	[image: image1.png]International Association
for Hydro-Environment
Engineering and Research

Supported by
Spain Water and IWHR, China





	24th IAHR International Symposium on Ice
Vladivostok, Russia, June 4 to 9, 2018


THE BOTTOM ICE IN THE NORTHERN CASPIAN SEA
Bukharitsin P.I.
professor of the Astrakhan State Technical University
Astrakhan, Russian Federation
e-mail: astrgo@mail.ru
Bukharitsin A.P.
graduate student of the Moscow University of Finance and Industry
Korolev, Russian Federation

E-mail:a.bukharitsin@gmail.com
The first regular study of sea ice in the Northern part of the Caspian started in the early 30s of the last century. Since then there was a lot of work done to define monthly ice edges, thickness distribution ice drift and ridging. Physical and chemical properties of ice such as strength, salinity and density were tested as well as properties of under-ice water with growing intensity since the first expeditions then. However, frazil ice as one of the most important ice types as one of the most important ice types in the area was not thoroughly studied. This work is one of the first ones that attempts to describe frazil ice formation process and estimate its effect on development of ice cover in the Northern Caspian Sea.
Introduction
The study of the ice cover of the freezing seas of Russia is acquiring now growing importance both for scientific and practical purposes. Ice cover hinders navigation, hampers to a considerable extent development of natural resources and construction of offshore structures, seafood production, etc. At the same time, ice can serve as a quay, an airfield or even a temporary protection dam. Development of reliable reference manuals, as well as improvement of existing methods and creation of new methods for forecasting natural processes and phenomena are not possible without considering the influence of the ice cover.

One of the most important characteristics of ice cover is the thickness of thermally grown level ice. The processes of natural (thermal) growth of ice, were investigated in detail by N.N. Zubov back in the 1930-ies and many others afterwards. His assessment of the severity of winters in terms of "the sum of freezing degree-days" was included in hundreds of regional design formulas that made it possible to calculate the maximum possible thickness of level ice. His empirically derived formula is still widely used operationally [1]. 

While it is difficult to observe ice growth processes in-situ the formulae are verified with regular instrumental measurements showing discrete results. It is even more difficult to estimate contribution of frazil ice into overall ice thickness growth near opening leads or polynyas, while it forms in the layer of supercooled water as thermal growth and frazil ice formation take place simultaneously.
Ice charts, as a rule, report stage of development that is visually defined with means of remote sensing not the thickness. The stages of the ice are shown with symbols and correspond to a certain thickness range. Considering the uncertainties with monitoring and defining ice types and their correspondence to ice thickness ranges there is only more questions arise in regards of early stages of ice development to accurately corelate them to thickness.
Frazil Ice Phenomena
Formation of the frazil ice in the Arctic seas was investigated by N.N. Zubov et al and many other researchers. However, the physics of the phenomenon itself, and, most importantly, the analytical form of its description, which makes it possible to quantify the fraction of frazil ice in its total thickness were proposed by E.I. Monakhov only in 1989. His work has shown that the content of the frazil ice averages 5-10% in the Arctic and Antarctic seas, but it may reach 30-50% and even 70-100% over local areas such as opening leads, polynyas, pre-coastal zones estuaries with fresh water inflow, [2].
Multiple break-ups of pre-coastal fast ice causing drift events, hummocking and formation of huge open water leads, and polynyas occur through winter ice seasons under influence of strong wind events. Wind direction variation through the season results in repetitive opening and closing of leads forming in one place and closing in the other. Under the influence of wind waves and negative air temperatures over opening waters of the leads, the entire water thickness is mixing with turbidity through the whole layer and is supercooled. Presence of a large number of nuclei of crystallization (the silt, sand lifted from the seabed and microscopic air bubbles) in the water column initiates intensive formation of frazil ice, which partially floats up to the surface of leads accumulating in form of slush, and subsequently freezes forming opaque ice cover (figure 1). 
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Figure 1. Frazil ice formation in supercooled water under effect of wind chill due to wind and negative air temperature.
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Figure 2. Refrozen frazil ice with specific wavy surface as observed on a floe during aerial reconnaissance flight.

Due to the floating mass of frazil ice being very ductile during the freeze-up it often forms specific wavy surface under the influence of wind (figure 2). Some of the frazil ice is also partly drifted away by current and emerges underneath surrounding older ice. As it floats up it freezes to the bottom surface of ice around increasing the rate of its growth. When repeated many times, layered, porous and opaque ice is formed. Its total thickness may significantly exceed ambient thickness of thermally grown ice in the area. These processes are quite chaotic as they occur locally limited to the size of a polynya, or lead, with continuously changing dimensions and lifetime.
Frazil Ice Phenomena records in the Caspian
Analysis of more than 100 years archive records from the Caspian Sea has shown that, despite of almost no attention paid to the study of this phenomenon, the process of frazil ice formation was repeatedly observed by researchers particularly over ice covered shallow part of the Northern Caspian Sea. Works of F.I. Waller et al [1960-1990]  showed that ice cover is forming and its thickness increases faster than can be predicted with Zubov's formula under the influence of negative air temperatures during the formation and development of ice cover in the shallow northern part of the Caspian Sea, because of rapid heat transfer.
The following are some of the cases indicating it:

In March 1953, while performing ice observations over reference profile in the mouth of Volga following significant drop of air temperature accompanied with strong wind and snowfall, intensive formation of frazil ice was observed over polynyas and cracks. It was in the form of opaque loose pieces of gray ice containing shells and pieces of algae (from the report).

In January 2002, during IB Captain Bukaev transit through Volga-Caspian Channel, the observers monitored the process of formation of frazil ice in over cooled water at slightly negative air temperature. It had form of ice crystals emerging on the surface and forming loose layer of primary ice forms with thickness ranging 2-5 cm and consisting of slightly frozen together crystals (from the report).

In 2016 formation of frazil ice was recorded with underwater camera in the central part of Ural Farrow during field work conducted there (Figure 3).
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Figure 3. Snapshot of frazil ice lifting to the surface of newly forming ice.

It should be noted that similar phenomena occur regularly in the lower part of Volga, after commissioning the Volga hydroelectric power station in 1959 Polynya downstream from the dam remaining open even during strong frosts acts as a generator of frazil ice, which is drifted downstream under existing ice in form of loose pieces with current. Sometimes cross-section of the river, is completely clogged with slush, which leads to formation of jams.
In-situ measurements
Thus, for example, for the identical sums of degrees of frost, the ice masses in one region of the sea may differ in thickness by a factor of almost two. The results of numerous instrumental measurements of the thickness of landfast and floating ice in the Northern Caspian showed that the minimum thickness of level ice was 45 cm while the maximum thickness reached 90 cm, which also indirectly confirmed contribution of frazil ice (figure 4).
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Figure 4. Measured maximum ice thickness compared with calculated with FDD.

Open Water Leads
Thanks to satellite data becoming available during the later years possibility to monitor formation, development and extinction of the pre-coastal leads and polynya being one of the most important and changeable hydro-meteorological conditions during winter in the North Caspian. Air-borne ice reconnaissance missions of the earlier years did not provide such opportunity because of insufficient monitoring frequency and data incompleteness.
Locations, where polynyas and leads form and their development are determined with wind speed, direction and duration as well as under-ice water currents speed and direction. Satellite data helped to reveal that persisting seawards blowing winds result in leads opening between the landfast ice and drifting ice. They reach several hundred metres to tens of miles and more in width.  Formation of these giant leads is facilitated with wind-drift currents, which result from wind drag over open water. Ice conditions may change rapidly with change of wind direction.  Existing leads would collapse, while new ones will form at the windward side [3].
Conclusions
Analysis of ice charts compiled by UNOSIS and AARI in winter seasons 2013-2017 using satellite data showed high reliability and accuracy of such ice cover properties as the position of landfast and floating ice edges, polynyas and pre-coastal leads, compacted and open-pack ice zones, drift ice ccompactnes and ice floe sizes, and snow-cover on ice. However, one of the most important features, i.e. thermally accumulated ice thickness indicated on ice maps with respective symbols, does not correspond to the actual measured in-situ ice thickness.

Further study of frazil ice formation in the northern part of the Caspian Sea and its role in ice cover development will be undoubtedly be continued.
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