











RESULTS and DISCUSSION

Break-up

Between 1981 and 1987 two distinct kinds of break-up have been observed in the
Mackenzie Delta. CFEach produces different ice jamming patterns. 1In a thermal break-up,
short-lived ice jams reqularly cause flooding in the northern and central region of the
Delta. Mechanical break-ups, on the other hand, produce ice jams which last much Tonger
and flood much larger areas, usually including the southern region of the Delta.

Thermal break-ups occurred in six of the seven years. This kind of break-up is
characterized by extensive melting of the ice cover and irregular progression of the ice
front downstream. In general, conditions which prevail during a thermal break-up include
warm air temperatures, high solar insoiatien, reduced albedo, low water flow, and an
extremely weakened ice cover. Early in May, the cold Pacific highs which dominate the
Delta during the winter months are broken down by a series of intruding weather systems
which bring increased radiation and warmer air temperatures. Increased sclar radiation
combined with the advected heat soon melts the winter snow-pack. Snow-melt ponds on the
ice surface, while snow-meit run-off from the surrounding land mass causes shore leads to
develop between the ice cover and the channel bank which weaken and finally free the
shore-fast ice sheet. By this time warm water from the Mackenzie River enters the Delta
system and melts the ice cover from underneath. Consequently, it is not long before the
ice cover candles and loses its competency. At this stage a low energy flood wave is all
that is required to clear the ice downstream.

Although thermal break-ups appear to be the rule in the Mackenzie Delta, mechanical
sreak-up of the ice cover on northward flowing rivers is a frequent occurrence. A
mechanical break-up is dynamic in its movement downstream. Large ice floes are keyed out
and broken up into smaller diameter floes as the front advances (Antonov et al. 1970;
Burdykina 1970; Fountain 1984; and Prowse 1986). In years when the break-up is mechanical,
air temperatures are low, and, hecause much of the winter snow pack remains on the ice
surface, albedo is high. When these conditions persist during the spring break-up period,
the ice cover remains competent and break-up depends on the arrival of a high magnitude,
high velocity spring flood wave. 1In the spring of 1982, for example, the mean daily
temperatures in May was 2.0°C colder than the 23-year mean of -0.8°C. High discharge and
accompanying record high water levels broke up the ice cover at the confluence of the
Arctic Red River on May 23 while the ice was snow-covered and still quite competent.

Ice jams; Tlocation, composition, dimensions, and backwaters

The strength or competency of the ice cover, then, is a central factor controlling the
formation of ice jams. The more competent an ice cover, the more likely the resultant jam
will remain static for longer periods of time and cause greater backwater build-up. In
thermal years, when the ice cover is less competent, ice jams tend to release or decay much
earlier and produce lower upstream water levels. The other main variables controlling ice
jam formation along Middle Channel are the morphology of the channel bed and the magnitude
and velocity of the spring flood wave. These three factors have been shown to control the
formation of ice jams on rivers hy many researchers, among them Gerard (1975); Beltaos
(1978); Kamphuis and Moir (1983); Bigras and Anderson (1984); Andres and Doyle (1984); and
Prowse (1986).

In the Mackenzie Delta, the morphology of the channel is perhaps the most important
factor affecting the formation and the hydrological effects of ice jams. Morphology partly
controls the velocity of the spring flood wave once it enters the Deita and determines the
location at which ice jams occur. The spring floed wave loses much of its kinetic energy
when 1t leaves the well-incised, 1265-m wide channel of the Lower Ramparts and enters the























