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Abstract: 
The prediction of overpressured events using well logs and seismic data was carried out in Pasney Field located in Onshore Niger Delta. 

Four (4) wells were correlated to delineate reservoir sands using gamma ray, density, neutron and resisitivity log. Eight (8) normal faults 

were interpreted on seismic. Using well to seismic tie, the four (4) wells namely Pasney-001, Pasney-002, Pasney-003 and Pasney-004 were 

displayed on seismic and synthetic seismogram were generated which helped in identifying the various reservoir horizons. Three (3) 

reservoir horizons were interpreted. The interpreted reservoir horizons aided in production of time maps and this was converted to depth 

map using a polynomial velocity model. The depth map revealed that the reservoirs are compartmentalized which is an indication of 

overpressure. The interval velocity and acoustic impedance generated from seismic showed areas of overpressure as they both decrease in 

value on encountering overpressured zones. The reservoir tops conform with the upper limit of overpressure while the base corresponds 

with the lower limit of overpressure. The pressure data showed that the Pasney Field has mild overpressure. 

Keywords —Acoustic Impedance, Interval Velocity, Overpressure, Well Logs, Seismic Data. 
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I. INTRODUCTION 

In drilling, production and reservoir engineering, 

understanding various pressure concept such as 

hydrostatic pressure, overburden pressure and 

formation pressure is very important. Pore pressure 

is the pressure exerted by fluid inside the pores of 

reservoir rock. Pore pressure is an element of the 

formation effective pressure and overburden 

pressure (the pressure which results from the total 

weight of the rock matrix and the fluids in the pore 

space superjacent to the formation of interest). 

Hydrostatic pressure is the normal predicted 

pressure at any given depth. According to 

Dickinson (1953), a formation is said to be 

overpressured when an anomalous high pore 

pressure higher than the hydrostatic pressure occurs 

at a given depth. Also, when the pore pressure is 

below the hydrostatic pressure at any given depth, 

the formation is termed under-pressured. 

Anomalously high pore fluid pressures are 

experienced worldwide in formations varying in 

age from the Paleozoic era (Cambrian age) to the 

Cenozoic era (Pleistocene age) (Olatunbosun A. et 

al., 2014). 

 

The mapping of the tops of overpressure events 

in any formation penetrated by a wellbore enhances 

the use of normal drilling techniques of the 

borehole while paying attention to the mapped 

zones. Optimum mud weight, casing design and 

proper logistics for drilling operations can be 

carried out when the formation pressure is known 

(Opara I. A., Onuoha M.K., 2009). Identification of 

overpressures is imperative as precautionary 

measures can be taken and planning can be done 

accordingly before drilling. 
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Pore pressure can be determined using any of the 

following: drilling data, wire line logs, seis

and a combination of seismic and wireline logs. 

Each method is appropriate for different geologic 

settings, data handiness and causes of overpressure. 

Seismic method is employed for pre

pressure prediction since drilling and wireline lo

data are obtained during drilling of the well. Hence, 

wireline and drilling data cannot be used for 

predicting pore pressure in a virgin field.  

 

The most widely used seismic method is to 

convert velocities from seismic into pore pressure 

data (Huffman A. R., 2002). The seismic reflection 

method is the conventional geophysical surface 

approach for predicting pre-drill pore pressures. 

Pore pressure can be inferred from seismic response 

by examining the interval velocities and it is 

dependent on the consideration that overpressure 

intervals have lower velocities than normally 

pressured zones at the same depth (Carcione J.M. 

and Cavallini F., 2002); (Dutta N., 2002). Under the 

assumption that seismic velocities are greatly 

influenced by compaction which is s

also affected by changes in pore pressure, seismic 

velocities can be used as pointer to abnormality in 

pore pressure regimes in areas that have not been 

drilled.  

 

This study focuses on using acoustic impedance, 

interval velocities and well log data in predicting 

overpressuredzones in Pasney field, Onshore Ni

delta. 

II. GEOLOGY OF THE STUDY AREA

The study area is located in the Onshore part of 

the Niger delta basin. 

 

The Niger Delta basin is located in the Gulf of 

Guinea and spreads throughout the Niger Delta 

province (Klett T. R. et al. 1997).The Niger Delta 

basin is believed to have formed from a failed arm 

(aulacogen) of the triple junction which was a result 

of separation of the south America and African 

plate in the Jurassic. After rifting stopped in the late 
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eration that overpressure 

intervals have lower velocities than normally 

pressured zones at the same depth (Carcione J.M. 

and Cavallini F., 2002); (Dutta N., 2002). Under the 

assumption that seismic velocities are greatly 

influenced by compaction which is subsequently 

also affected by changes in pore pressure, seismic 

velocities can be used as pointer to abnormality in 

pore pressure regimes in areas that have not been 

This study focuses on using acoustic impedance, 

data in predicting 

overpressuredzones in Pasney field, Onshore Niger 

AREA 

The study area is located in the Onshore part of 

The Niger Delta basin is located in the Gulf of 

e Niger Delta 

province (Klett T. R. et al. 1997).The Niger Delta 

basin is believed to have formed from a failed arm 

(aulacogen) of the triple junction which was a result 

of separation of the south America and African 

opped in the late 

cretaceous, gravity tectonics became the primary 

deformation process. 

 

According to Kulke H., 1995, shale diapirism 

which is as a result of under compacted, 

overpressuredprodelta and delta slope clay of Akata 

formation by the overlying delta front sands of the 

Agbada formation and slope instability inducing 

internal deformation. The aftermath of gravity 

tectonics is expressed in form of complex structures 

such as clay diapirs, roll over anticines, collapsed 

growth fault crests, back to bac

diping closely spaced flank faults (Evamy B. et al., 

1978; Xiao H. and Suppe J., 1992). Tuttle et al, 

(1999) stated that the growth faults of the Agbada 

fomation flatten near the top of the Akata 

formation. Various classes of structural p

common in the Niger Delta with each pattern being 

almost exclusive to a particular zone. They include 

extensional zone(onshore), translational zone 

(continental shelf) and compressional zone (deep 

water). Growth fault is likened to the extension

zone, diapirs to translational zone and toe thrust to 

compressional zone. 

 

Fig. 1.Map of Niger Delta Showing 

 

III. METHODOLOGY 

This research work made use 3D seismic SEG

data, well header data, well checkshot data, well 
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deviation data, pressure data, well log data from 

four (4) wells comprising of gamma ray, density, 

resisitivity, sonic, neutron and porosity data of the 

Pasney Field. 

 
Table 1: Well Log Data 

 

The four (4) wells were correlated with the aid 

of the gamma ray, neutron, density, sonic and 

resistivity log. Reservoir bearing sands were 

delineated. Faults were mapped in the seismic and 

the well logs were tied to the seismic with the aid of 

the checkshot data. Reservoir bearing sands were 

interpreted on seismic to produce time maps which 

were then converted to depth maps with the aid of a 

velocity model.  

 

Porosity data were plotted against depth 

(TVDSS). Velocity data were also plotted against 

depth. Formation gradient were determined from 

pressure data and test depth. 

 

IV. RESULTS AND DISCUSSIONS

A. Well Logs 

With the aid of the gamma ray, resistivity, sonic 

and density log various reservoir sands were 

delineated across the different wells pseudo named 

Pasney 001, 002, 003 and 004 as in Fig. 2. The 

resistivity log was coloured red, sonic log was 

coloured green while density was coloured blue.  

 

The analysis of the all the well section revealed 

that each of the sand units extends through the field 
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were then converted to depth maps with the aid of a 
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(TVDSS). Velocity data were also plotted against 
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DISCUSSIONS 

With the aid of the gamma ray, resistivity, sonic 

and density log various reservoir sands were 

delineated across the different wells pseudo named 

001, 002, 003 and 004 as in Fig. 2. The 

resistivity log was coloured red, sonic log was 

coloured green while density was coloured blue.   

The analysis of the all the well section revealed 

that each of the sand units extends through the field 

and varies in thickness with some unit occurring at 

greater depth than their adjacent unit i.e. possibly 

an evidence of faulting. The shale layers were 

observed to increase with depth along with a 

corresponding decrease in sand layers.

 

Owing to the presence of hydrocarbon special 

attention was given to reservoir sands named P

P-2 and P-3 as in Fig. 2. The three main reservoir 

sands were correlated by the top and base. P

and base is colored red, P-2 top and base is colored 

blue while P-3 is colored green for easy 

identification. 

 

Fig. 2. Wells in Pasney Field Showing the Well logs and Reservoir Sands

 

B. Fault Interpretation 

Eight faults were mapped as fault 1

respectively across the seismic section for these 

analysis as shown in Fig. 3. This was achieved after 

the seismic to well tie and the synthetic seismogram 

was done. The reservoirs of interest mapped are the 

P-1, P-2 and P-3 sands.  
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Fig. 2. Wells in Pasney Field Showing the Well logs and Reservoir Sands 

Eight faults were mapped as fault 1- fault 8 

respectively across the seismic section for these 

shown in Fig. 3. This was achieved after 

the seismic to well tie and the synthetic seismogram 

was done. The reservoirs of interest mapped are the 
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Fig. 3.  3D View of Faults in Pasney Field

 

Fig. 4 clearly shows the interpreted ho

The faults interpreted are normal faults as the 

footwall is up relative to the hanging wall.

 
 

Fig. 4.  Faults and Horizon Interpreted in Pasney Field

 

C. Time and Depth Map 

Mapped horizons and the generated fault 

polygons were used to generate grid maps which 

were in turn used to generate the time map and the 

depth map for horions P-1, P-2 and P

and depth structural maps for the two horizons 

generated are shown in Figures 5, 6 and 7. The 

faults seen on the seismic section is also displayed 

on the surfaces. 

 

From Figures 5, 6 and 7, it can be observed 

that the peak of the area has red coloration while 

the lowest point has yellow coloration. 

 

From the time and depth maps, it can be 

observed that the reservoirs are compartmentalized 
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Fig. 4.  Faults and Horizon Interpreted in Pasney Field 

Mapped horizons and the generated fault 

polygons were used to generate grid maps which 

were in turn used to generate the time map and the 

2 and P-3. The time 

and depth structural maps for the two horizons 

Figures 5, 6 and 7. The 

faults seen on the seismic section is also displayed 

From Figures 5, 6 and 7, it can be observed 

that the peak of the area has red coloration while 

the lowest point has yellow coloration.  

maps, it can be 

observed that the reservoirs are compartmentalized 

and the faults appear to be sealing which is an 

indicator of overpressure. 

 

 Fig. 5.  Time and Depth Map Generated for P

 

  Fig. 6.  Time and Depth Map Generated for P

 

 

 

  Fig. 7.  Time and Depth Map Generated for P

 

From the trapping style observed in Fig. 5, Fig. 6 

and Fig. 7, it can be observed that the reservoirsare

compartmentalized which is a prior condition for 

overpressure. The faults can be seen to be sealing 

and this is also a pointer to overpressure.

 

D. Overpressure Prediction 

The overpressured zones were predicted 

while considering the gamma ray log, resisitivt

log, porosity log, interval velocity, acoustic 

impedance, sonic velocity, and reflection 

coefficient.  
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and the faults appear to be sealing which is an 

 
Fig. 5.  Time and Depth Map Generated for P-1 horizon 

 
Fig. 6.  Time and Depth Map Generated for P-2 horizon 

 
Fig. 7.  Time and Depth Map Generated for P-3 horizon 

From the trapping style observed in Fig. 5, Fig. 6 

and Fig. 7, it can be observed that the reservoirsare 

compartmentalized which is a prior condition for 

overpressure. The faults can be seen to be sealing 

and this is also a pointer to overpressure. 

The overpressured zones were predicted 

while considering the gamma ray log, resisitivty 

log, porosity log, interval velocity, acoustic 

impedance, sonic velocity, and reflection 
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For wells named Pasney 001 to Pasney 004, it 

can be observed that a decrease in interval velocity 

corresponds with a decrease acoustic impedance, 

sonic velocity, reflection coefficient. The observed 

decrease can be seen to correspond with a 

gamma ray reading which tallies with an increase in 

porosity value. This is an indication of 

overpressure. 

 

 

 

  Fig. 8.  Overpressure Prediction using seismic method in Pasney 001
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For wells named Pasney 001 to Pasney 004, it 

can be observed that a decrease in interval velocity 

corresponds with a decrease acoustic impedance, 

c velocity, reflection coefficient. The observed 

decrease can be seen to correspond with a high 

tallies with an increase in 

This is an indication of 

 
.  Overpressure Prediction using seismic method in Pasney 001 

  Fig. 9.  Overpressure Prediction using seismic method in Pasney 002

 

  Fig. 10.  Overpressure Prediction using seismic method in Pasney 003
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.  Overpressure Prediction using seismic method in Pasney 002 

 
Fig. 10.  Overpressure Prediction using seismic method in Pasney 003 
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  Fig. 11.  Overpressure Prediction using seismic method in Pasney 004

 

From Fig. 8, Fig. 9, Fig. 10, Fig. 11 while 

observing the gamma ray log, resisitivity colored 

red, the porosity colored brown, the acoustic 

impedance colored blue, the interval velocity 

colored grey, the reflection coefficient colored 

purple, the velocity from velocity model colored 

yellow, the correlated reservoir tops corresponds to 

overpressure events. This is because interval 

velocity and acoustic impedance reduces with depth 

when it encounters an overpressure zone. 

 

Also, sonic porosity and sonic time (Fig. 12 and 

Fig. 13) increases with depth when it encounters an 

overpressure zone 

 

Fig. 12.  Overpressure Prediction Using Plot of Sonic Porosity Against Depth
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Fig. 12.  Overpressure Prediction Using Plot of Sonic Porosity Against Depth 

 

 

Fig. 13.  Overpressure Prediction Using Plot of Sonic Time Against Depth

E. Formation Pressure Evaluation

The formation pressure was evaluated from the 

pressure data provided. It can be observed that 

Pasney 001 has pressure values for depth ranging 

from 8414ft to 11712ft while 

pressure values for depths 7478ft and 7480ft. 

Pasney 003 has pressure values for 10164ft and 

11780ft while no pressure data was available for 

Pasney 004. 

 

 

 
Table 2: Pressure data for Pasney 001, 002, 003 showing the pressure gradient 

at different depth 
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From the pressure data, the pressure gradient has 

a valued between 0.4144psi/ft in Pasney

0.5934psi/ft as seen in Pasney-001. This shows 

presence of mild overpressure. 

 

V. CONCLUSIONS 

Seismic method of mapping overpressure events 

is very important in the Niger Delta. This method 

has proved useful since overpressure is readily 

detected in the Niger Delta basin owing to 

disequilibrium compaction of shales.  

 

The use of interval velocity a

impedance is essential in the prediction of 
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From the pressure data, the pressure gradient has 

a valued between 0.4144psi/ft in Pasney-002 to 

001. This shows 

Seismic method of mapping overpressure events 

is very important in the Niger Delta. This method 

has proved useful since overpressure is readily 

detected in the Niger Delta basin owing to 

The use of interval velocity and acoustic 

impedance is essential in the prediction of 

overpressure zones as an anomaly from its original 

increase in value with depth suggest an 

overpressured zone. Also, an increase in porosity 

with depth is also an indicator of overpressure.

 

The overpressure within the Pasney Field is mild 

to moderate as a result of its pressure gradient 

between 0.4psi/ft to 0.8psi/ft 
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