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A new method for predicting natural hazards

Hazel Rymer, Stephen Blake (OU), Mark Davies (ARKeX)

· Use state of the art industry modelling packages

· Develop 4D predictive models for natural hazards

· Opportunity for geophysical survey fieldwork for oil exploration and volcano surveillance

· Opportunity to work with industry leaders in 4D geophysical processing

Precursors to earthquakes include the build up of strain and the sub-surface movement of fluids. Similarly large volcanic eruptions have precursors involving sub-surface changes in density as magma, gases and hydrothermal fluids migrate. Climate change also induces changes in sub-surface density through variations in pore pressure and saturation levels of aquifers. These sub-surface density changes can be identified and quantified using gravity measurements. Ground based 4D gravity surveys have been used successfully at a variety of scales from individual volcano summits, to railway tracks, to oil fields and geothermal power sites. 4D gravity surveys can be conducted using portable land instruments, sea bottom, ship borne, bore hole or absolute gravity meters. Much larger areas can be covered rapidly using airborne instrumentation, but the resolution of the latter is only good enough to identify static features, not changes within these features over time, which is the requirement of 4D surveying.
The rate of change of gravity with height (gravity gradient) is an extremely powerful method for investigating changes in sub-surface density contrasts. It provides much more information than can ever be gained from conventional (ie ground based, sea bottom, ship or airborne) gravity surveys. A new airborne gravity gradiometer has been developed by ARKeX capable of an order of magnitude better resolution than the currently available instrumentation. This project will investigate capacity for the novel application of 4D gravity gradiometry to environmental and natural hazard monitoring.
The first task will be to forward model gravity gradiometry data provided by ARKeX in order to identify the real resolution in a range of environments and the critical aspects required for 4D analysis.  This will involve integrating gradiometry data with other data sets including seismic and bore hole information. There will be an opportunity to make some ground based measurements and to process commercially obtained data. The outcomes will lead to the establishment of new acquisition and processing protocols for the 4D methodology.
The second task will be to use reverse modeling to identify the gravity gradient signals that would be produced by a range of processes from water table collapse or flooding, to geothermal steam field exploitation or reinjection, to oil and gas field exploitation and recharge, to magma and fluid migration beneath active volcanoes. The outcomes will be costed business cases for 4D gradiometry at a range of areas of natural and environmental hazard and acquisition and interpretation of new 4D gradiometry data at a suitable prospect.
This project builds upon the expertise of the supervisors in pioneering ground based 4D grvaity surveys at active volcanoes and in airborne gravity gradiometery data acquisition and processing for oil exploration.
Results will be transferrable to natural hazard and natural resource monitoring and the student will have the opportunity to work with our industrial partner ARKeX.
This project would suit a maths or science graduate with a keen interest and ability in geophysical modeling and natural hazards.

The Department has a thriving postgraduate community and the post graduate training programme provides a full range of courses covering: research techniques, scientific methods, information technology, communication and interpersonal skills, which are tailored to the needs of each student. 

If you would like to apply or have any queries about this project, please contact the first named supervisor either by email h.rymer@open.ac.uk or by writing to the address above enclosing a full academic CV and the names and addresses (email) of three academic referees.
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