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Высокие и длинные компоненты волн, возникающие при прохождении быстроходных судов, оказывают существенное воздействие на береговую зону в мелководных акваториях. Большая изменчивость и нерегулярное появление таких волн создают сложности при сборе данных и статистической оценке их параметров. Таллиннский залив является одной из немногих акваторий, где высокоскоростные суда ходят регулярно вблизи береговой линии. Экспериментальные измерения волнений в прибрежной зоне (глубина ~2.7 м, ~100 м от берега), проводившиеся в летний период 2008 (~500 измерений) и 2009 (~150 измерений) годов, позволили оценить основные характеристики судовых волнений от различных судов и построить функции распределения максимальной высоты волны, общей энергии и мощности судового волнения, а также оценить асимметрию наивысших судовых волн.
Measurements of wakes generated by fast ferries in Tallinn Bay
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Introduction. Intensive vessel traffic may substantially affect the wave climate in locations with naturally low and medium wave energy. Semi-sheltered coasts in the vicinity of large harbours and fairways can be impacted by waves, particularly by the highest and longest components of near-critical waves generated by high-speed ferries. Waves excited by strongly powered ships sailing at high speeds at moderate depths can result in energy concentration not only in the vicinity of the fairways but also in remote sea areas. The major source of problems associated with ship-induced hydrodynamic activity is that long, solitonic wake waves generated by large vessels may create extremely strong impulse loads that at times exceed similar loads caused by natural factors. The high variability of such waves and their infrequent occurrence make it difficult to collect reliable statistics for their properties. Tallinn Bay is one of the most intensive fast ferry traffic places in the world, where vessels frequently (up to 50 sailings per day in the summer period) operate close to the shoreline at near-critical speeds (depth Froude number ~1).

This study focuses on the experimental determination of basic properties of high speed vessels sailing between Estonia and Finland, in Tallinn Bay.

Study site and measurements. In June and July 2008 an experiment to measure high speed vessel wakes was undertaken in the eastern part of Tallinn Bay. The water elevation data were collected in the nearshore at Aegna Island (Fig. 1) by means of an ultrasonic echosounder mounted on a heavy stable tripod located at a water depth of 2.7 m, ~100 m from the shoreline and approximately 2.7 km from the sailing line. Due to the location of the measurement site only wakes produced by outgoing vessels from Tallinn were clearly recorded. The total number of departures of passenger ships from Tallinn to Helsinki was 22‑25 in summer 2008. The high speed fleet consisted of two families for the period of field measurements: ‘classic’ high speed craft which operate at speeds of ~65 km/h, and a new generation of basically conventional large (~200 m in length) and high-powered ferries operated at speeds up to 55 km/h (Star, SuperStar, SuperFast and Viking XPRS). The properties of the wakes of these ships are largely unknown, and establishing their main features was a primary focus of the study. The data set, obtained during the experiment contained more than 650 wakes from the vessels sailing from Tallinn to Helsinki. Owing to the presence of significant wind wave background some data were not used in the analysis with 418 wakes (including 219 single) being processed.
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	Fig. 1. The Tallinn Bay, the study sites in 2008 (upper) and 2009 (lower)
and approximate sailing line of ferries


In 2009 the high speed fleet changed significantly due to the financial crisis. High-speed craft were taken from the service and since then the high speed fleet consisted of the fast ferries Star, SuperStar and Viking XPRS only. In contrast to the 2008 study, the study in June 2009 was located on the opposite (western) side of the bay at Pikakari Beach where wakes from vessels sailing to Tallinn were registered. The total daily number of arrivals was 14‑16. The recorded data set contained more than 150 wakes, but as substantial wind wave background existed on many days during the experiment, only 52 wake events were attributed to particular vessels and analysed.

Results. The maximum vessel wave height was estimated as the maximum wave height of single waves composing the wake. Results show that on calm days the waves of more than 0.2–0.25 m height corresponded to vessel wakes and the daily maxima of ship wave heights occurred exclusively for the longest waves with periods >10 s. For outgoing vessels the daily maximum wave height always exceeded 1 m and was on average 1.2 m. Under relatively low wind wave background the highest vessel wave reached 1.5 m. On a few days the combination of wind and ship waves resulted in wave heights of about 1.7 m. From the high speed ferry family the highest waves were produced by SuperStar with the overall mean being 0.9 m (Tab. 1). The data of 2008, established that waves produced by the new generation of strongly powered ferries are similar to the waves from ‘classic’ high speed craft.

The incoming ferries produced waves of smaller heights, but this is likely to result from the location and the speed/depth relationship where the waves are generated. The maximum vessel wave height reached 0.7 m with low wind wave background and was of about 1.1 m during a rough sea. Generally, the largest ship waves were much higher compared to typical wind waves and belong to the 1% of the annual highest waves in the bay. The averages and standard deviations of maximum wave height for different ferries are presented in Table. 1.
	Table 1. High speed ferries operating the Tallinn –Helsinki route in summer 2008 and 2009. Averages and standard deviations of maximum wave height, energy and energy flux

	Ferry
	Number of wakes
	Maximum wave height, cm
	Wake energy,

104·J·s/m2
	Energy flux,

104·W·s/m

	
	
	2008
	2009
	2008
	2009
	2008
	2009

	
	2008
	2009
	avr
	std
	avr
	std
	avr
	std
	avr
	std
	avr
	std
	avr
	std

	Star
	25
	22
	89
	26
	44
	13
	5.0
	1.8
	2.00
	0.99
	24
	9.5
	9.00
	4.48

	SuperStar
	28
	19
	98
	11
	52
	14
	6.6
	1.2
	3.27
	1.53
	30.7
	6.4
	14.7
	7.00

	Viking XPRS
	27
	11
	58
	23
	33
	20
	2.0
	1.0
	1.80
	1.76
	8.9
	4.7
	7.93
	7.93


While the maximum wave height is a good indicator of the overall characteristics of the wave field, integral characteristics such as the total wake energy and its flux are more useful for coastal management and are also presented in Table. 1. Based on the data from 2008, the similarity of the distribution functions of total wake energy and its flux to the corresponding distributions of maximum wave height showed that maximum wave height may be used as the primary parameter to characterize vessel wakes. Analysis shows that vessel wakes contribute ~8% of total wave energy and up to 35% of total energy flux in the wave field of Tallinn Bay.

As typical for large-amplitude waves in shallow water, waves from fast ferries frequently have a substantially nonlinear nature. Nonlinearity of vessel wakes is highly important for coastal zone management because they are able to seriously damage the coastal environment resulted in high near bottom velocities and a large runup height on a coast, led to sediment resuspension and coastal erosion.

A primary indicator of the appearance of nonlinearity in the generation and propagation of surface waves is the potential asymmetry of the wave shape. The shape of the 1346 (for 2008) and 489 (for 2009) leading vessel waves was estimated. All vessels generated asymmetric waves with periods varying between 6 and 15 s. The most frequent values for the ratio of the crest height over the trough depth lie between 1.3 and 1.4 and are similar for both outgoing and incoming ferries. In extreme cases this quantity may exceed 3.
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