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ABSTRACT

This paper reviews recent technological advances applicable to the measurement of ice gouges, describes a field program
undertaken to test the performance of the most promising new technologies, and provides specific recommendations for
future gouge-measurement programs. Based upon the results of the field test, it is concluded that multi-beam sonar, when
used in conjunction with side scan sonar and DGPS equipment, represents a substantial improvement over previous methods
of quantifying ice gouge characteristics. Specific benefits of multi-beam technology include: (1) the ability to map gouges
without regard to the relative orientation of the track line; (2) sufficient resolution to detect gouges with incision depths as
small as 0.1 m; (3) the ability to quantify variations in gouge characteristics along the gouge track; (4) the ability to map
complex bathymetry, as might result from a combination of ice gouges and shoals; and (5) a high degree of repeatability.
The measurement strategy proposed in this paper offers the potential for improving both the quantity and quality of the
ice gouge data essential for the design of subsea pipelines in ice-covered waters.

INTRODUCTION

In many cold regions, gouging of the seafloor by ice keels
constitutes a major design consideration for subsea pipelines
(Leidersdorf et al., 1996). The most common mitigative strategy—
burial beneath the zone of seafloor disturbance—requires a
site-specific knowledge of ice gouge characteristics. The spe-
cific parameters of interest are dependent on the computational
methods employed.

If one adopts a statistics-based approach, as proposed by Weeks
(1983) and Wang (1990), then the key parameters consist of the
gouge incision depth, incision width, orientation, and frequency
of occurrence. The approach given in Wadhams (1983) relies on
ridge keel depth and gouge width statistics to estimate rare ice-
gouge depths. The so-called energy balance model (built on bal-
ancing the energy gain and loss during the gouging process),
such as that shown in Comfort and Graham (1986), employs
gouge statistics to validate the model. That is, ice gouge measure-
ments are indispensable in developing and verifying all 3 distinct
predictive models.

This paper reviews recent technological advances applicable
to the measurement of ice gouges, describes a field program
undertaken to test the performance of the most promising new
technologies, and provides specific recommendations for future
gouge-measurement programs.
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BACKGROUND

Extensive ice gouge measurement programs were conducted in
the Alaskan and Canadian Beaufort Sea during the 1970s and
1980s (e.g. Barnes et al., 1984; Rearic and Ticken, 1988; Shearer
and Blasco, 1986; and Gilbert, 1990). The Alaskan programs were
undertaken primarily by the U.S. Geological Survey, while the
Canadian programs were sponsored by the Geological Survey of
Canada. As illustrated schematically in Fig. 1a, these pioneering
efforts relied upon side scan sonar to determine the number, ori-
entation and width of the gouges present in a swath centered on
the vessel track, and single-beam bathymetric sonar to measure
gouge depths directly beneath the vessel. Positioning was based
upon electronic range-range systems in near-shore areas, with an
estimated accuracy of several meters, and upon dead reckoning
in offshore areas, with an estimated accuracy of 1 km. Notewor-
thy limitations of these past programs included a lack of accurate
offshore position data, and a relative paucity of gouge depth data.

Key findings of the early ice gouge surveys of potential rele-
vance to the design of future measurement programs included the
following (Rearic and Ticken, 1988):
• Gouge characteristics (density, depth and width) attain their

maximum values in water depths of 10 m to 40 m.
• Seafloor morphology influences the intensity of ice gouging,

with shallower gouges typically occurring in areas protected by
offshore shoals.
• Gouge frequency and size are highly variable from year to

year in any one area, and from area to area in any one year.
• Repeated annual surveys are essential to quantify the rates at

which ice gouges are added to the sea bottom and subsequently
in-filled with sediment.

A particular concern in areas characterized by granular
sediments and energetic waves or currents is the potential for
hydrodynamic disturbance of the seafloor. In such an environment,




