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Abstract 

Accurate pore pressure prediction is essential for understanding and modeling overpressure evolution within 

complex petroleum systems, particularly in the geologically diverse basins of the Middle East, which span 

Paleozoic to Cenozoic stratigraphy. Overpressure directly impacts basin modeling by influencing 

hydrocarbon generation timing, migration efficiency, and trap preservation potential. Overpressures 

associated with thick, Cenozoic sequences, deeply buried Mesozoic carbonates, and tight Paleozoic are 

often linked to rapid sedimentation, hydrocarbon generation, and tectonic loading, and represent critical 

inputs to petroleum system models. Traditional Eaton’s sonic method with a linear compaction trend often 

fails to predict pore pressures accurately across both shallow and deep intervals in the same well, limiting 

the accuracy of present-day overpressure maps and the calibration of basin models. This study introduces a 

new approach—a modified Eaton’s equation with depth-sensitive compaction trends—that significantly 

improves pore pressure prediction accuracy in both shallow and deep sections, demonstrated on multiple 

offshore fields, and enhances overpressure modeling for petroleum system evaluation from Paleozoic to 

Cenozoic. 

The research began by applying Eaton’s traditional equation to five wells in the Eastern Nile Delta, where 

notable prediction errors occurred in shallow Cenozoic formations and in deeper Mesozoic basins. To 

overcome these limitations, three well-established relationships—Eaton’s equation, Wyllie’s time-average 

equation, and Athy’s porosity-depth model—were integrated into a depth-responsive formulation. This 

approach produces a dynamically adapting normal compaction trend line (NCTL) that reflects burial depth, 

lithology, and diagenetic history—key variables required for reconstructing the evolution of overpressure in 

basin modeling workflows. All derivations and assumptions are fully documented to facilitate replication in 

other basins. 



(1) 

Where: Ppg = normal pressure, and OBG =overburden pressure, Δtm = matrix transit time, Δtgf = sea/ground 

floor transit time, Z = depth from the drilling rig mudline, F = water depth (or seafloor depth) from the 

drilling rig mudline, c = compaction constant. 

Equation (1) uses a normal compaction trend and calculates the pore pressures depending on depth started 

from sea floor (offshore well) or ground floor (onshore well). Consequently, the estimated pore pressures in 

both deep and shallow depths can be more accurate. 

Validation of the new equation was performed across 15 wells in six offshore fields of the Nile Delta, 

covering a range of geological conditions and water depths from 18 m to 932 m. The first 10 wells were in 

the offshore Eastern Nile Delta and the parameters used were: Δtm = 70 μs/ft, Δtgf = 200 μs/ft, and c = 

0.000164. Results showed significant improvements over the traditional method in both shallow and deep 

sections as shown in Figure (1). The equation was then tested in five additional fields across the Offshore 

Western Nile Delta with varying geological conditions and water depths (18 m to 932 m). The new equation 

consistently provided accurate predictions, with compaction parameters ranging from Δtm = 65–70 μs/ft, 

Δtgf = 200–220 μs/ft, and c = 0.000144–0.000164. These variations capture regional compaction trends, 

which are essential for generating pressure maps and calibrating basin models across multiple petroleum 

systems. 

The key innovation is the ability of the modified Eaton’s equation to provide a unified and accurate 

overpressure model from shallow to deep sections within a single well and across multiple fields—critical 

for Middle Eastern basins where vertically stacked petroleum systems from Paleozoic to Cenozoic required 

to be modeled together. This capability enhances the geological realism of basin modeling, improves 

overpressure prediction in undrilled prospects, and supports petroleum system analysis by refining pressure 

regimes in source and seal intervals. Its adaptability makes it applicable to both onshore and offshore 

settings globally, with particular value in the Middle East for integrating pore pressure prediction into 

regional petroleum system and basin modeling studies. 



Figure (1). Comparison of pore pressure estimation using the modified Eaton’s method versus the 

traditional Eaton’s method with a linear Normal Compaction Trend Line (NCTL). Left Track: Shale 

interval transit time plotted alongside the proposed depth-sensitive NCTL and conventional linear NCTL. 

Right Track: Pore pressure profiles estimated using the proposed modified method and the traditional 

Eaton’s method, compared against measured pore pressure (RFT), mud weight, and overburden gradient. 
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