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Abstract 

Petrophysical data, essential for reservoir description and modeling, are obtained by expensive 
laboratory core measurements and/or well-log measurements. Due to the high cost, these tests 
are typically only carried out for a limited number of wells in the exploration phase. In contrast, 
drill cuttings are available for all the wells and thus can provide reservoir data throughout all 
the phases of the field development. A nuclear magnetic resonance (NMR) based method was 
developed to accurately determine petrophysical properties including porosity, bulk density, 
and matrix density from drill cuttings of unconventional tight reservoirs. NMR technology 
allows for the separation of liquid signals from within and between the shale cutting particles 
and when used in combination with Archimedes-based mass measurements provides accurate 
porosity and density data for both vertical and horizontal wells. The results from the NMR 
cutting analysis were in good agreement with other accepted lab measurement techniques 
having reproducibility well within 5%. We show the measured porosity and density from the 
cuttings changes significantly along a tested horizontal well, which is a strong indication of 
horizontal heterogeneity of the reservoir. The results may be used to guide selection of certain 
stages for hydraulic fracturing. This method can be easily adapted at the wellsite to evaluate 
reservoir heterogeneity and select zones with large porosity for optimized fracturing. Obtaining 
accurate petrophysical data from drill cuttings can provide quasi-real-time data for quick 
formation assessment for the wellsite engineers and cut costs by reducing or eliminating some 
expensive and inadequate formation evaluation tools. 
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Sediment dynamics and bank retreat in macrotidal settings 

The recent increase in sea-level rise and storminess is a major issue causing a serious potential risk for the 

coastal territories. In this scenario, heads of estuaries are particularly at risk but, unlike open-coasts, 

estuarine susceptibility to erosion is not well-researched. For example, the Severn Estuary, UK, experienced 

extensive head-of-estuary flooding in recent years and is characterized by erodible margins but nothing is 

known as to likely future changes in the bank lines. Relative to river-bank erosion, erosion of estuarine 

banklines has received relatively little attention and any model concerning bank erosion and deposition exists 

at all for macrotidal settings. Indeed, if compared to river-banks, estuarine banklines are often subject to 

periodic reversing flows, very rapid changes in groundwater pressures due to tidal movement and the 

impacts of wind-waves related to storm frequency. The aim of my PhD is to understand the morphodynamics 

and the erosional trends and rates in a macrotidal environment by using as field of study one of the most 

important (in terms of absolute magnitude) macrotidal estuarine settings in the world: the Severn Estuary 

(UK). To achieve the goals of this project, I combine cutting-edge survey technology from Geography and 

Environmental Sensing facility at Southampton, such as laser scanning technology and UAVs surveys, along 

with field sampling, groundwater monitoring, stratigraphic surveys and coring to feed key data into a state-

of-the-art bank erosion and sediment dynamics modelling framework for this macrotidal setting. Key aspects 

of the research include consideration of groundwater table oscillations and their relationship with tidal 

cycles, comparison of high-resolution point clouds generated from repeated aerial surveys to evaluate the 

effective rates of erosion in a very dynamic area of the middle Severn Estuary, sedimentology (grain size 

analysis and XRF) to deduce the erodibility of the banklines, and the final generation of both a model studying 

the morphodynamic evolution of the entire estuary in the near future and a more specific finite-elements 

model implementing the bank stability and erodibility for a macrotidal estuary considering data surveyed in 

the study area (middle estuary, Figure 1). 

 

Figure 1. Mid Severn Estuary. 
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