
 

Project Brief

TIP 449: EPRI – Demonstration of Geomagnetic-Induced Current (GIC) Real-time 
Monitoring and Measurement System  

Context 

Solar storms when they strike the earth are called 
Geomagnetic Disturbances (GMD). These phenomena can 
cause Geomagnetically Induced Currents (GIC) in the 
transmission system that can result in half cycle saturation of 
transformer cores, which in turn may result in transformer 
overheating, harmonics and VAR consumption. These in 
turn may result in unexpected outages or transformer failures 
impacting the reliability and resiliency of the transmission 
system. 
While power system disruption by GMD is a known and 
ongoing concern with regional impact implications, the 
ability to directly measure what is actually occurring in real 
time on a transmission grid during a solar storm is extremely 
limited.  Measurements needed at the high voltage (HV) 
connection of transformers are not possible because sensors 
that operate at system voltage are still in development and 
are not commercially available.  
The lack of real time GIC measurement severely hinders 
system operators from effectively managing GIC flow to 
minimize the adverse impact to our power transformers.  
Live GIC measurement would enable the ability to better 
manage actions taken to reduce GIC impacts during GMD 
events, and to know if the action taken was effective.   
EPRI and BPA designed and tested prototype sensors in 
2020 – 2021 in the first phase of this project (TIP 403).  
Phase 2 captures learnings obtained from Phase 1, and 
intends to validate the refinements made to sensor operating 
characteristics, expanded application configurations, and 
their ability to provide live measurements to system 
operators.  

Description 

In order to address the limitations of measuring GIC currents 
only on the neutral line of transformers, EPRI developed a 
"clamp on" sensor that is attached to the energized terminals 
of a transformer with application and functionality 
demonstrated in Phase 1.  This Phase 2 project, will 
demonstrate the additionally refined GIC measurement 
sensors to evaluate how they addressed shortcomings and 
learnings out of the phase 1 demonstration project. The 
expectation is that BPA will be able to deploy these sensors 
as a component of our GIC measurement system. 
Further, this project will demonstrate application, economic 
value, and usefulness of a sensor suite that provides direct 
measures of GIC current, harmonics, and transformer 
vibration in HV locations where real-time information 

during a GMD event in needed by system operators.  It 
will also demonstrate value in use for post event analysis, 
and open the door for potential economic value in the area 
of disturbance monitoring and event reporting for 
compliance with regulatory entities as a contracted service 
over using an in-house resourcing approach.  The project 
also adds demonstrating use as real time measurement 
input to system operators via SCADA.   
If successful and deployed as a standard component of our 
GIC measurement system, it will also address the present 
problem of short life expectancy and unreliable operation 
the GIC neutral sensor we are currently using.  The failure 
rate and unreliable operation of the presently used GIC 
sensors is a significant risk that they will not be operation 
at times we need them. 

Why It Matters 

BPA continues to leverage its R&D relationship with EPRI 
to develop technologies important to the Agency’s needs. 
Direct measurement of GIC flow through interconnections 
with foreign owned facilities and networks will provide a 
known value instead of assumed and estimated values 
presently derived using simplified and un-calibrated 
models.   

In addition to improving system operating decisions, direct 
measurement data from HV locations within a 
transmission network will be extremely valuable in 
calibrating network modeling for recently developed GIC 
study software tools.  Successful deployment of this 
technology will lead to developing more effective software 
modeling of network boundaries and enable GIC study 
results with closer representation of actual GIC conditions 
impacting transformers.  By providing actual measured 
values the science, assumptions, and modeling used in the 
mathematical computations can be validated and refined.  
Because the installation is of a modular configuration 
using non-wired clamp on sensors, it also demonstrates the 
possibility of using a single system to assess multiple 
transformers over time within a station or at other 
locations of interest. 

Goals and Objectives 

The goal of this project is to bridge the gap in 
measurement needs by producing what will be 
commercially available GIC sensors that operate at system 
voltage and supports improvements to BPA’s GIC 
measurement system. 
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Deliverables 

The non-proprietary results of this work will be incorporated 
into EPRI R&D Program 37 Substations. Equipment and 
devices installed for this project will provide deliverables as 
follows: 
• Tillamook Substation:  2 bus or conductor type GIC sensors; 

1 Neutral; and 1 vibration 
• Tillamook base station with 4-20mA base SCADA interface 

and enable faster data rate 

• Bell substation: Upgrade 2 existing RF Monitors to Bus 
GIC sensors for Phase A, use existing tank wall vibration 
sensor (1).  2 new Bus type GIC Sensors on B-phase, 
replace conductor sensor on B-phase 500 kV 4-cable 
bundle connection (to assess equal current split on bundle), 
1 Neutral GIC RF Monitor, and 1 vibration.   

• Upgrade Bell base station to collect faster data and 
integrate 4-20mA interface to BPA SCADA 

• Develop and test 4-20mA integration solutions 
• 1 year of monitoring   
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