Current Forecasting in the Gulf of Mexico

In the deep water oil and gas provinces of the Gulf of Mexico, where there is much exploration and production activity, a good understanding of ocean dynamical behaviour is extremely important for successful offshore engineering and operational planning.  This article describes an innovative approach that provides effective observation and forecasting of ocean currents in the Gulf of Mexico.

The dominant oceanographic feature in the Gulf of Mexico is the ‘Loop Current’.  This is an intrusion of warm surface water that flows northward from the Caribbean Sea through the Yucatan Strait.  It then recurves south eastward, past the tip of Florida into the Atlantic Ocean, to initiate the ‘Gulf Stream’.  In the Gulf of Mexico, the configuration and intensity of the ‘Loop Current’ varies over time.  Infrequently, the ‘Loop’ reaches a point of instability resulting in the formation of a new anti-cyclonic warm core eddy.  Such eddies can be problematic as they propagate towards areas of oil and gas activity, being both energetic and erratic in behaviour.  The formation and evolution of Gulf of Mexico eddies is a complex process.  Until now, the oil industry has relied heavily on the deployment of satellite tracked surface drifters to monitor eddy behaviour.

The ‘Ocean FOCUS’ service, that has been developed by Ocean Numerics Limited, combines satellite and in-situ ocean observations with advanced numerical modelling techniques to facilitate observation and forecasting of the Loop Current and the evolution of associated eddies.

From satellite, there are three principal measurement techniques that are able to identify the ocean features in the Gulf of Mexico as described above: radiometer measurements of sea surface temperature (SST); altimeter measurements of sea surface height (SSH) and spectrometer measurements of ocean colour (OC).

Sea surface temperature imagery is good for delineating surface ocean features when conditions are cloud free.  However, during the summer season, when the surface layer of the ocean is heated by solar radiation to a near constant temperature across the Gulf, the Loop Current and associated eddies are not clearly distinguished in SST data.

Altimetry can be used to make high-resolution measurements of sea surface height along the trajectory of the satellite.  By aggregating altimeter measurements from multiple satellite passes across the Gulf, and applying systematic data corrections and quality control, synoptic charts of SSH can be constructed.  These show detailed structure of the major dynamic features, and can be used to compute geostrophic current velocity.  Regions of high gradient correspond to high current velocities.

Ocean colour is measured by spectrometry.  Selective filters are used to identify particular ocean water properties such as phytoplankton concentration and yellow substance concentration.  In the Gulf, phytoplankton concentration is an excellent tracer of the water masses associated with the Loop Current and associated eddies.  These show as bodies of ‘blue’ water that is depleted in nutrients.

The satellite observations techniques described above provide an effective means of monitoring ocean conditions.  However, to support operational decision-making in offshore oil and gas engineering and maritime activities, there is a requirement for quantitative site-specific estimates of current velocity.  This is required for many aspects of operations such as assessment of safe workability of support vessels, and estimation of loadings on subsea drilling components.

The technique of in-situ monitoring of current velocity structure by the use of real-time Acoustic Doppler Current Profilers (ADCPs) from drilling and production facilities is now well established and commonplace in the Gulf.  This allows very detailed measurement of present conditions at the site, and builds a very valuable historical time series.  However, for many aspects of operational planning, the real requirement is for a reliable forecast of future current conditions over the forthcoming days and weeks.

Advanced numerical modelling techniques are required for effective forecasting of ocean currents, ideally used in tandem with satellite remote sensing of surface ocean features and detailed in-situ real-time monitoring of site-specific conditions.

At the heart of the Ocean FOCUS service is the ‘state of the art’ HYCOM ocean circulation model.  HYCOM is a ‘hybrid’ co-ordinate model. The ‘hybrid’ co-ordinate system is ‘isopycnal’ in the open, stratified ocean, but smoothly reverts to a terrain-following co-ordinate system in shallow coastal regions, and to a z-level co-ordinate system in the mixed layer and/or unstratified seas.
HYCOM is configured for the domain shown above.  The grid covers the Arctic and Atlantic basins at a resolution varying regularly between 18 and 36 km.  The water column is represented as 22 layers.  This configuration provides boundary conditions for a nested model of the Gulf of Mexico, at 5 km resolution.

Both the Atlantic and Gulf of Mexico models use numerical ‘assimilation’ of satellite ocean observations to enhance the registration of dynamic surface features such as eddies and water mass partitions.
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Example presentation of Ocean FOCUS forecast current velocity map

The ocean forecasting model provides detailed current velocity profile and layered time series information throughout the Gulf of Mexico.  The model forecasts out to 30 days ahead.

Ocean FOCUS provides integrated results from satellite ocean observations, in-situ monitoring and ocean model forecasting, together with interpretative oceanographic commentary.  All of this information is available via a secure web site, with information presented in forms that are easily interpreted by non specialists.

Provision of effective ocean information to support offshore operational decision-making requires the effective integration of advanced techniques in satellite and in-situ ocean observation, state of the art numerical modelling and data assimilation.  Reliable information technology is required to deliver the information.  A good appreciation of the engineering requirements for ocean information is also necessary.  Above all, there needs to be strong attention to detail, quality control, oceanographic interpretation and the infrastructure to support a reliable operation that can be depended upon when the information is most needed offshore.

Ocean FOCUS is presently undergoing detailed operational testing and evaluation with a number of the major oil and gas operators in the Gulf of Mexico, as the culmination of a two-year development programme.

Ocean FOCUS has been developed by Ocean Numerics Limited, which is a partnership between the Nansen Environmental and Remote Sensing Center (NERSC), Collecte Localisation Satellites (CLS) and Fugro GEOS.

