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Overview 
Fluid pressures above the hydrostatic are common in 
sedimentary basins throughout the world and the 
excess pressure is known as overpressure. In recent 
years, the need for accurate pore pressure prediction 
in the hydrocarbon industry has grown as exploration 
wells are drilled to deeper targets. The cost of an 
individual exploration well in deep water can be over 
$100 million, so it is essential that wells are planned to 
reach their objectives efficiently without compromising 
on safety. The use of geomechanical modeling is now 
commonly employed to model pore pressures and 
especially in tectonically complex regions such as salt 
mini-basins, active convergent basin margins and at toe 
thrusts. However considerable progress has been 
made through the use of forward coupled 
geomechanical-fluid flow modeling to predict the 
transient pore pressure and stress changes in 
tectonically active basins (e.g. Obradors-Prats et al., 
2017). A coupled geomechanical or coupled poro-
elastoplastic approach provides a means for testing 
potential scenarios under which excess pressure above 
hydrostatic pressure, or overpressure, can develop, 
how overpressure may dissipate or be redistributed 
across the basin, and how overpressure impacts 

migration and seal capacity. Additionally, a forward 
coupled geomechanical fluid flow model tracks the 
pore pressure throughout geological time, providing a 
robust framework to understand the porosity and 
permeability evolution of the sediments based on 
predictions of effective stress through time (Swarbrick 
et al., 2002). The East Coast Basin (ECB) of the North 
Island, New Zealand (Fig.1) is a gas-prone basin filled 
with convergent margin sediments, which are variably 
overpressured with depth.  



  

Unanticipated shallow, near-lithostatic pore pressures 
have been a problem for exploration, creating unsafe 
drilling conditions and borehole instability. The 
presence and magnitude of overpressure is variable 
throughout the basin, depending both on local 
stratigraphy and complex structure. Therefore, the 
ECB is an ideal system in which to explore how the 
interplay of stratigraphy and structure impacts the 
development of overpressure and allow better 
predictive models for reservoir quality (e.g. Sathar and 
Jones 2016). Limited data is available for petroleum 
basins in compressional settings, and the compressional 
stress on pore pressure is poorly understood 
(Swarbrick et al., 2002). Most basin and petroleum 
system models assume Terzaghi’s model, which only 
accounts for vertical overburden stress in estimating 
pore pressure. The ECB through the use of coupled 
forward geomechanical modeling will be used to test 
hypotheses of the impact of horizontal tectonic 
stresses in a convergent margin, the role of basin 
compartmentalization and the effects of uplift and 
erosion on pore pressure evolution and reservoir 
quality variability. It is expected models developed will 
also be tested on data sets in the HPHT Central 
Graben North Sea and Gulf of Mexico.

Methodology 

The project will combine (i) wireline and core sample 
collection for the ECB and combine with (ii) 
petrographic and petrophysical analysis of the data and 
(iii) develop detailed forward coupled geomechanical 
models and reconstructions of the pore pressure 
history in the basin.  
 
Wells with suitable wireline and core data will be 
carefully collected and sampled across the ECB. After 
careful appraisal of data a modelling strategy will be 
developed using ParaGeo forward coupled 
geomechanical modelling software. Boundary 
conditions will be assessed and modified according to 
modelling outcomes and be integrated with 1D and 2D 
burial history models (PetroMod). These models will 
be compared to porosity and permeability analsyses 
from the chosen wells and detailed petrography from 
key sections that are predicted to have encountered 
protracted periods of horizontal stress. The student 
will work closely with GeoPOP4 industry sponsors and 
a postdoctoral researcher. 

 
Timeline 
Year 1: Research design and development of detailed 
project methodology. Developing a wider 
understanding of controls on sandstone reservoir 

quality. Collection of carefully selected samples from 
East Coast Basin, NZ. Construction of a 2D 
geomechanical model to test possible scenarios for 
generating overpressure. 
Year 2: Refinement of geomechanical models, 
development of 1D and 2D burial history models using 
PetroMod software and full integration of wireline and 
core from selected wells in the ECB. Petrographic 
analysis of samples to appraise porosity variations. 
Attendance of National conference 
Year 3 Refining of models and assessing the 
importance of horizontal effective stresses for porosity 
preservation and identifying the wider impact of 
changes in stress regime on structural styles and 
compartmentalisation of the basin. Attendance at an 
international conference and writing research papers. 
Year 3.5: Integration of results, writing research 
papers and thesis writing. 

 
Training & Skills 
The student will receive full training in all relevant 
geomechanical and poroelatsic modelling software 
(ParaGeo). Guidance and training will be given in Petrel, 
PetroMod and RocDoc software packages to suitably 
analyse the large data sets from NZ and any 
comparators as supplied by the GeoPOP sponsors. 
Petrographic analysis and techniques to fully appreciate 
porosity and reservoir quality will be provided. Full 
guidance on sample collection and interpretation of the 
data sets will be provided and how to integrate into 
predictive reservoir quality models for application to 
subsurface reservoirs.  
The student will work closely with the GeoPOP phase 
4 industry sponsors and will be expected to provide 6-
monthly industry reports and updates. 
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