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Preface 
This book of proceedings contained the extended abstracts of some of the papers that were presented 
at the 2016 Annual Conference of the African Geophysical Society AGS held within the beautiful 
campus of the Université Félix Houphouët-Boigny FHB, Cocody Campus, de Bingerville, Abidjan, 
Côte d'Ivoire. The conference held between 7th and 11th November 2016. Kindly note that some of 
the authors simply submitted their drafted full papers, which are still going to be peer reviewed, for 
inclusion in this particular book. All submitted full articles are undergoing per review process and 
only successful articles shall be made available in an edited monograph in no distant time. 

The African Geophysical Society AGS is a dynamic, innovative, and interdisciplinary scientific 
association committed to the pursuit of understanding of Earth and Space for the benefit of 
mankind. It was formally established on Thursday 15th November 2012 during the first Chapman 
Conference on Space Weather in Africa, organized by the American Geophysical Union AGU at 
Addis Ababa, Ethiopia, between 12th and 16th November 2012. The venue of the maiden Chapman 
conference on Space weather was the Conference Center of the United Nations Economic 
Commission for Africa (ECA), Addis Ababa, Ethiopia.  

The fundamental objectives of AGS are to: (i) Promote the study of the Earth, other planets and 
Space; and their environments in Africa, (ii) Promote cooperation between scientists and among 
scientific organizations involved in geophysics and related disciplines, (iii) Initiate and participate 
in research programs in Earth sciences, space science and related disciplines, (iv) Advance the 
various relevant disciplines through scientific discussion, publication, and dissemination of 
information and (v) Encourage programmes and research in geophysics, space science and other 
related disciplines that will advance economy development and sustainable growth in the African 
region.  
 
The first and second AGS annual conferences took place in Abuja (Nigeria) and Nairobi (Kenya) 
in 2014 and 2015 respectively. AGS has many sections which reflect the fields of relevance to the 
Society, viz: Solid Earth Science, Atmospheric Science, Ocean Science, Astronomy and Planetary 
Science, Solar and Terrestrial Science, Hydrological Science, Earth & Space Science Informatics, 
and Space Technology applications.   
 
It is hope that the readers of this book of proceedings will find it useful applications. Information 
about the African Geophysical Society can be obtained at www.afgps.org. 
 
 
Rabiu, A. B. (President AGS 2012-2016) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Proceedings of 2016 Annual Conference of African Geophysical Society, Abidjan, Cote d’Ivoire 

 ii 

 
 

Table of Content 
 
Preface     - i 

Table of Content    -ii 

Total electron content variations over Abuja during annular solar eclipse of 1 September 2016 - 
A.A Obafaye,  D.I. Okoh, A.B. Rabiu        - 1 

Low latitude ionospheric scintillation climatology around the equatorial anomaly crest over Kenya 
and its contribution to errors in GPS - Olwendo.O.J., P. Baki, P. J. Cilliers, P. Doherty. – 4 

Analysis of Root Curvature and Growth Rate of Wheat Under Gravity and Microgravity Using 
Clinostat - F. A. Oluwafemi, O. O. Johnson, A. A. Badejo.    -11 

Estimation of Cloud Effect on Solar Irradiance for Some Selected Stations in Nigeria - R.S. Said, 
M.J. Na-Allah.          -15 

Magnetic Storm Effect on TEC at Some Equatorial and Low Latitude Stations -  Abdulrahim R.B., 
Adeniyi J.O.          – 17 

Azimuthal Cross-Square Direct Current Electrical Resistivity Sounding Spectacular Capabilities 
on Characterizing Fractured Geologic Systems in Basement Complex Rocks - M. Saleh, M. O. 
Aku           - 21 

Groundwater Abstraction: A Model for Saltwater Intrusion of Coastal Fresh Water - B. Adebo, A. 
Adetoyinbo          – 25 

Detailed reservoir characterization and quantitative analysis of the structure, stratigraphy and 
hydrocarbon potentials of the Abika field, onshore Niger Delta - M. C. Ohakwere-Eze, E. Ede     
          - 28 

Dynamics of vertical profile of radio refractivity in Akure, South-Western Nigeria - S. T. Ogunjo, 
I. A. Fuwape, S. S. Oluyamo, A. B. Rabiu, B. J. Dada     - 44 

 

 



 
 

Proceedings of 2016 Annual Conference of African Geophysical Society, Abidjan, Cote d’Ivoire 
Obafaye et al., 2016 

 1 

Total electron content variations over Abuja during annular solar eclipse 
of 1 September 2016 

 
A.A Obafaye1,2, D.I Okoh1,2, A.B. Rabiu1,2  

1 Space Environment Research Laboratory, Obasanjo Space Centre, Abuja, Nigeria 
2Centre for Atmospheric Research, NASRDA, Anyigba, Nigeria  

Corresponding author: easyronke2@gmail.com, +2348034530057 
 

 
Abstract 
This study is focused on studying the variations of TEC over 2 GNSS stations in Abuja, Nigeria, 
during the annular solar eclipse of September 1, 2016. To visualize the effect of the eclipse on 
TEC, TEC GNSS data for 7 days were used; the days include 3 days before the eclipse day, the 
eclipse day, and 3 days after the eclipse day. Data used in this work were obtained from two GNSS 
receivers. The first receiver is operated and maintained by the Space Environment Research 
Laboratory (SERL), under the Centre for Atmospheric Research, National Space Research and 
Development Agency. The second receiver is operated and maintained by the Office of the 
Surveyor General of the Federation (OSGF). Prominent TEC depressions during the eclipse period 
were observed to be consequences of the moon’s obstruction of the solar radiation. After the 
eclipse stop time, the TEC deviations were noticed to be returning back to 0, an indication that the 
observed deviations were actually caused by the eclipse. The results obtained in this study are in 
good agreement with earlier measurements and theoretical estimates.  
Keywords: Ionosphere, Eclipse, TEC, GNSS 
 
Citation: Obafaye, A.A., Okoh, D.I, Rabiu, A. B., 2016. Total electron content variations over 
Abuja during annular solar eclipse of 1 September 2016. Proceedings of 2016 Annual Conference 
of African Geophysical Society, Abidjan, pp1-3 
 
Introduction 
The ionosphere is the ionized component of the atmosphere comprising free electrons and positive 
ions, generally in equal numbers, in a medium that is electrically neutral (Hunsucker and 
Hargreaves, 1995). Characterizing the equatorial ionosphere is of utmost interest due to the 
numerous complexities associated with the region (Rabiu et al., 2007). 

Ionization in the ionosphere is mainly caused by the solar radiation. TEC is defined as the number 
of electrons present per square meter along a pathway between two points. A solar eclipse occurs 
when the Moon passes between Earth and the Sun, thereby totally or partly obscuring the image of 
the Sun for a viewer on Earth. An annular solar eclipse occurs when the Moon's apparent diameter 
is smaller than the Sun's, blocking most of the Sun's light and causing the Sun to look like an 
annulus (a ring). An annular eclipse appears as a partial eclipse over a region of the Earth 
thousands of kilometres wide. An annular solar eclipse occurred on September 1, 2016, and lasted 
over Abuja from 07:16 LT to 9:57 LT–. The large annular eclipse covered 97% of the Sun; it lasted 
3 minutes and 6 seconds at the point of maximum eclipse in East Africa (Rabiu, 2016; NAOJ, 
1994).  

 
Methodology 
Data from the Space Environment Research Laboratory SERL GNNS receiver is obtained in the 
Septentrio Binary Format (SBF). The SBF, detailed in the SBF Reference Guide (Grognard, 2013), 
is the binary output format for Septentrio receivers.  

Data from the OSGF GNSS receiver was obtained from the Nigerian Permanent GNSS Network 
(NIGNET, www.nignet.net). The data were obtained in the Receiver Independent Exchange 
(RINEX) format and processed into VTEC readable formats using software developed by GOPI 
Krishna Samela. Table  1 presents the locations of the GNSS Stations. 
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Station ID 
Geographic Altitude 

(m) 

Geomagnetic 

Longitude (oE) Latitude (oN) Longitude (oE) Latitude (oS) 

SERL 7.38 8.99 418 79.39 1.60 

OSGF 7.49 9.03 534 79.50 1.60 

Table  1. Locations of the GNSS Stations 
Results 
Figure 1 clearly shows that the solar eclipse of September 1, 2016 had very conspicuous effect on 
the TEC over both GNSS locations. The Figure shows that prior to the start of the eclipse, the TEC 
deviations were about 0 (meaning that the eclipse day TEC was not significantly different from the 
typical day TEC). Prominent TEC deviations were observed between the periods of the eclipse start 
time and the stop time. After the eclipse stop time, the TEC deviations were noticed to be returning 
back to 0, an indication that the observed deviations were actually caused by the eclipse.         

The maximum TEC decrease observed at the SERL location was about 7 TECU, this corresponds 
to a percentage TEC deviation of about 16%. For the OSGF location, the observed maximum TEC 
decrease was about 5 TECU, corresponding to a percentage TEC deviation of about 24%. Sharma 
et al. (2010) reported percentage TEC deviations of about 40% and 50% respectively for IISC 
(13.02oN 77.57oE) and Udaipur (24.58oN, 73.70oE) during the July 22, 2009 solar eclipse. The 
higher obscuration values for the eclipse in those locations (72% and 93.8% respectively) were 
probably responsible for the greater percentage TEC decreases observed. For the eclipse and 
locations studied in this work, the obscuration is 59.1%.  

At both stations, the maximum TEC deviations were observed about 1 hour after the eclipse peak 
time. The results agree with the 1 hour time lag suggested in the review of Ding et al. (2010). Other 
similar works show about 1 to 2 hours difference between the eclipse peak time and the time of 
maximum TEC deviation; Yeh et al. (1997), for instance, observed that the largest depression 
occurred about 1.5 hours after the maximum obscuration. An intuitive reasoning will be to expect 
the maximum TEC deviation at the same time as the maximum eclipse obscuration. The delay can 
however be explained to be as a result of the transport mechanism explained to be responsible for 
TEC reductions observed in the topside ionosphere. Secondary TEC depressions were also 
observed in later parts of the day. Similar observations have been reported in previous researches to 
be ripple consequences of the distorted equilibrium in the ionospheric ionization. 

   
Figure 1. Mean TEC and the eclipse day TEC profiles for the SERL and OSGF stations respectively 
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Abstract 
Equatorial scintillation, by comparison, follows a regular diurnal and seasonal variation from which a 
meaningful climatology can be derived. The diurnal behaviour is driven by the formation of large-
scale equatorial depletions which form post-sunset via the Rayleigh-Taylor instability near the 
magnetic equator. The highly-structured depletions map pole ward along the magnetic field lines to 
approximately 15 degrees north and south of the magnetic equator, causing scintillation over a large 
geographic region as they drift eastward and slowly decay prior to sunrise. Seasonal variation is a 
function of geographic longitude and magnetic declination angle. Understanding the climatology and 
behaviour of these depletions, however, provides a basis for developing real time now casting and 
forecasting of their occurrence on a daily basis of scintillation events over a given region. The most 
significant observation from this study is the occurrence of post- midnight scintillation without pre-
midnight scintillations during magnetically quiet periods. The mechanism leading to the formation of 
the plasma density irregularity causing scintillation is believed to be via the Rayleigh Tailor 
Instability; it is however not clear whether we can also attribute the post-midnight plasma bubbles 
during magnetic quiet times to the same mechanism. From our observations in this study, we suggest 
that a more likely cause of the east ward zonal electric fields at post-midnight hours is the coupling of 
the ionosphere with the lower atmosphere during nighttimes. 
Key words: Ionospheric scintillation, zonal drifts velocity, GPS-SCINDA, VHF receiver. 
Citation: Olwendo.O.J, Baki, P, Cilliers, P. J., Doherty, P.,	 2016. Low latitude ionospheric 
scintillation climatology around the equatorial anomaly crest over Kenya and its contribution to errors 
in GPS. Proceedings of 2016 Annual Conference of African Geophysical Society, Abidjan, pp 4-6 
 

Introduction 
The presence of depletion irregularities in the ionosphere can be detected by using transionospheric 
radio signals such as those of the GPS satellites by monitoring the fluctuations in amplitude and phase 
of radio wave signals. During such fluctuations in phase and amplitude, the ionosphere does not 
completely absorb the signal. The irregularities in the index of refraction scatter the signal in random 
directions about the principal propagation direction. As the signals continue to propagate down to the 
ground, small changes in the distance of propagation along the scattered ray-paths cause multipath 
interference which alternately attenuate and reinforce the signals arriving at the user along other ray 
paths. While several efforts have been made in studies of equatorial scintillation, scintillation 
forecasting still remains a challenge. Therefore studies on the characterization of regional scintillation 
occurrence remain useful towards establishing a clear climatology of scintillation occurrences. 
 

Methodology 
 In this study we have used a VHF and GPS-SCINDA receiver located at Nairobi (36.8oE, 1.3oS, dip -
24.1o) in Kenya to investigate the climatology of ionospheric L-band scintillation occurrences for the 
period 2009 to 2012; and seasonal variation of the zonal plasma drift irregularities derived from a 
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VHF receiver for the period 2011. The annual and diurnal variations of L-band scintillation indicate 
occurrence at post sunset hours and peaks in the equinoctial months. However VHF scintillation 
occurs at all seasons around the year and is characterized by longer duration of activity and a slow 
fading that continues till early morning hours unlike in the L-band where they cease after midnight 
hours. Characterization of scintillation occurrence on the basis of spatial distribution over the sky of 
Kenyan region has also been achieved. The spatial distribution of scintillation occurrence is discussed 
in relation to the intensity of scintillation indices and their locations in the sky on azimuth-elevation 
maps. This representation of the spatial distribution is particularly relevant to the study of the link 
between scintillation and its impact on GPS measurement errors. A directional analysis has shown 
that the spatial distribution of scintillation events is mainly on the Southern and Western part of the 
sky over Nairobi station closer to the edges of the crest of the Equatorial Ionization Anomaly. The 
contribution of scintillation events to positioning errors is evident during intense scintillation; an issue 
which remains a great challenge to precise positioning applications of GPS particularly during 
nominal times.  
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Figure 1: Diurnal variation of scintillation events on 9th March 2011 and the individual PR showing scintillation during the 
events alongside their total electron contents. 
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Figure 2: The elevation-azimuth plot of ionospheric scintillation occurrence for (a) 2011-03-14 with mostly weak 
scintillation and (b) 2011-03-09 with strong scintillation. 
 
Conclusions 
The most significant observation from this study is the occurrence of post- midnight scintillation 
without pre-midnight scintillations during magnetically quiet periods. The mechanism leading to the 
formation of the plasma density irregularity causing scintillation is believed to be via the Rayleigh 
Tailor Instability; it is however not clear whether we can also attribute the post-midnight plasma 
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bubbles during magnetic quiet times to the same mechanism. From our observations in this study, we 
suggest that a more likely cause of the east ward zonal electric fields at post-midnight hours is the 
coupling of the ionosphere with the lower atmosphere during nighttimes. This however needs a 
further investigation based on relevant data. We have also presented some of the latest results using 
the newly installed scintillation monitor in Kenya which has also revealed L-band scintillation 
occurrence after midnight which is not in any way associated with pre-midnight events. The initiation 
of post-midnight L-band scintillation after post midnight hours are further revelation to the complex 
Ionosphere-tropshere coupling systems that might require relevant data and more studies 
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Abstract 
This paper deals with the statistical analysis of GPS L-band Ionospheric Amplitude scintillations 
at the equatorial anomaly station Lagos (6.52⁰N, 3.4⁰E, Dip lat. -3.04⁰), Nigeria during the low 
solar activity period. During the period of observation (January 2009 to December 2009), the 
occurrence of scintillations with local time, season and magnetic activity were reported. The 
occurrence of scintillation was found to be maximum in equinoctial months and minimum in 
December Solstice. We got different levels of scintillations in some months, but moderate (0.4< 
S4 >=o.6) scintillations dominated throughout the period. The suppression and enhancement 
during magnetic quiet and disturbed period was found to be seasonal and local time dependent. 
Keywords: Ionosphere, Scintillation, TEC, GNSS 
 
Citation: Alagbe, G. A., Afolabi, O. O., Ayorinde, T. T., Rabiu, A. B., 2016. Study of L-band 
ionospheric amplitude scintillations over Lagos, Nigeria during the minimum phase of solar 
cycle 24. Proceedings of 2016 Annual Conference of African Geophysical Society, Abidjan, pp 
7-10.  
 

Introduction 
Ionosphere is a part of the upper atmosphere from about 60 km to 600 km altitude. Electron 
density irregularities may occurred in the ionosphere, radio waves propagating through the media 
may be affected, so that amplitude and phase fluctuations will be observed at the receiver. (Yeh 
and Liu, 1982). Intense scintillation conditions can stop a GPS receiver from locking on to the 
signal and can make it unable to calculate a position. Moderate scintillation conditions can 
reduce the accuracy and the confidence of positioning results. Ionospheric scintillation is 
triggered by small-scale (tens of meters to tens of km) structure in the ionospheric electron 
density in the signal path and is the result of interference of refracted and scattered waves.  
Methodology 
The data used in this study were obtained from the Scintillation/TEC Monitor (GISTM) data 
acquisition equipment installed at the Physics Department of the University of Lagos via the 
website of Low Latitude Ionospheric Sensor Network (LISN www.lisn.gop.pe). Lagos falls 
within Equatorial Anomaly Ionospheric region (Lat: 6.520N, Long: 3.40E Dip lat. -3.04o). The 
amplitude scintillation (S4) data for the year 2009 was used. The year 2009 is a year of low solar 
activity with mean sunspot number of 3.1. 

Amplitude scintillations are measured by S4 index. This is defined as the standard deviation of 
the received signal power normalized to the average signal power. The S4 index was computed 
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over 60- second intervals. For this study, the scintillation occurrence of the data collected at 
equatorial anomaly station Lagos was examined throughout the low solar activity period of 
January 2009 to December 2009 and this is shown in Figure 1.  
The seasonal means of the occurrence of scintillation was evaluated by averaging the mean 
monthly values of the occurrence of scintillation in a particular season viz. D–Season 
(December, November, January and February), J–Season (May, June, July, August), March-
Equinox (March, April), September-Equinox (September, October); (Rabiu et al, 2007) the 
variations of these are shown in Figure 2.  

 
Results 
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Figure 1: Monthly mean hourly variation of occurrence of amplitude scintillation over Lagos in 
2009 

 
Figure 2: Seasonal mean occurrence of ionospheric amplitude scintillation over Lagos in 2009 

Figure 1 shows the monthly mean hourly variation of occurrence of S4 with local time. The 
daytime occurrence of S4 occurred at different hours of the day. The occurrence of moderate S4 
dominated the months of January, June, July, September, October, November and December, 
between 7:00 – 18:00 LT. Occurrence of strong S4 was observed in the months of February, 
March, April, May and August at different hours of the day, but the hour between 17:00-18:00 
LT was the dominant hour at which the strong ionospheric scintillations occurred. 

Occurrence of strong S4 was observed in February at 7:30LT and 17:30LT, in March, it occurred 
at 14:00 LT and 17:30 LT; in April, it was observed at 11:00 LT and 17:30 LT; in the Month of  
May, it occurred between 15:00 -16:00 LT and finally, in the Month of August, the occurrence of 
strong S4 was observed at 10:00 – 11:00 LT and at 15:00 LT. Occurrence of daytime ionospheric 
scintillation can be attributed to sporadic E-layer (ES). Pre-midnight occurrence of strong 
ionospheric scintillation was between 21:00 -22:00 local time in the months of April, March and 
September while the occurrence of post-midnight moderate scintillation dominated all the other 
months of  the year between the hour of 1:00 – 6:00 LT. occurrence of strong scintillations was 
observed in the months of March, April and May. In the months of April and May it occurred 
between 1:00 – 2: 00 LT and month of March between 4:30 – 6:00LT. 
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Abstract 
Gravity is always present on earth. However, the influence of gravity can be modified or compensated 
for. Real microgravity conditions which are short term and fast responding can be provided in drop 
towers, balloons, parabolic flights of aircraft or sounding rockets. To study long term effects of 
microgravity, human tended space laboratories have being used which is the International Space Station. 
Scientists have developed various kinds of ground based facilities and equipment to achieve the condition 
of functional weightlessness. A clinostat is one of those experimental devices which create simulated 
microgravity conditions in an earth laboratory. This paper focuses on plant research with respect to 
gravity in comparism to its microgravity counterpart using a clinostat. Plants were chosen as test systems 
since they are easily available and their experimental demands are quite easy to meet. The difference in 
the germination and early growth of wheat under gravity and microgravity was analysed by determining 
the root curvature and growth rates using ImageJ software. The results of this experiment showed that 
clinorotated roots had no significant response to gravity. Wheat was chosen because of its health benefits 
compared to other cereals, its small size, easy to handle and fast growth which are criteria for use on 
clinostat. This paper therefore, contributes to global science in space science, technology and its 
applications and has led to a new world of discoveries beneficial to mankind ranging from food security 
to new medical cures. 
Key words:  Microgravity, Clinostat, Plant-Experiment, Space-Science. 
 
Citation: Oluwafemi, F. A., Johnson, O. O., Badejo, A. A., 2016. Analysis of root curvature and growth 
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Introduction 
Microgravity is an outer-space (80km above the earth surface) condition where the gravitational pull is 
very low while zero-gravity means that gravitational pull is nearly zero. These are degrees of absolute 
weightlessness. On the earth, real microgravity conditions are for short term (ranging from 2seconds to 
15minutes) and these can be achieved in drop-towers, balloons, parabolic flights of aircraft or sounding 
rockets. These methods are suitable for use in fast-responding systems (United Nations 2013). 
 
In order to study the long-term effects of microgravity, satellites or human-tended space laboratories have 
to be used (i.e. simulated microgravity conditions). Since 1998, the International Space Station (ISS) 
offers laboratory conditions for systematic studies in microgravity. But we can’t all go to the ISS for our 
experiments as this will limit the number of experiments to be done per time (Oluwafemi 2014). 
 
Since the microgravity conditions on the earth are for short-term and not long enough to perform 
experiments; scientists have developed various kinds of ground-based facilities and equipment to achieve 
the condition of functional weightlessness. A clinostat is one of the instruments developed for this 
purpose. A clinostat is an experimental device used to eliminate the effect of gravity (Oluwafemi 2016). 
The clinostat is used to understand how organisms and matter react in the absence of gravity. It can be 
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used to observe the germination and early growth of small plant seeds. The seedlings growths under 
microgravity are compared to germinated seeds under normal gravity. Possible samples that can be used 
on it include plant seeds, cells and micro-organisms. 
 
Germination is the process by which a plant grows from a seed while growth is the process of increasing 
in size. The germination and growth of wheat seeds under gravity was compared with its growth under 
microgravity using a clinostat. Wheat (Triticum) is one of the most important food cereal crops having 
health benefits. Firstly, the aim of this experimental work is to understand the impact of gravity on wheat 
growth to determine what its orientation will be in space, where there is no gravity, as well as to identify 
the underlying mechanisms; and secondly to conduct observational experiments (by measurement of the 
curvature angles and growth rates of roots) with respect to gravitropic reactions with the roots grown of 
wheat under microgravity environment and comparing them with those of control experiments. 
 
Methodology 
The substrate of the seeds called plant agar-agar was prepared into 3 petri-dishes following the standard 
preparation method, then the wheat seeds were planted in the substrate and it was cultivated inside a wet 
chamber in vertical positions. After 2 days, germination of the seeds with short roots was observed. The 3 
petri-dishes were then taken and labeled “1g-control”, “90°-turned” and “Clinorotated”. The 1g-control 
sample was remained in the vertical position. The 90°-turned sample was rotated by 90° and the 
Clinorotated sample was then placed at the centre of the clinostat using double-sided tape. The photos of 
the 3 petri-dishes were taken every 30 minutes with very short stopping time of the clinorotated in order 
to avoid the effect of gravity. These observation was done for 6hr under the following conditions. 
Humidity between 60% to 100%, temperature of 23°C and light of 50lx. In addition to these, the 
Clinorotated sample had the following conditions, rotation speed of 75rpm, sample stage angle of 
inclination of 27° and the direction of rotation was clockwise. At the end of observation, the analysis of 
root curvature and growth rate were carried out. 
 
Data Analysis 1: Root Curvature 
The data obtained were the three sets of photos of the roots which show the “1g-control”, “90°-turned” 
and “Clinorotated” roots. An image-processing application soft-ware called ImageJ was used to analyse 
these photos. Analysis 1 focuses on the curvature of the roots which are photos of the 90°-turned and the 
Clinorotated samples. All the curvature angles of the roots were measured using the angle measurement 
tool. The average angular rate of the root bending in degrees per hour was then calculated.  
Result 1: Photo of the 90°-turned sample showed that the roots started bending in the direction of gravity 
after the petri-dish was turned by 90° as evident from Figure 1. The average angular rate of the root 
bending for the 90°-turned was 6.2°/hr while that of the Clinorotated was 2.72°/hr. 
 

 
Figure 1. Graph of the Root Curvatures in Degrees of 90o-turned and Clinorotated Samples 
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Data Analysis 2: Growth Rate of the Root 
The pictures of the 1g-control and the Clinorotated roots were used for analysis 2. The difference between 
the two cases was analyzed by measuring the length of the roots, which thereby allowed their growth rate 
to be determined. For the analysis of the length of the roots, the length of the roots was measured with a 
ruler or drawing a line which is exactly 10mm long on each petri-dish and the growth rate analysis was 
done using the ImageJ software. This was done by using the length measurement tool and measuring a 
fixed length in the photo. Figure 2 shows lengths of the 1g-control sample roots and Clinorotated sample 
roots versus the time after germination. The average growth rate was calculated (millimetres/hour) for the 
1g-control and the Clinorotated roots.  
Result 2: The average growth rate of the roots for the 1g-control sample was 4.89mm/hr while that of the 
Clinorotated sample was 5.16mm/hr. 
 

 
Figure 2. Experimental result with the length of the 1g-control sample roots and the Clinorotated sample 
roots versus the time after germination.  

 
Conclusion 
The photos of the 1g-control showed that the roots continuously grew vertically as stimulated by the 
Earth’s gravity. For the Clinorotated roots, however, nothing stimulates their growth in any direction 
(random). The photo of the 90°-turned sample showed that the roots started bending in the direction of 
gravity after the petri-dish was turned by 90°. This was evidence of gravitropism of the roots. The average 
angular rate of the root bending for the 90o-turned sample was 6.2°/hr while that of the Clinorotated 
sample was 2.72°/hr, which means that the Clinorotated sample had its roots curvature diminished by 
56.13% of the 90o-turned sample. This indicates a positive response to simulated microgravity. The 
average growth rate of the roots for the 1g-control sample was 4.89mm/hr while that of the clinorotated 
sample was 5.16mm/hr which means there was an increased growth rate of wheat under microgravity by 
5.12%.  
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Abstract 
Solar radiation is the fundamental source of energy that drives the Earth’s climate. It sustains life. 
The variability of this output certainly affects our planet. In the last two decades, an enormous 
advance in the understanding of the variability of the solar irradiance has been achieved. Due to the 
high demand for solar power generation and a corresponding inadequate solar radiation data, the 
prediction of the in-coming solar energy from the Sun requires more attention. In this paper, 
measured solar irradiances are sourced from six different locations through the Centre for 
Atmospheric Research of the National Space Research and Development Agency, Nigeria. Clear- 
day solar irradiance equations are used to estimate the solar irradiances of the six selected 
locations. The blocking effects of the cloud are estimated for each location from the measured and 
the calculated solar irradiances.  
Keywords: solar irradiance, clear-day, blocking effect, Nigeria, Day number, sunshine hour 
 
Citation: Said, R.S. and Na-Allah, M.J., 2016. Estimation of Cloud Effect on Solar Irradiance for 
Some Selected Stations in Nigeria. Proceedings of 2016 Annual Conference of African 
Geophysical Society, Abidjan, pp15-16 
 
Methodology 
For the correction and validation data, the experimental location is Mussa Mosque in the Old 
Campus of Bayero University, Kano (located at Latitude: 11.9785, Longitude: 8.4783). The 
experiment involved measurement of solar irradiance during the sunshine hours using a 
Pyrheliometer (510 Solar Meter), which measures the incident solar radiation (Direct radiation) in 
W/m2 and the readings were taken at hourly intervals from 08.00hours to 17.00 hours each day 
during the four days the experiment lasted. For the measured data, these were procured from six 
different locations through the Centre for Atmospheric Research, National Space Research and 
Development Agency, Federal Ministry of Science and Technology, Anyigba, Nigeria. From each 
of the six stations, a 5minutes interval of data for the direct solar irradiance was obtained 
throughout. 
 
 Table 1: The Six Stations, geographic location and duration of data 

 
Figure2: Map of Nigeria 

 Station Latitude 
(°N) 

Longitude 
(°E) 

Duration 
from To 

1 Abuja 9.00o 7.17  2007 2012 
2 Ayingba 7.48 7.19  2010 2013 
3 Lagos 6.52 3.39  2007 2008 
4 Makurdi 7.73 8.56 2008 2011 
5 Minna 9.66 6.53 2008 2011 
6 Yola 9.20 12.50 2009 2013 
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Results 
The four graphs are for two of the six stations studied. The graphs show the effect of cloud on the 
solar irradiance. The modified is the solar irradiance obtained from subtracting cloud effect from 
the long term measured values at the stations 
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Abstract 
GPS-TEC covering some equatorial and Low latitudes regions in the African sector were used to 
investigate the response of the Ionosphere to two moderate geomagnetic storms for the year 2013, a 
year of relatively low solar activity. Our results show TEC enhancement during all the phases of the 
two storms under investigation, at all the five stations used except at Latitude 6.70S which shows a 
significant depletion in the TEC during the recovery period of one of the storm event. The changes in 
the magnitude of the deviation and morphology in TEC varied with latitude. 
Keywords:	Geomagnetic	Storm,	GPS,	TEC,	Ionosphere,	Equatorial,	Low	latitude	
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Introduction 
The increase dependence of modern technologies on satellite communication system has made the 
study of Ionospheric response to geomagnetic activities very imperative. The ionosphere through 
which satellite signals pass is known to respond to geomagnetic conditions in different ways 
depending on the latitude [Adeniyi et al., 2014; Adewale et al., 2012; D’ujanga et al., 2012; 
Habarulema et al., 2013; Ngwira et al, 2013; Olawepo and Adeniyi, 2014]. The ionosphere is one of 
the sources of error in the form of range delay in satellite signals, and hence a major challenge to the 
Global Navigation Satellite System (GNSS) [D’ujanga et al., 2012; Habarulema et al., 2013; Ngwira 
et al, 2013; Olawepo and Adeniyi, 2014]. This study is therefore on the effects of geomagnetic storm 
on TEC in the equatorial and mid latitude African sector.   

 

Data and method of Analysis 
The data used for this study were obtained from five different stations (Table 1) within the African 
Sector from different GPS network. These include, the Script Orbit and Permanent Array Centre 
(SOPAC), The African Geodetic Reference frame, (AFREF), University-Governed Consortium, 
(UNAVCO) and The Nigerian Permanent GNSS Network (NIGNET). The Slant TEC (STEC) were 
converted to Vertical TEC (VTEC) using a GPS TEC analysis software developed by Dr Gopi 
Krishma Seemala of the Institute of Scientific Research, Boston College, USA. Ten quietest days 
were selected from each months of the period under study by the use of international quiet day chart 
provided by the Geoscience Australia obtainable at http://www.ga.gov.au/oracle/geomag . The hourly 
quiet days average were compared with those of storm days in the same month. Percentage deviation 
were also obtained. The interplanetary magnetic field IMF-Bz, Dst-index, AE-index and Kp-index 
were used the storm description 

Results and Discussion 
Figure 1 shows the hourly variation of TEC for quiet and storm period for the May 1-2 storm event. 
Going by the Dst-index, the storm had a gradual commencement on May 1 at about 00Hr UT, gets to 
a minimum of about 67nT at 1800 Hr. A prominent increase in TEC occurred from about midday to 
midnight of 29 April, at Malindi (Lat. 6.70S). 
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Table 1. List of stations used and their geomagnetic coordinates. 

 

This may be associated with the increase IMF-Bz that was seen on the same day. Such change in 
IMF-Bz has been associated with shocks through solar ejecta [Olawepo et al., 2015]. Table 2 shows 
the percentage deviation in TEC for both storms. Day time enhancement was seen across all the 
stations except at Malindi (Lat. 6.70S) that recorded a significant depletion of about 57% during the 
recovery phase period of the storm. The increase is highest at Dodoma (Lat. 6.7oS) and least at Toro 
(Lat 11.36oN). The second storm (December 8, 2013) had a minimum Dst of 60nT.  In contrast to the 
May 1-2 storm, it commenced with a sudden commencement (SSC) at about 20.00 UT on December 
7, 2013. This was followed by a southern turning of the IMF-Bz on December 8 which coincides with 
the minimum Dst of 60nT. The initial phase lasted for about 14 hrs while the main phase lasted for 
about 8 hrs. It took a longer period to recover fully. A daytime positive enhancement was observed 
during all the phases of the storm at all the stations (Table 2).     

Table 2. % Deviation of TEC during the Phases of the Storm 

 

Conclusion 
The response of TEC to two geomagnetic storms were investigated in this study. Our results show 
positive storm enhancement during all the phases of the two storms under investigation, for all the 
stations used except for Malindi (Lat. 6.70S) which shows a significant depletion in the TEC (about 
57%) during the recovery period of May 1-2 storm event. These observations can be attributed to 
disturbance in the equatorial electric fields caused by the geomagnetic storm.  
 

S/N Stations/Country Code Lat.(ᵒ) Long.(ᵒ) Lat.(ᵒ) Long.(ᵒ)
1 Toro (Nigeria) Cggn 10.12 9.41 11.36 83.35
2 Uganda(Mbarara) Mbar -0.65 30.67 -2.81 102.82
3 Kenya (Malindi) Mal2 -3 40.19 -6.7 111.79
4 Tanzania (Dodoma) Dodm -6.2 35.8 -9.11 106.86
5 Zambia (Lusaka) Zamb -15.25 28.27 -16.93 98.86

Geog. Coordinate Geomag.Coord.

Initial Ph Main Ph Rec Ph
Station Storm Event % Enh % Dep % Enh % Dep % Enh %Dep

May 1-2
Toro 15 0 12.65 5.31 54.95 15.93
Mbarara 10.83 2 26.57 0 67.1 29.39
Malindi 122.4 0 35.44 25.32 0 56.54
Dodoma 21.18 4 63.3 5.2 183.62 11
Lusaka 11.15 2 53.99 5 63.92 2

Dec-08
Toro 15 6 99.15 0 74.15 8
Mbarara 41.61 22.11 66.34 0 88.56 0
Malindi 10 0 36.56 0 86.8 13
Dodoma 38.72 20.11 9 9 32.27 4
Lusaka 10 0 14.67 0 17.14 12
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Figure 1. Hourly Variation of TEC for May 1-2, 2013 Storm Event 

 

 

Figure 2. Hourly Variation of TEC for December 8, 2013 Storm Event 
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Abstract 
The article gives an overview on the theoretical basis, practicality and highlighted the superiority of 
Azimuthal Cross-Square Array (ACA) direct current electrical resistivity sounding in 
assessing/characterizing fractured geologic systems in Basement Complex rocks. ACA consists of 
an arrangement of steel electrodes (current and potential) planted about the vertices of a square. 
Field exploitation  of the ACA was achieved by rotating it through a regulated azimuthal angular 
increment  about closed circular path as well as expanding the electrode spacing through guided 
incremental values (5, 7, 10, 14, 20, 28, 40, 72, 100 and 140m). The data was analyzed by 
generating polar plots of corresponding spacings which revealed the resistivity macroanisotropies. 
Interpretation of the result of the analysis provided a means of identifying fracture strike direction, 
swarthiness and orientation of fracture foliation plane, segregating of covert multiple fractures, 
evaluation of macroporosity values. The study culminated into providing guide on the possibility of 
automating ACA on prevalent multicore cable devices based on the earlier established and present 
study highlighted exceptional qualities of ACA over traditional imaging.  
Keywords: Azimuthal, Fracture, Geophysics, Macroanisotropy,  

Citation: Saleh, M and Aku, M. O., 2016. Azimuthal Cross-Square Direct Current Electrical 
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Introduction 
Geophysical studies decipher the internal structure of portion of the Earth of interest from acquired 
data at distributed locations. The acquired data are subjected to multitudinous analysis and final 
interpretation.  The data is acquired through different methods and varied field procedures. Among 
these methods seismic and direct current electical resistivity shared certain peculiarities despite 
their obvious differences. As part of their commonality, sources of stimulation and detectors are 
always in contact with the region of investigation and their depth of penetration is controlled by the 
disposition of these contact points. This study concentrated on the use of direct current electrical 
resistivity method to evaluate the near subsurface features of Basement Complex regions. The 
method uses both standard (e.g Schlumberger array, Wenner array (Telford et al., 2007), Square 
array etc) and user-define arrays.  Each array has its transcendence and inadequacy. The study 
through this method is being carried out as one , two, three or four dimensional (imaging) (Loke, 
2004). Literatures are available that pound on the veritable excellent features of these various array 
types and imaging techniques. Importantly, there are now available softwares (Borbachev et al, 
2002) for modeling and ultimate interpretation (Haeni et al., 1999) of data generated through these 
means. This study gives an overview of the various array types and imaging techniques in order to 
develop a thorough exposition on certain spectacular capabilities of Azimuthal cross-square array 
(ACA) resistivity sounding by utilizing theory and analyzing the data acquired using ACA. 
Considering the discovered distinctiveness of the technique, the study highlighted the need to 
integrate the technique in the conventional geoelectrical data sourcing devices and computational 
sofwares that is hitherto unconsidered 

Methodology 
A fracture site was selected and data acquired about it in order to characterize the fracture. The 
Azimuthal cross-square sounding (ARS) was conducted using ABEM Terrameter SAS 1000.  ARS 
consists of an arrangement of steel electrodes (current and potential) planted about the vertices of a 
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square (Figure 1 ). The survey was conducted by rotating four electrodes arranged in a square about 
the centre point of the square (Figure 1.). The centre point of the square is considered the 
measurement location, also called centre of investigation or investigation point or ARS point. The 

side length of the square is defined as the A-spacing and is about equal to the depth of penetration. 
The depth of penetration also is affected by the conductivity of the ground, a highly conductive 
subsurface will decrease the depth of penetration and thus the parameters for depth estimate were 
evaluated based on the observed pattern of collected data and the pre-conducted Sclumberger 
Vertical Electrical Sounding (SVES) survey results ( Saleh, 2011). The array was rotated in 30° 
increments from 0° to 180°. The 0° azimuth was regarded as the reference azimuth and was 
oriented in the direction of surface manifested fracture (fracture under study). At each angle, data 
from multiple size squares were collected to image different depths. The measurement was 
conducted in similar manner to collinear, yielding resistivity values in 6 different directions. The 
array is expanded symmetrically about the center point, in increments of ( ) 2

1
2A (Habberjam and 

Watkins, 1979), so that the data can be interpreted as a function of depth (sounding). The A values 
used were 5, 7, 10, 14, 20, 28, 40, 72, 100 and 140m depending on peculiarity of the investigation 
point. This yielded a total of not less than 120 resistivity readings per each investigation point. 
Even though a total of eight ARS were conducted only one would be used as illustrative. 

For each square, three measurements are made: two perpendicular measurements (alpha, α  ; and 
beta, β ) and one diagonal measurement (gamma,γ ) (Figure 1). When the current electrodes are 
put on the side of the square aligned perpendicular to an azimuth, the resistivity value of that setup 
is called the alpha-resistivity (𝜌!). When the current electrodes are on the side of the square along 
an azimuth the resistivity is called the beta-resistivity (𝜌!). The α  and β  measurements provide 

information on the directional variation of the subsurface apparent resistivity aρ  . The azimuthal 
orientation of the α  and β  measurements is that of the line connecting the current electrodes. The 
γ  measurement serves as a means of checking the level of anisotropy. Busby and Peart (2007) 
have explained: “that measured value of γ  measurements are zero or about that only when the 
volume of rock investigated is not sufficient (because the electrode array spacing is too small) for 
the rock to behave anisotropically or there is no measurable fracture”. 

Data Analysis  
The ARS graphical technique developed by Habberjam and Watkins (1979) was used to determine 
the presence, pattern, strike direction, origin and other parameters of the fractures and the identified 
anomalous feature. For a zone of oriented, saturated steeply dipping fractures, the ARS data have 
an apparent resistivity minimum oriented in the same direction as the dominant fracture direction 
(strike). The data for each A-spacing was plotted graphically about corresponding azimuth for 
particular A-spacing. Each graphical display was mirrored on polar coordinates to yield 360 
degrees plot (Figure 2). According to Keller and Friscknecht (1966) coefficient of anisotropy, �, 
for a homogenous anisotropic medium, generally ranges between 1 and 2 and this was used to 
curtail the smoothing of the raw-data plots using Fast Fourier Transform (FTT) . Habberjam (1979) 
technique as recommended by Lane et. al. (1995) was used to interpreted the polar plots. 
Habberjam (1979) has shown that secondary (fracture) porosity Ф can be estimated as 
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Ф = 3.41×10! !!! (!!!!)
!!! !!"#!!!"#

    (1) 

. Where 𝜌!"# is maximum resistivity value on a polar plot and 𝜌!"# is the corresponding minimum 
resistivity value on the plot at specified depth. C is the specific conductance of groundwater in 
microsiemens per centimetre, estimated to be 131.5 microsiemens per centimetre for underground 
water from the area obtained from the work of Kabir (2008) and N is the coefficient of anisotropy 
determined from the equation 

� = √(!!"#
!! !"

)                                                                (2) 
 

 

 

 

 

 

 

Figure 2: Polar Plots 
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The principal fracture strike angle, 𝜌!"#  and 𝜌!"#values were determined from the individual polar 
plots and used to calculate the � and Ф  using equations (1) and (2). The values of the calculated 
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corresponding parameters are shown in Table 1. Critical analysis of Table 1( Alpha Column) 
revealed the following information 

(a) Follow-up of continuity of the fracture from the surface 
(b) Identified the terminal point of the fracture at 72m depth 
(c) Showed the flickering (swarthness) of the plane of foliation with depth 
(d) Displayed another fracture (150o) that crisscrossed the earlier (main) fracture (90o) at 

72m depth 
(e) Provided the value of anisotropy and porosity at each corresponding depth. 
(f) Provided the degree of fracturing which govern the competence, fluid storativity and 

conductivity of Basement Complex Rocks. 
(g) Provided the resistivity values which could be used for interpretation in terms of 

layered earth. 
(h) The beta resistivity component provided a means of data and data analysis validation. 
(i) Isolation and characterization of single feature. 

Conclusion 
The spectacular capabilities of Azimuthal Cross-square Electrical Resistivity Sounding technique 
have been highlighted among which are the robust information about the investigated site in 
addition to already acclaimed advantages of being volumetric sampler (hence it is better averager 
and representative sampler) and possession of maximum depth of penetration (depth of penetration 
equals to the spacing of the electrodes).  The advantages highlighted in this study include the 
ability to isolate and characterize individual linearment that either exists alone or in presence of 
others. In addition, it enabled calculation for porosity values at various depths. Resistivity values 
provided by this technique give more stereoscopic vision of the subsurface. These unique qualities 
should be integrated into the scheme of scientific development by making them part of the modern 
day data sourcing devices and modeling. 
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Abstract 
The knowledge of salinity level and intrusion of saltwater into freshwater aquifer is necessary for 
groundwater monitoring and prediction in the coastal areas. In this work, an advection-dispersion 
saltwater intrusion model is used to study and simulate saltwater intrusion in a typical coastal aquifer. The 
aquifer portion was divided into grid with elements and nodes. Map of the study area indicating well 
locations was overlain on the grid system such that these locations coincide with the nodes. Chlorides at 
these well were considered as initial nodal salinities. Results showed a highest and lowest increase in 
simulated chloride of 37.89 mg/L and 0.8 mg/L respectively. It also revealed that the chloride 
concentration of most of the considered well may climb unacceptable level in the next few years, if the 
current abstraction rate continues unabated. 
Keywords: Saltwater Intrusion, coastal aquifer, nodal salinity, chloride concentration 
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Introduction 
The most worrisome water quality predicament associated with coastal aquifer is saltwater intrusion. It is 
the movement of saline water into freshwater aquifers, which can lead to contamination of drinking 
water sources and other consequences (Post and Abarca, 2009). Freshwater quality and availability 
remain a critical environmental and sustainability issues of the twenty first century (UNEP, 2002). 
Saltwater intrusion occurs naturally owing to the hydraulic connection 
between groundwater and seawater. Human activities such as groundwater abstraction or overexploitation 
are the major cause of saltwater intrusion (Custodio, 2015). The extent of saltwater intrusion also depends 
on the characteristics of the groundwater flow in the aquifer region, the nature of groundwater 
management as well as on climatic conditions (Narayen et al, 2007) 
The thickness of the transition zone between fresh and saltwater can vary from a few meters to hundreds 
of meters and is controlled mainly by the geologic heterogeneities and physical structure of the aquifer, 
recharge rate and freshwater extraction through pumping (Bobba, 1993). The Ghyben – Herzberg 
principle, gives the relationship between the freshwater and saltwater pressures. It gives an approximation 
to the depth of the saltwater – freshwater interface.  

ℎ! = ( !!
!!!!!

) ℎ!                    (1.0) 

ℎ! = 40 ℎ!                            (2.0) 
Where h! and h! are the piezometric heads for saltwater and freshwater respectively. ρ! is density of 
freshwater and  𝜌!  represents the density of saltwater.  
Two approaches exist in modeling saline water intrusion. They are the variable density approach and the 
sharp interface assumption. The former assumes that both freshwater and saltwater do mix while the latter 
assumes that there exist stagnation point where there is no mixing. By using two sets of pressure data 
obtained from both fresh water and salt water zones in a single borehole, Kim et al.,(2007) estimated the 
interface depth.  Other methods for determining the location of the freshwater - saltwater interface in 
coastal zones using hydraulic heads have been discussed by Xun Zhou (2011). 
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Methodology 
The mathematical model consists of partial differential equations that govern both groundwater flow and 
solute transport in coastal aquifer. The equation for the conservation of mass of fluid written as: 

!(!")
!"

= −∇ εpv + Q!                                                            (3.0) 
Where 𝑝(𝑥, 𝑦, 𝑧) is the fluid density, Qp is the fluid mass source, 𝑣(𝑥, 𝑦, 𝑧, 𝑡) is the fluid velocity, 𝜀 is the 
porosity and t is the time. The Darcy’s law is expressed as 

𝑢 = −𝑘!
!!
!"
, 𝑤 = −𝑘!

!!
!" 

     𝑣 = −𝑘�
!!
!"
+ !

!!
                   (4.0) 

The solute transport equation is obtained by considering a unit aquifer matrix in which saltwater is 
transported. The rate of solute transport into this aquifer is assumed to be by molecular diffusion, 
advection as well as dispersion. Processes within aquifer matrix are also considered. Using the Fick’s law 
the contribution of diffusion is –𝐷(∇𝑐), advection is ∇𝑐 and dispersion is ∇(𝜃𝑐). 
 

!(!!!!)
!"

= !
!"

𝐷!!
!
!"

𝜃!𝑐 + 𝐷!"
!
!"

𝜃!𝑐 + !
!"

𝐷!"
�
!"

𝜃!𝑐 + 𝐷!!
!
!"

𝜃!𝑐 − !
!"

𝑣!"𝑐 +
!
!"

𝑣!"𝑐 − !
!"

𝜌!𝐾!𝑐! − 𝜆(𝜃!c! + 𝜌!𝑘!𝑐!)                  (5.0) 

Application 
Samples of water collected from both boreholes and hand dug well were analyzed to ascertain the initial 
groundwater condition.  Target aquifer portion was divided into grid with elements and nodes. Map of the 
study area showing well locations was overlain on the grid system such that these locations coincide with 
the nodes. Chlorides values at these well were assumed to represent the initial nodal salinities and 
simulations were performed at each node for ten time steps at  ∆t = 400days.. A recharge of 1532mm/yr 
was assumed, transverse and longitudinal dispersion coefficients were taken as 0.25 and 0.75 m/day, 
transmissivity and velocity of groundwater as 2200m2/day and 0.025m/day respectively. Porosity was 0.5, 
and the average measured temperature of 29.2oC was used. Outputs were then obtained and interpreted. 

Results 
Figure 1 show the simulated chloride contour after 4000days. Figure 2 is the graph of simulated chloride 
at each time step of 400days.Figure 3 show a sample of simulated nodal salinity  highest increase of  
37.89 mg/L was observed at Node 8 after 4000days. This may be because of the current as well as 
projected high relocation of people to this area in the next few years. Node 35 has the highest initial but 
simulated output after 4000days gives an increase of about 2.6 mg/L. Generally results show a 
progressive rise in the value of chloride at all nodes and at every time step. It further reveal that more than 
half of the well considered may have in the next decade attain a salinity level that is well above the WHO 
acceptable standard and hence will be very injurious to the health of coastal. Table 1 is a part result of 
simulated chloride in the study area for a period of 4000 days 

 
Figure 1: A 3-D Chloride simulation contour  at t=4000days 
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 Figure 2: Variation of simulated nodal chloride for each time step from  t =0  to  t = 4000days 
 

 
Figure 3: Simulated  Chloride at  node 51 
 
Table 1: Result of simulated chloride in the study area for a period of 4000 days 
Time Steps 

(days) 
Node1 Node2  Node 4 Node 5 Node 8 Node11  Node 

16 
Node 

18 
Node 

35 
0 

400 
800 

1200 
1600 
2000 
2400 
2800 
3200 
3600 
4000 

91.801 
92.810 
93.501 
95.312 
98.112 
99.220 

100.601 
101.310 
101.811 
103.101 
105.500 

7.100 
7.261 
7.410 
8.121 
8.520 
8.720 
9.101 
9.707 
9.981 

10.121 
10.501 

205.211 
205.610 
205.801 
205.991 
206.167 
206.510 
206.711 
207.121 
207.331 
207.458 
207.806 

198.505 
198.720 
198.921 
199.450 
199.712 
199.909 
200.155 
200.413 
200.721 
200.821 
201.121 

335.010 
339.800 
347.301 
354.110 
355.523 
359.701 
362.312 
366.100 
370.121 
372.058 
372.901 

 

251.901 
251.321 
251.605 
251.819 
252.026 
254.101 
254.781 
254.998 
256.013 
256.601 
256.821 

21.700 
21.901 
22.312 
24.509 
25.002 
25.911 
26.102 
26.711 
26.997 
27.187 
27.524 

108.822 
108.961 
109.403 
109.610 
109.981 
110.112 
111.303 
113.207 
113.442 
113.728 
113.998 

779.610 
779.856 
780.310 
780.593 
780.910 
781.222 
781.546 
781.778 
781.978 
782.145 
782.234 

 
Conclusion 
Models are veritable tool in detecting and predicting saltwater intrusion in coastal aquifers. It has been 
shown that wells closer to the coast experience high salinity because of the population density and the 
consequent heavy abstraction of fresh coastal water. 
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ABSTRACT 
The integration of well log and seismic data provided a high degree of reliability in mapping subsurface 
structural and stratigraphic plays. It also provided insight to reservoir hydrocarbon volume estimation 
which may be utilized in exploration evaluations and in well bore planning. In this study, four wells were 
used in the Abika field within the formation of interest. Observation made from the correlation of the 
wells using the lithologic logs shows that they vary in thickness and depth across the field. Two 
hydrocarbon bearing sand units, Reservoir D1 and D2 were identified with aid of the well logs. The result 
of the qualitative interpretation of the gamma ray and resistivity logs shows that the two reservoirs 
mapped contains hydrocarbon of appreciable thickness. The time and depth structural maps show 
subsurface structural geometry and possible hydrocarbon trapping potential in the field. One major 
growth fault was observed which extend throughout the entire mapped area. Also, four minor faults were 
picked and interpreted across the field. The seismic and petrophysical interpretations of the Abika field 
shows typical structural features of the Niger Delta which includes the roll over anticlines and growth 
faults which are good structures for hydrocarbon accumulation. The structure map revealed that the 
principal structure responsible for the hydrocarbon entrapment in the field was the anticlinal structure 
which is tied to the crest of the rollover structure assisted by faults. The crest of the anticline from the 
depth structural map occurs at about 2440 meters for reservoir D1 and 2540-2580 meters for reservoir D2. 
The petrophysical values – the porosity, Net to Gross, Water saturation, hydrocarbon saturation that were 
calculated from the Petrel software are almost ideal for the Niger Delta reservoir sands with average 
porosity value is 0.22, hydrocarbon saturation is 0.28 and net-to-gross is 0.62 for reservoir D1 and for 
reservoir D2, porosity is 0.24, hydrocarbon saturation is 0.31 and net-to-gross is 0.7. The first reservoir 
D1 was estimated to have original oil in place as 22,856,929.92bbl of oil and Stock Tank Oil Initially in 
place as 12,093,613.71429 mmstb. The second reservoir D2 was estimated to have original oil in place of 
36,835,629.47bbl of oil and Stock Tank Oil Initially in place as 19,489,751.04 mmstb. The results of the 
seismic interpretation and petrophysical analysis show that the reservoirs under consideration have good 
Oil in Place volume. 
Keywords: Hydrocarbon, Reservoir, Seismic, Well log, Horizon, Structure 

Citation: Ohakwere-Eze, M. C., and Ede, E., 2016. Detailed reservoir characterization and quantitative 
analysis of the structure, stratigraphy and hydrocarbon potentials of the Abika field, onshore Niger Delta. 
Proceedings of 2016 Annual Conference of African Geophysical Society, Abidjan, pp 28-43.  

 
INTRODUCTION 
A reservoir is a rock that has effective porosity and permeability which usually contains commercially 
exploitable quantity of hydrocarbon or water. On the other hand, a petroleum reservoir, or oil and gas 
reservoir, is a subsurface pool of hydrocarbon contained in porous or fractured rock formations. The 
naturally occurring hydrocarbon, such as crude oil or natural gas, is trapped by overlying rock formation 
with lower permeability. The Niger Delta is proven prolific hydrocarbon system with a number of world 
class oil discoveries. Hydrocarbon in the Niger Delta is mainly produced from sandstones and 
unconsolidated sands in the Agbada formation. Seismic and well log data are widely used in petroleum 
exploration to map the subsurface. The two data sources complement each other, while well logs yield 
vertical resolution of the geology at the borehole; seismic profile provide an almost continuous lateral 
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view of the subsurface. Seismics can resolve with relatively high precision, the structural and stratigraphic 
changes from the arrival times and amplitudes of the reflection events. 

The bandwidth of seismic data constrains the vertical resolution of the subsurface. High frequency data 
are essential for delineating subtle traps. Also, the seismic expression of anomalies cannot be interpreted 
uniquely in terms of the geologic variables. Well logs can be helpful in the interpretation of seismic 
profiles in both respect, i.e. they can unambiguously provide, at borehole, at high resolution estimate of 
many essential geologic variables. Therefore, the integration of well log and seismic data will provide a 
high degree of reliability in mapping subsurface structural and stratigraphic plays. This will also provide 
insight to hydrocarbon reservoir volume estimation which may be utilized in exploration evaluations and 
in well bore planning. 

The primary seismic data are often recorded in time. However, meaningful interpretations need to be 
displayed in depth. The primary purpose of geophysical seismic data interpretation is to prepare contour 
seismic maps showing the two way time (TWT) to a reflector as picked on the seismic sections. This is 
called the time map which must be converted to depth map through seismic time- depth conversion 
process. The depth conversion process is usually carried out using average velocity information obtained 
from well logs and check shot data. The integration of geological data with 3D seismic may lead to 
solving some of the problems of identifying facies and structural details. 

This research is part of the effort to use seismic and well log data to delineate favourable areas in which 
exploration can be concentrated especially at deeper level through the knowledge of reservoir volume 
estimations. 

Several researchers have carried out structural analysis in different sedimentary basins worldwide using 
seismic and well log data to evaluate a reservoir condition. The knowledge of reservoir dimension is an 
important factor in quantifying producible hydrocarbon (Schlumberger, 1989). Among the needed 
information includes the thickness and the area extent of the reservoir. Precise determination of reservoir 
thickness is best obtained on well logs, especially using the gamma ray and resistivity logs. It is noted that 
almost all oil and gas produce today comes from accumulations in the pore spaces of lithologies like 
sandstones, limestone or dolomites, therefore the  gamma ray log can be used in lithology identification 
i.e. to differentiate between the reservoir rock (sand) and the embedding shale (Asquith, 2004). The 
resistivity log on the other hand, can be used for determining the nature of intersticial fluid i.e. to 
differentiate between (saline) water and hydrocarbon in the pore spaces of the reservoir rocks. Since these 
logs are recorded against depth, the hydrocarbon-bearing interval can be determined. To quantify the 
hydrocarbon in place of a reservoir, knowledge of the character and extent of such a reservoir is needed 
(Nwankwo et al., 2015). 

LOCATION AND GEOLOGY OF THE STUDY AREA 
The Abika field is an onshore oil field located west of the Niger Delta region of southern Nigeria. The 
Niger Delta forms one of the world’s major hydrocarbon provinces and it is situated on the Gulf of 
Guinea on the west coast of central Africa (southern Nigeria). It is composed of an overall regressive 
clastic sequence, which reaches a maximum thickness of about 12km (Evamy et al., 1978). Figure 1.1 
shows the map of the study Niger Delta. 
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Figure 1.1: Map of Niger Delta Showing the Location of the Study Area (Amigun and Bakare, 2013) 

The geology of Niger Delta has been extensively discussed by several authors. The Niger Delta forms one 
of the world’s major hydrocarbon provinces and it is situated on the Gulf of Guinea on the west coast of 
Africa. It is located at the southern end of Nigeria, bordering the Atlantic Ocean and it covers an area 
within longitudes 3oE - 9oE and latitudes 4oN - 6oN (Whiteman, 1982). It is one of economically 
prominent sedimentary basins in West Africa and largest in Africa (Reijers, 1996). It is composed of an 
overall regressive clastic sequence, which reaches a maximum thickness of about 12km (Evamy et al., 
1978). The geology of the Tertiary section of the Niger Delta is divided into three formations. They are 
namely, prodelta marine Akata formation, the paralic Agbada formation and Benin formation. Petroleum 
occurs throughout the Agbada Formation in the Niger Delta clastic wedge. Detailed studies on tectonics, 
stratigraphy, depositional environment, petrophysics, sedimentology and hydrocarbon potential are well 
documented in the literature:  Doust and Omatsola (1990); Nton and Adebambo (2009); Nton and 
Adesina (2009) among others.  

 

METHODOLOGY 
The well and seismic data were imported into the Interactive Petrel workstation. Correlation of the well 
logs was done to map the reservoirs and to locate the presence of hydrocarbon from the wells and seismic 
section. Wireline log signatures were employed to identify hydrocarbon bearing sand and determine the 
thickness of hydrocarbon bearing interval and for pore volume determination. Then we correlate well log 
results with that of seismic data (well-seismic tie) in mapping reservoir boundary, thickness and 
estimating the volume of hydrocarbon-in-place (HCPV) and stock tank oil initially in place (STOIIP). 
Horizon and fault interpretation was done to produce subsurface time structural maps (mapped on seismic 
inlines and crosslines) showing the structural features of the field. The fault interpretation was done 
across the inlines, while the horizon interpretation was done on both inlines and crosslines of the seismic 
section. The reservoir petrophysical parameters were computed using the well log data and combined 
with mathematical equations which were used to calculate the Stock STOIIP. Figure 2.1 shows Flowchart 
illustrating the research methodology.      
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Figure 2.1: Flowchart illustrating the research methodology 

Petrophysical Equations/Cut-Offs Used For the Petrophysical Calculation 

Net pay cut-offs are assigned on the basis of the following Petrophysical equations/Cut-offs used for the 
petrophysical calculation. These equations were used to generate petrophysical logs along Abika_001 for 
petrophysical analysis (figure 3.1). 

• Gamma Ray Index; IGR = (GR-10)/(110-10)  
• Volume of shale; VSH = 0.083 × [Power( 2,(3.7 × IGR) ) – 1]     - - - Larionov Terrtiary 
• Porosity (Ф); Poro = (2.65-RHOB)/(2.65-1) 
• Water Saturation; Sw_ud = 0.082/Poro        ----  Udegbunam and Ndukwe (1988) 
• Net – to – gross (NTG); NTG = If ( GR<68, 1,0) 

 
 
ANALYSIS OF RESULTS 
Calculating Oil in Place by the Volumetric Method 
For an oil reservoir above the bubble point, the Hydrocarbon pore volume or the oil-originally-in-place 
(OOIP) is given by: 
HCPV (OOIP) = Vb × N/G × Φ × (1-Sw) ………………………………………. 1.1 
where: 
OOIP = oil originally in place 
Vb = 7758 A × h = Gross Rock Volume or bulk reservoir volume, bbl 
7758 = conversion factor from acre-ft to bblbarrels and it is a constant 
A = Drainage/Reservoir area, (m2), acres 
h = pay thickness (ft) 
Φ = Average effective porosity obtained from the porosity log, (fraction/%). 
Sw = Average water saturation value from resistivity log, (fraction/%).  
N/G = ratio of net-to-gross thickness of the reservoir.  
 
To calculate stock tank volumes (STOIIP) the oil formation volume factor Bo at reservoir pressure, 
bbl/STB estimated from the production data is required. 

The Bo is a function of pressure (and consequently of reservoir depth).  
STOIIP = 7758× Vb × N/G × Φ× (1-Sw)   ……………………………………….1.2 
                                  Bo 
Bo = Volume of oil at reservoir condition 
        Volume of oil at surface condition 
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Well Log Correlation and Interpretation 
The well correlation is done to map the reservoir containing the sand or sand-shale and the shale which 
may act as the seal. Two Hydrocarbon reservoirs D1 and D2 were delineated across the four wells with 
the aid of the well logs for further interpretation and evaluation. Figure 4.1 shows the interpreted 
hydrocarbon-bearing reservoirs formations (Reservoir D1 and D2) delineated using the combination of 
gamma ray and resistivity logs. A log correlation connecting the four wells (Abika_001, Abika_002, 
Abika_003 and Abika_004) where the entire formations were considered and a good correlation was 
observed (Figure 3.1). The gross thickness of the sandstone formations ranges from 30m for reservoir D1 
and 105m for reservoir D2. As the reservoirs are intercalated with shale, the net pay thickness is evaluated 
as 66.7m (20 ft.) and 106.7m (32 ft.) for reservoir D1 and D2 respectively. 
 

 
Figure 3.1: Calculated Petrophysical Logs along Abika_001 
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Fig. 3.1: Correlation of wells and mapping of Hydrocarbon Bearing Reservoirs 

 
Determination of Lithology from Wire Line Logs 
The interpretation of lithology of the Abika wells was undertaken using all the logs available through a 
systematic approach. The gross lithology was corroborated and compared at depths of close range 
horizontally, through all the four wells using the gamma ray log and continued through the other logs: 
resistivity, SP. The corroboration is based on the various log signatures indicated at the respective depths.  
The lithologic logs: Gamma ray and Spontaneous Potential logs show the rocks type (sand or shale) 
present within the formation. Ohakwere-Eze, (2010), applied the method of picking tops from well logs 
over an offshore Niger Delta field, in the Niger Delta Basin 
With the gamma ray log, sand/shale base line was first established and the base line was set. If GR<68 on 
the scale, it is inferred to be sand and GR>68 is shale. Maximum deflection of the log signature to the 
right of the shale base line was interpreted as shale while maximum deflection to the left of the shale base 
line was interpreted as sandstone. Intermediate values were interpreted as sandy shale or shaly sands.  

The SP log was also used to ascertain the rock type which is positive (+) or negative (-) on the scale. If 
the log signature is positive (+) i.e. the deflection is to the right it is inferred to be shale but deflection to 
the left i.e. negative (-) is inferred as sand. The magnitude of the SP deflection depends on the resistivity 
contrast between the mud filtrate and the formation brine. Permeable beds typically deflect the SP curve 
to the left (more negative SP). Baseline shifts in SP curves are caused by changes in formation fluid 
salinity. SP curves are also sensitive to bed thickness, the deflection being attenuated in thin beds. 
After the lithologic identification, the hydrocarbon identification log which is the resistivity log was 
considered. It ranges from 0.2 - 2000Ωm as minimum and maximum respectively on the scale. For the 
resistivity log, deflections to the left were interpreted as low resistivity or high conductivity. Saline water 
formations are highly conductive while hydrocarbon prone areas have high resistivity, such that high 
resistivity (deflection to the right) implies the presence of hydrocarbon and low resistivity implies high 
conductivity (deflection to the left) which is deduced to be the presence of water.  
The well (Abika_001) was used with checkshot data from the same well and information from the sonic 
and density logs were used to extract the wavelet which was then used to generate synthetic seismogram 
for the well-to-seismic tie. This is shown in the figure 3.3 below 
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The Well-to-seismic tie was considerably good and revealed that the hydrocarbon bearing reservoirs are 
associated with direct hydrocarbon indicators on the seismic section. Figure 3.3 shows the synthetic 
seismogram generated for reservoir D1 and D2. The tops and bases of reservoir D1 and D2 from the well 
were tied to the synthetic and the seismic section. The well tops of the reservoir D1 and D2 and the well 
Abika_001 which is being tied is also shown on the seismic section (Figure 3.4).  
 
Oil-water contact 
The oil-water contacts recognized from well logs occur at depth 2375m. This is where the resistivity kick 
on the log is highest showing low water saturation and high hydrocarbon saturation. 
 

 
Figure 3.3: Well-to-Seismic Tie using Synthetic seismogram generated along ABIKA_001 

 

 
Figure 3.4: Well-To-Seismic Tie for Abika-001 on Inline 1598 
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SEISMIC STRUCTURAL INTERPRETATIONS 
Horizon and fault interpretation were carried out to define the structural features of the subsurface in the 
study area. Stratigraphic surfaces observed in the seismic section and correlated between well logs were 
mapped across a 170 km2 area. The time structure maps were generated from the horizons slices produced 
from the inlines and crosslines of the seismic section. The mapping range on the seismic section is from 
0-6000ms.  
 
Fault Interpretation 
Faults which are displacement of rocks are easily identified and picked on the inlines (dip lines) of the 
seismic section by selecting across points where the seismic events truncates or at points of discontinuity. 
Identification of faults on the seismic section was based on the following criteria:  
Reflection discontinuity at fault plane, Vertical displacement of reflection, Mis-closures in tying 
reflections around loops, abrupt termination of events, Overlapping of reflections, Change in pattern of 
events across the faults.  The faults picked on the seismic sections show a structural trend which agrees 
with the principles that emphasize the influence of the ratio of sedimentation to subsidence rates Curtis, 
(1970).  The structural trend shows collapsed crest structures and growth structures. Major fault and 
minor were identified mainly on abrupt termination of reflection events and marked on the in-lines (figure 
3.5). Figure 3.6 shows the interpreted faults with the well location on the seismic section. 

 
Fig. 3.5: Fault interpretation across the field on Inline 1598 
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Fig. 3.6: Interpreted faults and the wells 

 
Horizon Mapping and Interpretation  
A horizon is a reflecting surface that appears on seismic sections and is recognized as coherent reflection 
of event. It is the interface between two different rock layers. In this study, the horizons were picked 
based on the prospective zones identified from petrophysical analysis of well logs and the interpretation 
starts at the point where the well and seismic ties. Two prospective zones or horizons were picked on 
inline 1598 (figure 3.7), specifically Horizon D1_top and D2_top were identified which marked the top of 
reservoir sand D1 and D2 and the well-to-seismic tie was done using the check shot data. Horizon 
interpretation was done both in the inlines and crosslines of the seismic section. The Inline range is from 
1500 to 1800, Crossline range is from 6140 to 6366 and the Inline/Crossline interval is 25m. The horizons 
were then tied at their intersection points in order to ensure consistency in all the lines of intersections and 
in all the seismic sections which covered the entire survey area. The analysis was rechecked in areas 
where there were mis-ties and the mis-ties were corrected. 

 

 
Figure 3.7: Horizon_D1_Top and Horizon_D2_Top Interpretation on Inline 1598 
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Horizon slices of horizon D1_top and D2_top were generated after the manual picking (interpretation) on 
both the inlines and crosslines which shows the well locations and the interpreted faults with their dipping 
pattern (figure 3.8 and 3.9). These horizon slices were used to generate the time maps for the two 
horizons after the faults have been posted. Figure 3.10 shows the interpreted Horizons, Fault sticks and 
wells across crossline 6153. 
 
4.3.3 Posting of Faults 
After mapping out the faults and the horizons and generating horizon slices, the faults were posted before 
generating the maps. This was carried out by mapping the fault heaves and throws. The hanging and foot 
walls of the faults (the throw) were measured with reference to the in-lines. Faults are either synthetic 
faults (dipping south) or antithetic faults (dipping north). The general trend of the faults was North East, 
South East, North West part of the field (Figs 3.11 and 3.12). 
 

 
Figure 3.8: Horizon_D1_Top and Well Locations     Figure 3.9: Horizon_D2_Top and Well Locations 
 

 
Figure 3.10: Interpreted Horizons, fault sticks and wells across line 6153 

  
Generation of Structural Maps 
Time and depth structure maps bring out the structural details corresponding to the hydrocarbon bearing 
stratigraphic units. About four different types of maps were generated for interpretation. These maps 
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include: Time Structure maps for Reservoir D1 and D2 and Depth structure map for Reservoir D1 and 
D2. These maps are shown in figures 3.11 - 3.12 and 3.14 - 3.15.  
Structural maps were produced for each of the sequence boundaries (horizons) to evaluate the geometry 
of the mapped horizons. These maps also give an interpreter a 3-D perspective of the mapped surfaces. 
The corresponding time values of the two horizons on all the cross-lines were picked with the use of the 
in-lines to generate the time map.  
During contouring, the variable nature of the seismic signals as well as the varying structural features of 
rock deformation was taken into consideration. The fault traces were posted on the horizon slices which 
were reflected on the structural maps produced. Also, the fault throws and directions of dip obtained from 
the seismic sections were indicated on the maps. 

 
Figure 3.11: Time Map of D1_Top  Figure 3.12: Time Map of D2_Top 

 
 
The entire field is observed to have closures. The principal feature responsible for hydrocarbon 
entrapment is anticlinal structures which are observed to be towards the NE/SE part which is the upper 
part mostly and cut across the major fault and more likely at the central part of the field (figure 3.11). All 
the faults across the field dip southward (synthetic faults). The time values increases from northern part of 
the field towards the southwestern part ranging from 1920 to 2220 milliseconds with the contour interval 
of 10 milliseconds. Similar features are observed in the second time map (figure 3.12) with elevation time 
ranging from 2000 milliseconds to 2360 milliseconds but the same time for the contour intervals.  
 
Time – Depth conversion 
The time values of the two horizons were converted to depth generated by a polynomial function named 
Abika_001 polynomial function with the aid of check-shot data provided using the two way time (TWT) 
and total vertical depth subsea (TVDSS). Checkshot is used to get the time-depth data used for the time-
depth (T-Z) plot. The values obtained were used to produce the structure contoured maps. Figure 3.13 is a 
polynomial function showing time-depth (T-Z) Curve for Abika_001 used for Depth conversion. The 
trend of the curve is as a result of how the check shot data was acquired and perhaps how the way the 
geophones were placed.  
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Figure 3.13: T-Z Curve for Abika_001 used for Depth Conversion 

 
Figure 3.14: Depth Map of D1_Top   Figure 3.15: Depth Map of D2_Top 

 
 
Horizon D1_top depth map shows the contour line having a closure closing up with the major growth 
fault at the central position of the map and also other closures closing up with the minor faults below and 
above it in the south east and north east direction respectively. The minor fault at the north east cut across 
well Abika_001 and the major fault close to it and well Abika_003. The well Abika_001 is at the down - 
throw side of minor fault but at the up-throw side of the major growth fault.  These faults give a fault 
assisted structures for hydrocarbon accumulation and form a good prospect area. 
Also, Horizon D2_top depth map shows similar feature as D1_top, the contour line having a closure 
closing up with the major fault at the central position of the map and also other closures closing up with 
the minor faults below and above it in the south east and north east direction respectively. The minor fault 
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at the north east of the map cut across well Abika_001and the major fault close to it and well Abika_003. 
This horizon occurs at a deeper depth than the first horizon. 
 
ESTIMATION OF HYDROCARBON PORE VOLUME AND STOIIP 
Volumetric estimation of hydrocarbon in these reservoirs D1 and D2 was done using the calculated 
petrophysical parameters (Table 1 and 2) substituted into the given equation 1.1 & 1.2.  
 
Table 1. Average Petrophysical Properties for Reservoir D1 

Table 2. Average Petrophysical Properties for Reservoir D2 

 
 
The Stock Tank Oil Initially in Place (STOIIP) in Million Stock Tank Barrels (mmstb) for B 1000 
Reservoir containing Reservoir D1 and D2 was calculated based on the average petrophysical properties 
and STOIIP equation. The results of the calculation are the economically producible oil in two reservoirs 
in the study area shown in Table 3. 
 
where Bo = 1.89 is the oil formation volume factor 
 
Evaluation of Hydrocarbon Pore volume and STOIIP for Reservoir D1 

Area = 1500, Pay thickness = 20  
ɸ = 0.22, Sw = 0.28, N/G = 0.62 
GRV = area × pay thickness 
         = 1500 × 20 = 30,000 
HCPV = 7758 ×30,000× 0.22 ×0.62 × (1 – 0.28)  
            = 22,856,929.92bbl 

 
STOIIP = 7758 × 1500× 20 × 0.22 × 0.62 × (1- 0.28) 

    1.89 
   = 31745736 × 0.72 
      1.89 
  = 22,856,929.92 

    POROSITY 
  (FRACTION) 

NET-TO-GROSS 
   (FRACTION) 

WATER 
SATURATION 
       (FRACTION) 

ABIKA_001  
        0.24 

          
         0.7 

  
           0.31 

AVERAGE 
RESERVOIR 
PROPERTIES 

  
         0.24 

 
          0.7 

         
            0.31 

    POROSITY 
  (FRACTION) 

NET-TO-GROSS 
   (FRACTION) 

WATER 
SATURATION 
       (FRACTION) 

ABIKA_001  
        0.22 

          
         0.62 

  
           0.28 

AVERAGE 
RESERVOIR 
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         0.22 

 
         0.62 

         
            0.28 
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   1.89 
 = 12,093,613.71mmstb 

 

Evaluation of Hydrocarbon Pore volume and STOIIP for Reservoir D2 

Area = 1280, Pay thickness = 32 
Porosity (ɸ) = 0.24, Sw = 0.31, N/G = 0.7 
GRV = 1280 × 32 = 40,940 
HCPV= 7758 × 40,960 × 0.24 ×0.7 × (1 – 0.31)  

= 36,835,629.47bbl 
 

STOIIP = 7758 × 1280 × 32 × 0.24 × 0.7 × (1 – 0.31) 
    1.89 

              = 36,835,629.4656 
          1.89 

              = 19,489,751.04mmstb 
 
Table 3: Average petrophysical properties and STOIIP for B 1000 reservior. 

Reservoir  Area 
(Acres) 

  Pay 
Thickness        
(Ft) 

Porosity                 
(ɸ) 
(Fraction) 

Water 
Saturation 
(fraction) 

Net-to- 
gross 
(fraction) 

STOIIP  
(Mmstb) 

D1 1,500 20 0.22 0.28 0.62 12,093,613.71 
D2 1280 32 0.24 0.31 0.70 19,489,751.04 
 
 

DISCUSSION OF RESULTS  
Two hydrocarbon bearing reservoirs, Reservoir D1and Reservoir D2 were delineated in the Abika field. 
Two horizons were mapped as Horizon D1_Top and Horizon D2_Top after well-to-seismic tie was 
carried out by generating the synthetic seismogram and these horizons were interpreted across the field. 
The time and depth structure maps (Figure 3.11-3.12 and 3.14-3.15) produced for each of the two 
horizons studied revealed both major and minor faults. The major fault had a larger throw than the minor 
ones. The time and depth structure maps of tops of sand D1 and D2 revealed that both reservoirs has 
synthetic faults (dipping southward). 

After contouring, structural traps or closures found around fault blocks were identified. The contour 
intervals are 10 milliseconds apart on the time maps and 20m apart on the depth maps. The Prospect areas 
represented on a structural map where hydrocarbons are likely to accumulate are the closures seen in 
Figure 3.14 and 3.15 and generally shows representative of the depth maps of the study area. The depth 
values of the first horizon (Horizon D1_top) decreased towards the north eastern part of the field as 
indicated on the contours which give rise to structural highs at its eastern part. The depth values of 
Horizon D1 range from about 2240m to about 2560m. This decreasing pattern of contours is observed 
with the second reservoir (horizon D2_top) with a depth range from 2350m to 2750m. The two horizons 
interpreted also revealed existence of simple rollover anticlinal structures on the maps, the structure 
responsible for entrapment or accumulations of Oil in Place. 
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Reservoir D1 
The reservoir has a pay thickness of 20 ft. and an area of 1500 acres. The reservoir has an interwoven 
sand and shale intervals but the net pay was obtained from the net-to-gross fraction. Hydrocarbon 
saturation parameter calculated within this reservoir show range of values well above 72%. The resistivity 
of the reservoir varies between 6 - 2000 Ωm which is considered very high and depicts hydrocarbon 
bearing zone. Volumetric estimation of hydrocarbon in this reservoir D1 was estimated using the 
calculated petrophysical parameters (Table 1) and data derived from the depth structural map (Figure 
3.14). The estimated oil originally in place is 22,856,929.92bbl and the stock tank oil initially in place 
(STOIIP) is 12,093,613.71mmstb 
 
 
Reservoir D2 
Reservoir D2 has a pay thickness of 32 ft. and covers an area of about 1280 acres. The reservoir D2 is 
interwoven with sand-shale intervals. The net pay was obtained from the net-to-gross fraction as well. 
Hydrocarbon saturation parameter calculated within this reservoir show range of values well above 69%. 
Also, volumetric estimation of oil in reservoir D2 was estimated using the calculated petrophysical 
parameters (Table 2) and data derived from the depth structural map (Figure 3.15). The estimated oil 
originally in place is 36,835,629.47bbl and the stock tank oil initially in place (STOIIP) is 
19,489,751.04mmstb. 

 
CONCLUSION  
Seismic and well log data have been used to investigate structural characteristics of identified sand bodies 
within the subsurface of the Abika- field. This study was based on the use of wireline logs and 3D seismic 
data to produce time maps, depth structure maps, isochron maps and structural cross sections and to 
define subsurface structure, hydrocarbon trapping potentials and environment of deposition of sand 
bodies in an oil field in the Niger Delta, Nigeria. The integration of well log and seismic data provided a 
high degree of reliability in mapping subsurface structural and stratigraphic plays. It also provided insight 
to reservoir hydrocarbon volume estimation which may be utilized in exploration evaluations and in well 
bore planning. We have been able to identify and establish the existence of economically producible 
hydrocarbon reservoirs (oil) in the study area. 
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Abstract 
This research investigated fractal and chaotic dynamics in the vertical profile radio refractivity in the 
atmosphere using Tsallis Entropy, Hurst Exponent and Largest Lyapunov Exponent (LLE). Daily 
temperature, relative humidity and radio refractivity data obtained from the European Centre for Medium 
Range Weather Forecasts (ECMWF) Re-Analysis Project at thirty seven (37) different atmospheric 
pressure level from 1979 - 2014 were used in this study.  The Hurst Exponent parameter obtained, using 
the method of Detrended Fluctuation Analysis, in the radio refractivity profile studied showed that there 
is persistence across all levels. Tsallis entropy did not reveal any structure or significant variations from 
the tropopause to the surface.  To determine if any of the radio refractivity is chaotic at any of the studied 
level, the Largest Lyapunov Exponent (LLE) was computed. Positive values were obtained at all levels 
for radio refractivity, indicating deterministic chaos in the profile of radio refractivity. 
Keywords:  chaos, radio refractivity, Lyapunov Exponent, atmospheric dynamics 
 
Citation: Ogunjo, S. T., Fuwape1, I. A., Oluyamo, S. S., Rabiu, A. B., Dada, B. J., 2016. Dynamics of 
vertical profile of radio refractivity in Akure, South-Western Nigeria. Proceedings of 2016 Annual 
Conference of African Geophysical Society, Abidjan, pp 44 - 46 
 
Introduction 
Dynamical complexities in atmospheric time series has gained attention in recent times  due to its ability 
to reveal underlying dynamics and inherent behaviour not possible with linear tools (Fuwape et al., 2016).   
There is the need to investigate chaoticity in radio refractivity as it is one of the most important ways of 
determining the effect of atmospheric parameters on communication systems.  This study aims to 
investigate the degree of disorderliness, persistence and chaotic nature in the vertical profile (sea level to 
the stratosphere) of radio refractivity over Akure, South western Nigeria.  Result obtained in this study 
will help in planning of satellite communication system over the region. 
 
 
Methodology 
Daily average values of 2m temperature (T), 2 m dew point temperature and surface pressure (P) from 
1979 to 2014 were obtained from the archives of the European Centre for Medium Range Weather 
Forecasts (ECMWF) Re-Analysis Project at thirty seven (37) different atmospheric pressure levels.  
Radio refractivity was computed from the expression  

  ⎟
⎠

⎞
⎜
⎝

⎛ +=+=
T
eP

T
NNN wetdry 81046.77

              (1) 

where e is the water vapour pressure.   The data was detrended to remove periodicity (Ogunjo, 2015). 
 
Entropy is the degree of disorderliness in a system.  The concept of entropy is widely used to describe the 
state of systems in thermodynamics and statistical mechanics.  Different types of entropy such as 
Shannon Entropy, Tsallis entropy have been introduced over the years.  Tsallis entropy (Tsallis, 1988)  is 
defined as  
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ℜ=q is a measure of the non-extensivity of the system.  In the limit 1→q , Tsallis entropy is equivalent 
to the Boltzmann Gibbs entropy.  In this work, Tsallis entropy was computed using the value of 2 for q. 
 
Hurst exponent was developed to characterized experimental noisy data and long term correlations in time 
series and stochastic processes.  Based on the value of  Hurst exponent H, a time series can be categorized 
as anti-persistent (0 < H <  0.5), persistent (0.5 < H < 1) or uncorrelated (H = 0.5).  Various algorithms 
such as Detrended Fluctuation Analysis (DFA), Rescale Range, Wavelet based estimation techniques 
have been developed for the computation of Hurst exponents.  In this work, the DFA approach will be 
used (Peng et al., 1994).  The data of length N is divided into n numbers of non-overlapping segments 
containing l points.  The linear least square fit of the local trend m of each segment is computed.  The 
difference ix between the original “walk” and the local trend is also computed.  The Hurst exponent H, 
can be obtained as 

H
l

i
id lixlF 2

1

2)()( ≈= ∑
=

                                                                                           (3) 

Different quantifiers have been proposed for the determination of chaos in time series data.  A Lyapunov 
exponent offers a simple way of distinguishing chaotic and non-chaotic systems: a positive value of 
Lyapunov exponent is a simple indicator of chaos in a system. 
 
 
Results, Discussion and Conclusion 
The results obtained in this research work are presented in Figure 1.   The mean radio refractivity values 
decreased in the stratosphere until the beginning of the troposphere where a curved increase was 
observed. The decay stop at the beginning of the boundary layer (900 hPa).  The vertical profile of 
entropy in radio refractivity is shown in Fig. 1(a).  The profile show little variations throughout the 
atmosphere with a range of 0.95 - 0.985. In this small range, an increase was observed from the 
stratosphere up to the range of the freezing height. This is significant in the design of communication 
systems, as the result shows that significant changes occur at the freezing height. At this point, a decrease 
up to about 800hPa followed by an oscillatory decent till the top of the boundary layer. Within the 
boundary layer, variation in entropy values could be observed. Figure 1(b) shows the vertical profile of 
Hurst exponents obtained for radio refractivity. All values obtained showed persistence in radio 
refractivity values in the atmosphere. High values were obtained for 950 and 850 hPa pressure levels 
while low extreme was found at the isotherm layer.  The LLE for radio refractivities in the atmosphere is 
shown in Fig. 1(c). Very high values were found at the stratosphere, 800 hPa and 950 hPa pressure levels. 
All values obtained were found to be positive, hence, radio refractivity values in the atmosphere can be 
said to be chaotic. Our current result is in agreement with that of Adediji and Ogunjo (2014)  who 
reported chaos in radio refractivity data from ground level to 200 m in steps of 50 m using entropy, 
Lyapunov exponents and recurrence quantification analysis over the same location. The implication of 
this result for communication purpose is significant. As Lyapunov exponent is an indicator of 
predictability, reliability of microwave communication links in chaotic regime is limited. Hence, proper 
planning of microwave link budget is important for efficient and reliable communication network. 
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Figure 1:  Vertical profiles of radio refractivity with associated (a) entropy values  (b) Hurst Exponent (c) 
Largest Lyapunov Exponent over the study location. 
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