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ABSTRACT

Geomagnetic disturbances have affected electrical systems on the ground for over 150 years. The first effects
were noted on the early telegraph in the 1840s and in this century magnetic storms have caused power system
blackouts and phone system outages. Affected systems include all those that use electrical conductors:
whether for transmission of power or signals or where the conducting properties are incidental to their use
such as with pipelines and railway tracks. In power systems geomagnetically induced currents cause partial
saturation of power transformers producing transformer heating and distortion of the ac waveform leading
to misoperation of relays and other equipment. On pipelines, induced currents may contribute to corrosion
but also present a problem with the electrical surveys of the pipe performed to monitor the corrosion
prevention systems. Severity of these effects depends on disturbance size, proximity to the auroral zone, and
the conductivity structure of the Earth. Also significant are system parameters such as the use of higher
resistance coatings on pipelines and the linking of power systems into larger networks. In this paper we have
attempted to catalogue all the published reports of geomagnetic effects on electrical systems and show their

occurrence in the context of the solar cycle and geomagnetic activity variations for the years 1844 to 1996.
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INTRODUCTION

On 13 March 1989, one of the biggest magnetic storms this century sent electric currents surging through
power systems in N. America and northern Europe. The result was saturation of transformers, overload of
equipment, lines tripped out of service, burn-out of transformers, and the collapse of the Hydro-Québec
power system, leaving the 6 million residents of Québec without power for over 9 hours (Allen et al, 1989).
These effects and the near-collapse of other systems have prompted a renewed research effort to understand
how the geomagnetically induced currents (GIC) affect electrical systems at the Earth's surface.

Research into geomagnetic effects on electrical systems dates back to the last century and the early days of
the telegraph. Varley (1873) reports on the aurora he observed in 1847 in the south of England and
commented that, at the same time, all telegraph lines in operation in Great Britain were stopped by earth
currents. He thought it might be said that this was the first time attention was fully drawn to the subject, and
it was taken up not only by the officers of the telegraph company, but also by the Astronomer Royal. During
a major storm in 1859 telegraph operators in Boston and Portland were able to disconnect their batteries and
“for more than one hour they held communication with the aid of celestial batteries alone” (Prescott, 1866).

Telluric currents produced by a major magnetic storm in 1921 started fires at several telegraph stations in
Sweden (Karsberg et al, 1959) and fire was again a danger to telegraph equipment during a major storm on
March 24, 1940 (Harang, 1941). The major storm of August 4, 1972, produced an outage of the L-4 phone
cable system in the mid-western US (Anderson et al, 1974). Submarine cables have also been affected by
magnetic disturbances, and transatlantic communication from Clarenville, Newfoundland, to Oban, Scotland,
during the magnetic storm of February 10, 1958, proceeded as alternately loud squawks and faint whispers

L7






