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NSF Hazards GMD Project

• NSF award 1520864, focus is on better understanding 
of GMD impacts on the power grid

• Interdisciplinary

• Academic, Industry and Government partners

• Strongly desire utility participation!

• One activity is the deployment of 
four magnetic and electric field 
monitors with one second resolution

• At Odessa TX, Univ. Illinois, two
other TBD locations in US 

Thank you: NSF, EarthScope, USGS, Carisma, 
McMac
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This project incorporates cross-disciplinary studies spanning 

the solar wind drivers through direct system impacts. 

Four project components: Geophysical Analysis, 

Instrumentation, Predictive Studies, and System Modeling



Predictive Modeling

Two parallel projects: Virginia Tech and UIUC

1. Virginia Tech – Correlation studies between the solar 
wind and ground based magnetic field.

2. UIUC – Machine learning and advanced statistical 
techniques.

These independent projects complement and inform each 
other. 



Predictive Modeling - UIUC
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Magnetic field, solar wind composition and 

velocity from: 

• SOHO, STEREO, SDO (Sun)

• ACE and DISCOVR (L1)

• DMSP, others (In-Situ)

Relevant measurements on the ground 

include:

• Magnetometer (magnetic field)

• Geoelectrical field monitor (electric field)

• Geomagnetically induced current monitor 

(current)

• Lithospheric conductivity (electric 

conductivity)

Physical Parameters Controlling Induced Geoelectric Currents Are 

Routinely Measured



Predictive Modeling - UIUC

• Statistical Prediction Fills Measurement Record Gaps

• Currently available data is sparse
• Sparse spatial coverage of magnetic field sensors

• Intense solar storms are rare

• Forecast geomagnetic storm impact by modulating geo-
effective input to current conditions:

• Interplanetary magnetic field Bz
• Earth axial tilt (season)

• Position within 11-year solar cycle
• Storm intensity and other conditions
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Predictive Modeling – Virginia Tech

Investigating the magnetic field 

variation responding to the large 

geomagnetic storms, for example 

the St. Patrick day storm on 2013-

03-17.

Correlations between solar wind 

features and specific GIC-relevant 

spectral components of B on the 

ground.

What is the scale length of 

magnetic field fluctuations vs. 

frequency and latitude?



Instrumentation – Space Hazard Monitor

Magnetic field and electric field 

sensors.

Design emphasis on real-

time stability and reliability 

(< 1 second data latency), 

with specific application to 

power grid hazard 

monitoring.

Off-grid power and 

Communications

Integrates with CPI’s AVERT 

GIC Hazard and equipment 

monitoring tools  



Instrumentation: SHM Site 
Installations

Four installation sites 

under NSF grant, 

with public access to 

real-time data.

Additional 

commercial 

installations at utility 

locations (TBD). 

USGS observatoriesSHM 1: Odessa, TX

SHM 2: UIUC

SHM 3,4: 
TBD 
locations

Looking for utility (or other) partners for site 3 and 4, with 

emphasis on filling operational gaps. Contact Jenn

Gannon (gannon@cpi.com) for more info.

mailto:gannon@cpi.com)


Instrumentation – First Installation
.

First installation near Odessa, TX on May 7-8, 2016. 

1. Magnetic and electric field instruments

2. Installation will be on-site at utility partner location; ~100m from transformer assets.

3. Also performing secondary validation measurements at a very magnetically quiet site ~25 

miles away; This will provide validation of measurements from primary installation, as well 

as magnetotelluric (MT) information for conductivity models.

For access to this data, please contact Jennifer Gannon (gannon@cpi.com)

Potential issues:

1. We expect noise in the magnetic field time series due to proximity to transformers. 

HydroQuebec has successfully placed magnetometers this close to substations, but it is not 

for detailed or scientific level analysis. It is unknown how accurate the electric field 

measurements will be this close to a substation.

2. There may be difficulties in the long-term deployment of electrodes in very dry locations. 

For proper functioning and electrode contact with the soil, moisture is required. We will be 

testing methods of maintaining proper conditions. 



Geophysical Analysis 
Electric f eld maps and time series 

Improving local accuracy for TPL-007-1 GIC analysis requirements

Electric f eld is estimated using magnetic f eld input and local conductivity estimates as input. Electric f eld and magnetic 

f eld time series are calculated across the contiguous US and are presented as maps of electric f eld hazard. These can be 

used for GIC hazard analysis at a particular locaton or to understand how GIC hazard varies across a region.  

www.cpi.com/capabilities/gmd

contact: Jenn Gannon, gannon@cpi.com

GeoMagnetic Disturbance (GMD) Division

Calculation of 

electric fields 

from: 

Magnetic 

field 

observations 

Magnetic 

field models

Conductivity 

models
Real-time GIC hazard indicators @ http://gmd.cpi.com



Geophysical Analysis: Validation of 
Methods and Models

• How much does 3D 
conductivity contribute? 
Comparisons of electric field 
calculations using 1D, 2D and 
3D conductivity models from 
increasingly complex geology, 
using historical magnetic 
storm data.

• Are the estimation methods 
for E equivalent? 
Comparisons of electric field 
calculation algorithms and 
methods (time domain, 
frequency domain, wavelet).

• Do estimates match reality? 
Validation using available and 
newly measured magnetic 
and electric field data.



System Models: Non-Uniform Electric 
Field Results 

Contour 

shows the

assumed

electric

field;

yellow

arrows 

show the

GICs

Results are for illustration only and not represent an actual GMD event 



System Models: Geographic Data Views can 
Automatically Visualize Results
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-30. 51

Les CFdres

-43. 14

M asson Anger s Power  St at ion

-153.59

Lanaudiere

-547.90

St .  CTsair e

75. 80

L ange l ie r

116.69

Ca ri l lon

-100.28

Cass Lake

53. 91

W. S.  Wym an
-38. 98

St. Lawrence

303.80

Clay Boswell Energy Cent er

-430.55
Blackber r y 230/115 Kv Subst at ion

-370.84

Harvey

46. 06

Bathurst

194.94

M adison

42. 75

Cardinal Power  (Sit he)

-87.84

Plat t sburgh

42. 90
Nor t hend

33. 81

Picker t

-39. 26

Ogdensburg

-54. 16

20. 13

Lake Super ior  Power

-112.87

Brockville

56. 73

Edison Sault
40. 74

-23. 63

New Page Paper

-138.38
Rum f ord

-58. 25

M agazine
29. 48

Jay Hydro

55. 34

Hubbard 230/115/34kv Sub

-73. 34

Valley Cit y
34. 49

-26. 05

Fargo

45. 44

M ud Lake
28. 27

M oorhead -  M HPSD

54. 29

Maple River

170.41

Buf f alo

-67. 21

Wilson Lake

57. 35

Jamestown

-237.22
-19. 57

Inm an
-19. 31

Bir ch Lake
20. 71

Shey enne

137.01

29. 11

River t on

49. 48

-22. 48

Fergus Falls
-19. 05

M oorhead

48. 07

Sisson

21. 74

Edgeley

-39. 49

Sm it h (PSNH)
39. 69

Be rl in

93.22

LSPI

66. 65

Nor t h Lake
19. 18

Cornell -  UP
16. 70

M asonville
19. 98

Oden

-36. 65

St one Lake

-115.11

Newber r y

37. 54

Plains
17. 78

Bay Front
-31. 34

I ronwood
17. 26

Arno ld

118.35

St rawber r y Hill
- 17. 94

-20. 18

Tower  (WPSC)

-28. 12

Hurley

108.01

Har r is

16. 06
Riggsville
27. 34

Ar rowhead 230/115 Kv Subst at ion

-51. 87

M ount ain Lake
-24. 01

Hiawatha

-150.67
Indian Lake

-64. 71

Bear  Creek
23. 43

Gingle s

115.75

St inson

23. 86

Escanaba
19. 64

For syt he
-28. 11

Farm er s Inn

40. 67

Chandler
26. 18

Conover
-17. 33

St r ait s

41. 32

M unising

68. 19

Lakot a

-36. 89

Bass Lake
-15. 58

Washco

34. 75

17. 32

New Cent r al
34. 14

M eaf ord
-16. 31

St .  Andre

-75. 57

Cataraqui

202.41

Form an

46. 32

M ilaca

48. 99

Com er f ord
-36. 24

M cNally

-24. 57

NPIF

-31. 11

Douglas Co.
-22. 59

St ayner

-45. 89

Rush Cit y/caps

77. 42

M res Alexandr ia Sub.

-241.36

Bar r ie

70. 31

Highbank
15. 76

Prent ice
17. 65

Essa

134.15

Dobbin, R.L.

-162.80

Mil lbank

94.15

Ellendale

-52. 67

Bruce

-1165.09

Bruce  Com plex

-164.42

Osprey

106.99

High Falls (WPS)
-19. 90

Benton County

-163.67

Lennox

470.13

Granit e /  William st own

-54. 29

New Haven

-81. 42

West  St  Cloud

-89.59Wait e Park

-64. 69

Newcast le

65. 62

York

-28. 90

Grandf at her  Falls
-32. 50

Granit e Cit y
-23. 07

Sist er  Bay
17. 23Cr ivit z

36. 08 M enom inee

58. 36

Saco Valley

-61. 82

Hanover

-76. 80

Bar ron

-34. 51

M ar t in Lake
34. 98

-20. 05

Tim ber line

-40. 40

Liber t y
34. 38

M or r is

-29. 62

Roosevelt  Road
42. 58

West  M ar inet t e

86.20

Sherburne

-202.97
M ont icello (NM C)

-101.30

Paynesville
-26. 91

Por t  Hope

-72. 71

Elk River  -  UPA
-23. 84

Holcom be
-19. 71

Apple River
19. 76

Bunker  Lake

124.48

Whit by
23. 26

Oshawa -  Wilson

98.26

Blaine

67. 39Parkwood
32. 19

Dar lingt on (OPG)

133.02

Lake Pulaski
- 23. 22

Coon Cr.

144.57

Che rry wood

240.53Vaughn
-246.03

Parkway

47. 58

Jim  Falls

31. 91

Canal

21. 30

Pickering

328.06

M organ

69. 51

Agincour t
-16. 86

Sheppard
32. 98

Dickinson

-179.61

Bram pt on Goreway

-122.79

Leslie
22. 80

Kohlm an Lake

84. 25

Palm er st on
18. 57

Lit chf ield
-32. 83

Aberdeen

-61. 35

Wilder  VT

23. 69
Crow River
-34. 88

Clair eville

-82. 32

Big Swan
-17. 76

T-Corne rs

119.81
West on 4
-37. 18

Gardner  Par k (Proposed)

-86.37

Toront o -  Finch

-42. 92

Scarborough
-20. 69

Term inal

31. 15

Slayt on Hill
18. 18

Applet on
-26. 76

West  Rut land

-85.61

Gravel I sle

-44. 71

Sit he

-71. 75

Parker s Lake

-54. 05

M enom onie

28. 29

Berm ondsey
-37. 46

King

137.62

Seven M ile Creek Landf ill

52. 96

Eau Clair e

56. 80

Duplex

-59. 20

Whea ton

89.01

L easide

-125.12Bram alea

-38. 42

High Br idge

29. 36

Richview
-17. 93

R.  Cedar

45. 06

Wil lm a r

92.96

Br idgm an

-79. 90Plea sant

-130.81

Caroline

26. 90

Car law

-21. 60
Char les

-54. 33Yar row

-71. 60

Cecil

- 50. 78

Duf f er in

-67. 99

River  Falls (Junct ion)
-39. 82

Teraulay

-52. 83

Basin
-23. 68

John

78. 16

Beechwood
-26. 92

Esplanade

-42. 50
St r achan

56. 43

Glen Lake
30. 96

Luf kin

-55. 11

St .  Bonif acius

-48. 26

Laconia
19. 52

Dyckesville

37. 00

Eden Prair ie
-38. 28

Horner

19. 05

Jam es A Fit zpat r ick

-154.92

Nine M ile Point  (COOPSE)

-160.99

Chem olit e

41. 47

Er indale
23. 52

Rock Elm

40. 47

Pilot  Knob
17. 50

Guelph -  Cam pbell

83. 88

Scriba

-162.24

Hut chinson Plant  1

-100.76

Arpin

-67. 21

Inver Hills

153.18
Rich Valley

22. 87

Independence St at ion (Sit he)

-178.48

Pulliam

39. 20

Blue Lake
18. 42

Ham m erhill

- 41. 80

Lorne Park
-24. 31

West  Hast ings
-26. 13

Cedar

38. 01

Ha lton

-91.96

Oswego Ha rbor

-317.19

Traf algar

59. 72

Var ick

-22. 13

M cLeod

49. 90

Hast ings
-23. 35

Carver  Co.

-31. 17

Seaforth
-213.25

Oakville

58. 28

20. 72

Pant her
-23. 71

Sigel
-26. 38

Prairie I sland

311.54

Det weiler

-76. 69

Granit e Falls

50. 38

Arnot t
-27. 74

Gage
25. 30

Werner  West

-44. 03

M innesot a Valley
-25. 61

Spr ing Creek

57. 28

Kewaunee

316.25

Red Wing
16. 75

Cum ber land
18. 36

Kit chener

74. 04

AES Som erset

-29. 51

N.  Applet on

-59. 32

Hat f ield (NSP)
21. 33

Har r ison
17. 63

Wat er t own

74. 39

Cannon Falls
24. 99

Point Beach

476.74
Sarat oga
-23. 32

Wreck Cove

43. 99

Ginna

40. 95

Am er i St eel
-17. 27

Sam sung

-49. 89

Fox Energy Cent er  (Kaukauna)

-97.11

Elm ir a

46. 10

Elgin Hill

- 42. 29
Birm ingham  Hill

- 27. 91
Horning

-66. 48

Special Bar  Hill

- 25. 80

Cedar  M t .

-66. 13

St ir t on Hill

- 33. 47

Dof asco
29. 18

Newt on

-38. 64

Beach

120.14

Merrim ack

-103.81

Ham ilt on -  Lake
42. 04

Bellows Falls

-41. 89

M ohawk
-27. 80

Shot o
19. 84

Woodst ock
-25. 63

Neenah
-28. 66

Jackson Co.
22. 51

Shea's Lake

85.33

-28. 69

Zum bro Falls
38. 93

West  Royalt y
-37. 49

Vansickle

-41. 25
Thorold

-53. 34
Decew Falls

-31. 73

Gregg Falls
-35. 04

M iddlepor t

83. 05

Parkhill

- 55. 67

Allanburg
-21. 99

Vict or ia Junct ion

122.10

Salisbury

38. 48

Woodbine

243.10

Lingan

274.02

Lancast er
-36. 32

Pt .  Aconi

40. 94

Trent on (NSPI)

24. 70

Pt .  Tupper

55. 00

Por t  Hast ings
37. 17

Onslow

-111.62

-21. 45

Nor t on

79. 33

M em ram cook

116.38

Biom ass

35. 88

Hopewell
17. 42

Cour t enay Bay
19. 94

Coleson Cove (TRPOIN)

94.06

Grand Lake

51. 71

Pet enwell
- 21. 00

Dickie Brook
21. 45

Sunset  Point
19. 87

-15. 77

For t  Ridgely
20. 34

24. 26

-25. 26

Lyon County

-192.33

Inger soll

- 26. 30

Caledonia

95.49

Po int L epreau

158.38

Tecum seh
-19. 09

AES Granit e Ridge

-81. 21

Scobie Pond

-136.84

Car

57. 95

F itzge ra ld

-114.13
M arsh I sland

-25. 92

Benningt on
-19. 36

Deer  Creek St at ion

-59. 11

London -  Talbot
-19. 31

Wilm ar t h
20. 02

Vernon Rd (CVPS)

-123.21

White

147.80

Karn

50. 86

Sout h Bend

47. 09

Am her st
-18. 13

GL Wind
17. 87

Buchanan

98.00

Fit zwilliam
-40. 52

Cascade Creek
29. 02

Owat onna

59. 67

Silver  Lake (RPU)
33. 90

Chest nut  Hill
- 29. 72

Brookings

-169.77

St .  Croix

42. 57

Verm ont  Yankee

-60. 41

Pbush

16. 96

Erdm an

29. 38

Loon Lake

-45. 21

M onroe Co.
16. 14

Broadland

59. 75

21. 44

Brushy Hill

- 53. 58

Sheboygan Falls

42. 96

Buckspor t

69. 23

Syca

19. 69

M ullet  River
-21. 78

-36. 18

Edgewa te r (WPL )

328.00

Nant icoke (OPG)

132.35

17. 63

Rey no lds

120.48

Cypress

-26. 98

Adam s

-20. 23

Fit chburg (FGE)
-37. 56

Edgeware
35. 01

Annapolis
-26. 24

Nor t hf ield M ount ain

126.02

New Scot land

82. 54

Turner s Falls Hydro

75. 08

38. 80

Deer f ield 2

-26. 73

St .  M arg.
-17. 71

Coulee
21. 05

Hillsboro

41. 04

Sandy Pond

-67. 26

-26. 67

Prospect
-20. 23

Cast let on M ill
19. 34

Deer f ield 5

62. 78

Deer f ield 4

-24. 86

Alt r esco
-22. 53

Tem plet on
-32. 97

Por t age

-37. 21

Lakeside

-80. 15

East  Tem plet on

-96.89

M axcys

41. 71

Ayer

-29. 03

Colum bia (WPL)

-167.13

Pipest one (NSP)

-35. 00

Duart

200.03

Cum ber land
18. 62

17. 65

Prat t s Jct .

- 64. 31

Wendell

55. 21

Ricef ord

67. 72

Kir kwood

-25. 21

Genoa

49. 48

JMC

125.63

-17. 18

Aust in
15. 83

Hubbard
18. 53

Winnebago
-34. 04

Dunkir k (NRG)

-68. 40

Cook

-67. 99

Por t  Washingt on (WEP)

97.73

Heron Lake
-21. 87

Weym out h
-17. 68

Saukville

83. 20

Freeborn

-78. 00

Bridgewa te r

-145.60

Adam s

-85.88

Fox Lake
25. 36

Glenville

-28. 35

M ason St eam

120.61

M ount  Tom
-22. 75

Prair ie Du Sac

-32. 15 N.  M adison

-101.12

Noble s Co

98.04

L eeds

108.90

At hens Generat ing Plant

138.39

Surowiec

38. 26

Huiskam p
22. 74

William spor t
-22. 04

St or la
-27. 36

L ansing

99.18

Lycom ing

-81. 67

Clint on

66. 19

Bell Cent er

-23. 83

M agnolia
-25. 41

Cisco Wind
-19. 05

Germ ant own
-19. 85

Concord

-92.08Grangae

-38. 53

Granville

28. 43

18. 19

-28. 36

Ya rm outh

121.99

-17. 03

M ilt on C. C.

38. 64

W. Midd le ton

-171.12

BROOKLYN ENERGY CENTRE

-83. 73

Winco

-31. 92

W.  Sioux Falls
-24. 13 Angus Anson

-30. 25

19. 03
Fem r it e
16. 02

Ger led

25. 98

West  Town
-16. 58

Valley (WEP)
27. 87Bluem ound

-36. 28

Montour

-197.72

Cross Count y

-27. 60

Arcadian

-164.37

Rockdale

51. 63

40. 16

25. 83

S.  Gorham
23. 80

Cape Gas Turbine

54. 76

Tr iboj i Beach

-38. 01

Eden

-37. 94

Cryst al Lake

-87.46

M ilt on

-55. 12

Cleveland

63. 66

Sour iquois
-19. 13

27. 38

Oak Creek Nor t h

206.99

Char lie Bluf f

59. 58

Hancock

29. 16

M cCue

46. 30

Sanf ord

-38. 67

M it chell Co.

91.88

Windsor
-16. 76

M cGuir e Road

62. 20

V.  Fodnes

-51. 09

Ned

-42. 93

Asht abula (FIRGEN)

90.84

Sunbury

-309.06

Racine

61. 40

Tam aqua

30. 82

Par is

34. 32

Long Term

257.06

M arcy

23. 98

N.  M onroe
-34. 10

-39. 23

Edic
16. 88

Dar lingt on
-34. 90

Tur
30. 30

Barnst able

97.43

Per r y (FINUOP)

75. 17

Rock River
-20. 63

E J St onem an

-53. 97

Siegf r ied
-27. 80

N.  Lake Geneva
23. 45

Lor

19. 65

Bain

30. 99

Dee rfie ld

-127.90

Paddock

-45. 90

Pleasant  Prair ie
19. 63

Eagle

-73. 90

Colley Rd.
22. 99

16. 99

Newingt on Energy Cent er

128.90

Schiller  St at ion

44. 32

Hill Road

-21. 73

Zion

113.87

Shef f ield

50. 76

Ut ica Jct .

- 66. 60

St eel Cit y

45. 32

Allent own

28. 69

Hazlet on

-27. 97

Buena Vist a
-20. 83

8t h St r eet

43. 80

Liber t y

-20. 76

Br idgewat er
-28. 03

Rosco

-17. 63

Lake Nelson

46. 67

Waukegan (M IDGEN)

170.81

Blackhawk
20. 60

Branchburg

-51. 81

Lewist own

41. 29

Tim ber  Swam p Rd.

47. 47

Salem

83. 64

Wem plet own

-112.96

Seabrook

252.96

-37. 00

Galena

34. 75

Davis-Besse

57. 75

Albur t is

28. 10

Union

-46. 26

Lyons

35. 25

Wall Lake

-23. 49

Lem ars
17. 19

Alpine

23. 53

Washburn
15. 87

Ham ilt on
-25. 99

Avon Lake

-66. 05

NRG Rockf ord I
-35. 78

Silver  Lake

36. 76

Webst er

40. 69

Inland

-40. 58

Pleasant  Valley ( INDOPE)

-50. 42

Ward Hill
16. 76

Juniata

-205.07

S.  Per r y
17. 09

W.  Am esbury
19. 98

Elect r if arm
22. 09

Lit t le Sioux
32. 85

N.  Lebanon
-22. 09

Nor t h Kill

- 41. 41

Wellsburg
22. 15

Dauphin

-25. 41

Hayes

-40. 80

Nor t hbrook

110.54

N.  Boyer t own
40. 56

Sac
-18. 67

AES Cayuga

-72. 79

20. 45

40. 80

Tewksbury

60. 77

Clar k Corner

86.70

Sioux Cit y #2

57. 92

N.  Her shey
-28. 03

M eyer

-76. 02

Byron (EXGEN)

-129.35

Golf  M ill

68. 44

Skokie

192.80
Des Plaines

36. 51

L awrence

-94.15

Copp

45. 90

Tollway

16. 95

Wakef ield
17. 46

Har r isburg
-15. 81

Elr oy
18. 47

Lehigh

64. 18

Wat er s River

47. 98

Kellogg

-21. 59

Elgin

-18. 79

Cornell Hydro

-44. 29

Salem  Harbor

130.57

Blenheim -Gilboa

-77. 59

S.  Lebanon

47. 07

Resco

20. 43

Cent er  Point

79. 56

Traer

25. 60

I t asca

-45. 92

Vint on
-25. 95

Bay Shore

41. 60

M oser
-21. 00

Lim er ick (EXGEN)

-206.55

Canadias
-28. 13

M aquoket a
17. 51

Nor t hwest

58. 58

27. 78

Duane Arnold
24. 96

West  Shore

42. 49

Elm hur st
19. 22

Cum ber land

-42. 49

Lexingt on

-75. 33

Whit pain

59. 02

Heat on

72. 89

W.  Loop
-23. 49

Lom bard

-89.33
Tay lo r

118.00

St or y Cit y

-50. 10

My stic

124.98

Twin Chur ch
38. 13

M iddlet own Jct n.
-39. 03

Crom by
-16. 91

Chaf in
-21. 36

Wachuse t

-126.90

Fram ingham

-44. 26

Kendall Square
20. 08

Fisk

164.34

Sout hside
19. 39

Three M ile I sland

-190.16

19. 68

S.  Akron

47. 04

Elect r ic Junct ion

27. 90

Shoreham  Generat ing St at ion

140.07

Whit em ar sh
24. 06

Byber r y
25. 81

L St r eet
20. 75

Crawf ord (M IDGEN)

116.37

K Street Jet

161.65

Fraser

62. 44

Toussaint
20. 03

Por t  Jef f er son

42. 83

Ost erburg East

35. 42

M ount ain
-18. 26

18. 11

Plym out h M eet ing

40. 41

Tap

-58. 98

Ridgeland

36. 01

Bar re
20. 20

Kingst on St r eet

77. 73

M cCook

61. 43

Raun

-128.22

Fulton

-172.66

Hyde Park

66. 69

PPL Brunner  I sland

-76. 78

St ange
17. 64

Nor t hpor t

29. 42

Riverhead
35. 89

35. 59

Ot t owa

36. 01

L isle

-103.79

Eagle

-17. 07

Roxborough

-21. 42

Planebrook

-33. 41

Prair ie Creek

55. 19

23. 94

Holt sville

76. 24

Harding

-49. 18

M ar lborough
36. 83

Bedford Pa rk

142.22

West borough
18. 14

Boone Jct .
- 28. 22

Newt own Square
18. 53

Fox

-67. 00

Cait hness

38. 03
George Neal Nor t h

-30. 38

Twin Branch

33. 25

Canal

16. 06

Harbor
27. 07

Edgar

31. 19

Bradf ord
-16. 75

Elwood
18. 10

Bevr  Chn

39. 70

17. 15

Hum m el

-40. 03

19. 73

Yorkana

48. 65

Wading Riv e r

249.08

Greenf ield

-46. 99

M ot t haven

33. 37

St r yker

-74. 30

Jackson Road

-46. 38
29. 41

Midway
-213.50

KHC (Kelsey Hayes)

-222.22

Em erson
-22. 50

Saf e Harbor
27. 29

St at eline (DOM ENE)

134.04

Blue Ball

- 33. 67

Guilf ord

38. 61

Nor t hpor t
15. 95

Ne lson

-100.18

Adam s

-21. 85

Webst er

-50. 27

Oakdale

42. 24

Plano

-281.11

M illbur y Facilit y

43. 10

Ludlow

28. 85

Pr int z
-20. 44

M onona
17. 78

Trem ont

71. 88

Hunte rstown

-155.43

Be rgen (PSEGF )

198.41

Hiple

171.10

Pilgr im

28. 03

Gary Avenue
20. 79

18. 24

Shore Rd
28. 14

Holbrook

42. 41

Or r t anna
-25. 76

Face Rock
22. 99

Glenwood
19. 44

Ham pden
-16. 22

Wat er cure

-47. 12
Hillside

-51. 62

Penny Hill

- 58. 38

Cent r al I slip
24. 52

Drager

31. 45

West  M edway

-115.42

Bellingham  (ANP)

-76. 66

W.  Frem ont

68. 00

M uddy Run

-52. 70

Peach Bottom

-184.67

Walpole

-53. 81

Carpent er  Hill

- 72. 66

E.  63rd St .
23. 36

Burnham

117.97

Blue I sland

111.10
Quad Cit ies (EXGEN)

-53. 21

Shaker  Road
-21. 12

Brookhaven Energy
-40. 49

Rock Spr ings Generat ing

-95.03

29. 61

-25. 70

Gracet on

37. 12

St illwell

- 23. 74

Olean Energy Cent er

69. 92

Conast one
40. 87

Cordova Energy

-35. 28

W.  49 St .

- 64. 38

Car lisle

19. 51

Agawam

-90.75

Will Count y

-42. 29
Goodings Grove

-35. 80

Conowingo

-111.65

Ringgold

23. 84

Shinrock
16. 65

Hudson (PSEGF)

62. 90

M ar ion

39. 55

Dum ont
17. 60

Blackst one (ANP)

-71. 12

Essex

49. 56

Kearny (PSEGF)

48. 00

Brent wood
17. 92

E.  Garden Cit y

-55. 11

York  St.

-108.13

Berkshir e Power
-21. 75

East  13 St
-18. 34

Er ie Sout h

-53. 90

Ridgeley

69. 67

Car roll

64. 26

N.  M anhat t an

36. 33

M unst er

-67. 85

Far r agut
-16. 72

Ocean St at e Power

-68. 43

Bedingt on

-73. 17

Jo l ie t 29

-97.12

Boonsboro
18. 99

Richland Peaking
-38. 22

Bayonne
20. 58

Sub K (Tif f in)

-50. 69

Northwest

-117.83

M PLP

82. 85

Black Oak
34. 96

Kendall Count y Proj ect

-91.84

West  Farnum

-79. 87

M onocacy
33. 78

Denison

23. 50

33. 18

Bayonne

-49. 25

Bloom

78. 09

Leesburg

81. 44

Hur ley Ave.
-35. 93

Gr innell

23. 28

Granit e

-60. 73

Green Acre s

-150.82

St. John

-110.18

Linden Cogen Plant  (ECOAST)

-88.96

Sub S 8
23. 67

Read St .
18. 74

Hoskins

-209.28

O52

-24. 08

Linden (PSEGF)
24. 93

Tosco
16. 60

Sub 47
17. 11

Davenpor t

-47. 99

Goet hals
-26. 85

Pilgr im  Nuclear  Generat ing St at ion

112.14

Er ie West

-82. 50

Wilt on Ct r .
- 26. 79

Pla inv i l le

117.62

32. 55

Carver

84. 06

Lewis Run

34. 74

Bur r  Oak

57. 05

Nor t h Bloom f ield

-108.17

FRSQ

64. 91

31. 71

Dresden

-75. 72

Dicker son St at ion "D"

-56. 51
Dicker son

-61. 91

Br ight on
20. 56

E.  M oline

28. 17

F re sh Ki l ls

-126.57

Hills
-18. 43

Mount Storm  (VIEP)

-378.36

War ren (RRI)
20. 72

Sewaren

81. 31

M ainesburg

50. 58

Collins (M IDGEN)

-147.63

Franklin Dr ive

-30. 24

East  Towanda
32. 17

M eadow Brook
42. 40

M et uchen

32. 01

Pleasant  View
-31. 65

Gr im es

27. 05
Sycam ore (M IDAM )

71. 16

Tor r ingt on (NRG)

30. 60

Equis

-34. 63

Rar it an River  St eel

54. 89

Canal (M IRNE)

206.67

Robison Park

107.64

W.  Sub
-24. 38

Katy

146.13

Tekam ah
17. 63

Schahf er

60. 50

Sub 18
-19. 83

Werner

60. 86

Poweshiek
19. 43

124t h Ave.
19. 96

Bram blet on
-16. 16

Cooper s Corner s

-92.14

Pleasant  Valley

35. 14

New Rd

-26. 96

Cam pville

-31. 11

Brayton Point

194.17

AES Red Oak
20. 81

N.  M eshoppen

56. 41

20. 39

Loudon
-35. 88

Braidwood

-82. 80

Forver

-21. 22

Hennepin

-40. 20
Meadow

163.30

Brunswick

65. 95

Davis Creek

47. 03

La Salle

-375.99

Bull Run

26. 56

Vandorn

29. 93

Great er  Des M oines Energy Cent er

68. 65

Clif t on

73. 49

Allen

161.94

SE Polk

74. 71

-27. 57

Deans

32. 41

Freneau

32. 64

Ox

175.91

Ogden

69. 70

De LTry

-33. 36

Kleen

51. 03

Frost  Br idge
-28. 84

Rocky River  (NEENERGY)

-52. 85

-18. 79

Sorenson

76. 76

Norwalk

68. 86

Laurel Hill
18. 11

E.  Fishkill

70. 71

R.H. Saunde rs

302.83

M iddlet own (NRG)

49. 12

Fallow

-73. 65

Rober t  M oses Power  Dam

66. 22

Red Bank

42. 81

Blue Creek
-21. 35

Lackawanna

269.70

Possum  Po int

157.60
Rem m ingt on

-53. 34

Rem ingt on M ar sh Run

-41. 63
M or r isville
-21. 37

Englisht own

21. 39

Ear lham

-47. 31

M assena
-36. 94

9 Sub

-27. 16

Shoem aker

-63. 16

Wayne (RRI)

-49. 01

Haddam

125.77

Rock Tavern
-25. 29

At lant ic

71. 65

Forest

-30. 40

Anit a
-16. 39

East  Windsor

60. 57

Walr ec

35. 48

M ont ville

60. 08

Carbon Cent er

32. 56

E.  Lim a

-45. 18

Walnut

30. 57

Hunt ingt on
16. 70

Freder icksburg
-25. 04

Oceanview

47. 13

33. 87

Beacon

42. 09

Newpor t
15. 65

Avoca

-16. 14 Sm it hburg

86.36

P lum tree

-101.30

Buddingt on
25. 20

Gales Fer r y
15. 88

24. 16

Bath County

-374.11

At lant ic (ATLAN)
-21. 71

Wood St .

50. 96

Chancellor

41. 25

Oak Grove

101.61

Gordonsville

-57. 57

Sout h Anna NUG

-58. 18

M iam i Wabash
18. 81

Mil lstone

124.59

Em ilie

75. 37

St aunt on
-38. 60

North Anna

-151.84

Ladysm it h
-17. 17

Ford

68. 27

Frem ont  1

-32. 91

Lar r abee
24. 49

Reynolds

-34. 24

S. W.  Lim a

-107.41

St .  Johns

31. 96

M inonk

-77. 40

Louisa Pum ping St at ion

61. 43

Halvar sson
29. 97

Cayuga

22. 76

Indian Point  3
24. 43

Loganspor t
-35. 21

Four  River
21. 65

Galesburg

-43. 40

27. 53

Bust let on
16. 62

Bur lingt on (PSEGF)

56. 71

Lakewood Cogenerat ion L/P

146.07

East  Devon

58. 85

Rolling Hills

106.86

Holm esburg
22. 29

Cham ber lain

-48. 25

16. 13

Waneet a
17. 17

Pont iac M idpoint

101.03

Ot t um wa -  IES

-46. 12

Richm ond (EXGEN)

56. 14
M ast er

36. 02

Bowline Point

64. 5326. 98

Lom brd
21. 52

Lexingt on

58. 43

Grays Fer r y Cogenerat ion Par t ner ship

76. 16

M illwood West

81. 99

West vaco

-27. 14

Pelt z

45. 18

M cDowell

30. 30

Nor t h Om aha
16. 97

Passyunk

45. 01

Walt on

-24. 32

Sout hwark
23. 97

Clif t on Forge

-24. 05

Eddyst one

49. 50

Beaver  Falls (PDI)

-32. 00

M oshier
22. 61

Ram apo (ANP)
-33. 99

Low M oor

-57. 71

Oyst er  Creek

62. 22

DelcoTap
20. 47

Pleasant ville
17. 57

Susquehanna

-116.77

Claym ont
25. 79

Brem o Bluf f
40. 27

Norwa lk

-128.04

-15. 62

S-701

-26. 63

At co
17. 43

Highland /  Hubbard
-37. 14

Tabernacle

29. 09

Sub 3459/1209/909

-57. 55

Shaler sville

40. 85

New F reedom

140.47
Pedr ickt own

-25. 10

Chenoa

-25. 72

Hay Road

40. 63

Sickler

18. 74

Edgem oor
37. 88

-23. 74

NW

-26. 25

Jones St r eet
19. 76

Norwalk Harbor

-153.21

Shenango

72. 85

Harm ony
20. 23

Cedar  St at ion
20. 19

Deepwat er  (CONEC)

-58. 90

Cham ber s

-69. 67
Chur cht own

-63. 20

Salt  Spr ings

-23. 06

N.  M edina
-33. 46

East view

65. 19

Basin Road
-23. 15

M onroe

29. 75

Glenbrook

-71. 82

Keeney

-82. 00

Fowler  Ridge

-125.19

Hanna

-56. 43

Sub 1221/921
-33. 94

M idlot hian

-63. 97

Wat er side Power

-47. 06
Cos Cob

-60. 41

Council Bluf f s

-90.13

Orchard
25. 47

M ot t s

-18. 19

Hines

-18. 41

Wahoo
17. 47

Hope Creek (PSEGN)

-104.71

Salem  (PSEGN)

-174.35

Perryman

171.18

Greent own

74. 18

Absecon
17. 27

Cardif f
15. 97

Boardm an
-16. 77

Joshua  Fa l ls

171.06

Sub 3454

-64. 75

Lewis

28. 24

Am st erdam
-16. 58

Huron
16. 16
Ont ar io
22. 65

Por t land (RRI)

38. 20

16. 98

Sprain Brook
24. 30

Nor t heast

60. 14

East  Lynchburg
26. 72

Fair  Lawn
23. 25

Peaksview

161.20

Dunwoodie

36. 16

Kokom o

49. 76

C.  P.  Crane

58. 08

New Cast le
16. 98

Sout h Lynchburg

-45. 10

Lynch
-17. 61

Jet er sville
20. 99

B. L.  England Generat ing St at ion

60. 11

Clayt on
-41. 02

Sta r

-109.87

Bur lingt on ( IPL)

52. 34

M arysville

-73. 74

-17. 42

-27. 59

W.  Whar t on
36. 20

River side (CPS)
38. 37

Great  Egg

44. 08

Dennisville
19. 05

RS Wall

- 20. 36

West wood
-17. 76

Sub 1214

-41. 69

S 3455

51. 67

Hancock

-21. 87

Edwards

-62. 68

Tangy

-28. 89
Tazewell

- 78. 65

Kent  Acres
19. 15

Lower  M ount  Bet hel Energy

97.23

Hyat t

-79. 36

At henia
19. 84

M ar t ins Creek

113.88

Power t on Generat ing St at ion

-362.63

Vassel
15. 62

Darby

45. 60

M aliszewski

-43. 41

Gibson Cit y

-45. 16

Car son

54. 33

Viele
-17. 07

Brok aw

-132.33
Desot o (DUKEDESO)

58. 15

Hur t

-27. 26

Duck Creek

-43. 69

M iddle St at ion
-20. 99

Roseland
34. 23Whippany

18. 03

Carbides
-21. 66

Jug St

31. 28

Pidgeon

-28. 44

Clayt or

-20. 08

St evensville
-22. 75

Clar inda

34. 73

Wagener

54. 03

Greenville

-72. 30

Robe rts

-86.49

Kir k

52. 32

Cabot

-40. 76

St r awt own
-38. 38

NW 68t h & Holdrege

-54. 81

Ipav a

-91.54

Thornt own
-32. 59

-18. 39

St eele

-63. 82

Verm ilion (DM G)
21. 22

M ilf ord

37. 78

Havana

-69. 81

M aple

20. 31

32. 91

Cranber r y

-77. 39

W.  M iller spor t

62. 32

Nebraska Cit y -  NEB
34. 36

Tilt on

22. 11

Fall Creek

38. 77

Rokeby
-18. 92

W. Mi l ton

-91.03

-26. 26

Clover

-236.99

Beat t y

-44. 02

Silver  Grove
23. 93

Cadiz
16. 99

Carm el

-26. 89
Geist
40. 22

Broadf ord

58. 64

Rehebot h
17. 11

Clinch River

24. 75

Wilder

-25. 52

Adam s
15. 81

Beckj ord

61. 11

Pier ce

84. 35

-16. 42

New Cast le

56. 79

Buf f ingt on

-110.08

Cant on Cent r al

- 55. 30

Seam an
18. 03

Greensboro

70. 23

Boone

-22. 45

-24. 82

-17. 25

Halif ax

-70. 03

Bat h

42. 48

St er ling

-36. 26

Cay uga

-99.49
Verm illion Generat ing St at ion,  LLC

-53. 93

S. E.  Cant on

-45. 10

Guion
-26. 78

Crown

-24. 28

Clubhouse
22. 19

Sheldon (NPPD)

-52. 35

Longview
20. 69

Sunnyside

36. 89

W. H.  Zim m er

57. 52

Lat ham
-38. 75

Oreana
17. 38

South Canton

-204.33

Pine
17. 68

Keyst one (RRI)

-157.21

Rockville

-49. 58

Indian River  (NRG)

101.42

Alpha

22. 44

-16. 81

Cam br idge
-22. 20

Axt on

79. 03

Pocket

33. 93

Hanna

34. 60

Sheloct a

-38. 75

Bedf ord

47. 02

St ought ons

-63. 51

Bet hany
27. 01

Conner sville

30. 19

Palom ino

-37. 70
Sugar  Creek

-18. 97
Hut chings

-42. 97

Sout h Bend
-37. 90

Five Point s
37. 58

At lant a

27. 96

Gwynneville

46. 43

Killen

45. 07

Car lisle

-35. 69

Light house Hill
18. 41

Vienna
-34. 35

M ot ley

76. 06

Spurlock

149.84
Ghent

-31. 11

Bur ling
16. 57

M ansf ield (FIRGEN)
36. 27

138t h St r eet

63. 38

Blue M ound

-89.31

Je ffe rson

-128.64
NAS

-26. 50
Clif t y Creek

-75. 20

St uar t  (DP&L)

72. 02

E'dale
19. 49

21. 97

Kent on

25. 42

Nor t h Br ist ol
29. 52

M eredosia
-20. 06

Ocean Bay
17. 71

Dallm an
20. 24

Pr it ch

-30. 76

Deer  Creek
16. 50

M ayo

19. 16

Shelbyville
-16. 31

-27. 64

Woodsdale

-28. 11

Toddville
-25. 31

Concord

-120.38

Palm yra M unicipal

-97.37

Cent er t on
37. 60

Per son

-46. 76

Roxboro (CPLC)

-50. 86

Shaker

25. 56

M it chell Lost  River
30. 54

29. 80

Prescot t
17. 78

Fa irport

110.20

Crescent

45. 17

Ross

-22. 25

Tr im ble Count y (LGEC)

45. 15

Nagel

30. 53

Sout h Holst on
20. 31

Kansas

51. 64

Spr ingdale
-29. 28

Wabash River

-50. 89

Cheswick

57. 06

Hom er City

-125.84

St aunt on
-18. 29

Pinnacle

-26. 65

L ogan's Fe rry

143.52

War ren

32. 76

M ill Run

18. 54

Bluf f  Cit y
-18. 75

Kincaid

-142.83

-15. 91

Por t  Union
-27. 76

Pawnee

-84. 38 Fost er
29. 12

Sadler

51. 80

8t h East
-28. 53

Fair f ield

-25. 32

Over t on
16. 00

Phipps Bend (TVA)

56. 51

M adison
-17. 47

Pe rche

-119.12

Sam m is

34. 34

Buck ne r

94.62

Rockingham  Power  Plant

79. 15

Boone (TVA)
15. 99

Sugar  Creek

-75. 61

Alsey

-29. 76

Sullivan

169.76

Dresse r

-84.63

Hender son

70. 59

Deno is Creek

-141.08

East on

51. 94

Callaway (UNIEL)

-112.16

Nor t h Pana
30. 51

Belews Creek
-17. 78

Cent er f ield
21. 48

Brunot  I sland

92.51
Ar senal

28. 28

Wildwood
-29. 55

Redbank

42. 87
Colum bus (LSP)

187.28

Sum m erside
30. 61

Cham ois
19. 18

M it chell River

-63. 74

Rural Hall

- 34. 98

Wylie Ridge

-65. 11

Miam i Fort

-107.46

-20. 39

Thom as Hill
- 41. 50

Neoga

-41. 31

Tobasco

31. 27Lawrenceburg
18. 84

Seward (RRI)

-52. 09

Johnst own
-22. 09

Tanner s Creek
25. 28

Georget own
-17. 39Taswell

- 22. 58

Wat t sville
17. 22

Labadie

-55. 75

Par is (PCU)
22. 49

Sullivan

-56. 64

Scot t
-17. 45

Conemaugh

-295.17

Willist on

-46. 95

Duf f

45. 16

Francisco

-63. 43

M iddlet own

91.75

Car son

57. 65

24. 69

Frankf or t  E
17. 84

Calif ornia (CM U)
19. 53

Collier

33. 30

Paddys West
-22. 60

Merom

-152.36

Hut sonville

65. 47

Antioch

-153.11

Paddys Run
-30. 12

Gray Sum m it

-115.18

Shelby Count y
16. 52

25. 31

N.  Greensboro

129.13

Nor t h Wilkesboro

-39. 60

W.  Frankf or t
17. 82

Adam s

-25. 30

E.  Durham

60. 90

Loudon

78. 78

M ebane

38. 44

Cane Run

-51. 76

M ar iosa

-61. 90

Keref ord
-16. 66

Brown

27. 84

26. 06

Haef ling
15. 87

East  Bend
-30. 39

Eno

80. 17

W.  Lexingt on

54. 14

Cherokee (TVA)
32. 99

Scot

-19. 50

Swepsonville
23. 14

Sir  Adam  Beck 1

131.73

Troy

20. 24

Tyrone (KUC)
-21. 21

16. 90

Crest  St .

50. 06

Beckerdit e

-36. 25

Iat an

-27. 03

24. 86

Cof f een
-23. 71

Volunt eer

61. 25

M ill Creek (LGEC)

-127.19

Highland Wind
17. 26

Dubois

-30. 11

Durham

35. 38

Dewit t

60. 72

Falls

50. 07

Plat t e Cit y

-27. 38

Elbr idge

-24. 78

Pannell
23. 72

Clar k
16. 73

St at ion 80
21. 98

Pleasant  Garden

84. 22

26. 78

Scot t sburg
18. 86

Higby

-31. 70

J.K. Smith

140.88
Newt onville

27. 10

Parkwood

210.96

Lansdaw
-21. 98

Edwardspor t

-35. 11

Taylor sville
-21. 81

Colem an (WKEC)

69. 52

Joachim

-54. 32

Roan Ridge
-19. 32

Zebulon

42. 11

-20. 48

Rush Island
18. 31

Bolst ad
19. 23

19. 39

Rockpor t  ( INM I)

-201.15

Sioux

59. 09

Sibley (UTIL)

90.87

Cane River

76. 23

Walnut

29. 57

St r anger  Creek
29. 21

Gr indst one
23. 67

M et hod
27. 89

Wak e

103.43

Lexingt on
22. 07

Fawkes

-29. 45

M ilburnie
19. 16

Brown (KUC)

55. 96

-34. 64 16. 18

Tidd

32. 63

33. 65

Hunt ley

18. 53

Boone
24. 47

Lake Reba
19. 75

Kinm undy

-32. 11

Brown (SIGE)

-167.65

Quindaro

22. 40

Roane

57. 95

Oxf ord (DUPC)
-26. 59

Osage (UNIEL)

-78. 46

Dardenne
-29. 28

Hawt horn
34. 24

Roxf ord

45. 87

Har r im an Plant
-25. 88

M aywood
-22. 72

20. 90

Duncan Rd
23. 97

Blue Valley
26. 60

Belleau

33. 34

Enon

-39. 99

St am ey
-28. 27

NW M anhat t an

-39. 73

Kingst on

-61. 48

M idland Junct ion
22. 21

Siler  Cit y

-29. 72

Rhodhiss
-22. 58

Hardinsburg St at ion

-114.37

Asheboro

-31. 72

W.  Berea

32. 14

Hickory
-17. 10

Sm it h (OM U)
-36. 29

26. 52

Elizabet ht own

74. 57

Buck (DUPC)
36. 54

Ward
-25. 99

Bism arck

-62. 65

Ant elope Valley (BEPC)

-348.11

Oliver Wind I I

-337.64

St ant on (GRERIV)

-53. 36

Lewis & Clar k
-15. 84

L e land Olds

-157.58

Hesket t

-62. 96

Garrison

-162.79

Fort Peck

-110.66

Coyote

-194.20

Coal Creek

-76. 20

Valdese

-27. 00
-27. 52

Rowan Count y Energy Com plex

-48. 56

Saint  Fr ancois

-56. 33

-29. 96

Cuba
19. 53

L ongv iew

-112.58

Tat e & Lyle
29. 26

Hardin Co.

-59. 13

Lookout

-45. 83

Walt er s

-59. 74

Pet e 1 ( IP&L)

-96.40Rat t s
-28. 42

31. 50

M ason

54. 36

Gardenville

61. 19

Lawrence Energy Cent er  (KPL)

-56. 15

St olle Road

107.19Seneca

-46. 99

Cape Fear

-42. 57

Franks

-44. 45

Craig

-22. 59

Ham ilt on No. 2 M ine(De-Energized)

77. 41

Auburn Rd.
-31. 90

McDowe l l

-98 .48

Phill

50. 80

Reid
-19. 79

M ar t in Cit y
-17. 23

M ar shall (DUPC)

-47. 56

W.  Bellair e
-27. 01

M organf ield

-46. 38

M cDowell
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proportional 
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Results are for illustration only and do not represent an actual GMD event 



System Models: Wisconsin example

Calculation of electric field using 

modeled magnetic fields and 3D 

Earthscope impedance tensor 

transfer functions.

GIC data shows anomalous readings 

at one station.

Combining electric field simulations 

with system models to assess 

impacts.



Common difficulties in GIC analysis

• Public data availability for hazard analysis

• Access to validation data

• Access to system models or test cases

• What does this really mean for the utilities and what can they 
do with the information? 

Through this project, the following will be publicly available:

• Geophysical data from four SHM stations

• Results from validation efforts 

• Better understanding of direct impacts for system operators



Thank you.



Geophysical Analysis

Conductivity scaling 
factors using NERC 
guidelines

Conductivity scaling 
factors derived from 
Earthscope data



System Models: GMD Synthetic Cases

• GMD software comparison is limited by the 
availability of public cases

• This is being address by a new ARPA-E project in 
which the goal is to create large-scale, geographic 
synthetic cases that can be freely distributed

• Below image shows a prototype 150 bus case 

20

Cases with

up to 

100,000

buses will

be created


