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~ Nearly 38,000 megawatts of generating capacity
~ More than 40,000-miles of electric transmission network
—the largest in the nation.

~ More 765 kV extra-high voltage transmission lines than
all other U.S. transmission systems combined

~ Approximately 18,500 Employees

~ Approximately 5.3 Million Customers E‘m
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* Why Measure Earth’s Magnetic Field ?

e AEP Efforts on GIC Monitoring

* Magnetometer System Design and Installation
e Data Acquisition and Communication
 Power Supply Requirements

* Laboratory Testing

* Commissioning Experience

e Data Validation

e Concluding Remarks
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 Geomagnetic Disturbances (GMD)
are a result of the interaction of the
earth’s magnetic field and the
particles discharged from the sun
during a solar storm

* Changes in the Earth’s magnetic
field will induce a quasi dc voltage,
which will result in the flow of
Geomagnetically Induced Currents
(GIC) through grounded
transformers and transmission lines

Source: NASA
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* Working with transformer GIC sensor

manufacturers and
research institutions to I
study the impactof GICon . Y/
large EHV power -
transformers

* |nstalled permanent GIC
monitors across the
system to detect and
evaluate GMD impacts on
large transformers
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* Magnetometer location was selected
close to, but outside of a 765 kV
substation

 Sensor was installed on a non-metallic ‘
enclosure, below ground level, and
outside of the substation fence to 2
reduce interference from :

— current carrying conductors
— metallic structures
— moving objects

— minimize the impact of seasonal
temperature variations

* System is powered by an isolated solar
panel and a battery unit
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Bl Magnetometer System Design

Calculate the total
magnetic field strength

Data points are time
synchronized

\

/

Outdoor (outside the

. GPS Clock
substation fence)

Data A
Magnetometer Automation

Acquisition
Sensor q B Controller
Unit

"

Indoor (at Control House)

Serial-
Transmit Receiver Non-critical
Radio Radio Ethernet LAN HMI
A Converter
Power
Supply

Measure the magnetic field strength in
the direction of X-axis, Y-axis, and Z-
axis, and produce a quasi-dc voltage
output

Transmit to the substation
using a radio network
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Underground Enclosure

* Fiberglass enclosure

e Mounted on a wooden
platform with plastic
brackets and screws

* Open bottom enclosure,
sitting on a gravel bed

* Drainage to avoid flooding

X, Y, and Z Axis magnetic
field measurements
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Measured Parameters Magnetometer measuring range
— X-Axis magnetic field measurement +100 uT to - 100 uT
— Y-Axis magnetic field measurement

— Z-Axis magnetic field measurement A _ ! o th .
[ ]
Calculated Parameters utomation controller scales the measure

— Total magnetic field strength (F) : signal (+10V to -10V) to a nano Tesla range

* Sensor scaling factor : 0.1V / uT

F = \/(X_Axis)2+(Y_Axis)? + (Z_Axis)?

//////)( X axis

P> v axis

-10

Total Field (F)
F = J(X_Axis)? + (V_Axis)? + (Z_Axis)?

-10000

Z axis
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* |solated power supply was required based on its location
and to reduce any interference

* System was powered by a solar array with a 12 Vdc battery

* Solar array capacity was selected based on the average
winter sun hours available per day for the area

* Battery Amp-hour capacity was selected based on the total
power consumption of the sensor, data acquisition unit,
automation controller, GPS clock, and the serial radio

* Solar array will charge the battery through a solar charge
controller which uses Maximum Power Tracking (MPPT)
technology to extract maximum power from the solar panel
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* Lab test performed with identical
equipment and settings

* Radio network established for testing

* Sensor calibrated per World Magnetic
Model data for the location
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Installation and Calibration
* Sensor calibrated per World Magnetic L TrueNorth
Model data for the location North A Xais
* Sensor X-axis was directed to the true north M
(6.89° CW from Compus north ) i ey s
« Sensor could be rotated, turned clockwise =~ " ! |
(CW), turned counterclockwise (CCW) or E % TotalFeld (7
level adjusted using leveling screws. | ol R R e
Z axis
aw | Fields | Values | Changes/yr | Uncertainty _
-6.89° -0.040 0.36°
67.6° -0.08° 0.229
52576.5 -115.05 152
20033.6 23.65 133
19888.8 21.67 138
-2404 -17.76 89

48610.1 -134.18 165
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Space weather prediction center (SWPC)
issued an alert for a geomagnetic storm with
a k-index of 7

Data profiles were consistent with magnetic
field data for the same event from USGS
(Fredericksburg, VA observatory)

Estimated Planetary K index (3 hour data) Begin: 2012 Aug 25 0000 UTG
9 1_ _.

21275.2nT
: (216.7nT)
: ; 21058.5 nT+
N N T T
i : il on

E Fri24 Sat2s Aug 26 Mon 27
F
-3886.8 nT
-4011.4 nTH
Fri2a Sat2s Aué 26 Mon 27
= 45516.9nT
: ; R
(87.8nT) 4
45429.1nT+
1 Friza Sat2s Aug26 Mon 27
50967.8 nT{
Aug 25 Aug 26 Aug 27 Aug 28 (122.5nT)4
Universal Time
50845.3nT+
Updated 2018 Aug 27 18:30:03 UTC NOAA/SWPC Boulder, CO USA o Fe ey o



ELECTRIC Data Validation Case #2
| POWER Geomagnetic Event on 5/14/2019 at 8.59 AM (UTC)

BOUNDLESS ENERGY"”

X Axis

21334.4nT+

(96.7 nT) —WN\A\PJ\W\/\(
21237.7nT+
T T T T

Space weather prediction center (SWPC)
issued an alert for a geomagnetic storm
with a k-index of 7

Data profiles were consistent with magnetic s
field data for the same event from USGS ()W
(Fredericksburg, VA observatory) ; ‘ ; ;

Estimated Planetary K index (3 hour data) Begin: 2019 May 12 0000 UTG
9 1 !

2 Axis

Fa : ; — (60.6 nT)
: =
- P
: [ 45332.9 nT
--------- v n . : , ,
[[42.580
Lassan

I o
4

1

0 i

Mery 12 May 13 Hny 14 Moy 15
Univeranl Time

Updated 2019 May 14 12:30:02 UTC NOAA/SWPC Boulder, €O US4

Kp index

Total Magnetic Field

50891.1nT

120 _W
50833.9 nT

18:00 Tue 14 06:00 12:00




AMERICAN
ELLoTRr .
[ _PowW Concluding Remarks

BOUNDLESS ENERGY"”

* AEP successfully designed and commissioned a
magnetometer measurement system to measure
the earth’s magnetic field variations

* AEP will use this data along with transformer GIC
measurements to help in the validation of GIC
system models

* This will enable AEP to understand the impacts of
GMD events and take possible mitigating actions
in the future
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Questions?
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