Ht GhEERSEMY) ftk—2a L1745 —=

0w E &
Development and evolution of water drainage
channels in temperate and polar glaciers
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The water flowing on the glacier surface and penetrating into the inner and subglacial
parts makes a complicated channel network. The questions of where and how water
circulates within glaciers are of considerable interest from various points of view. The
study of glacial drainage systems is essential for understanding of glacier dynamics,
inner ablation, outflow hydrograph, and other hydrological processes in the glacier. It is
also helpful to water resource use planning in glacial regions and forecasting of the
outflow hydrograph during ice-dammed lake outbursts (jokulhlaups). In this work we
~studied the behavior of a single channel in cold and temperate ice to clarify the channel
evolution and the dependency on its size, ice temperature and depth in the glacier.

In order to know evolution of a glacial water channel, we have to calculate the rate and
direction of phase change on the channel walls and the ice creep rate at all points along
the channel. For that we calculate the heat flowing into the ice wall and energy
dissipation within the water flow. The relation between these two parameters determines
the ice melting/freezing rate that, along with the rate of ice creep, allows us to evaluate
the change of the channel form. Fully 3-dimentionl modeling of such system is
obviously overcomplicated and extremely resource consuming. That is why we
developed a 2-dimentional cross-sectional model, with which changes in the cross-
section form at some particular points of a channel can be calculated. This cross-
sectional model calculates ice temperature distribution around the channel, energy
dissipation distribution along the channel walls, and ice creep rate.

The structure and evolution of glacial drainage systems depend on many factors, one of
the most important factors being the water temperature because it controls the melting
rate on the channel walls. The water temperature can vary along its flow line because
the water temperature depends on the air temperature, solar radiation, the flow discharge,
the amount of sediments, and also channel’s form, size, and slope. The temperature of
water flowing in a glacial channel tends to the equilibrium temperature, that is usually
less than 0.1 °C, unless there is no environmental influence such as heat exchange with
the air or warming by the solar radiation. Otherwise, the water temperature can rise up
to 0.4 °C or even more. The equilibrium water temperature is proportional to the
channel cross-section and the slope. If the water temperature in a channel does not equal
the equilibrium value, then it exponentially tends to the equilibrium value as the water
flows along the channel.
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Series of field measurements at glaciers and cold room experiments were conducted to
testify our theoretical approaches. We carried out field measurements at Perito Moreno

Glacier, Patagonia in 2003, and Fisht Glacier, West Caucasus in 1998. We measured the
water temperature, water flow speed, and ice melting rate on the ice walls in small
glacial water channels. In the cold room experiments, we measured the change of the
diameter of an artificial channel and water temperature change along the channel under
the condition of the constant water flow discharge. Both field measurements and the
experimental results were in good agreements with the theory.

Our theoretical achievements were implemented in a software program using numerical
techniques. This allowed us to carry out a great variety of numerical simulations for
different conditions. )

Two numerical models were developed. They are based on the same physical principles,
but the first one deals with a channel with any cross-section, and gives rather qualitative
pattern of a channel development than strict quantitative results. The second model
deals with channels of cylindrical geometry. The simulations with this model are very
fast and the accuracy of the results is very high. Another difference is that the first
model does not take into account the deformation of ice under overburden pressure.

According to the results obtained with the help of the first model, the pressurized
channels, as expected, have a tendency to become circular in their cross-sections
independently on the initial form. On the other hand, the open (non pressurized)
channels deepen into the ice making corridor-like passages.

Using the second model, we defined two main scenarios corresponding respectively to
the channels at the initial stages of formation and to the fully developed channels. The
first scenario revealed some critical parameters (channel radius, ice depth, ice
temperature etc.) on which possibility of the channel developing depends, and the most
favorable conditions for the channel growth. Using the second scenario we found out
that already developed channels tend to become equilibrium in size. Long-term (several
years) modeling showed that ice depth is more critical than ice temperature for a
channel to survive till the next melting season.
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