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Real-Time Current Forecast for Tunnel Element Towing, Øresund, Denmark

Vladan Babovic, Danish Hydraulic Institute



The construction of the fixed link across Øresund — following the 1991 agreement between the Swedish and Danish governments — is now almost completed (most up-to-date information is available under http://www.oresundskonsortiet.com/0Pictures.htm). The fixed link consists of a combined twin track railway and a four-lane motorway. The total link length will extend just under 16 km between Kastrup on the Danish coast and Lernacken on the Swedish coast. One of the elements of the link is an immersed 3510-meter long tunnel under the Drogden navigation channel. 

The immersed part of the tunnel consists of 20 elements, each approximately 175 meter long, resulting in a total immersed tunnel length of 3510 m. The outer cross-sectional dimensions are 8.6 m by 38.8 m, enclosing two railway tubes, two motorway tubes, and a central escape and installation gallery. The elements are placed in a pre-dredged trench, and founded on bedding sand.

All 20 tunnel elements are fabricated in a purpose-built casting yard at the Nordhavn area of Copenhagen harbour. The transportation distance to the tunnel site is 20 km. The towing configuration is with two leading tugs and two assisting tugs, i.e. one at each corner of the element. Figure above indicates locations of casting yard, tunnel site and towing route. The total duration of a towing and element immersion is expected to last up to 36 hours. 

The planning of the transportation and installation of tunnel elements requires a wealth of knowledge about the current conditions in Øresund. In order to assist in a planning of such a critical operation Danish Hydraulic Institute developed a real-time forecast system producing predictions of speed and direction of currents at the location called Nordre Røse (situated near tunnel site) as well as water levels at Nordre Røse and Dragør.

The hydrography of Øresund is primarily determined by the weather conditions over Scandinavia and only to a lesser degree by the tide which is relatively weak in this area. A deterministic modelling system has been established for the area to describe the hydrography of the North Sea and the Baltic Sea systems and this model runs operationally at the Danish Meteorological Institute. The objective is modelling the sea status as consequence of the meteorological forcing so that for example, events such as strong changes in the current intensities due to the passage of a depression can be successfully predicted. However, the resolution of the existing hydrodynamic model is rather coarse to simulate the currents and water levels in the narrow Øresund to a great detail. At the same time, such purely deterministic modelling set-up does not utilise any of the observations that are collected in an on-line fashion from some 38 stations operating in the area. 

Based on this reasoning and experiences, an alternative approach to the forecast had been developed. This forecast method combines deterministic models with observations and uses Artificial Neural Networks (ANNs) to merge the two sources of information and produce exceedingly accurate forecast. The main reason that ANNs were chosen is that they are proven to be universal function approximators. This means that ANNs can approximate any input-output relationship to any degree of accuracy. Thus now, in addition to the MIKE 21 output, the following observations for forecast generation are used: depth averaged and surface velocity or current and its direction at Nordre Røse; waters level in Hornbæk and Rødvig (North and South of Øresund, respectively) and wind speed and direction at Kastrup Airport.
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The first forecast issued during the tow of the element number 11. As the system operates in the real time, the forecast was updated every hour during the towing, generating even more accurate predictions. However, as the figure above shows, even the very first forecast was of remarkably good quality. Black line indicates forecast whereas blue dotted lines show 90% confidence intervals. Observe missing values and outliers in the measured data (red line). 

Since these observations are collected continuously, a forecast model that could be invoked continuously was developed. In practise, this means that every time a new observation arrived, a forecast model was triggered providing prediction that is even more accurate. This is very useful, particularly during the towing operations when forecast can be updated all the times. Resulting hybrid model, which combines deterministic forecast with observations using ANNs, performs extremely well as depicted in the Figure above.

ANNs used in this project were so-called Time Delayed Neural Networks (TDNNs) and were developed using NeuroSolutions 3.01
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