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Mapping of Siltations of AlIKhod Dam, Muscat,
Sultanate of Oman Using Low-Cost Multispectral
Satellite Data
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Abstract—Remote sensing plays a vital role in mapping of
resources and monitoring of environments of the earth. In the present
research study, mapping and monitoring of clay siltations occurred in
the Alkhod Dam of Muscat, Sultanate of Oman are carried out using
low-cost multispectral Landsat and ASTER data. The dam is
constructed across the Wadi Samail catchment for ground water
recharge. The occurrence and spatial distribution of siltations in the
dam are studied with five years of interval from the year 1987 of
construction to 2014. The deposits are mainly due to the clay, sand
and silt occurrences derived from the weathering rocks of ophiolite
sequences occurred in the Wadi Samail catchment. The occurrences
of clays are confirmed by minerals identification using ASTER
VNIR-SWIR spectral bands and Spectral Angle Mapper supervised
image processing method. The presence of clays and their spatial
distribution are verified in the field. The study recommends the
technique and the low-cost satellite data to similar region of the
world.
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1. INTRODUCTION

ECHARGE dams increases the groundwater potential.
Dams constructed across the wadies in arid region
increases the availability of groundwater to domestic and
irrigational purposes. The coastal regions of Sultanate of
Oman decline in groundwater level, considerable reduction in
well yields and deterioration in water quality [1], [2]. To
overcome, a total of 34 dams were constructed for this purpose
by the Ministry of Regional Municipalities and Water
Resources (MRMWR) of Oman. In which, 21 dams are
constructed across major wadies parallel to the coast. Most of
the dams are silted now mainly due to wadi flow after flash
floods in catchments while the collection of rain water in
upstream parts of mountains and drain flow towards coastal
zones, the downstream. During the flash floods, the wadies
flow water carry gravels, sand, silts etc. towards the
downstream and deposits them at dams constructed across the
flow direction. It is important to study the occurrence of silts
in the dams
The remotely sensed satellite data are more useful in
mapping of resources and monitoring of environments of earth
surface. The spectral bands of visible and near infrared
(VNIR) and short wavelength infrared (SWIR) of low-cost
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multispectral satellite data provides useful information to map
such resources. Especially, the Advanced Space borne
Thermal Emission and Reflection Radiometer (ASTER) which
measures visible reflected radiation in three visible and near
infrared spectral bands (VNIR, between 0.52 and 0.86 pm,
with 15-m spatial resolution) and infrared reflected radiation
in six short wavelength infrared spectral bands (SWIR,
between 1.6 and 2.43 pm, with 30-m spatial resolution) are
more significant to such applications. The spectral bands in
the SWIR region of the ASTER sensor are relatively more
compare to the spectral bands of other sensors which enhances
the mapping of siltations of dam. Particularly, the spectral
bands are more useful for mapping of clay and argillic
minerals, carbonates, ferric and ferrous oxide deposits [3], [4].
This study attempts to use the satellite data to map the
occurrence and spatial distribution of siltations of AlKhod
Dam located near AIKhod town in the lower reaches of Samail
Catchment, north of Muscat (see Fig. 1). The study also uses
the Landsat satellite data of five years interval to find the
changes in the siltations since 1987 to 2014.

II. ALKHOD DAM

The present study mainly focuses about the occurrence of
siltations of AlIKhod Dam which is constructed near AlKhod
town in the lower Samail Catchment, situated in the Batinah
coastal plain north of Muscat (see Fig. 1). The dam is the
oldest and largest recharge dam in Oman that was constructed
between December 1983 and March 1985. Samail Catchment
covers an area of 1,635 km2 and drains water from the
highlands in Oman’s interior into the Batinah coastal plain
where AlKhod Fan is located. It is a type of earth dam has
5,100 m crest length and up to 11 m high. The spillway of the
dam section is 3,000 m long, and the total reservoir area is 3.2
km?. The original (1988) unsilted reservoir capacity was
approximately 11.5 millionm®. The dam is equipped with 11,
each with a diameter of 1.22 m for downstream discharge
purposes through a 3,000 m long, 19 m wide stilling basin,
made of rock-fill gabions [5]. Annual rainfall varies between
more than 300 mm in the highlands to less than 100 mm in the
coastal plain [5]-[8]. For the past 24 years, the area has
experienced several episodic floods. The wadi gaging station
(located at 23°34'N latitude and 58°7'E longitude, altitude of
78 m) is 4 km upstream of the dam reservoir. Unfortunately,
there are no data on suspended loads, bed loads, and even the
turbidity of water at the gaging station. The embankment was
overtopped during three major floods: in March 2007 and
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during Cyclone Gonu in June 2007 and Cyclone Phet in June
2010[5]-[7], [9]. The last two floods incurred enormous
damages to the populated area downstream of the dam. The
maximal recorded flow rate at the gaging station was 178 m*/s
[5]. The landscape of the area adjacent to the dam is a paved
desert, moderately dissected by channels and intermittent
streams, and the soils of the reservoir are of an alluvium
parent material influenced by limestone and ophiolites derived
from the Al-Hajar mountains [5], [10]. Prior to the
construction of the dam, the dominant soils of the reservoir
area were Gypsids, Calcids, and Torriorthents of a very
gravelly or sandy skeletal nature [11]. Detailed informations
on the geology and hydrogeology of the region are reported in

[51-[71, [12], [13].
)
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Fig. 1 Google location of the Alkhod Dam in Oman

III. GEOLOGY OF THE STUDY AREA

Samail catchment is a full member of ophiolite sequences
consist of dunite, harzburgite, gabbros, sheeted dykes and
pillow lavas. The geology in and around of the dam consists of
crystalline bedrock formations, mainly ophiolites, mantled by
unconsolidated alluvium deposits. The geology of the area is
given in Fig. 2. The Quaternary alluvium unconformably
overlies the ophiolites along the drainage course of the
AlKhod Fan. They consists mainly a mixture of poorly sorted
rock gravels, sands and minor clays. It makes the main source
for the alluvium formed as a result of ophiolites weathering.
The siltations of the dam mainly consist of clays, the
derivatives of weathered ophiolites deposited as layer in
different thickness in the dam.
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Fig. 2 The geology in and around of AlKhod dam

IV. SATELLITE DATA AND METHODS

In this study, the nine VNIR-SWIR spectral bands of
ASTER were chosen and processed to the areas of interest to
map the siltation occurred in the Al Khod dam using ENVI (5)
and ArcGIS (10.1) software’s. More details on ASTER and its
sensor characters are reported in Rajendran et al. (2012) and
Rajendran and Nasir, (2013a) and can be referred [4], [14].
The occurrence and spatial distribution of siltation of the dam
were carried out by developing color composites and
unsupervised spectral angle mapper digital image processing
methods. The changes in the occurrence and spatial
distribution of siltation are studied using the Landsat satellites
data of the years 1987, 1990, 2000, 2005, 2010 and 2014. The
processed images are interpreted and verified in the field.

V.IMAGE ANALYSIS

The siltation of Al Khod dam is mainly deposited with the
clays [5], [6] and mapping of clay minerals of the dam lead us
to give details on the possible occurrence and spatial
distribution of silts in the dam. Many authors have used the
image processing methods such as color composite, band
rationing, decorrelation stretch, principal component analysis
(PCA) and spectral angle mapper (SAM) etc. to map soil, rock
types, structures, agriculture and to detect minerals of rocks
over different satellite data of the multispectral sensors
including Landsat TM and ETM, ASTER [3], [14]-[16]. Also,
there are several published articles on the applications of
ASTER data to map minerals of the rock [17]-[20]. In this
study, to map the siltation of the AlKhod dam, the nine
ASTER VNIR-SWIR bands were studied by developing false
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color composite image. The supervised classification method
called Spectral Angle Mapper (SAM) is used to extract the
minerals informations in and around of the dam [17], [18],
[20]-[22]. The results RGB color composite and SAM are
given in Figs. 3 and 4.

VI. RESULTS OF THE STUDY

Researchers have previously outlined the use of red-green-
blue (RGB) image to show different lithology and resources of
earth surfaces [14], [15], [17], [18], [23]-[27]. The study of
spectral absorptions of clay and carbonate minerals leads to
develop a color composite RGB image. In the RGB color
composite image (R:8, G:3, B:1; Fig. 3), the ASTER bands 1
and 3 were chosen to show the different rock types/
formations occurred in and around of Al Khod dam. In which,
the ASTER band 8 was selected to distinguish the OH and
CO3-bearing altered minerals found in the dam. The resulted
image clearly shows the occurrence of the siltation of the dam
appears in pink color due to the absorption by OH molecules
present in clay minerals and CO3 contents in carbonate
bearing minerals. The different major Quaternary formations
in different tone viz. dark blue (Qtz), reddish brown (QFw-x)
and dark brown (Afy). The variations in tone are due to the
occurrence of iron in different proportion in the weathered
surface of the rocks.

While the interest is focused on the siltation of the Al Khod
dam, the Spectral Angle Mapper (SAM) method working
based on the “Spectral Hourglass” scheme [4], [20], [21], [28]
available in ENVI 5 image processing and analysis software
(http://www.exelisvis.com) is applied on nine ASTER VNIR-
SWIR spectral bands to identify the minerals in each pixel of
image of the region. The details about SAM and processing
methods are also discussed and reported [4], [20], [21], [25]-
[29]. Fig. 4 is the SAM classified image of the region. The
classified image (Fig. 4) shows the occurrence and spatial
distribution of OH and CO3 bearing clay and carbonate
minerals in green color that deposited in the dam. The
occurrence of magnesites and dolomites in gravels of
harzburgites appear in blue color. The pixels of carbonate, viz.
magnesite and dolomite minerals are found more in the
Quaternary formations consist of gravels of harzburgites [30].
The occurrence and spatial distribution of water and hydroxyl
molecules bearing clay minerals are appear in cyan color.
These are associated with the carbonate minerals (blue color).
The occurrences are due to the alteration of the gravels of
harzburgite. In field, the regions are identified as harzburgites
gravels which is highly altered. The SAM image clearly shows
the presence of clay minerals deposit in the dam.

VII. OCCURRENCE OF SILTATIONS FROM 1978 T0O 2014

To understand the spatial distribution of the siltation of the
Al Khod dam over the year 1978 to 2014, we studied and
interpreted the RGB (4, 3, 2) images of Landsat satellites (Fig.
5). The images of different periods show the gradual increase
of siltations (white in color) in the dam. The increase of
siltation in the dam is mainly due to deposits of clays, silt and

sand derived from Samail catchment during the rainy/ flood
seasons.

UL IFIL LI

237N

L3N
Mi€aEZ

7 ek -,J
I Tell 1140 1570 WA
A/ _F—71 sk

| |

TN
NSt.ES

S58™E SE°IVE SH°L1E

Fig. 3 Decorrelated image of ASTER spectral bands 8, 3, 1 show the
occurrence and distribution of different lithology and carbonates in
the AlKhod dam in the study area
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Fig. 4 SAM image of the study area
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VIIIL.FIELD STUDY

A field work is carried out in and around of the dam to
confirm the study, which shows the occurrence of top soil and
vegetation in the region. Occurrence of clay and top silty cake
are observed with numerous local depressions in the dam (Fig.
6). The deposit shows variation in the occurrences of silt, clay,
sand and gravel contents with depth. The silt and clay are in
different thickness with the sand and gravel contents in the
dam. The top soils of the upward side of dam consists
relatively low clay deposits and occur with more gravels and
sands. In the downward side of the dam, their occurrences are
more in thickness are observed. The deposits are thin alternate
laminae or layers shows graded bedding. The gravels are
cemented by CaCOs.
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Fig. 5 (a) (c) Landsat data shows the siltation (white) and vegetation
(red) in the Alkhod dam
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Fig. 6 Field photographs show the occurrences of siltations as (a)
clays and (b) layers with (c) the sand and gravels in the AIKhod dam

IX. CONCLUSION

In the present research study, the occurrence of rock
formations and siltations of the Alkhod Dam of Muscat,
Sultanate of Oman are carried out using low-cost multispectral
ASTER and Landsat satellite data. The color composite and
SAM image clearly showed the occurrence and spatial
distribution of rocks and silt deposits of the dam. The deposits
are mainly due to the clay occurrences derived from the
weathering rocks of ophiolite sequences occurred in the
Samail catchment that are confirmed through the field study.
The study recommends using the multispectral data and the
image processing technique to map the siltations of the similar
arid region.
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