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The present paper reports on comparisons between results from ice basin tests and numerical simulations. The tests
were conducted in the model ice basin of the National Research Council Canada in St. John’s, Newfoundland. Those tests
examined the performance of a vessel controlled by a dynamic positioning (DP) system in managed ice conditions at a scale
of 1:40. A numerical ice dynamics model was used to simulate ice basin test conditions. The results indicate that surge
direction thrust and ice force are in good agreement. Ice basin measurements, however, produced higher sway-direction ice
forces and yaw-direction moments. It appears that the treatment of sidewall boundaries and the resulting confinement of
the ice cover may have contributed to that discrepancy. An additional contribution may be due to differences between the
DP algorithms, which were used in the numerical simulations and ice basin tests. Numerical simulations also examined the
role of floe shapes. The results indicate that floe shapes obtained from field observations reduce sway-direction ice forces
and yaw-direction moments below values obtained when using near-square floe geometries.

INTRODUCTION

The presence of floating ice poses a major challenge to the sta-
tionkeeping of drillships. The understanding of the processes of
ice interaction with such vessels, however, remains very limited.
To date, many aspects of the problem remain subjects of active
research. They include, for example, obtaining reliable estimates
of ice forces, the rates of change of those forces, the role of ice
cover properties, effects of vessel characteristics, and modes of
ice-vessel interaction. The state of knowledge in this field remains
in its infancy and lags considerably behind that of drillships per-
formance in open water.

The present paper concludes a series of studies of the perfor-
mance of vessels controlled by a dynamic positioning (DP) sys-
tem in managed ice. Earlier results of the present work were pre-
sented by Sayed et al. (2017). This work is motivated by the need
to develop the means for producing reliable time records of ice
forces on DP-controlled vessels and account for pertinent condi-
tions such as ice floe properties. At present, ice basin tests are the
primary source for estimating ice forces and evaluating vessel per-
formance. There are, however, many constraints and limitations
to those physical experiments. Numerical simulations have not
reached the same level of maturity as ice basin tests but may fill
many gaps left by those tests and extend the range of knowledge
of the subject. The main objective of this paper is to establish the
means to combine numerical simulations with ice basin tests and
illustrate manners of examining the performance of vessels under
a relatively wide range of conditions. Additionally, a comprehen-
sive description of the governing equations for the numerical sim-
ulations is presented. This is intended to contribute to the current
fast-developing numerical modelling of ice-vessel interaction.
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Experience with stationkeeping in ice remains too limited to
provide a basis for the planning of stationkeeping operations. Past
operations in the southern Beaufort Sea during the 1970s and
1980s gave some information on ice forces and the effectiveness
of ice management. A few new field observations have subse-
quently become available. They include the ACEX Arctic Coring
Expedition (Keinonen et al., 2006; Pilkington et al., 2006; Gürt-
ner et al., 2012), the Fram Strait ice management trials (Maddock
et al., 2011), and Northeast Greenland trials (Scibilia et al., 2014).
The reported information from those projects gives only sporadic
insights into ice management and stationkeeping operations. More
recently, Lubbad et al. (2018) described results from the Oden
Arctic Technology Research Cruise. A series of papers also dealt
with different aspects of the program, such as ice management
tactics (Holub et al., 2018).

In addition to field measurements, ice basin tests have served
as a significant source of detailed information on vessel station-
keeping in ice. The early studies dealt with ice action on moored
vessels. Subsequent research examined various aspects of station-
keeping in ice for DP vessels as well. One such project, DYPIC
(Dynamic Positioning in Ice), addressed ice interaction with drill-
ships and issues of concern to stationkeeping (Jochmann and
Evers, 2014). Another test program in Canada addressed aspects
of DP stationkeeping in managed ice conditions (Gash and Mil-
lan, 2012). Other tests of stationkeeping in ice were also carried
out on Aker’s ice model basin on both moored and DP systems
(Jenssen et al., 2009).

As numerical models have developed, they have become
increasingly utilized in examining issues of stationkeeping in ice.
Several efforts relied on discrete element methods (e.g., Metrikin
and Løset, 2013; Daley et al., 2014; Karulin and Karulina, 2017).
Another model by Onishchenko and Marchenko (2019) consid-
ered the ice cover to act as a rigid plastic material. A differ-
ent approach developed at the National Research Council Canada
(NRC) is based on solving ice dynamics equations to simulate
various ice interaction scenarios with drillships (e.g., Sayed et al.,
2016). That model is used in this paper to simulate test conditions
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