pro-
file to be utilized later for crop production.
Irrigation systems are frequently exposed to
the impacts of climate variability and related
extreme events such as floods and droughts
which could result in large losses in agricul-
ture productivity, assets and lives. Climate
variability in spate system needs to be ad-
dressed because of uncertain water supply
and associated risks. Flood risk management
helps farmers and policy makers in spate sys-
tem to better cope with climate variability
and to develop relevant adaptation strategies
that enhance irrigation performance and

hence crop productivity.

In Sudan spate irrigation has been practiced
for many years and developed in many areas

around ephemeral streams such as Khor

Baraka in far eastern Sudan, Khor Abu Habil

Dr. Eiman Fadul

in western Sudan and Gash River in eastern

Sudan.

Generally, studies on spate irrigation sys-
tems are limited. Particularly in Sudan,
spate system have been neglected in nation-
al development plans and strategies. In ad-
dition, risk management in poor rural com-
munity systems, such as spate irrigation
system in arid and semi-arid zones, has not

been adequately addressed in the literature.

The main objective of this research is to as-
sess the main sources of risk and coping
strategies for uncertain water supply on
performance of Gash Agricultural scheme
(GAS) in Sudan (Figure 1). With this aim, a

number of sub-objectives were defined:

©)
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6. Comparison of reservoir releases with
downstream stations:

To reconfirm the reservoir releases time se-
ries, computed flows at Elhesai were com-
pared with downstream stations at Dongola
and Keddain. Dongola station is located
about 260km downstream Merowe dam.
Measured discharge data for 2009-2012,
was used for deriving the discharge rating
curve for Dongola station. Computed dis-
charges at Dongola were compared with
reservoir releases at Elhesai after deducting
the abstraction and evaporation losses in the
river reach. The results show an agreement
of the annual computed discharge at Don-
gola and that computed from HRC series.
The average difference between the two se-
ries is 2% and the maximum is 6% in year

2010. The annual discharges computed

from MDEC flow series are higher than
other time series, Figure 9 below.

Keddain Station is located on the Main Nile
about 125 km downstream Dongola. The
station was established in 2007. The dis-
charge measurements were not regular, an-
nual flows at Keddain for the years 2007
and 2008 were used in the validation of
Elhesai and Dongola series. The result
shows an agreement between the computed
annual flows at Keddain and that from for
Dongola station after deducting abstraction
and evaporation losses in the reach Dongola
- Keddain. The average difference between
computed annual discharges and water bal-

ance for Keddain 1s 2%.

The study team: Younis A. Gismalla, Amgad
A. Khalifa, Khalid E.A. Hassaballah, Hiba Amin
Musa, Ebba Emad eldin, Abubaker M. Abdel
Rahim, Yasir A. Mohamed.
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Figure 9: Annual flows at Dongola and Elhesai (2009 — 2016)
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be 3%, which is acceptable.

The daily measured discharges at Elhesai
station covered the period 2009 — 2016.
The screening and quality checks proce-
dures, in 3 above, were applied for screen-
ing the data for errors, missing data and
outliers of the releases of Merowe dam.
The screened stage-discharge data was
then used for deriving an average discharge
rating curve for Elhesai station. An average
rating curve for the whole measurement
period may reflect stability of cross section
at the measuring site. The rating curve is
shown in Figure 7. The figure suggests two
consecutive rating curves meeting at

h=14.49 m. The equations of the two rating

curves are as follows:

Q (m?/s) = 147.9(h-3.49)*%*, for h<14.49

0 VOSSOSO (2)
R’=0.98

Q(m?/s) =46.18(h-3.49)*'*, for h>14.49

0 VOSSO (3)
R°=0.93
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8000 ?,

1621651 47.94y = A
0.98=2R b
.
!
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Discharge Q{m3/s)

I
Q
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t
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Figure 7: Rating curves for measured discharges at

Elhesai (2009 — 2016), hy=3.49m

Year by year rating curves were also plot-
ted for Elhesai station which gave better
rating equations having a coefficient of de-
termination (R?> 0.99. The annual rating
curves didn’t show a clear pattern of the
rating curve at the site. Hence, it can be
concluded safely to use the average rating

curve.

Using the two derived rating curve equa-
tions the daily, 10-day averages, monthly
and annual discharges at Elhesai were com-
puted from the recorded daily gauge
heights at the station. The computed dis-
charges were then compared with corre-
sponding values obtained by MDEC for
Elhesai. The comparison showed no signif-
icant differences between MDEC and HRC
values at medium to lower discharges.
However, there are some differences at
peak discharges, Figure 8.
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Figure 8: Computed daily discharges at
Elhesai for the year 2011.
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at Barbar as well as Tabya plus releases
from elGirba. Tabya station is located in the
Main Nile downstream Khartoum and
elGriba releases comprise the flows of the
Atbara river. Comparison of discharges
computed by HRC for Barbar station those
computed by HD show consistent underesti-
mation of HD discharges by about 5%. In
general, the results show that the differ-
ences are small <5%.

The maximum difference occurred at Bar-

bar HD of 11%, Figure 5 & 6.

1200
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800 —— Computed flow HRC

600 —— Computed flow HD
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Flow (Mm3/day)

200 —— Computed flow MDEC

—— Computed flow Tabya+Girba

Figure 5: Computed daily discharges at EIKu-
ro and upstream stations for 2013
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Figure (6): annual time series of the inflow sta-

The following conclusions are drawn:

1. Elkuro MDEC (measured and computed
by MDEC) is correct, and matches river
flows at (Tabya + elGirba d/s). Only
year 2016 shows relatively a bigger dif-

ference of 6%.

2. Barbar HRC is correct (RC derived an-
nually), matching the flow Elkuro and
(Tabya + elGirba d/s). Only year 2014
shows relatively a bigger difference of

11%.

3. Barbar HD shows relatively higher %

difference compared to other stations.

4. So it can be concluded that, except for
the RC derivation by HD at Barbar, the
flow measurements, and rating curve

procedure in all stations is reliable.

5. Therefore, Elkuro HRC (or MDEC) data
can be used for water balance computa-
tion for Merowe reservoir.

5. Validation of reservoir releases time

series
Merowe reservoir releases are monitored at

Elhesai station on the Main Nile near Noari
village about 10 km downstream Merowe
dam. Discharge measurements are made

three times a week using ADCP.

The average difference of the check meas-

urements conducted by HRC was found to

tions
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Figure 1: Rating curve for E1IKuro computed by
HRC for the period 2009 to 2016

The derived rating curve at ElKuro station

was smooth for the whole measurement pe-

riod and doesn’t show any shifts caused by

morphological changes at the cross section.

The derived rating curve was compared
with the average rating curve in use by
MDEC as shown in Figure 2. The two rat-
ing curves are identical. Therefore, it can be
concluded that, the procedure in use by the

MDEC to derive rating curve is very good.

Discharge Q {m3/s)
B w
g 8
[=] [=]

Gauge Height (m)

Figure 2: Comparison of Elkuro rating curves
derived by MDEC and HRC for the period

The derived rating curve equation for Elku-
ro was then used to compute daily discharg-
es from recorded gauge heights at ElKuro
station. The computed daily, the 10-days
averages, monthly and annual discharges at
Elkuro were then compared with the corre-
sponding values obtained from MDEC and
HD. The comparison showed no significant

differences, Figure 3 &4.
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Figure 3: Computed daily discharges at EIKuro

for 2016
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Figure 4: Computed annual flows at ElIKuro sta-
tion 2009-2016

4. Comparison of inflow time series with
upstream stations
To reconfirm the inflow time series river

flows at EIKuro were compared with those

2009 - 2016
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2. Water balance study using inflows, vali-
dated release, estimated evaporation and

most recent bathymetric survey results.

3. Development of a user interface to facili-

tate the daily operation of the reservoir.

A series of articles will be published in
HRC Newsletter to cover all the compo-
nents of this study. This is the first article of
the series and covers the data collection and
the validation of reservoir inflows and re-

leases.

2. Data collection:

A huge number of data was collected for
this study. The collected data includes hy-
drological (discharges, water levels,..),
gates characteristics specifications, dimen-
sions equations meteorological data
(evaporation, air temperature, pressure,..),
reservoir operation e.g. daily gates open-
ings, power generated. A limited number of
discharge measurements were conducted
for the inflows at ElKuro and releases at
Elhesai.

3. Validation of reservoir inflow time se-
ries

The core objective of this research is to ver-

tion, evaporation losses, and outflow from
the reservoir. In this section we start with
the validation of inflow time series.

The inflow to the reservoir is monitored at
ElKuro station by the MDEC. However, it
is also monitored at Barber Station, by the
DIU. The upstream stations which can pro-
vide checks to the inflow time series are
Main Nile at Tabyaa, and Atbra flow down-
stream Khashm elGirba dam (KED). Dis-
charge measurements are made three times
a week using Acoustic Doppler Current
Profiler (ADCP) equipped with GPS. The
discharge measurements procedure at
ElKuro has been checked using ADCP
equipment from HRC. The average differ-
ence of the check measurements was found
to be -3.5%, which is acceptable.

The collected measured discharges for
ElIKuro station covering the period 2007—
2016, were first screened for errors, missing
data and outliers. The validated discharge
data was then used to derive the discharge
rating curve at ElKuro station. The rating

curve of (Q) versus (h-ho) is represented by

Eqn. (1) and Figure 1 below.

3 i 2.51
m*/5) = 40.76h""" ... (1)
ify the water balance of Merowe reservoir. Q(m™/s)
Therefore, it is a pre-requisite to first, veri-
fy reliability of all components of the water
balance, that is inflow, level volume rela-
Hydraulica
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Water Balance Study and Validation of Reservoir

Releases for Merowe Dam
Validation of Merowe Dam inflows and releases

1. Introduction:

Merowe Dam is the largest dam in Sudan
in terms of reservoir capacity and hydro-
power generation. The dam is located on
the main river Nile, about 350 km north of
Khartoum near 4th cataract near Merowe
town in northern state. It is a multipurpose
dam with a reservoir capacity about 12.5
km® and surface area ranges from 800 km?
at maximum level up to 350 km® at low
level. Reservoir extents 174 km down-
stream of dam, the dam is equipped with
ten Francis turbines 125 MW each. Accu-
rate reservoir water balance is a very cru-
cial for water resources management is-
sues. It is needed for proper operation of
the dam to achieve optimum utilization of
the Nile water resources in the northern ar-
ea. This will result in strengthening the wa-
ter management decision-making by as-
sessing and improving the validity of oper-
ation scenarios and management strategies.
Realizing this importance Merowe Dam
Electrical Company (MDEC) has request
HRC to conduct a study on Water Balance

Associate prof: Younis A. Gismalla

and Validation of Reservoir Releases for

Merowe Dam. The main objective of the

study is to accurately validate all compo-

nents of the water balance of Merowe res-

ervoir, specifically:

1. Validation of reservoir releases comput-
ed by gates' equations, against dis-
charge measurements downstream at

Elhesai station,
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The research work on the Blue Nile water resources management, joint projects and

cooperation issues are highly recommended to be continued in the framework of the

NBI or by bilateral institutions for the benefits of the riparian countries.

Results of SCII: Expected flows’ condition after heightening for

two conditions (with and without irrigation developments)
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data available, can give a good chance for due to Roseires dam heightening, so this

close inspection of the data (quality and vital key site should be replaced by a
quantity), and can simulate the operation representative one.

of hydraulic structures. » Establishment of realistic data base for

The performed simplified water balance
based model seeks appropriate quality
of data to be edited for good level of
performance. It is recommended to im-
prove its applicability for future work.
Early evaluation of the probable availa-
ble water and close following up to the
start of the recession period on the Blue
Nile after the flood peaks diminish can
provide stakeholders with a clarified im-
age of all supply-demand components to
set appropriate programs of high effi-
ciency. The established water balance
model is recommended to give a good
framework for future planning of the
Blue Nile recession period.

Adaptation of appropriate regulation
rules for Roseires Dam to be filled to its
capacity i1s highly recommended once
upstream developments (e.g. GERD)
have become a reality. Also, the adopted
regulation rules for the emptying period
should be carefully studied specially for
total recession flows below 8 km”® at Ed-
deim station.

As the location of Eddeim station would

definitely be inundated by the backwater

river flows as well as for accurate esti-
mates of water withdrawals and relevant
losses all through the river’s system is
highly recommended.

Khartoum station has shown unrealistic
results due to its data quality. This is
supported by other literature sources.
Hence, it 1s recommended to check the
performance of this vital site and its via-
bility to reveal realistic data. It can be
corrected by using the data of Tamaniat
station and downstream Jebel Aulia dam
which is found to be more relevant to
Sennar data.

The runoff gained within the reach from
Roseires to Sennar is highly recom-
mended to be subjected to analytical
study.

The third scenario (considering GERD)
proved to facilitate expansion of Sudan's
irrigated areas by up to two million fed-
dans during the dry season. It is highly
recommended to conduct in depth stud-
ies relevant to the expected future agri-

cultural developments.
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Results showed that the average annual wa-
ter withdrawal was estimated at 10.7 km’
(1965-2008) based on in depth water bal-
ance computations. Analytically, the reces-
sion flow was computed at 17% of the total
annual flows. Three scenarios were built
and run via a developed simplified frame-
work of water balance (SWBM) in order to
analyze the river flows regime in the reces-
sion period. RIBASIM model was used to

validate the scenarios-based results besides

W] ] K] ] ] N ] ]

the computing of the hydropower genera-

tion.

The first scenario “running business as usu-
al” resulted in a water deficit of more than
one km’. The second scenario evaluated the
impact of Roseires heightening of 10 m,
managed to secure an additional expansion
of 0.21 mha in irrigated areas under the
current total recession flow (> 8 km®). The
third one “projected impacts of the Grand
Ethiopian Renaissance Dam (GERD) in
Ethiopia” resulted in increased recession
flows by a factor of four, enabling a future
development up to 0.84 mha in irrigated
areas, i.e. a total water use of 13.64 km’®
during the recession period. This study con-
cluded that a considerable amount of wa-
ters would be available during the recession
period after Roseires dam heightening and
as consequence of the regulation effect of
the GERD to satisfy the needs of proposed
development projects. Also, improvement
in hydropower generation is recorded up to
30% in all years under study (with excep-
tion of year 1984) compared with the con-
dition before heightening.

Study recommendations are listed as fol-
lows:

o The water balance computations are rec-
ommended for system simulation studies

because they are simple to apply, can
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Use of the Blue Nile Water in the Sudan after Roseires
Heightening and GERD Construction with Special
Emphasis on the Agricultural Development

The flow pattern of the Blue Nile is charac-
terized by its seasonality, ranging in 3-955
Mm?®/day on average. Above 80% of its av-
erage annual yield (46.6 km® at Eddeim,
1965-2008) comes in only four months
(July-October), recession

with  limited

flows (November-June). The water stored

from the previous flood season in Roseires

D. Amira A. A. Mekawi

and Sennar reservoirs (6.1 km’, after Ro-

seires heightening) is essential to the irri-

gated agriculture.

The objectives of this research were to
evaluate the past use of the Blue Nile wa-
ters and to assess the impact of different de-
velopment and management options on ag-
ricultural water use, especially during the

recession period. Collected data consisted

gated areas
of times series flows (1965-2008), irriga- —
tion abstractions and water losses. The data d _— st “““ﬁmfu&
quality and analysis were carried out using U H“Tm H FI
the Spell-stat software. The analysis was ‘\,,/ o J> — <\.:Eddeim

basically focused on the irrigation water use

(the major consumer).
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system in the T-A sub-basin, given the information on different operation scenarios pre-
pared by the model of phase-1. The ultimate goal is to maximize benefit from water re-
sources of the T-A sub-basin, both at national level (Ethiopia, and Sudan), as well as at the
sub-basin level related to: efficient water management, particularly in the agricultural sec-
tor and improved catchment area management and safe deltas. Close consultation with the
main stakeholders, in particular policy makers from the two countries is key to incorpo-
rate the needs and restrictions to be raised by the riparian states. The project has been offi-
cially launched in April 2019, however a delay in execution of the inception workshop
and some activities of Phase 2 has occurred due to the political instability in Sudan during
the past year ,several administrative issues at EIWR (the Ethiopian partner) and the impli-
cations of the COVID -19 virus. The workshop is planned to be held as an online webinar

in the upcoming months to cope with the current restrictions due to the COVID -19 virus.

Figure 2: Group
photo of the
participants and
the honored
guests after the
opening remarks

<\l

Figure 3: H.E Dr. Osman Eltom w
Minister of Water Resources and H.E |28
Ato Shiferaw Jarso the Ethiopian LR
Ambassador participating at the final % >§
v

conference of the proejct ;
3 ‘

V

KFigure 4: Photo of the organizing committee for
the regional conference of T-A and related
studies

1
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The final project workshop was extended
to be a regional conference on T-A water-
related studies, held in Khartoum on 24-26
March 2019. The conference provided a
platform to disseminate and discuss out-
puts of the Tekeze-Atbara river basin sim-
ulation project and enabled the wider com-
munity of researchers working on the
Tekeze-Atbara and/or Nile Basin water re-
lated subjects to present and discuss their
research outputs. The third day of the con-
ference was a field trip to the “Meroe Pyr-
amids”, built around 4000 years ago, on
the Eastern Bank of the Nile, at 200 km
north of Khartoum.

The conference was attended by around
120 people from the region and from other
countries as well, representing project
partners, stakeholders from the region; in-
cluding the Minister of Water Resources,
Irrigation and Electricity (MoWRIE) of
Sudan, the Ambassador of the Democratic
Republic of Ethiopia in Sudan, representa-
tive of the ESTAC (Ethiopia-Sudan Tech-
nical Advisory Committee), and repre-
sentative of the Sudanese Embassy in Ad-
dis Ababa. In addition to participants from
various fields: academia, research commu-
nity, policymakers, as well as practition-

ers. The event was widely covered by lo-

cal media (TV, Radio and daily newspa-
pers).

The conference concluded by affirming
the needs to explore the possible institu-
tional set-ups for transboundary water
management in T-A sub-basin given the
interesting results from T-A research pro-

ject.

The outreach communication represented
key aspects of the project. Under the pro-
ject, a short documentary was produced to
give more insight into the Tekeze-Atbara
sub-basin. The objective of the documen-
tary film is to spotlight the Tekeze — Atba-
ra River, by giving information about the
river itself, land, water and people living

in the basin.

After successful implementation of phase-
1 of the project on modelling of the T-A
reservoirs system, it is time to answer the
reviewer question “what is next after mod-
el outputs’? Therefore, the same organi-
zations are now working on phase-2 after
receiving a generous grant of 150,364 €
from DUPC2 and extension of the project
up to June 2021 to implement a follow up
research .The research project aims to
identify and recommend designs of institu-
tional set-ups that could lead to a more co-

operative operation of the reservoir
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J : ne-tuning of the model, scenario analysis
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The main results of the scenario analy-

sis are:

7 i \
L d 111
e.ge:%’ \r. Ethiopia e For the present condition of water re-
A isting Reservoirs e .
—Tfijwaom«aw | sources development in the T-A sub-

River

Tekeze Atbara sub basins

basin (TK5, UADC, KED), there is

Figure 1: Locations of existing and proposed meplipibieditierencel m - hydropoggay

dams in Tekeze Atbara sub-basin generation, and irrigation water supply,

between  coordinated and  non-

A river basin simulation model is the : : :
coordinated operation scenarios.

main tool of analysis to respond to de- N However, for the future T-A systal

e = pvcongrveiand en- (see figure 1) the coordinated operation

vironmental flow. The model was built e editelativelyimore benefit forfill

jointly by researchers from the two coun- )
] Yoy dan compared to non-coordinated sce-

R L SRl Udan)) as e pre- nario. This will be a 3% increase in irri-

requisite for trust and confidence build- e ionireliability though! with aniil

ing before interpreting model results. Ex- e onRinienerey: While the cosll

BB ooy ded: guidance nated future scenario would reduce hy-

and facilitation during project implemen- poTebeneration in Ethiopia by S8

ion. Th i impl ) . X
Lt € project was implemented e The river basin simulation model of the

over a period of about 2 years (February

2017 to March 2019).

T-A basin, which was built jointly by

researchers from the two countries is a

In the last stage of the project, the joint
modelling team of Ethiopian and Suda-
nese modelers spent the last four month
of the project together working on a uni-
fied river basin simulation model of the

whole basin. The main activities were fi-

valuable asset to be used for further re-
search in the basin.

The capacity and trust among research-
ers from the sub-basin has been

strengthened.
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River basin simulation for improved transbound-
ary water management in the Nile: Case study of
the Tekeze-Atbara sub-basin

Tekeze-Atbara, is the third largest sub-
basin of the Nile, after Blue Nile and
White Nile. The sub-basin constitutes
about 5% of the Nile area and provides
about 14% of the total Nile flow (12
Bm3/yr). It is a transboundary basin
shared between Ethiopia and Sudan with
a small area in Eritrea. Three dams were
built in the sub-basin, these are: Khashm
El Girba (KED) in 1966 and Upper Atba-
ra Dams Complex (UADC) in 2015, in
Sudan, and Tekeze Five TKS5 in 2010 in
Ethiopia, while several others are on the
drawing board. However, these storage
reservoirs are operated independently, not
necessarily because of conflicting inter-
ests, but possibly due to lack of infor-
mation of the added value of coordinated

operation of the system.

T-A simulation project is a research pro-
ject funded by DUPC2 (IHE Partnership
for Water and Development) and con-
ducted jointly by researchers from the
Hydraulics Research Center (HRC-
Sudan), the Ethiopian Institute of Water

Researcher. Yasir Hageltom

Researcher. Sarah Seifeldin Hamad

Resources-Addis Ababa Universit

(EiWR-AAU) and IHE Delft.

The main objective of the first phase of
this project is to evaluate the costs and
benefits of coordinated versus non-
coordinated operation of the reservoirs

system in the T-A sub-basin.
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5.Conclusions:
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no clay particles and have a specific

. Figure 3: Grain size distribution for Dongola
gravity of 2.65. station for the year 2019

The result showed that the particle distri-

bution for the two stations for all the 1:’; 7

months have the same trend. ® / /’ly//

The sediment sample from Khartoum for 2 ;[: / / /

April is pure sand, while the average i"iﬁ /( /

texture for other samples is 34% sand iﬁ %’f /

and 66% silt 120 L T T . |
Eight month samples from Dongola are | . ___-20” fii;j:e(_mfm Ag

pure sand, while the samples for the re-

Figure 4: Grain Size Distribution for Dongola
station (2016 - 2019)

maining four month have a texture of

71% sand and 29% silt.

Comparison of the average grain size distribution for the two stations is consistent with

former years 2016, 2017 and 2018.
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4.Results:

The total number of sediment samples col-
lected during this season was 12 samples
for each station covering the whole year
(January - December). The trends in the
grain size distribution for both stations are
similar for all the months. The particle size
for Khartoum station ranges from 0.003
mm to 0.350 mm which means the texture
of the soil ranges from silt to sand and con-
tains no clay particles. The average texture
of the collected samples is 34% sand and
66% silt. April sample is pure sand and

contains neither silt nor clay.

The particle size distribution for Khartoum
station has the same trend in the four years

2016-2019, Figure 2.
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Figure 1: Grain size distribution for Khartoum
station (2019)
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Figure 2: Annual average grain size distribution
for Khartoum station (2016 - 2019)

The collected sediment samples from Don-
gola station contain no clay particles. For
most of the year, 8 month, the sediment is
pure sand with particle size ranging from
0.06 mm to 0.255mm. For the remaining 4
month of the year (viz. April, August, Octo-
ber and November) the particle size ranges
from 0.003 mm to 0.350 mm which means
that the texture of the soil ranges from silt
to sand. These samples have a sediment
texture containing about 29% silt. The aver-
age texture of the collected samples from
Dongola is 71% sand and 29% silt and 0%
clay, Figure 3. The grain size distribution
for Dongola station this year coincides with
the average S-curve for Dongola for 2016-

2019 .
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by the Nile Waters Directorate (NWD).
The practice in NWD 1is to send monthly
bed sediment samples from the Nile River
at Dongola and Khartoum stations to HRC
for analysis. The samples are analyzed at
HRC laboratory mainly for determining the
grain size distribution. This report contains
the results of the analysis of the bed sam-
ples collected during the year, 2019, for the
two stations of Dongola and Khartoum. In
total 24 sediment samples were received
and appropriately analyzed at HRC labora-
tory. The samples have been taken monthly
from each station. The grain size distribu-
tion and texture were compared with those
of former years 2016, 2017 and 2018, to de-
tect if any changes took place in the sedi-

ment texture.

2.0bjectives:

The main objective of the bed sediment
samples analysis is to determine the grain
size distribution and soil texture for the col-

lected sediment samples.

3.Data Analysis:

There are two separate procedures for ob-
taining the grain size distribution of the
soils viz. sieve analysis and sedimentation
analysis known also as the hydrometer test.

The two procedures are explained below.

1. Sieve Analysis is used for determining
the particle size larger than 0.063 mm.
This is done by allowing the soil to pass
through a series of sieves of progressive-
ly smaller mesh size and weighing the
amount of material collected on each
sieve as a fraction of the whole mass.

2. Hydrometer test is used for determining
the particle size that is smaller than
0.063mm. Hydrometer analysis sorts
soil particles by size using the physical
process of sedimentation. The principle
of hydrometer is based on Stockes’ law.

3. Sieve and hydrometer analysis are com-
bined to define the grain size distribu-
tion of soils having both coarse and fine

grains.

The sediment texture is determined using
the AASHTO Soil Classification System as

follows:

e Clayis <0.002 mm

e Siltis 0.002 mm — 0.063mm

e Very Fine Sand 0.063mm - 0.13 mm .
e Fine Sand 0.13 mm - 0.25mm

e Sand >0.25mm

The results of the analysis of the received
sediment samples for Khartoum and Don-

gola stations during 2019 are shown below:

™
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Nile Sediment Samples Analysis Khartoum

and Dongola stations 2019

Prepared for the Nile Waters Directorate

Executive Summary

Continuous monitoring of the Nile sediment
1s conducted by the Nile Waters Directorate
of MOIWR. Khartoum and Dongola are the
key stations for monitoring riverbed sedi-
ment. The sediment samples are collected
monthly from the Nile River at Dongola and
Khartoum. The collected 24 sediment samples
from the two stations are analyzed at HRC
lab. The samples covered the period January —
December 2019. The samples were analyzed
at HRC laboratory mainly for determining the
grain size distribution. The process of deter-
mining the grain size distribution includes
both the sieve analysis and the hydrometer
test. The results showed that the collected
sediment samples from both Dongola &
Khartoum stations contain no clay particles.
The sample from Khartoum for April is pure
sand 1.e. no clay no silt. The average texture
of Khartoum samples is 34% sand and 66%
silt. Eight month samples from Dongola are
pure sand, while other four month texture is

71% sand and 29% silt and 0% clay.

Associate prf. Younis A. Gismalla

Eng. Maather M. Omer

1.Introduction:

Sediment is an essential integral and dynamic
part of any river basins. The transported mate-
rial 1s called sediment load, which is trans-
ported as either suspended load or bedload.
The grain-size distribution of the river sedi-
ment is one of the most important properties
of the sediment that controls on hydrodynam-
ic conditions and river morphology. Suspend-
ed sediment in the Nile and its tributaries is
monitored by the Hydraulics Research Center,

while bed sediment properties are monitored

©)

Hydraulica



August 2020

Lower sediment loads for the same river
flow after heightening are depicted in

Figure 7.
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Figure 7: Sediment rating curves for the Blue
Nile downstream Sennar dam (2002 — 2019)

6. Conclusion and recommendations
From the analysis of the collected sediment
data the following main points can be

drawn.

+ The daily sediment concentrations pat-
terns for all monitoring stations along
the Blue and the Main Nile are similar in
terms of trend and order of magnitude.

+ The maximum sediment concentration
in the Blue Nile was 15,400 ppm record-
ed on the 8" of July downstream Sennar
dam, compared to 13,387 ppm recorded
on the Main Nile at Shambat 3 days lat-
er.

+ The sediment concentrations in the new-
ly established station on Atbara River at

Elbotana Bridge are much higher than

those measured downstream Khashm
Elgirba dam in previous years.

The sediment load measured in the Blue
Nile stations was 94 M ton and 91 M ton
in Wad Elais and Sennar, respectively.

In general the sediment concentrations,
river flows and sediment loads in the
Blue Nile stations are lower than those
of last season.

The total sediment that entered the Gezi-
ra scheme this year is 8.2 million ton,
which larger than last year but less than
the long term average (8.7 million ton).
Disseminate the results of the sediment
monitoring program to relevant direc-
torates of the Ministry of Water Re-
sources and Irrigation, and other rele-
vant institutes e.g. WMI University of
Gezira.

It is recommended to continue operating
the newly established stations on Atbara
River at Elbotana Bridge and Jebeiliya
minor canal in Gezira scheme to achieve
the required objectives.

It is recommended to establish two mon-
itoring stations in Rahad and Dinder
Rivers near their confluence with the
Blue Nile to quantify their sediment
contribution to the Nile and to study

their influence on the downstream.
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toring in this season started on the 3™ of
July and end on the 29" of September. The
samples were collected every other day.
Therefore, 3-days moving average sediment
concentration curve was drawn, Figure 6.
The maximum value of sediment concen-
tration in the Main Nile was 13,387 ppm
recorded on 11" of July compared to 9,146
ppm recorded last year at the same station,
Figure 5.
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Figure 5: 3-days moving average sediment con-
centrations in the Main Nile at Shambat

5.2.4 Gezira scheme:

The sediment in Gezira canal system 1is
monitored at Gezira Main canal at Sennar,
Gamosia Major Canal and Jebeiliya minor
canal. The maximum sediment concentra-
tions in Gezira Main canal and Gamosia
Major canal were 14,158 ppm and 14,099
ppm recorded on 8" and 12" of July; re-
spectively. As monitoring in Jebeiliya mi-
nor canal started late the peak of the sedi-

ment concentration was missed. The maxi-

mum recorded sediment concentration in
Jebeiliya minor canal was 5,915 ppm rec-
orded on 6™ of August. The total sediment
load that entered Gezira scheme through the
two main canals at Sennar during this sea-
son was 8.2 M ton, which is less than long

term average, 8.7 M ton, Figure 6.
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Figure 6: Total sediment entering Gezira Main
canals at Sennar (1995-2019)

5.3 Sediment rating curves

Sediment rating curves describe the average
relation between discharge and suspended
sediment concentration for a certain loca-
tion. Sediment rating curves are important
for estimating sediment yield. The Nile sed-
iment rating curves can be divided into ris-
ing and falling limbs. Rating curves were
developed for the Blue Nile at Wad Elais
and downstream Sennar stations. The effect
of Roseires dam heightening, completed in
2012, can be seen in the sediment rating
curves for Sennar station and the falling

limb only of Wad Elais.

©)
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the monitoring station further downstream
the dam. A maximum sediment concentra-
tion reached 19,698 ppm. This value is very
high when compared with the peak of the
last year viz. 1,199 ppm recorded down-
stream Khashm Elgirba. The total sediment
load passed downstream Khushm Elgirba
dam during the period July III — Sept III

was 7.5 million tons.

Sediment Concentration (ppm)

Figure 3: Sediment concentrations in Atbara
River (2018-2019)

5.2.2 The Blue Nile Stations

The resulting sediment concentrations in
the 4 Blue Nile stations are depicted in Fig-
ure (4). The figure shows an alternating
change in the sediment concentrations with
the direction of the flow. Wad-Elais and
Sennar stations follow the same trend with
a time lag of two to three days. Sennar sta-
tion recorded the highest sediment concen-
tration of 15,400 ppm on the 8™ of July; this
is more than that of last year, 12,257 ppm.

This may be attributed to local sediment

Sediment concentrations (ppm)

flushing in the reservoir. Sediment concen-
trations in Hantoub station followed the
same trend as other Blue Nile stations but
showed more fluctuations during July and
forth. The data collection in Khartoum sta-
tion was started late on the 3™ of July and
its trend line 1s not connected, due to miss-
ing data. The sediment concentrations in the
four Blue Nile stations viz. Wad Elais,
downstream Sennar dam, Hantoub and
Khartoum were 13,540 ppm, 15,400ppm &
13,090 ppm &12,533ppm, respectively. The
computed sediment loads in the Blue Nile
at Wad Eails and downstream Sennar dam
were 94 million and 91 million tons, respec-
tively. These values were less than those of

last season.
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Figure 4: Sediment concentrations in the Blue
Nile stations

5.2.3 Main Nile River:

The Main Nile River i1s monitored at one

station located at Tamanyat/Shambat. Moni-
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3. The Combined Analysis employs both
the sieve and hydrometer test. This method
is recommended for silt and silty clays,
which have measurable proportions of their

grains both coarser and finer than a

No. 200 sieve.

4.3 Mean Sediment Concentrations and

Discharges

The sediment discharge of a stream is gen-
erally based on sediment and flow data ob-
tained at or in the vicinity of existing gaug-
ing stations. Data normally obtained in the
determination of suspended sediment dis-
charge consists of mean concentrations,
particle size, specific gravity of suspended
sediment, temperature of water mixture and

water discharge.

The suspended sediment discharge, Q of a

stream is given by:

Qs = (2}

Where, Q,= sediment discharge, C,, = the

mean suspended sediment concentration,
Q = the stream discharge.

5. Results and discussion
5.1 Grain size distribution
The sieve analysis was conducted for the
collected suspended sediment samples in all
monitoring stations. The hydrometer test

was determined for the Blue Nile at Sennar

and Gezira Main Canal at Sennar, Figure 2.
The hydrometer test could not be conducted
for other stations because the weight of col-
lected sediment on the tray was less than 50
grams. The combined grain size analysis
for the Blue Nile sediment at Sennar
showed a texture of 30%, 60%, 10% of
sand, silt and clay; respectively. While, the
texture of Gezira canals sediment showed

5% sand, 85% silt and 10% clay.
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Figure 2: Grain size distribution of suspended
sediment at different stations

5.2 Suspended sediment concentration and

sediment load

5.2.1 The Atbara River

65 sediment samples were collected from
the newly established Elbotana Bridge
starting on the 28" of July and ended on the
30™ of September. It can be clearly seen in
Figure 4, that there are large differences in
daily sediment concentrations between this

season and previous season due to shifting

©)
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4.1 Sediment Concentrations:

Sediment concentration is generally ex-
pressed in grams of sediment per liter of
the water-sediment mixture or in part per
million (ppm) by weight. Concentrations in
parts per million by weight is obtained by
dividing the weight of the dry sediment by
the weight of the water-sediment mixture
and multiplied by 10°. Sediment concentra-
tions are determined using the classic grav-

imetric method and the turbidity method.

The classic gravimetric method is car-
ried out in the laboratory as follows. First
the mass of the bottles plus water samples
are weighed using 2 digits weighing bal-
ance. The sediment is then separated from
water and dried in an oven for 24 hours.
The dried soil is reweighed to get the
weight of the suspended solids. Finally the
sediment concentration SC in ppm is calcu-
lated by dividing the total mass of dried
soil by the weight of the water sample and
multiplied byl0°. The classic gravimetric
method is used for analyzing 20% of the

samples because it is time consuming.

The turbidity method is currently in

widespread 1in sediment concentration

measurement due to the ease of measure-
ments and reading, which is given in Neph-
(NTU). The

elometric Turbidity unit

2100AN Turbidity meter is used for analy-
sis at HRC lab. The samples analyzed using
both gravimetric and turbidity method are
used to develop a correlation line to convert
turbidity readings into sediment concentra-

tions as shown in equation 1.

SSC (ppm) = 0.6TR(NTU) ....cocccvrrrennrmsesnssserssssnnns (1)
(R2=0.91)

Where: SSC = Suspended Sediment Con-

centration in ppm, TR = Turbidity Reading

in NTU

4.2 Grain Size Analysis

The grain size distribution for the suspend-
ed sediment is determined in the laboratory

by two methods; these are:

1. Sieve analysis is used for determining
grain size distribution of sand and courser
sediment particles. The sieve analysis con-
sists of shaking the soil through a stack of
wire screens with openings of known sizes,
greater than 63 microns. The retained sand

on each sieve of is then weighted.

2. Hydromefter ftest s used for determining
the grain size of the sediments finer than 63
microns. The hydrometer procedure is
based on Stokes’ equation for the terminal

velocity of a freely falling sphere.
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the program, while sampling in far stations
being done by locally paid labours. Dip
sampling whereby a suspended sediment
sample is taken simply by dipping a bottle
in the turbulent flow was used. Collected
samples are stored in 500 ml Polyethylene
(PE) bottles. Bottles and caps were washed
with distilled water and stockpiled until
transported to HRC laboratory. The collect-
ed samples are transported every week or
two to Wad Medani to be analyzed at HRS
laboratory. Sediment concentrations and
other properties are determined following
the standard protocols. The water samples
are analyzed at HRC laboratory and sedi-
ment concentrations, sediment properties
and sediment loads being determined. Sedi-
ment samples were collected from nine
sediment monitoring stations during this

season; these are, Figure 1:

1. The Blue Nile:

e Wad ElAis station at the Blue
Nile bridge;

e Downstream Sennar Dam.

e Wad Medani at Hantoub
Bridge

e Blue Nile at Khartoum

[\°]

. Gezira Canal System:

The inlet of Gezira main canal

at Sennar;

Gamusia major canal; and

Jebeiliya minor canal.
3. The Atbara River:

El Botana Bridge.

4. The Main Nile River:

« Tamniat/Shambat station.

i,
flcsennar. o

Wad Elaisi

Figure (1): Location of sampling stations

4.Data Analysis

The total number of collected samples for

all the monitoring stations is 697 samples.

These collected water samples were ana-

lyzed at the Hydraulics Research Station

Laboratory in Wad Medani. The analysis

conducted in the laboratory includes:

e determination of sediment concentra-
tions; and Sediment grain size analy-
SIS.

e The determinations of these sediment
properties are discussed in more details
in the following sections viz. section 4.1

and 4.2.
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The Sediment Monitoring Programme

2019 Season
(Research team: Altaeb R. Abass; Maather M. Omer & Prof Younis

A Gismalla)

1.Introduction

The Blue Nile and its tributaries, Dinder
and Rahad, and Atbara River bring consid-
erable amounts of sediment during their
flood times. Most of the sediment material
originates mainly from heavy erosion in the
upper catchment area in Ethiopia. Some lo-
cal streams or ‘khors’ contribute to the sedi-
ment load in the Nile too. This high sedi-
ment load has major influences on the de-
sign and operation of the reservoirs build
across the river and agricultural schemes
irrigated from the Nile system.

Since 1988 the Ministry of Irrigation and
Water Resources (MOIWR) has started an
extensive sediment monitoring programmer
in the Blue Nile and Gezira Scheme. The
annual programmer is implemented by the
Hydraulics Research Center (Station) and
funded by the Ministry. The article summa-

rizes the annual report for the season 2019.
2.0bjectives

The main objectives of the sediment

monitoring program are:

Associate prof. Younis A. Gismalla

1. Quantify the sediment entering some ir-

rigation schemes, particularly Gezira
scheme, and determine its distribution.

2. Establish a correlation between the rate
of inflow and sediment concentration with-
in the river Nile system and the irrigation
schemes.

3. Define the optimum filling dates of the
Blue Nile reservoirs and to avoid when un-
necessary releases to the Gezira scheme in
sediment peaks.

3.Methodology

The methodology followed consists of tak-
ing daily water samples from prefixed loca-
tions called stations in the system during
the flood season. The program started this
season on the 19" of June and ended in the

2" of October. The Hydraulics Research

Center (HRC) technical team implements

Hydraulica
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