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Abstract 

Accurate transform of seismic velocity to formation pressure is vital to safe and cost-effective drilling, 
especially in frontier basins with little or no offset data. There exist several compaction trend algo-
rithms, most of which are not based on rock physics concepts. Although some progress has been made 
in the use of rock physics in pore pressure estimation, however a lot of work is still needed in the area 
of accurate velocity -to-pressure transforms in shale dominated settings. This paper provides a quick 
and simple model for velocity(Vp) transformation to vertical effective stress (VES) as an input to pore 

pressure estimation. Shale velocity, density log and measure pore pressure (MPP) data were used to 
develop a Vp-VES transform for the Onshore Niger Delta Basin. Seismic  velocities were picked densely 
and sparsely respectively (100m and 200m) around wells with MPP data. These interval velocities were 
applied to the Vp-VES regression from wells to obtain VES cubes from both isotropic and anisotropic 
Pre-Stack Depth Migration (PSDM) velocity. Seismically-derived Pore Pressure data (PP) were obtained 
from the differences between overburden stress and VES cubes and further compared with MPP data. 
The transformed seismic PP approximated the MPP at offset well locations. The resultant velocity profile 

from the velocity picking proved to be optimal in the transformational process of the seismic PP; 
therefore, the use of 100m spacing provided adequate spatial resolution. In addition, the inverted 

anisotropic seismic interval velocities provided a trend that fits with the geology of the study area, far 
better than the isotropic velocity. The anisotropic PSDM velocity enhanced PP at a pressure gradient 
greater than 0.7 psi/ft and depth >14000 ft ss with little or no calibration. Therefore, incorporation of 
anisotropic correction on long offset data and the use of a rock physics constrained Vp-VES transform 
will ultimately improve seismic PP imaging at deeper intervals.  

Keywords: Anisotropic correction; isotropic velocity; seismic velocity; vertical effective stress; Pre-stack depth 
migration; pore pressure. 

 

1. Introduction  

In today’s oil and gas exploration activities, detailed and accurate knowledge of subsurface 

pressure regime is very beneficial to seal integrity and hydrocarbon column height estimation 

as well as in safety optimization and drilling cost reduction. Lack of accurate pre-drill pore 

pressure profile generally results in cautious drilling and consequently slows down penetration 

rates, cause excessive bit wear, and increase well cost and risk while drilling [1]. 

Over the past few decades, seismic velocities in their different vintages change remain to 

became a major source and, most often, the only input data for large scale pre-drill pore-

pressure prediction. This is true, especially for virgin areas and when drilling beyond known 

depth intervals within the explored areas. The extraction of the target overpressure signature 

from seismic velocity input is based on the theoretically accepted and practically proven em-

pirical fact that overpressure is measurable from seismic data and therefore, can be extracted 

and interpreted from the relevant seismic velocity information. Overpressures normally affect 

the compaction of subsurface rocks, and therefore, changes in the formation velocity can be 

calibrated to changes in pore pressure, assuming there are no lithological variations. Velocities 
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derived from surface seismic data are, very effective as an indirect means of predicting sub-

surface pore pressures prior to drilling [2]. 

Deeper targets in the Onshore Niger Delta are associated with the lack of offset well data, 

and poor seismic resolution at depths since most seismic surveys in the Niger Delta were shot 

with a 3.0 km cable offset [2-3]. These deep prospects and plays would, therefore, largely require 

long, offset wide azimuth seismic data and update on the velocity modelling workflow for optimal 

prospect evaluation and well design. 

The interpretation and extraction of overpressure anomaly from well and seismic velocities 

reversals are not new. However, the transformation model used in determining an appropriate 

subsurface rock model for converting velocity to pore pressure accurately still poses some 

challenges. Hence, a robust model that links rock velocities and stress fields to geology have 

been proposed in this paper that can be used to transform seismic interval velocity to effective 

stress as input for accurate shale pressure prediction in the Niger Delta Onshore depositional belts. 

1.1. Location and geological setting 

The study area “Field X’’ is located in OML 28 Oil block, about 110 km west of Port Harcourt 

within the Central Swamp depositional belt of the Niger Delta Basin (Fig. 1). The hydrocarbon 

reservoir type within the study area is typically sandstone of the shallow marine depositional 

environment. The first well was discovered in the study area in 1961, with the first oil produc-

tion executed in 1973. Presently, the total number of wells drilled in the field is 39, with 5 

abandoned and 9 producing. Porosity within the field is between 21-28 percent with hydro-

carbon interval of 11500-11900 ft for oil, while that of gas ranges between 9200 – 13500 feet. 

The 3D seismic data was first acquired between July-October 1997 with a short offset and was 

re-acquired in 1998, with a long cable of about 6.0 km offset. The data set was processed into 

PSDM velocities in 2007 and 2009, respectively.  

 
 
Figure 1. Section map of Nigeria showing the loca-

tion of the study area in the Niger Delta Basin [13] 

The Niger Delta Basin is situated within 

the Gulf of Guinea and is one of the most 

prolific hydrocarbon bearing basin in the world. 

It is the largest delta in Africa with a sub-

aerial extent of about 75,000 km2 and a sed-

imentary basin fill of about 9 to 12 km [5]. The 

geology of the Niger Delta basin has been 

previously and extensively presented in sev-

eral key publications [4-10]. The Onshore Ni-

ger delta lies between latitudes 4° and 6° N 

and longitudes 4°30’ and 8°001E (Fig. 1). 

The boundaries of the onshore portion of the 

Niger Delta basin are defined by the geology 

of southern Nigeria and southwestern Cam-

eroon. The basin is bounded in the north by 

the Benin Flank, which is an east-northeast 

trending hinge line south of the West African 

basement massif. Within the north-eastern 

flank, it is bounded by the outcrops of the 

Cretaceous sediments of the Abakaliki High 

and within the east-south-east area, it is bounded by the Calabar flank, which is a hinge line 

bordering the adjacent Precambrian basement in the southern end. Tectonically, the Niger 

Delta basin is generally believed to be associated with the stresses that accompanied the 

separation of the African and South American plates, which resulted in the opening of the 

South Atlantic. 

Lithostratigraphically, the Niger Delta is divided into three pronounced units, which include 

the Benin Formation mainly coastal plain sands, the Agbada Formation (reservoir sands), and 

the Akata Formation (source rock) which is made up of the over pressured ductile shales. The 

stratigraphy of the basin was made more complex by the syn-depositional collapse of the thick 
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assemblage of sediments as the shales of the Akata Formation mobilized under the heavy load 

of the deltaic Agbada and fluvial Benin Formation deposits as the advanced towards the sea. 

Three major depositional cycles have been identified within Niger Delta [5,9]. The first two, 

which involved mainly marine deposition, began with a middle Cretaceous marine incursion 

and ended in a major Paleocene marine transgression. The second cycle started in the late 

Paleocene to Eocene time and reflected the progradation of a “true” delta, with an arcuate, 

wave- and tide-dominated coastline. These sediments range in age from Eocene in the north 

to Quaternary in the south [9]. Deposits of the last depositional cycle have been divided into 

a series of six depositional belts often separated by major syn-sedimentary fault zones [9].  

1.2. Causes of overpressure in the onshore  

The causes of overpressure, its distribution, and drilling implications on the Onshore Niger 

Delta basin have been published by several authors with evidence of secondary mechanisms. 

Similarly, the shallow Offshore and Onshore areas of the Niger Delta have been proven to 

have varying clay mineralogy. For instance, the Akata Formation clay mineral assemblage 

consists of about 35-60% kaolinite, 20-50% smectite, and 10-30% illite while, the Agbada 

Formation has varying clay mineralogy of about 40-75% kaolinite and 10-35% smectite according 

to Lambert-Aikhionbare and Shaw [11]. In the young deltaic sedimentary basin, disequilibrium 

compaction is the active cause of overpressure, but at deeper depths, within the Onshore 

Niger Delta, secondary mechanisms such as shale unloading can play out. The depth at which 

shale unloading (including fluid expansion, aqua-thermal,clay diagenesis ) occurs varies across 

the different depositional belts of the Niger Delta Basin but generally starts from the depth 

range of 3108.96 to 3352.8m below the mud line which is a corresponding temperature of 93 

to 100oC [12-13]. Similarly, Lambert-Aikhionbare and Shaw [11] posited that burial diagenesis 

have minimal effect on the clay mineralogy of the Agbada and Akata shales at around 12,000 

ft (3657.6m) and geothermal temperature of 120oC and confirmed that smectite is present at 

temperatures of 105-110oC in the Agbada Formation shales. The work of Nwozor, et al. [14] 

and Chukwuma et al. [15] validated smectite-illite transformation and shale loading hence, they 

used Eaton’s exponent of 5 and 7 at depth > 3800m below mudline for Coastal and Central 

Swamp depobelts, respectively, in Onshore Niger Delta. 

2. Theory and method  

The methodology involved in the prediction of pore pressure of shale-rich rocks include the 

analysis of seismic and well data based on the simple principles that: (1) high pressure is 

associated with higher than expected porosity; (2) the parameter used to capture porosity is 

of good quality with high data density; and (3) porosity and rock property coefficients are a 

function of the Maximum Vertical Effective Stress (MVES). Vertical effective stress is the net 

stress acting on a rock in the vertical sense, i.e., the force acting downwards due to the weight 

of the rocks above (the overburden stress) counter-acted by pore fluid pressure. Based on 

this premise, Terzaghi's and Biot's effective stress law [16-17] has been the foundation for most 

of the pore pressure estimation techniques over the years. This theory indicates that pore 

pressure in the formation is a function of overburden stress and effective stress. Therefore, if 

the overburden stress and vertical effective stress are known, the pore pressure can be de-

termined using the Terzaghi’s equation given as: 

𝑃𝑃 =
(𝑆𝑣−𝜎𝑒𝑓𝑓)

𝛼
                   (1) 

where Pp is the pore pressure; Sv is the overburden stress; σeff is the vertical effective stress; 
and α is the Biot effective stress coefficient always assumed to be 1 or less in most pore 

pressure studies [13,18-19]. 

In this study, RokDocTM software was first used to define the normal compaction trend and 

overburden model for the studied area based on equations 2 & 3, respectively.  

𝑉𝑝(𝑧𝑚𝑙) =   𝑉𝑝(𝑚𝑎𝑡𝑟𝑖𝑥) − (𝑉𝑝(𝑚𝑎𝑡𝑟𝑖𝑥) − 𝑉𝑝(𝑡𝑜𝑝))𝑒−𝑏(𝑧𝑚𝑙)
.
      (2) 
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where 𝑉𝑝(𝑡𝑜𝑝) is the surface velocity with values of 5250 ft/s;  𝑉𝑝(𝑚𝑎𝑡𝑟𝑖𝑥) is the matrix or velocity 

value at the base of the interval defined to be 19830 ft/s for the field; –b is a value that 

determines the compaction rate of the sediments known as the compaction coefficient with 

values of 1.21920E-4 in this study; but it is dependent on the compaction state of the rocks. 

Similarly, Equation 3 was used to define the overburden gradient. 

𝑅ℎ𝑜(𝑧𝑚𝑙) =   𝑅ℎ𝑜(𝑚𝑎𝑡𝑟𝑖𝑥) − (𝑅ℎ𝑜(𝑚𝑎𝑡𝑟𝑖𝑥) − 𝑅ℎ𝑜(𝑡𝑜𝑝))𝑒−𝑏(𝑧𝑚𝑙)
.
   (3) 

where 𝑅ℎ𝑜(𝑡𝑜𝑝) represents density value at the surface defined here to be 1.8 g/cc;  𝑅ℎ𝑜(𝑚𝑎𝑡𝑟𝑖𝑥) is 

equal to 2.6 g/cc depth intervals, and; –b equal to 1.00610E-4 represents the compaction 

coefficient. 

But to achieve a rock model that can relate seismic to subsurface pressure, Equation 4 was 

used on the excel spreadsheet. 

𝑆𝑣 = 0.95 ∗ 𝐷𝑒𝑝𝑡ℎ + 14.7               (4) 

where 14.7 psia represents standard atmospheric pressure (i.e. atmospheric pressure taken 

into account).  

No water depths since the wells are from the Onshore Niger Delta field. The unit pounds 

per square inch absolute (psia) are used to make it clear that the pressure is relative to a 

vacuum rather than the ambient atmospheric pressure. However, it is a known fact that dif-

ferent mineralogies, porosities, and fluids do change the lithostatic pressure gradient.  

Effective stress and sonic velocity relationship are unique in the sense that challenges en-

countered with the ‘normal’ compaction trend method in complex geology especially, where 

depth is used as a geologic substitute that controls pressure distribution can be overcome [20].  

Bowers [21] presented a velocity-effective stress relationship (Eq. 5) for effective pressure 

estimation when disequilibrium compaction is the predominant cause of overpressure. 

𝜎𝑒𝑓𝑓 = [
𝑉−𝑉0

𝐴
]

1
𝐵
                   (5) 

where V is the velocity at a given depth; V0 is the surface velocity (normally 5000 ft/s); σeff is 

the vertical effective stress; and parameter A and B can be obtained from calibrating regional 

offset velocity versus effective stress data, though the process could be cumbersome espe-

cially, where there is paucity of data.  

The predominant cause of overpressure in the studied area (Field X) has been proven to be 

under compaction with the successful use of Eaton’s empirical and Equivalent depth methods. 

However, the goal of this study is to derive the input coefficient for Equations 6: 

𝜎𝑒𝑓𝑓 = 𝐴𝑒𝐵∗𝑉𝑝                   (6) 

where Vp is seismic, or well velocity, and A & B are the parameters to be determined from the 

equation of an exponential fit on the shale velocity vs. effective stress crossplot. The cross-

plotted data points were painstakingly extracted from the shale adjacent to the undrained 

reservoir pressures in the wells. 

The one dimension (1D) shale pressure estimate was based on Eaton’s [22] empirical formula 

(Eq. 7) with Equations 2&3 above as input models. 

𝑃𝑃 =  𝑆𝑣 − (𝑆𝑣 − 𝑃ℎ𝑦𝑑𝑟𝑜) (
∆𝑡𝑛𝑜𝑟𝑚

∆𝑡𝑜𝑏𝑠
)

𝑥
             (7) 

where Pp is the pore pressure; Phydro is the hydrostatic pressure taken to be 0.433 psi; Δtobs is 

the measured or observed sonic transit time in shale obtained from well logging; Δtnorm is the 

sonic transit time in shale at the normal pressure condition obtained from normal trend line 

(equation 2), and the x exponential constant was taken to be 3 for overpressure caused by 

disequilibrium compaction. However, in some parts of the Onshore Niger Delta (e.g., Northern 

Delta depobelt), the exponent can be raised to 5 or 6 for areas where secondary mechanisms 

are believed to be responsible for overpressure generation [13]. 

2.1. Velocity analysis 

Futhermore, semblance displays were used to interpret the interval velocity functions, in 

both time and depth. Two seismic vintages mainly, isotropic and anisotropic migrated seismic 

velocities covering the studied area were carefully picked using 100m and 200m grid. The 
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seismic velocity was derived by the analyses of the stacking velocity picks, semblance panel, 

and common mid-point (CMP) gathers or hyperbolic moveout with offset using ShellTM in-

house software. The different stacking velocity analysis represents the first group of tech-

niques aimed at perfecting the seismically driven 3-D image of the subsurface. Generally, the 

various interval seismic velocity estimations based on conventional stacking data analysis 

(RMS, CMP, DMO, CRP, CRE velocity analysis, etc.) do not possess oriented kinematical char-

acteristics of the wave field, despite the fact that they are often misused for overpressure 

prediction. Often times, these velocity vintages do not have the appropriate resolution needed 

for pore pressure prediction studies. 

To ensure the velocities are within the realm of expected rock velocities, the Dix linear 

relationship was used to obtain the interval velocities (Vint), and especially, the isotropic seis-

mic Vint was calibrated to the check shot data using equation 8. 

𝑉𝑖𝑛𝑡 = 𝑉0 + 𝐾𝑧                   (8) 
where: Vint = Interval velocity; V0 is the assumed velocity at near-surface; K is velocity gra-

dient in ft/sec/ft or 1/sec and Z, is depth in ft or m. 

A key step in the velocity analysis was to use rock physics to constrain the interval velocities 

so that the velocities are meaningful and without spikes or outliers, which are the features 

that invalidate any routine use of stacking velocities for pore pressure interpretation. A cross-

plot of the well check shot and Vp-sonic log provided the equation of the line that was used 

to constrain the seismic interval velocities.   

3. Results interpretation and discussion  

The plotted wells revealed that the onset of mild overpressure started at ~10000 ft ss while 

hard overpressure (>0.6 psi/ft) began at ~12200 ft ss or 3.0 seconds (Fig. 2 track 3).  

 

Figure 2. The plot of petrophysical well logs, shale velocity and NCT for well -K 
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The anomalous increase and decrease in the Vp_shale trend within 10000-12200 ft ss in-

terval could be attributed to local compaction due to the geology of the immediate vicinity. 

Figure 3 shows the different trends and the coefficients for Eq. 6, which are the effective stress 

models used for transforming petrophysical measurements (e.g., sonic slowness) to pore pres-

sure in shale, mud, and fine silt beds. The sediment compaction exponential curves were 

based on interpretation from Well-J (normally pressured) and Well-K (abnormally pressured). 

The equations of the lines (blue and red) (Fig. 3) are the Vp-VES transforms applied to invert 

the seismic Vint to VES and, with Terzaghi’s expression, seismically-derived PP matched the 

true formation pressure.  

 

Figure 3. Vertical effective stress (VES) versus shale ve-

locity plot 

The challenges of picking multiples, 

that is, a false impression of overpres-

sure abounds, but, in reality, when as-

sessing seismic velocities using soft-

ware picking programmes, the seismic 

reflections are shown as clouds of 

data. A margin of ± 10% over which a 

gather will flatten, and seismic veloc-

ity can fluctuate over the range of 

20% may exist. Where the data is 

very dense, the reflections are typi-

cally the strongest. It is, therefore, 

easier to pick velocities where reflec-

tions are abundant, as demonstrated 

by the semblance panel showing seis-

mic Vint regression and CMP gather in 

Figures 4 & 5. 

 

Figure 4. Semblance Panel; Seismic Vint regression; CMP Gather and isotropic PSDM velocity field 
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The comparison of the two seismic velocity models revealed that anisotropic pre-stack 

depth migrated (PSDM) velocity has better focusing in the stack depth section as indicated by 

the observed reversal (yellow cluster in the red box) (Fig. 5) around 4400 to 6300 millisec-

onds. This observed velocity reversal (overpressure signal) imaged at the observed depth was 

completely missing out, as indicated by the red arrow (Fig. 4). However, both vintages show 

high resolution at ~2200 to 4200 milliseconds interval, as shown by the oval-shaped region 

of Figure 4 and the white arrows in Figure 5. Nonetheless, it was more obvious on the aniso-

tropic velocity field seeing that; it responded to any little variations in rock formation proper-

ties as it travels through the subsurface as seen below 6.4 seconds (Fig. 5). This is not un-

connected to the fact that rock types, porosity, and clay content affect velocity and that; 

lithology directly affects velocity through matrix density and matrix velocity [23]. It is expected 

that velocity will increase downward as one goes from the unlithified or unconsolidated sedi-

ments and soils at the surface into consolidated bedrock. Similarly, velocity increases as one 

travel from the vadose or unsaturated zone to the phreatic or saturated zones. These system-

atic velocity changes can be related to lithology, degree of cementation, increasing hydrostatic 

pressure, and replacement of air in the pore space by water [23]. Worth noting is that an 

increase in shale content lowers velocity and porosity has a greater influence on velocity than 

shaliness. Moreso, observed hard overpressures are associated with intervals with thick shale 

in the Niger Delta sedimentary basin. As observed here, the velocity models especially, the 

anisotropic PSDM, proved robust as the signatures of the varying lithology (i.e., the composi-

tion of the rock solids) with depth are adequately imaged in time and space. It is proof also 

that rock-forming minerals have different elastic properties, causing systematic velocity dif-

ferences between lithologies.  

 

Figure 5. Semblance Panel; Seismic Vint regression; CMP Gather and anisotropic PSDM velocity field 

The analyses of the adopted picking patterns (100m and 200m) show little or no alteration 

to the velocity profile seeing a close match of the seismic Vint trends in Figure 6. Also, obser-

vation shows that isotropic PSDM seismic velocity (green/red trends) picked 100m/200m as 

shown on the legend to the left was migrated much faster than the true velocity of the sub-

surface starting at around 2000 milliseconds where the onset of anisotropy began in the field 

(Fig. 6). Based on that, the deeper structures are expected to be mispositioned in both depth, 
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and lateral location since anisotropy was not accounted for at 2.0 seconds deeper. So, the 

inset on the left side of Figure 6 showed the calibration of isotropic seismic Vint to check shot. 

The agreement between the check shot (green), seismic interval velocity (gray), VoK analysis 

and Fit-specific depth function shows that the resolution of the extracted interval velocity was 

reasonable, i.e., geologically, significant changes in the velocity field can be observed within 

the resolution (Fig. 6 inset). The purple/yellow trends picked 100m/200m from the anisotropic 

seismic volume (Fig. 5) and plotted as Vint versus time represented the true vertical subsurface 

velocity; hence, no further calibration was applied (Fig. 6). 

 

Figure 6. The plot of interval velocity vs. Time; 
calibration and the different (100m & 200m) pick-
ing pattern 

The Well-K used here is deviated, and it is 

a common knowledge that shale anisotropy 

can cause borehole sonic logs acquired in de-

viated wells to be significantly faster than 

those acquired in vertical wells [24]. There-

fore, the sonic log is not expected to offer a 

good match except if corrected for anisotropy. 

Peaks and reversals are the most diagnos-

tic features for determining the degree of an-

isotropy, and in theory, the interval velocity 

field (in-depth) from an anisotropic model 

represents the true vertical velocity of the 

well and is closer to sonic (true vertical) ve-

locity as well as check shot interval veloci-

ties. In previous studies, the possible pres-

ence of seismic velocity anisotropy was de-

tected by plotting seismic velocity data with 

borehole sonic log and check shot data inver- 

ted to sonic velocities [3,25]. The trend of the seismic velocity plot with respect to the borehole 

sonic was then used to detect the presence of anisotropy. But recently and as demonstrated 

here, the sensitivity of seismic velocities to pore pressure has been enhanced due to improved 

seismic resolution resulting from long offset, wide azimuth data. Seismic imaging that is very 

accurate in-depth and space can be produced [26] with a robust seismic velocity modelling. 

 

Figure 7.VES cube obtained using the normally pressured curve equation 

The improved resolution, as shown by the different seismic vintages, was reflected in the 

transformed VES cubes (Figs. 7 & 8) using the Vp-VES derived here. The arrows are indicative 
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of the benefits and improvements gained by taking anisotropy into account (Figs. 7 & 8). Pore 

pressure increment is numerically equal to the effective stress decrease, resulting to increase 

in the stress field as depth increases. Thus, the white arrows in Figure 8 are a pointer to a 

zone of reduced pore pressure in the steeply dipping high VES zone (magenta). This is reflec-

tive of the fact that overpressure is coupled with stress, and an increase in pore pressure will 

reduce VES, and so, the zone of high VES was reflective of pore pressure decrease (i.e., 

porosity reversal). Again, to the right of Figures 7 & 8 (below 5.0 seconds) are two red arrows 

indicating a lateral reversal of VES. These changes in VES could be attributed to load distribu-

tion whose direct implications are changes in rock volume, shape, and strength. 

 

Figure 8. VES cube obtained for the overpressured zone using the disequilibrium equation 

The purple data points in Figure 9, are seismically-derived PP from the anisotropic seismic 

Vint when the Vp-VES normal compaction transform was applied. The result was somewhat 

correlated with the reservoir pressures (blue RFT points) and shale pressure (red data points) 

at ~14300 ft ss (4358.64m) with an allowable pressure difference of 474 psi. Although, at the 

shallow hydrostatic interval, the observed pressure differential was around 11300 ft ss 

(3444.24m) shallower in excess of 1234 psi (Fig. 9).  

Likewise, the green data points are the seismically-derived PP when the disequilibrium 

compaction Vp-VES model was applied on anisotropic seismic Vint while the black closed circle 

data points were from the calibrated isotropic seismic Vint. Both were seen to match the res-

ervoir pressures (RFT points in blue) pretty well (Fig. 9) except, at 11300 ft ss shallower where 

observed pressure differential was as high as 1899 psi. Similarly, the open circled data points 

are seismically derived PP inverted from the isotropic velocity field using the normal compac-

tion Vp-VES model, and the result also matched the reservoir pressures within the hydrostatic 

or normally pressured intervals (i.e., at ~11620 ft ss shallower) (Figs. 9 & 10). The blue RFTs 

points that fell far below the hydrostatic gradient could mean drained sands interval in Well-

K but, such pressure depletion was not observed in Well-J. The hydrostatic gradient of 0.433 

psi/ft was defined, and in practice, the open circle data points around 6900 – 77800 ft ss 

(Figs. 9 & 10) were meant to be clipped to the hydrostatic gradient. 

From the foregoing, a single normal compaction Vp-VES model (such that gave the purple 

data points in Figure 9) could suffice in inverting for seismic PP, from anisotropically PSDM 

velocity since wells are generally drilled overbalanced, and the uncertainty at shallow and 

deeper levels are known. Overpressures in the field nearly reached 0.7 psi/ft at depths greater 

than 14,500 ft ss, and the seismically-derived PP from both vintages were observed to match 

the reservoir pressures with little or no uncertainty (black close circle and green data points) 

at depth in Figure. 10. 

288



Petroleum and Coal 

                         Pet Coal (2020); 62(1): 280-291 
ISSN 1337-7027 an open access journal 

 

Figure 9. Comparison of the normal and disequilibrium compaction Vp-VES models used in transforming 
seismic Vint into pore pressure.  

 

Figure 10. Pore pressure derived from seismic velocities: anisotropic (green data) &isotropic (black data 
points) and compared with directly measured pressures (RFT) and 1D PP estimate (red & orange data 
points) in the wells 

This makes the disequilibrium compaction Vp-VES model more useful as wells are currently 

drilled beyond 12000 to 16000 ft ss in Onshore Niger Delta. Therefore, with isotropically PSDM 

velocity field and adequate calibration, the derived disequilibrium compaction Vp-VES expo-

nential curve can image subsurface pressure beyond ~3.0 s where hard overpressures are 

mostly encountered in Niger Delta, and this applies to anisotropically PSDM velocity too. The 
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hydrostatic (normally pressured) or mildly overpressured intervals (i.e., zones having pres-

sure gradient < 0.5 psi/ft) are less of interest so, with the uncertainties provided here the 

normal compaction Vp-VES regression can be a quick and simple model in transforming ani-

sotropically migrated seismic velocity to pore pressure cube from shallow to deeper intervals. 

4. Summary, conclusion, and recommendation 

The analyses in this study have shown the closeness of the seismic pore pressure to the 

predicted shale pressures, which is a proof that the derived Vp-VES coefficients can provide a 

quick estimate of seismic pore pressure as it links the observed data to predicted pressures in 

the studied area. It further established that sonic velocities could be estimated from VES and 

lithology dependent constants representing the properties of the rock with zero porosity since 

they are a function of the porosity and rock property coefficients. Seismically-derived pore 

pressure can be less accurate especially at depth in the presence of errors in the velocity field 

and is usually not fit for optimum well planning hence; this work has proven the fidelity of the 

(isotropic and anisotropic) PSDM velocity models as they offered superior imaging in the ver-

tical and lateral positioning at larger times and are depth consistent down the wells. The ge-

ological information in the examined area was made more pronounced by the isotropic and 

anisotropic PSDM velocity models thereby making the seismic velocities fields suitable for any 

quantitative pore pressure. Hence, the benefit of incorporating well data in the velocity-depth 

model is emphasized. Worthy of mention is that, when lateral velocity variations and dipping 

structures exist, pressure prediction from the Dix equation Vint can be in error, and can become 

unstable when the stacking velocity decreases [2,27]. These problems can occur in over-pres-

sured areas but, with skillful velocity picking and the use of depth migrated velocity, more 

accurate lateral interval velocities in the depth domain can be made possible. The current 

practices of 100m or 200m velocity picking or spacing provided adequate resolution and re-

sulted in optimal seismic pore pressure estimation.  

The anisotropic velocity field therefore needs minimal or no further calibration even at 

deeper intervals, even in sedimentary basins like the Niger Delta where shales seem inhomo-

geneous and are up to 75% in composition [24]. In view of this therefore, accounting for ani-

sotropy in the velocity model and on long offset data will significantly reduce uncertainties in 

subsurface pressure interpretation especially now that deeper wells of 16000 ft ss and beyond 

are been drilled. In addition, at ~3.0 seconds (~12200 375 ft ss) where the onset of hard 

overpressure began, the disequilibrium compaction Vp-VES model can be adapted for nearby 

prospects, provided care is taken to condition the seismic velocities and ensure that robust 

rock physics model relations are extracted from well data. The derived coefficients can be 

inputted into any software with the user-defined calculator, thereby saving time and overcom-

ing the challenges that paucity of data may pose in such offset areas. However, detailed 

knowledge of the local geology, depth to overpressure and shale unloading in such areas must 

be inferred from offset wells as a guide to selecting the appropriate model for optimal seismic 

pore pressure prediction. 
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