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Project Brief

Technology Innovation Project

TIP 398: NRCanada: Geomagnetic Induced Current Simulator

Context

Geomagnetic disturbances (GMDs), often called
geomagnetic storms, and geomagnetically induced currents
(GICs), are gaining recognition as a threat to the bulk power
system. GICs are the currents that are induced in long
conductors during GMD events. This phenomenon occurs
with every geomagnetic storm, large and small. GICs can
damage system assets in a manner that can be sudden and
catastrophic, as in the case the Quebec storm of 1989. The
impact of GICs can also be chronic, quietly aging assets
during the moderate events that occur on a regular basis.

System characteristics contribute critically to risk factors.
The length and orientation of a transmission line with respect
to the geoelectric field largely determine the magnitude of
the resulting GICs. Longer lines and lines that are parallel to
the geoelectric field will have larger GICs. During a large
storm, the orientation of the magnetic field fluctuations due
to the storm may vary wildly from moment to moment. The
fluctuations do not have a directional preference, which
means that conducting lines in all orientations are potentially
at risk during different time segments of a GMD event.
System owners and operators have no control over the GIC
hazard, but can reduce GIC risk through appropriate
engineering and operations measures. (Gannon, 2016)

Description

To understand the impact of GIC on power systems requires
the ability to simulate the geomagnetic ally induced currents
flowing in the power network or measure it directly.
Presently is there no commercial products available to
directly measure GIC flow in the high voltage level
(grounded neutral measurements only), and it would be
impossible to monitor all locations a system operator would
need to be aware of internal and external to their control area
to manage GIC flow in real time. An effective simulator
could produce all of the near real time information needed to
know how the power system is being impacted during a
GMD, and what action would be the most effective. This
project is to close the current gap in real time situational
awareness during an impacting solar storm, by providing a
tool that emulates the type of measurements and indications
needed by system operators and system study engineers.
Through the following tasks, this project produces a GIC
simulator specific to characteristics of the BPA transmission
system.

1. Produce an OTC Simulator computation module for BPA,
with the following features:

¢ Use of magnetic data from geomagnetic observatories -

o Use of piecewise one dimensional (ID) layered Earth
conductivity models calculation of GIC in individual
lines and transformers -

¢ Ability to incorporate user specified transformer models
for calculation of increased Volt-amp reactive (VAR)
demand and thermal beating

2. Produce a GIC Simulator display module for BPA with
the following features:

¢ Displayed y module will run locally in client's web
browser

o Graphics generated with open source JavaScript
libraries such as plots and Leaflet (maps)

¢ Ability to zoom-in to see GIC in parts of the power
network

o Ability to see GIC flow within individual substations
and transformers

¢ Provide compatibility with Internet Explorer, Firefox
Chrome, or any other modern web Browser.

¢ Additional ability to display calculated near real time
GIC flow up to 1 hour of current time and automatically
update on a 5 minute-interval.

3. Testing, Feedback, and Documentation

o Develop a User Guide-for the BPA GIC Simulator

¢ Provide prototype system and User guide to clients
Obtain feedback on functionality of BPA GIC
Simulator Obtain feedback on usefulness of the User
Guide

¢ Revise Simulator and user guide in response to
feedback on initial development

Why It Matters

Power systems are vulnerable to time and spatial variations
in DC voltages caused by GMD. Induced currents flow
through circuits formed by a high-voltage transmission
line, a grounded transformer, the earth, and another
grounded transformer at the far end of the transmission
line. The DC bias can force transformers to saturate for
part of the normal AC cycle, causing harmonics,
equipment damage, failure of protection schemes, reactive
power loss, voltage instability, and potential large-scale
voltage collapse.

A properly configured GIC simulator allows BPA power
engineers to readily see the impact of GIC on their system
and consider mitigation options.



Goals and Objectives Deliverables

The goal of this project is to produce a new GIC Simulator GIC Simulator software and User Guide

for the BPA system using open-source software and
designed to work with archived magnetic field data and other
specified scenarios.
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