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Drilling operation & GMD installation

Session {12}
Ground Water Governance Organized By : UNESCO-Cairo

Charperson: Dr. Bisher Imarn, UNESCO, Cao

*  Radiclogical Analysiz of Ground "Water, Jamal sharaf, University of
Jordan, Jordan

*  Geospatial Tools for Irnproved Water Mansgemnent: an ezarmple from
Jordan, Jawad T. Al-Balai, University of Jordan, Jerdan

*  Managing Groundwater Aguifers in Irrigated Highlands [Amman-Zarga
and Azraq) Basine /Jordan, Khair Hadidi, Water Anthority of Jordan,
Jordan

+  Deplation and response of deep groundwater to Refugees flux and climate
induced over pumping in North Jordan, Marwan Alraggad,
WEEC/University of Jordan, Jordan
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The Sediment Monitoring Project 2016

Associate Prof. Younis A. Gismallah

Eng. Nazik Abdullahi M. Ahmed

he Blue Nile and its tributaries and Atbara
TRiver bring considerable amounts of sedi-

ments during their flood times. The source
of this sediment is the heavy erosion in the Ethi-
opian mountains. Nearly all of the sediment (~
90%) comes from the Blue Nile during the flood
season (July - Oct.). The intensive uses of land for
agricultural purposes and associated deforesta-
tion in Ethiopia have resulted in increasing soil
erosion and consequently the incoming sediment
load. The high sediment load carried by the Nile
is causing considerable problems in terms of sedi-
ment deposition in the reservoirs and the irrigation
canalization networks. Realizing these problems
the Ministry of Irrigation and Water resources has
started a sediment monitoring program in 1988.
The program was implemented by the Hydraulics
Research Station in collaboration with the Hydrau-
lics Research Station — Wallingford. The collabora-
tion with HRL continued for two seasons. There-
after, the Hydraulics Research Station continued
the program.
The Hydraulics Research Centre realized the
importance of the program and continued
the monitoring of sediment and extended the
monitoring to cover more stations. This year
the monitoring was extended to Dongola in the
main Nile and downstream Khashm Elgirba Dam
in Atbara River. HRC has also introduced modern
sediment analysis equipment and new analysis
procedures.

Eng. Altaecb Rahamotallah F. Abass
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This article high lights the main results and recom-
mendations of the sediment monitoring program

in 2016 flood season.

Water samples are collected on daily basis from 13
sediment monitoring stations scatter along the Nile
and its tributaries and from the Gezira Scheme.
Data collection started in June and finished in
October 2016. The collected water samples were
transported and analyzed at HRC laboratory in
Wad Medani. Two methods are used in calculat-
ing the sediment concentration viz. the turbidity
meter and the gravimetric methods. The turbidity
meter is used for analyzing all the samples while
the gravimetric method is used for analyzing 20%
of the samples. The turbidity method is calibrated
by creating linear correlations with the gravimetric
results obtained from the 20%. These correlations
are very strong with coefficient of determination,
R2, greater than 0.9.

The daily sediment concentration reached its max-

imum in the second half of July, with the highest *

sediment concentration, of 19,399 ppm, recorded
at Wad Elais station, the most upstream station in
our network. The results also show that the sedi-
ment concentrations this year are higher than that
of the previous year. The sediment in the Nile river
system is of very fine in nature with grain sizes
smaller than 0.063 mm. The total sediment load
in the Blue Nile at Wad Elais and downstream Sen-
nar dam is 170x106 and 120x106ton, respectively.
The quantity of sediment entered Gezira scheme
through the two main canals at Sennar this season

Q' [ ﬂ]ll"yﬁﬁ_'

is 8.4x106ton (= 9.3x106m3).
This year, study of the sediment monitoring rec-
ommend establishing a new monitoring station
at the off-take of the main canal of New Hlafa
scheme to check sediment data collected down-
stream Khashm Elgirba dam.
The sediment monitoring stations covered during
this season are:

1. Main Nile at Dongola

2. Main Nile at Shambat Bridge/Tamanyiat

3. Downstream Khashm Elgirba Dam at Atba-

ra River

4. Blue Nile at Khartoum

5. Blue Nile at Hantoub Bridge

6. Blue Nile DS Sennar Dam

7. Blue Nile at Wad Elais

8. Gezira main canal at Sennar

9. Managil main canal at Sennar
. Up-Stream Gezira main canal at 57
. Down-Stream Gezira main canal at k57
. Down-Stream Managil Old canal at 57
. Gezira main canal Down-Stream Alturaby.

_ 9
L Wad|Elais

_' Rosires Dam

SHNavy (NGRLGEBCO

Map shows the location of the stations along the Nile

system



A simple technique is used in collecting the water
samples by dipping an open vessel into the turbu-
lent stream water. Plastic bottles are used for the
collection and preservation of water samples. The
collected water samples are transported to Wad
Medani to be analyzed in the laboratory of HRC
every two weeks.

Turbidity Meter

This season the grain size distribution for the sus-
pended sediment is determined in the laboratory
by the two following methods:

(i) Sieve analysis: used for the particle size
bigger than 0.063mm

(i) Hydrometer test: used for the particle size
that is smaller than 0.063mm

The following figure shows the correlation that
was made for all the stations together.
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Grain Size distribution for sediment particle size for
all the stations

As shown in the graph that the pattern of Ta-
manyat/Shambat and DS Kashum Algirba dam is
different from the other stations due to the analy-
sis in the lab because the weight of the samples is
less than 100g this may cause high error.

The following main points can be drawn of

the collected sediment data.

1. The sediment monitoring network this year
covered thirteen monitoring stations.

2. All the stations showed good correlation
between gravimetric sediment concentrations
and turbidity meter readings except Dongola,
Khashm Algirba and part of Hantoub station.
3. According to the grain size distribution all



the stations have the same type of sediment,
this encourages making one correlation equa-
tion for data from all monitoring stations.

4. The daily sediment concentrations patterns
of all the station can be considered as a normal
sediment concentration trend the peak of the
sediment appeared on the first half of July with
the highest sediment concentration recorded in
the most upstream station i.e. Wad Elais, as
19,399 ppm.

5. The sediment concentrations this year are
higher than last year because this year is wet-
ter than last year bringing more floodwater.

6. The correlation factor between the gravi-
metric and turbidity meter, ppm and NTU, for
all the stations, in general, ranges between
0.59 - 0.69 with a coefficient of determination
R2 for all the stations above 0.9 this means the
data measurement is precise.

7. For Dongola station the correlation factor
is 0.45, which is not in the range of other sta-
tions. The measurements also show inconsis-
tency with upstream data, this may be attribut-
ed to human error.

8. The sediment concentrations downstream
Khashm Elgirba dam are not consistent with
the releases from the dam. Because sampling
is made in the morning when the gates are
closed and the releases occur during the day.
9. The daily sediment loads in the Blue Nile at
Wad Elais and downstream Sennar dam show
very good correlations with the corresponding
river flows.

10. The sediment in the Nile river system is of
very fine nature, smaller than 0.063 mm.
11.The total sediment load entered Gezira
scheme this season is 8.43x106 ton, 59% of it
entered through Gezira main canal.

12. About 81% of the sediment that entered
the Gezira scheme this year did so between
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Jull and SeptII.

13. The sediment concentrations patterns for
the stations in the Gezira scheme canalization
are almost the same this can make reduction
in the stations for next year.

The main points that were recommended
are:

1. Dongola station requires special consider-
ation and a correlation between Dongola and
Elhesai downstream Merowe dam is recom-
mended.

2. Itis recommended to establish a new mon-
itoring station at the off-take of the main canal
of New Halfa Scheme to validate the down-
stream Khashm Elgirba Dam data.

3. Reduce the number of monitoring stations
in Gezira scheme canalization system depend-
ing on the pattern and magnitude of sediment
concentrations, i.e. those stations with the
same sediment concentrations and pattern and
make new monitoring stations were needed.
4. It is recommended to continue monitoring
of Gezira canal at Sennar and stop monitoring
of Managil canal.

5. For coming seasons, it is recommended to
operate one monitoring station at K57 and stop
the other two stations and Alturaby station; as
they have the same sediment concentration
trend and magnitude.

6. It is recommended to create one correla-
tion factor for all monitoring stations to re-
duced analysis efforts.
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INTRODUCTION:

ivers is a generic name for any large flow of water on land. Rivers are of varying
Rsizes and smaller flows

are often referred to as Stralght Meaidankig
streams or creeks. Rivers form
wherever there is both a source
of water and relatively low
channels in the land for it to

Braided Anastomosing

flow into. Rivers can generally ’V’;

be classified as either bedrock, — = :j>
—-__________—_____‘_.-"-'-____""‘-n___

alluvial or some mix of the two.
Bedrock rivers have little or no
alluvium mantling the bedrock over which they flow. However, most bedrock rivers are
a combination of a bedrock channel and an alluvial channel. On the other hand, alluvial
rivers have channels and floodplains that are self-formed in unconsolidated or weakly
consolidated sediments. An alluvial stream evolves because one of its energy-related
properties tends to acquire its extreme value. Evolution terminates when regime state
Is achieved. Alluvial streams develop and shape their channels according to the magni-
tude and frequency of the floods, know as dominant discharge, and the ability of these
floods to erode, deposit, and transport sediment. Changes in stream channel dimen-
sions and plan shape stops when the regime state is reached. Depending on their dom-
inant discharges, bed, banks and transported sediment properties, alluvial streams can
have different planforms described as straight, meandering, braided, or anstomosing.

STRAIGHT STREAMS
Straight streams have minimal sinuosity at the T B

bankfull conditions. Sinuosity is the ratio of
the curvilinear length to the linear distance Svgif:;nﬁcl:
between the end points of the curve; its minimum
value is unity. Straight rivers exist only over short
reaches; while long, straight rivers seldom occur in
nature. Straight channels are rare in nature due to
the uneven distribution flow and sediment across a N

|andscape, Fig (Y): Elements of Sinuosity

— = = Distance measured
along stream




MEANDERING STREAMS — e _
alin (1992) defined meandering . ——— _——

Yas self-induced plan deformation ;‘” K ;.-gh,__:}
of a stream that is periodic and =

anti-symmetrical with respect to an =
axis which may or may not be straight. &
According to this definition any alluvial mEEESse=la Ko 2 :
stream that deforms its initially straight Fig (¥): Meandermg river; Universidad Concepcwn, Chlle
channel into periodic anti-symmetrical

plan forms is meandering, Fig (3); where as a stream flowing into a tortuous rocky
terrain or in a rigid sinuous flume whose curvilinear plan pattern has not been created
by that stream itself is not meandering. What causes meandering? The fact that all me-
andering and braided rivers have their slopes S greater than the regime slope SR viz.
S>SR. Meandering and braiding are two means used by an alluvial stream to minimize
its deficit S-SR to approach equilibrium or regime. Meandering rivers tend to increase
their length and therefore reduce their slope. In the case of braiding the difference is
minimized by increment of regime slope SR. The choice of a particular means depends
on the geometry and roughness of the original channel and the turbulent structure of
conveyed flow.

An initially straight tranquil stream in cohesion-less alluvium can meander
only if it satisfies the following conditions:

1. Ittransportssediments, thetools, otherwisetheflowboundariescannotdeform;

28 Its flow is turbulent, the energy, otherwise there will be no bursts to initiate the
periodic bank deformation;

3. Itsslopeislargerthantheregimeslope; otherwise the stream will notendeavour

to reduce its slope by increasing its length.

BRAIDED STREAMS:

Braldlng is the splitting of an al- :}"‘“‘

luvial channel into a multitude : -+
of channels. Braided channels*"_'.;_'*:
are characterized by multiple, active‘
streams within a broad, low sinuos-
ity channel. The smaller strands of :P
streams diverge around sediment bars ==
and then converge in a braiding pat- :
tern. Braided channels are dynamic, ==
with strands moving within the chan- Fig (£): Braiding river
nel. Braided channels are caused by
sediment loads that exceed the capacity of stream transport. Like meandering it is a
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=

self-induced form of an alluvial stream motion. It initiates also because of the large-scale
horizontal turbulence, and develops because of the regime trend is to minimize the ex-

cess energy (S-SR). Braiding can

initiate and develop only if the o g m o
sediment is moving; the flow is . Straight
turbulent, Fr>FrR i.e. S>SR. The |
regime slope SR is proportional L2 \ i [= S "llml SR PR

to a negative power of the flow
rate, viz. S_R=aQ”(-n). If the ini-

Channel slope

Explanation

tial channel is carrying a flow of Q EZT '_'? ‘ e
and splits into two channels each | ¥
is conveying Q/2, then the regime S| 4 | ‘ .g
Ll - | HIJ I | 'liii

102 10° 10°

|
11 !lill'l
10°

TV

i
T 8 TV O |
Iol'.

slope of each channel, SR2=2n-
SR which is larger than the orig-
inal regime slope SR. Hence, the
original excess S-SR is reduced as
S-SR2 < S-SR.

Braiding requires a larger gradient than meandering, for a given discharge, because
braiding involves a greater amount and rate of channel modification and bank erosion.
Leopold and Wolman (1957) gave a relationship to define the transition from meander-
ing to braiding involving riverbed slope SO and bankfull discharge as:

S=0.06Qbf-0.44 (Qbf in ft3 s-1)

The Gash River in Sudan is an alluvial stream of braided type when its flow is high and
meanders during its low flow.

Bankfull discharge, cubic feet per second

Fig (0): Leopold and Wolman (14d0V)

ANASTOMISING STREAMS
n anastomosing river is composed of two or more interconnected channels that en-
Aclose flood basins. Anastomosing streams are similar to braided ones in that they
are composed of complex strands that diverge and then converge downstream.

However, anasto- =~
)4
ﬁ
S

mosing channels are
distinct from braided
Fig (11): Anastomosing River

channels in that they
flow around relatively
stable, typically veg-
etated islands. They
also have generally
lower gradients, are
narrower and deeper,
and have more permanent strands.



Rust (1978) defined anastomosing rivers as high-sinuosity (>1.5) multi-channel rivers.
He applied sinuosity and the braiding parameter (number of braids per mean meander
wavelength) to distinguish between straight, braided, meandering and anastomosing as
shown in Table (1).

Table (1): Classification of channels according to Rust (1978)

Single Channel (braiding | Multi-channel (braiding

parameter <1) parameter >1)
Low-sinuosity P<1.5) Straight braided
High-sinuosity(P>1.5) meandering anastomosing
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Pater Productivity in the Eastern Nile:

An Overvieus from Suden., Egypt and EGhiopia

he Project: “Inclusive Accounting for Nile waters connect-

ing investments in large scale irrigation to gendered re-
allocations of water and labour in the Eastern Nile basin”
was funded by the CGIAR research program on Water, Land and Ecosys-
tems (WLE). It has been implemented by the Hydraulics Research Cen-
ter (HRC-Sudan) in collaboration with the UNESCO-IHE, the Netherlands

as a leading institute and the International Water Management Institute

Dr. Khalid Biro

(IWMI). The project duration was two years (during 2015 and 2016). The

main task of the HRC was to produce the water productivity maps for the

three case studies in Ethiopia, Egypt and Sudan.

Background and Concepts

thiopia, Sudan and Egypt have ambitious

plans to increase irrigated agriculture in the

Eastern Nile (EN)basin to satisfy increasing
needs for food. Planned projects will imply re-dis-
tributions of Nile flows and therefore affect (capa-
bilities for) social and ecological resilience of local
populations and ecosystems.
As the Nile basin is rapidly closing, these redistri-
butions will have trade-offs and can be contest-
ed, with some being favoured more than others.
Improving the ability of decision makers, inves-
tors and communities to make informed decisions
about the social and ecological benefits and costs
of new investments, and about how these are (to
be) divided across scales and (groups of) people,
is therefore of crucial importance.
Remote sensing is emerging as a new technique
to perform water accounting (WA) at pixel scale.
Pixels can be aggregated to a scheme or even
at basin scale. The WA is based on the surface
energy balance algorithm for land (SEBAL)applied

to data from satellite imageries, which computes
water use and biomass production as well as oth-
er indicators. These are key information to assess
water and land productivity and support water
resources planning. As well, these data are indis-
pensable to guide daily operation of the agricul-
tural water management.

Crop water productivity (WP) is defined as the crop
yield per unit of water evaporated (consumed).
The conceptof water productivity improvement
aims at producing more food, income, better live-
lihoods and ecosystem services with less water.
This concept needs to be adopted in the ENbasin
to insure better utilization of water.

Therefore, this report is mainly aimingfor applying
remote sensing to WA analysis in three case stud-
ies of the EN: the Salam Canal Project in Egypt,
DAL Agricultural Scheme in Sudan and the Tana
Beles Project in Ethiopia (Fig. 1). These study
sites were selected to be the pilot areas for imple-
menting the WA analysis in the Eastern Nile Basin.



Fig. 1: Location of the Study Sites.

Satellite Data and SEBAL
he Landsat series satellites images were
Tthe main source of remote sensing data.
All satellite data were downloaded free of
charge from the USGS web site (http://earthex-
plorer.usgs.gov/).
SEBAL is an energy-partitioning algorithm over the
land surface, which estimates the actual evapo-
transpiration (ETa) from satellite images. It re-
quires minimum input of routine meteorological
data. The satellite image provides an excellent
spatial coverage, while the temporal coverage
is limited to the time of the satellite overpass (2
weeks for Landsat). So, the derived parameters
need to be extrapolated to daily and monthly val-
ues using various techniques.
The satellite image provides information for the

Gl

overpass time only; SEBAL computes an instanta-
neous ET flux for the image time. Data prepara-
tion needed for SEBAL include: cloud free satellite
data, header file information of the satellite image
(i.e. contains important information for the SEBAL
process), land use map and weather data. The SE-
BAL steps used for estimating ET, Biomass and WP
are shown in (Fig. 2).

| Surface Energy Budget

|Surface Radiation Balance |

I DEM Correction

I : Soil Heat Flux
|

|

|

| |

. Sensible Heat |

C I e ,
issiv. | ET Fraction |
|

|

|

| Latent Heat
| | Flux
|
|

I Instantaneous
| ET

Meterological

Turbulance

Fig. 2:SEBAL Method used for Estimating WP

Main Findings

1) Alwaha Farm (DAL Scheme), Sudan
The seasonal ETaof Alwaha Farm is shown in
(Fig. 3). The map displayed the seasonal integra-
tion of the ETa over Alwaha Farm for the period
Apr.2014 — Mar.2015. The integration was made
from the individual satellite image based on 2
weeks intervals. The seasonal ETa for the most
pivots is in the range 1000 — 2,200 mm compared
to the open water in the Nile, which is 2,400 —
2,600 mm. These values are acceptable consider-
ing the climatic conditions in Alwaha Farm area.
The average summer temperature was between
28-35 C°, while the winter ones vary between
15-22 Ce°.
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Fig. 4:Seasonal Biomass

for Alwaha Farm. for Alwaha Farm.

The seasonal integration of the Biomass Produc-
tion in Alwaha Farm was found to reach high val-
ues varies between 10,000 and 20,000 kg/ha for
the most pivots during Apr.2014 — Mar.2015 (Fig.
4).This is possible
ok
[° because most of the
| pivots in the season
“ | were cropped with
Alfalfa. Alfalfa s
known as a peren-
nial crop that pro-
duces dry matter
s normally  through-
¥ out the year.The
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| ot Eseasonal WP over
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{i-CE bR A * Alwaha Farm was
=il Vit g,
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recorded to be be-
tween 1.0 and 1.8
kg/m3 for the most
pivots in the period Apr.2014 — Mar.2015 (Fig. 5).
Alfalfa is the dominant crop in Alwaha Farm. The
average reference range reported for the Alfalfa
by FAOQis between 1.0 and 2.9 kg/m3. Wheat was
cultivated only during the winter season in a limit-
ed area of Alwaha Farm. Internationally the aver-
age WP for Wheat is recorded to be in the range
0.5 — 1.5 kg/m3. Within the Nile Basin the Wheat
WP is estimated to be around 0.9 kg/m3.

Fig. 5:Seasonal Biomass
for Alwaha Farm.

2) Salam Canal Project, Egypt

TheETa values in Salam Canal Project were found
to be around 5 — 8 mm/day in the summer and
1 — 5 mm/day for the winter (Fig. 6).The Biomass
Production maps for the Salam Canal Project are
presented in (Fig. 7). A variety of crops were
grown during the summer and winter seasons of
the two years, consequently the Biomass Produc-
tion is differed for the different crop of a particular
season.The WP values were found to be higher
in winter compared to the summer (Fig. 8).Look-
ing to the WP values obtained from SEBAL model,
most of the crops cultivated in the Salam Canal
Project are within the range of the FAO reference
data.
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Fig. 8: WP for Salam Canal Project.




3) Tana Beles Project, Ethiopia

Tana Beles is a project for producing the sugar-
cane crop, which will be used for manufacturing
sugar.

The ETavalues for Tana Beleswere observed to be
high in summer compared to winter (Fig. 9). The
sugarcane is a C4carbon-fixing perennial crop and
normally it takes more than one year (i.e.365 - 425
days) from planting to harvesting stage in tropical
areas. Therefore, the evapotranspiration of a ful-
ly canopied crop is a little higher than that from
short grass. Depending on climate, peak evapo-
transpiration rates ranges from 6 to 15 mm/day.

02.12.2014
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LR —
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Actual ET (mm/day)

01020 40 km
Eo-+ 45
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[0s-+ W7-s |

Fig. 9:ETafor Tana Beles Project.

The amount of biomass production in Tana Beles
Project was found to be between 100 — 150 kg/ha
(Fig. 10). Crop age and growth conditions (tem-

R perature and
s 1:|water status)
g are the main
| factors that
— determining
T B ’“‘* s g the amount of
Biomass Production (kghaiday)[i & bw|the biomass
— M e production for
ol Ll sugarcane.

Fig. 10: Biomassfor Tana Beles Project.

Like biomass production WPof the sugarcane is
depend also on the crop age, growing and climatic
conditions(Fig. 11). The highest values of the WP
in Tana Beles Project were observed to be higher
during winter season with an amount ranging be-
tween 2.0 to 3.5 kg/m3.The FAO reference data
showed that the WP of the sugarcane ranges from
3.5 to 5.5 kg/m3.
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—— River_Beles
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Fig. 11: WPfor Tana Beles Project.

Conclusions

he Landsat-8 remote sensing data in a

combination with the SEBAL model were

used successfully to estimate water pro-
ductivity and the other biophysical parameters
over the three study site.The different outputs
form the Sudan case study was validated several
times before accepting the final results of the
SEBAL model.Cloud covers affect the quality of
the satellite data during the rainy season. This
limits the outputs from the Ethiopia case study.
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