Impacts of In-stream Sand Mining on the River Geometry in Aleto Eleme, Rivers State

Nigeria

Abstract

Sand is a free gift of nature. It is available in wetlands, rivers, creeks, streams and dry land. It
demands is constantly on the increase and the search for sand also increased. They are used
for the construction of roads, buildings, bridges, land reclamation etc. In-stream sand mining
modifies the natural geometry of the river. The modifications may be on both length and
width which can be study using remote sensing and GIS techniques. In this study, NDWI was
utilized to study changes in river geometry due to sand mining in Aleto Eleme River. The
study was carried out using six epochs (2000, 2005, 2013, 2015, 2018 and 2021) of Landsat
imageries. The selected Landsat image was the L1 which has been corrected for geometric
distortions. Landsat data was converted from grey value to radiance image using the
algorithms specified in the Landsat metadata. Green and near infrared bands of each epochs
were used to compute NDWI. The results of the analysis revealed that NDWI of water bodies
are 0.20 — 0.35, 0.20 - 0.32, 0.24 — 0.41, 0.22 — 0.35, 0.22 — 0.37 and 0.27 — 0.36 for the year
2000, 2005, 2013, 2015, 2018 and 2021 respectively. It is water if NDWI > 0.20 and non-
water if < 0.20. Also, there is general increased in water body due to sand mining. In 2000
the width of the river was 122m in the west but increased to 146m in the year 2013. The
width increased to 152m in the west and 309m in the east in 2015. Also, it increases in width
to 360m in the west and 515m eastward in 2021. The length of the river also increased from

1071m in 2000 to 3337m in 2021. NDW!I is an effective remote sensing and GIS tool in
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mapping changes in water geometry. Further study should compare manual extraction of

river boundary using high spatial resolution satellite image with the results of NDWI.
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1.1 Introduction

Sand like other commaodities is highly demanded across the globe. Sand is the second most
valuable resources after water [1] and the most commonly mined resources [2]. Globally, 85
per cent of mining activities is sand with a total volume extracted per year value over 40
billion tones [2] with 30 per cent of it used for construction purpose [1]. In England and
Wales about 20 - 25 millions tones of sand are mined each year with over 20 per cent of the
sand used for construction purposes [3]. It is naturally available for human utilization. Sand
as seen by many professionals is defined differently. The geologists defined sand as grain
with upper size boundary of 2mm and the lower size as 0.0625mm. Sand is also defined by
the Unified Soil Classification System as material with grain size between 0.075mm and
4.75mm [4]. It is formed by erosive action of rivers, streams, and lakes [5]. Sand is an
aggregate consisting of sand of various grains size, pebbles, and gravel. It is being use on

daily basis as raw materials for the production of specific products. It is used in the
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production of concrete, glass, and road construction [6], [2]. Sand is used for the extraction of
oil and gas from rocks by a system called fracking [7]. Frack sand are in high demand in
those countries that utilized the technology in the oil and gas industries. Industrially, sand is
used in the production of Zircon (ZrSiO4) which is an additive to metal alloys, chemicals and
foods. Also, sand is used by nuclear and aerospace industries for the production of titanium
[2]. Most importantly, sand is used for land reclamation works, road embankment, and

shoreline protection [5].

Besides social and economic importance of sand, there are still health and environmental
risks associated with sand mining. Sand mining causes respiratory disease, damage farmland
[8] and climate change [9]. Sand mining resulted in the alteration of river, estuaries and
stream topography and loss of biodiversities [10]. Sand mining in Hallsands on the Devon
Coast directly impacted on their home with many homes destroyed [11]. This is similar to
what is happening in an areas subjected to excessive dredging. In those areas farm land,
access roads, bridges and natural beach are lost due to sand mining. In addition, aquatic
organisms are being severely affected during sand mining by dredging. Sand dredging has
direct and indirect impacts on aquatic organisms [12]. Some aquatic organisms may be in

extinction due to the pollution of estuary.

The global demand for sand defers with some countries having abundance sand deposit to
export and other countries depends on imported sand for their urban development. Based on
the world trade statistics on sand, Singapore is the world largest importer of sand while
United States of America remains the largest exporter of sand [13]. In the trade reports,

Singapore imported sand valued 366USD and United States exported 531USD of sand in
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2018 alone. Global demand for sand will be skyrocket in the coming years as cities and

estates are being developed to march urban population.

Shorelines are the most impacted land area during sand mining. It is always in direct contact
with the mining areas and as such suffers severe degradation and change. The degradation of
the shoreline may be caused by the dredging machine or caused during the clearing for
stockpiling. It may also be caused by transportation of sand from the site to a destination. [14]
reviewed the impact of sand mining on the coast of Moroccco, Kerala in India, Kwale in
Kenya, and Santa Barbara Beach in Azores. According to him, sand mining has led to change
in the channel geometry. [15] observed that the shoreline erosion is at increase in a sand
mining environment. [16] stated that these changes in shoreline geometry can be studied
using aerial photographs of different epochs. [17] used satellite images, maps, and
meteorological wind statistics to study shoreline change due to sand mining in Turkey Black
Sea coast. The study examines the geometry of a pit on the shore over a period of years. [18]
used Digital Shoreline Analysis System (DSAS) software to study coastline change due to
sand mining and observed rate of change for seven years (2005-2012) as 0.85m/year. This
study was aimed at mapping change in river geometry from 2000 to 2021 using Normalized
Difference Water Index (NDWI) which is capable of differentiating water from non-water on

satellite imageries.

1.2 Study Area

The study area is Aleto River in Eleme Local Government Area Rivers State, Nigeria. It is
located on 531000mN - 532200mN and 286000mE — 291200mE in the Zone 32N. The river

is a tributary of Elelenwo River and is tidal in nature. The length of the section of the river
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under study is 3,700m with a natural width of 25m — 38m. It is approximately 1,600m to the
left and 2,100m to the right of Aleto Bridge. It is also about 1000m form the Eleme
Petrochemical Company. The section of the river used for the study is crossed with a bridge
by the popular East/ West Road (dual carriage way) owned and maintained by the federal
government of Nigeria. Sand mining is being carried out on both sides of the bridge at close
distance. Hydraulic dredging is being used to mine sand in the area. Sand mining in the area
started around 2000 on a relatively small holding and now the activities of sand mining
cannot be control. It has spread to kilometers along the shore. The entire stretch of the river
has been degraded as a result of sand mining. The degradation was not only on the river
channels but also on the transportation routes used by tippers to transport sand. The access
roads (untarred) leading to the sand dumps has become so deep that the difference in height

between the natural surface and the degraded roads is about 1.5m high.

Land use/ cover in the area are wetland covering the bank of the river and spread up to 300m
wide, built-up locating as close as 160m to the river, access roads mostly untarred, and farm

land.
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Figure 1.1 Study area map produced from SPOT image and shapefile of Rivers State.

2.1 Methodology

The study was aimed at determining changes in river geometry for six epochs (2000 to 2021).
Landsat satellite imageries were used to derive NDWI after converting raw images to TOA.
NDWI for each epoch were used to compute change in river geometry caused by sand mining

in Aleto River. Figure 2.1 shows flow chart methodology for the study.
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Figure 2.1 Research flow chart.

2.1.1 Dataset and Software

The study used remote sensing data and GIS software to mapped change in river geometry.
ESRI’s ArcGIS 10.3.1was selected for the study because it has the ability to performed raster
calculations. It was used to perform image clipping, computation of NDWI and compilation

of maps. ArcGIS strength was in vector analysis.

Landsat data was the main dataset used for the mapping of change in river geometry
associated with sand mining. Landsat image selection was based on it availability to all

researchers and can be feely downloaded. Changes in river geometry were obtained from
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Landsat imageries of six epochs (2000 — 2021). In 1972, the first Landsat mission was
launched into space [19]; [20]. The mission was aimed at mapping and monitoring the earth
surface. Presently, Landsat mission has improve from 8 to 11 bands with the additional
capability in discriminating ecarth’s surface features. The data was downloaded from its

website http://glovis.usgs.qgov/ free-of-charge. The characteristics of the Landsat satellite

imageries utilized for the study are shown in table 2.1.

Table 2.1 Characteristics of Landsat imageries used for the study.

Sensor Path/ Row | Imagery Date | Resolution (m) | Bands

Landsat ETM (L7) | 188/ 57 17/12/2000 30x 30 B2 and B4
Landsat ETM (L7) | 188/ 57 13/01/2005 30x 30 B2 and B4
Landsat ETM (L7) | 188/ 57 03/01/2013 30x 30 B2 and B4
Landsat ETM (L7) | 188/ 57 22/12/2015 30x 30 B2 and B4
Landsat OLI (L8) | 188/57 27/12/2018 30x 30 B3 and B5
Landsat OLI (L8) | 188/ 57 18/02/2021 30x 30 B3 and B5

2.2 Image Processing

Landsat image has been corrected for geometric and radiometric distortions by the data
provider and as such no need for corrections. The data has been correctly referenced to World
Geodetic System 84 (WGS84) [20]. Landsat imageries used for the study were obtained from
different epochs (2000 — 2021). Some of these data contained periodic line dropout which
required correction before usage. The epochs that contained periodic line dropout are Landsat

2005, 2013 and 2015. Periodic line dropout appears like gap on the remotely sensed image
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[21]. The gaps were caused by failure of the sensor Scan Line Collector [22]. In
PANCROMA ™ five gap filling methods are available but Hayes interpolation method was
used because of it computational approach in gaps filling [21]. PANCROMA ™ corrected for
gaps in the image by using two images, one with gaps and another without gaps. Landsat
2005, 2013 and 2015 were corrected for periodic line dropout using another image of same

year and without gap for their corrections.

Accordingly, Landsat imageries were converted from Digital Numbers (DNs) to radiance
image. [23] also converted Landsat data from DNs to radiance before application in surface
water mapping. Radiance image represents earth surface physical units used for calculations
[20]. The algorithm for the conversion is different depending on the sensor used. For L8, the

radiance algorithm is giving by

Ly = ML X Qcal + AL ---------==—=-mmmmmmmmm oo = e e e oo 1

Where, L, is the spectral radiance in Wm™Srt, M. is the radiance multiplicative scaling
factor for the band, Qca is the L1 pixel value in DN and Ac is the radiance additive scaling

factor for the band [20].
Similarly, the algorithm for the conversion of L5 and 7 to radiance image is giving by

Lx = (LMAX;. — LMIN;)/ QCALMAX — QCALMIN x (DN — QCALMIN) + LMINy, ----------

-2

Where, LMAX;,, is the maximum spectral radiance for the band, LMIN, is the minimum
spectral radiance for the band, QCALMAX is the maximum quantize calculated for the band,

QCALMIN is the minimum quantize calculated for the band and DN is pixel DN value [20].

Impacts of In-stream Sand Mining on the River Geometry in Aleto Eleme, Rivers State (11350)
Jereimiah Uriah and Chima Ogba (Nigeria)

FIG Congress 2022
Volunteering for the future - Geospatial excellence for a better living
Warsaw, Poland, 11-15 September 2022



The conversion was performed in ArcGIS ArcToolbox using raster calculator by substituting
the bands values specified in the Landsat metadata file. The radiance images were used to

compute NDWI used in analyzing impacts of sand mining from 2000 to 2021.

2.3 Normalized Difference Water Index (NDWI)

The impacts of sand mining activities on the river geometry were determined using NDWI.
NDW!I is a remote sensing tool that is very useful in discriminating water body from non-
water body. [23] used NDWI to carry out change detection on surface water in Nepal. [24]
also used NDWI to extract surface water bodies in Vietnam. Also used in mapping flood

water [25]; [26]. NDWI algorithm was first proposed by McFeeters in 1996 and is giving by

NDWI = (Green — NIR)/ (Green + NIR)  —mmmmmm oo o e

---3

In is work, McFeeters set zero (0) as the threshold for water and non-water. The values
ranges from -1 to 1 with value above zero are water body and less or equal zero as non-water
[27], [28]. Like NDVI, NDW!I is a dimensionless index since it is giving by the ratio of two
radiance images. NDWI can be derived from medium and low spatial resolution satellite
images. [29] have used Moderate Resolution Imaging Spectroradiometer (MODIS) to derived
NDWI and [30]; [25] used Sentinel-2 to derived NDWI in Mediterranean region and River
Buna. In this study, Landsat data was used to derive NDWI. From the NDWI algorithm for
L5 and 7, green is band 2 and near infrared is band 4 but for the L8, green is band 3 and near

infrared is band 5. The bands used were the radiance converted in ArcGIS 10.3.1. NDWI
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showing the impacts of sand mining on river geometry was computed for 2000, 2005, 2013,

2015, 2018 and 2021.

3.1 Results and Discussions

The results shows the changes in river geometry from 2000 to 2021 as obtained from NDWI
analysis. NDWI maps were classified into three classes and each class represents particular
land cover. The results of the 2000 NDWI map was shown in figure 3.1a For the 2000 NDWI
map, values ranges from -0.09 to 0.35. The first class ranges from -0.09 to 0.06 and are
located more in the east and north of the map. The second class ranges from 0.06 to 0.20,
representing built-up and roads. The last class was water body and ranges from 0.20 to 0.35.
Water body was seen in two isolated locations to the left of the map as represented with
Moorea blue. Figure 3.1b was the 2005 NDWI map with values ranges from -.0.01 to 0.32.
Water body ranges from 0.20 to 0.32 and built-up ranges from 0.10 to 0.20. The vegetation

has NWDI of -0.10 to 0.10, covering the larger area of the map.
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Figure 3.1a NDWI map of 2000.
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Figure 3.1b NDWI map of 2005.

In 2013 NDW!I map the impact of sand mining on the river geometry is as shown in figure
3.1c. The minimum and maximum values of NDWI are -0.09 and 0.41. High value indicates
water body while lower value indicates vegetation. Within classes, water body ranges from
0.24 to 0.41 while built-up ranges from 0.08 to 0.24. Vegetation ranges from -0.09 to 0.08 as
shown in green. Similarly, figure 3.1d was the NDWI map of 2015 with the minimum value -
.0.05 and maximum value 0.35. The first class was the vegetation with NDWI value ranges
from -0.05 to 0.09 while the last class was the water body with value ranges from 0.22 to

0.35. Water body increased in size and extended towards the east.
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Figure 3.1d NDWI map of 2015.

Also, figure 3.1e was the 2018 NDWI map. The minimum and maximum NDWI values are -
0.08 and 0.37. The first class was the vegetation and the NDWI values ranges from -0.08 to

0.07 and the second class was the built-up with values ranges from 0.07 to 0.22. The last
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class is the water body with values ranges from 0.22 to 0.37. Similarly, in 2021 NDWI map
as shown in figure 3.1f, the minimum and maximum values are 0.08 and 0.36. The section
representing water body lied within the range of 0.27 and 0.36. NDW!I value of vegetation

ranges from 0.08 to 0.17 and built-up was 0.17 to 0.27. The size of water body increase

northwards.
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Figure 3.1e NDWI map of 2018.

Impacts of In-stream Sand Mining on the River Geometry in Aleto Eleme, Rivers State (11350)
Jereimiah Uriah and Chima Ogba (Nigeria)

FIG Congress 2022
Volunteering for the future - Geospatial excellence for a better living
Warsaw, Poland, 11-15 September 2022



4°48'40"N
1
1
4°48'40"N

Legena
= NOWI_2021 =z
in “VALUE* 0 220 530 1160 m o
2| @ |+ + e S =
= EQ::Q; SCALE:- 1 : 25000 =
ORIGIN : WGS84 UTM ZONE 32N
T T T
7°540°E 7615E 7°6'50°E

Figure 3.1f NDWI map of 2021.

3.2 Discussions

In 2000, sand mining activities were limited to small section in the west which modified river
geometry from the narrow strip to width of 122m. In 2005 the water body reduces in areal
extent probably due to a reduction in sand mining. Sand mining locations might have
regrowth and cover the water surface which gave rise to small water body in 2005. Secondly,
it is believed that the width of the river may be less than the resolution of the image in 2005.
In 2013, river geometry increased in width and length, indicating resumption of sand mining.
The increase was towards the east and across the Aleto Bridge. The width in the west
increased to 146m and in the east in one of the section along the river it increased to 211m
with large irregular shape. River width has increased in the west by 24m between 2000 and

2013. In 2015, the width of the river increased to 152m in the west and increased in width to
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309m eastward. There was an increased in width of the river in the west by 6m and in the east
by 98m between 2013 and 2015. This large difference indicates increase in sand mining in
the east. In 2018, there was an increase in the width and length of the river as a result of sand
mining. This increase occurred from west (before the bridge) and toward east (across the
bridge). The width of the river channel increase to 220m in the west and 481m in the east. In
2021, the width increase in one section to 251m and in another section to 360m in the west.
Similarly, in the east, the width increased to 515m and encroached landward. Net River
Movement (NRM) at these two locations (west and east) using 2000 as baseline was
calculated. NRM was calculated using 2013 as the oldest and 2021 as the yougest river
boundary [31]. In the west NRM was 214m and 304m in the east. Sand mining has converted
wetland, bare land and vegetation into water bodies. In addition, valuable land for urban
development has been gradually cleared for sand mining. The impacts were occurring on both
sides of the river. The size of the water bodies on the NDWI map increases but the NDWI
values varies from one map to another. In general, the value of NDWI for water body for the
six epochs ranges from minimum 0.20 to maximum 0.41. The highest NDWI value was in
2013 with value 0.41. Therefore it is water body if within this range. The NDWI results
conformed to the manually extracted river boundary except for those years with the width of

water body less than resolution of the image.

4.1 Conclusion

River geometry is dynamic in nature and responded to both natural and human induce
activities. Like shorelines, river geometry can be modified by sand mining. The modification

can occur in both the length and width. Changes in river geometry can be obtained by
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digitizing river boundary or by image classification. The utilization of NDW!I for mapping
changes in river geometry due to sand mining has not been fully explored. This study sought
the utilization of NDWI derived from Landsat imageries of six epochs to map change in river
geometry in Aleto Eleme, Rivers State, Nigeria. Landsat datasets were converted from DNs
to radiance image using the algorithms for L5 and L8 specified in Landsat metadata file. The
radiance image was used for the computation of NDWI and the changes in river geometry
were determined. The results of the analysis revealed that water bodies have NDWI value
ranges from 0.20 to 0.41. Which means it is water body if > 0.20 and non-water if < 0.20.
The results also showed that river geometry has change from narrow channel to as wide as
515m in 2021. The change in river geometry was as a result of sand mining which modifies
the width and length of the river. Further study should applied high spatial resolution like
Sentinel-2 for an improvement in delineation of river boundary. Also, direct extractions of
river geometry with high spatial resolutions imageries should be compare with NDWI results

which will better improve research outcome.
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