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ABSTRACT

The availability of precise and reliable deformatiaformation is critical for the monitoring andaysis of the
earth’s surface displacement, the movement of ,faaitdslides and some other deformations. In amuitproper site
selection of important structures and their pratectigainst hazards and the ability to analyse fedict natural and
non-natural hazards are of great importance inageoses. Monitoring of deformation in Coastal regaf Nigeria is of
great importance, providing useful information ®s@ss seismic hazard and risk. Natural hazardsh#hat disastrous
impacts on humans include earthquakes, landsliflesds, storm surges, severe winds, bushfires, esuthamis.
Thus, this study involves the use of the Nigeriamiuously Operating Reference Station (CORS)adagtal region for
tracing and analyzing stress deformation wave atbagoastal region of Nigeria. NIGNET GPS datatlfer periods 2012
and 2013 were collected and processed on samespliasen the comparative analysis between th&d campaigns and
2" 4" campaigns show that there was a small significisplacement in the vertical direction, of approately
0.39mm/yr and 0.47mm/yr. Both the magnitude aneadtion of the whole changes agree well with theoeigy of
approximately 0.4mm/yr and 0.5mm/yr. The relatiegitontal positions of the changes are not notalffigcted from the

local geological features. This implies that thelsand/or landslide bodies near those statioed age relatively stable.
KEYWORDS: Deformation Monitoring, GPS; NIGNET, Tracing Stre¥slocity
INTRODUCTION

Deformation has caused hundreds of thousands obltes in the world during the past decades. Taratd will
increase in the future as many threatened areds developing countries where population is fastwgng. Nothing will
prevent future deformation from happening, so preghaess is the best way to mitigate the hazardetstahding the
nature of deformation is essential to identify whand when potential danger arises. Certain defowmanonitoring
environments pose severe limitations on the achlevarecision that can be attained by instrumematised to monitor
deformation behaviour. Large open pit mines, suhsid, landslide, earthquakes and volcanic eruptiersuch examples.
The steep walls of these events limit the effectdgs of Satellite Positioning technologies by maglsome satellite

signals and thereby diluting the geometric stremdtéplutions.

The coastal lines of Nigeria is about 1000km longtltee Gulf of Guinea, bordering nine states of lsagdgun,
Ondo, Edo, Delta, Bayelsa, Rivers, Akwa Ibom andsSrRivers, Figure 1 below. While the first fivatss are west of the

River Niger, the last three states are east ofNlger with the last, Bayelsa state, straddling tiver. Geologically,
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coastal Nigeria is covered by two sedimentary lsadhe Keta basin and Niger Delta basin. The Katrb(also called the
Benin or Dahomey basin in Nigeria literature) igansboundary basin that extends from Ghana thrdogb and Benin

to Nigeria. The Niger Delta basin is separatedngy@kitipupa Ridge [10].

The Keta basin constitutes parts of a system oft Wkkan margin developed during a brief periodrifing in
the late Jurassic to early Creteaceous, assoaitedBenin Trough complex. It was accompanied byeatended period
of thermally induced basin subsidence through tidglla to upper Cretaceous to tertiary times asSthieth American and
African plate entered a drift phase. The onshorgiqro of the basin covers a broad arc shape praijdproximately
600knt, attained a maximum width of 65km at the basirs abng the Nigerian border with the Republic ohiBe
It narrows to about 25km west and eastwards. dtaag its northeastern fringe (the okitipupa stute}, that a band of tar

sand (oil sand) and bitumen seepage occurs [10].

The basin covers the southern areas of Lagos, Gouh Ondo states in Nigeria and stretches into the
neighbouring countries of Benin, Togo, Ghana amahyjvCoast. In the Keta basin, urbanization and -astraction is

substantially increasing [1].

Figure 1: Map of Coastal Areas of Nigeria

The Niger Delta is a coastal arcuate delta of tiverRNiger covering an area of about 75,008Kfhe sub aerial
Niger Delta has an extensive saline/brackish mamgswamp belt separated from the sea by sand biglges for most of
the coastline. Geologically, rocks of the Niger taehre subdivided into three formations, which Akata, Agbada,
and Benin formations [14]. The Benin formation detisg predominantly of massive highly porous saadg gravel with
locally thin shale/clay interbeds [5]. The Agbadanfiation consists of the sand reservoirs wherarmadl gas are produced,

while the Akata formation consists of a uniformIshacks.

The current development in the Niger Delta withpexs to oil exploration leaves much to be desiFddids are
being extracted without replacement. As a resulthd activity, most cities in the oil producingatts are exposed to
various degrees of environmental hazards suchtesdance, landslides and earthquakes. The detefomrat the rate of
travels of the stress-deformation wave becomes riaipe. This research attempts to investigate #te at which this

stress-deformation wave travels in these areas.

JUSTIFICATION

Today much consideration is given in preventivk nenagement for crucial and sensitive infrastmaswhere a
failure cannot only impact the population and casigaificant human life lost, but can run econonfiya@egion, a country

or a nation.
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In case of disaster, the media often show impresgigtures related to the visible dramaituation, but rarely
comment on how the global eaomy is affected [8]. Foinstance when a deformatiolandslide or an earthquake)
happens, the report shows images of dissolutiondastruction of building and properties while th&lvinfrastructure:
impacted will not only affect the rescue and emeegeservices but also the economy on the longTha.need to foreste
or prevent environmental hazard in areas proneatthguake or subsidence activities has become atiger Similarly,
time series analysis and velocity mdiwej for estimating rate of deformation as well asdline data in the coastal are:

Nigeria for disaster preparedness are useful toalards disaster preventic

MATERIALS AND METHODS

In this study,the stress deformatioof the ®astal lines of Nigeria where investigated using thigerian
Continuous Operating GBS Reference station data. Tloastal line is about 1000km long on Gulf of Guinea as the
longest oastal lines of Nigeria. The ess deformation measurement afastal lines of Nigeria involved four (

measurement campaigns. Tablghbws the measurement campaigns carriec

Table 1: Measurement Campaigns

Year | Day of the Year (Doy) | Month of Campaign
2012 1-5 January (1st)
2012 137 - 141 May (2nd)
2013 1-5 January (3rd)
2013 137 -141 May (4th)

The first campaign was carried out in January, -of-the-year (DoY) 15, 2012, the second campaign in M
DoY, 1374141, 2012, the third campaign in January, D¢-5, 2013 while the last campaign in N, DoY 137-141, 2013.

This was done in order to have the same pt

Data from four (4) NIGNET stations forming the mimming stations were collected based on thepaigns as
indicated in Table 1. Theattons are as shown in Table Figure 2, shows thimcation of the monitoring stations with

the context map of Nigeria.

Table 2: Monitoring Stations Information

Station . . . Antenna Approximate Approximate Elipsoidal
D Station Locations Receiver | Antenna(m) Height (m) Ll;lt)itu de (N) L(?r!)gitu de (E) Heil;ht(m)
UNEC University of Nigeria, Enugu Campus | Trimble Choke Ring 0.1710 06°25°29.3017 | 07°30°17.968” 254.4055
ULAG University of Lagos, Lagos Trimble Choke Ring 0.1710 06°31°2.3757 | 03°23°51.444” 44.5752
RusT | RiverState University. of Science Trimble | ChokeRing 0.1710 04°48°6.600” | 06°58°42.677" |  45.5802
and Technology Port Harcourt
CLBR University of Calabar Trimble ChokeRing 0.1710 04°57°1.081° 0892175643 57.2299

Figure 2: Location of Reference Station (Circled irBlue) anc

Latitude

Longitude

Monitoring Stations (Circled in Red); (Source [5])

www.iaset.us

editor@iaset.us




48 Usifoh E.’SDodo J. F & Ujuanbi.O ®

To obtain the absolute displacement from stresgrdettion analysis, it is desirable to utilize abftaand precise
IGS [7] reference stations close to the monitorstgtions. To this end, the IGS Station at CentreGeodesy and

Geodynamics, Toro, with station ID CGGN was usethageference station as shown in Table 4 andr&igu

Table 3: Reference Station Information

. . . . Antenna Approximate Approximate Ellipsoidal
Station ID Station Locations Receiver | Antenna (m) Height (M) Latitude (N) Longitude (E) | Height (m)
CGGT Centre for Geodesy & Geodynamics, Toro | Trimble | Choke Ring 0.1710 10°07°23.141” 09°07°5.922” 916.4462

Data Processing Strategy

Twenty-Four hours (24hrs) of GPS RINEX data of thenitoring stations (RUST, ULAG, CLBR, and UNEC)
were downloaded from the NIGNET website at www.eignet covering the periods of the GPS campaigmil&ily,

corresponding data periods of the reference sté@&1GN) were obtained from the IGS website.

e

‘ GPS Data Preparation ‘
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Figure 3: Data Processing Procedure Employed in thBernese GPS Scientific Software Version 5.0 [3]

Table 4: Baseline Length between the Reference ahbnitoring Stations

Baseline Baseline Length (km)
GGN-RUST 636.2
CGGN-ULAG 749.1
CGGN-UNEC 446.7

Since the baselines are hundreds of kilometeremgth (Table 4.0), therefore it requires sophigtidadata
processing software to achieve high accuracy mestiie Bernese GNSS Scientific Processing softwarsion 5.0 was
employed for GPS data processing. The softwaraiitalde for scientific studies in surveying fieltsat require high
precision such as zero order GPS network. By impheing the Bernese software, data cleaning, cyigedgtection,
ambiguity resolution and network adjustment of Gifa were achieved to meet the desired criterids&yuently,
approximate coordinate, estimated coordinate, &pos variance factor and variance-covariancerixatere yielded
from the GPS data processing. These parameterggu@ed in order to perform the two-epoch deforamatinalysis. In
other words, these parameters are the inputs afrmefion analysis. Figure 3 shows the main workfloGPS data

processing using Bernese. The processing opti@sar® shown in Table 5.
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Table 5: Processing Options

RINEX data at 1 second sampling rate,
IGS final orbit,

24 hours sliding window processing,
Ocean tide loading,

ITRF 2008 reference frame,

Cut-off satellite elevation angle at®.0
Quasi-lonosphere free (L3) ambiguity free,
Troposphere delay mapping function of f (z) = 1&asing Saastamonien mode
Control station coordinate constrained.

RESULTS AND DISCUSSIONS

To obtain precise relative displacement, it is iddse that one relative stable station of IGS isduas the datum
of deformation analysis and the GPS network fopldisement analysis is adjusted using a constrairez network
adjustment method. In this research, the CGGNostasi considered as a relatively stable point. ahalysis focuses on
the pattern of the velocity vectors, the mode efdieformation either in the vertical direction orthe horizontal direction

and finally to deduce where stress are likely tocemtrate along the coastal region.
Deformation Analysis

To achieve a reliable deformation analysis restlis,solution of the deformation analysis of coastgion needs
to be stable and precise enough. The precisiorstiulity of the network solutions are stronglyated to the amount of
GPS measurements used to generate the solutiorchwhi usually measured in the length of observatiome
(for a given sampling rate). Research on the amoldéata required has been conducted and solution & minimal of 24
hours data was considered stable and precise enfough high precision deformation monitoring andalgsis [2].
However, there is a number of important factorg tantributed to the stability of this GPS netwaddution, such as
length of the observation time, the amount of valata collected, baseline length, quality of GRhali recorded, the
station environment (e.g. multipath, solar actdsti satellite status), and cycle slip, etc. Manyheke factors vary with
time. Therefore, it is necessary to investigatepprly the amount of data required to generate iablel and precise

solution from the deformation analysis of the cabstgion of Nigeria.
Comparison of the January 2012 (1st) and January 2@ (3rd) Campaigns

In Figures 4 and 5 representing the January 2082January 2013 campaigns respectively, the refols the
estimated velocity shows that, the rate of defoiznain CLBR and UNEC are insignificant as obsereedboth vertical
direction (VU) and horizontal direction (VN and V\Hfor ULAG point, a significant deformation aloniget vertical
direction was observed. Although the observed chasmgot much, it shows that there is occurrencgeddrmation in the
vertical direction in Lagos at the rate of approaiaty 0.39 mm/yr. At RUST station, it was not pb#sito investigate the

deformation rate due to non-availability of data.
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Figure 4: The Precision Solution of Deformation and
Reference Site of the Study Area in thést Campaign
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Figure 5: The Precision Solution of Deformation and
Reference Site of the Study Area in th@8rd Campaign

Comparison of the May 2012 (2nd) and May 2013 (4thFampaigns

During the 2nd and 4th campaigns, there was no fdatmonitoring points CLBR and RUST. Figures 6 ahd
representing campaigns carried out in May 2012 ldagt 2013 reveals ULAG monitoring station showingrsficant
changes in the vertical direction (VU) at the rafeabout 0.47mm/yr. This further confirms that #hds minimal
deformation occurrence along the coastal regiobagos. At UNEC, the changes are insignificant. 8itiee precision of
horizontal coordinate (VN and VE) is less than tbithe vertical displacement, the relative displaent of this station
points are not precise and reliable enough for Ipgicised deformation analysis. Therefore, thetivglahorizontal

displacement was not analyzed.
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Figure 6: The Precision Solution of Deformation and
Reference Site of the Study Area in the 2nd Campaig
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Figure 7: The Precision Solution of Deformation and
Reference Site of the Study Area in the 4th Campaig

Tracing the Stress

It is not possible to have deformation without Imayvstress. From the result, it was observed tteatetls a force
of contraction (stress) around Lagos compared herotoastal areas in Nigeria that are more stdlile. southern Mid-
Atlantic Ocean is characterised by four major seisigically active fracture zones or trenches [cérding to Neev and
Hall, (1982) the most prominent ones are the egistractures — Saint Paul, Romanche and Chaictiras and the
other one — Charcot Fracture Zone can be foundariorthern part of South Atlantic Ocean. Thesetina zones extend
into the landmass of West African countries exdbcfahana and Nigeria and the epicenters of thetW&an intraplate
earthquakes had been located along their inlanehsiins. The causes of these intraplate earthqumsidebeen probably
attributed to stresses propagated from the tectctigities across the Mid-Atlantic Fracture Zofig8]. There is always a
tendency of the earth system to maintain a stateqoflibrium and this results into intraplate defiation along fault
planes due to tectonic isostatic adjustment. Lagate and some parts of Ogun state are in the nugsaet of the fault that
runs through ljebu-Ode, Ifewara and to the Northdigeria from the Atlantic Ocean [11]. Therefore arg all other
factors, the deformation observed in Lagos Statddcbe as a result of tectonic isostatic adjustnieomh the seismic

activities along African and South American plateibdary and adjoinig faults or fracture zones.

Another possible reason while stress might be rimoteagos than other coastal regions of Nigeria ddd as a
result of soil liquefaction because of the loosdirsent nature of Lagos. This liquefaction arisesewlsaturated or
partially saturated soil substantially loses stteramd stiffness in response to an applied sttesglly earthquake shaking
or other sudden change in stress condition likdéicge shock loading [6]. Due to loose sedimentunatof Lagos, the soll
has the tendency to decrease in volume when sebj¢otshearing stress, when this saturated soistaeared, the soil
grain tend to rearrange into a more dense packitigless space in the voids, as water in the ppaees is forced out. As
the drainage of the pore water impeded, Pore watessure increases progressively with the shear (staess moving
along the boundary). This will lead to transfer sbfess from the skeleton to the Pore water pretipg a decrease
ineffective stress and shear resistance of the\&tsien the shear resistance of the loose sedingsainties less than static,
driving shear stress, the soil is said to undergfordnation. As a result of the loose nature ofgadiment water found its

way out thereby creating a vacuum beneath the sfaosuwhich may lead to stress.
CONCLUSIONS

From the comparative analysis between the3f campaigns and"% 4" campaigns shows that there was a small
significant displacement in the vertical directiaf,approximately 0.39mm/yr and 0.47mm/yr. Both thagnitude and

direction of the whole changes agree well with tledocity of approximately 0.4mm/yr and 0.5mm/yr. €T helative
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horizontal positions of the changes are not notalfffigcted from the local geological features. Tihiplies that the faults
and/or landslide bodies near those stations usedetatively stable. This research indicates thatrhethodology of data
processing and deformation analysis is feasible effective. However, further investigation is regd when more

NIGNET data is used to cover a larger chronologspain and more NIGNET stations are used for defiomanalysis.
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