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Presenter
Presentation Notes
As a Dept. of Energy National Laboratory, Sandia is a steward of the nuclear stockpile of the United States.  Our broader mission is as a national security laboratory involved in a variety of research and development programs to help secure a peaceful and free world through technology. We develop technologies to sustain, modernize, and protect not only our nuclear arsenal, but also to prevent the spread of weapons of mass destruction, defend against terrorism, protect our national infrastructures, ensure stable energy and water supplies, and provide new capabilities to our armed forces.  

Sandia became involved in this investigation because the coal mining industry is a keystone of our national infrastructure and energy supply.  Without coal, we lose the ability to generate 60 – 70% of the electricity in this country.  For this investigation, we have drawn upon our experience and expertise in assuring a not only a safe and reliable nuclear stockpile, but the safety of the personnel involved in maintaining it.
 
We built upon measurement techniques developed at Sandia to characterize lightning transmission in structures that house critical assets.  These techniques have been employed at several Department of Energy and Department of Defense sites to establish science-based, safe operational procedures. 





Sandia’s role was to determine if lightning was
a plausible cause

Could lightning have created an electrical arc
In the sealed area at Sago?

Photo 1. An upward, groumd-to-cloud hghoming flash in Fapid City, 5D, on 26 March 2004, [Fhowo ©

2004 by Tom Wamer]




nghtmng can propagate by direct attachment or
electromagnetic (indirect) coupling

Indirect coupling

Direct attachment

A Department of Energy
National Laboratory
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Direct-attachment lightning effects on mine
penetrations were determined

— Measured transfer functions of direct coupling paths
« Raills
e Conveyor
* Power shield
e Trolley communication line

— Applied a mathematical representation of a lightning
stroke to the transfer function

 to calculate realistic voltages and currents on conductors
Inside the mine

» Assumed worst-case scenario of lightning attachment at the
mine entrance
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Presentation Notes
Note:  Even if we show with 100% certainty that each of the three elements of the hypothesis exist, there is still no physical indicator that this is exactly what happened.   We would have evidence that it was extremely likely.  We will show in this presentation the scientific evidence of each element.
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Direct-drive measurement technique
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Discuss that these are methods developed and used for DOE/DoD facility evaluation
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Direct-drive transfer functions

Output current (A) Output voltage (V)
Input current (A) of Input voltage (V)
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+100 kA Stroke
-100 kA Stroke |

Mathematical representation of lightning stroke
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and Pierce. E. T.. 4 Ground-Lightning Environment for Engineering Usage,
2

Technical Report 1, SRI Project 1834, August 1972.
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References for lightning waveforms:
Rakov. Vladinmur A.. and Martin A. Uman. Lightning. Lightning Physics and Effects.

Cambrnidge University Press, New York, NY, 2003.
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Direct-drive results given lightning attachment
at the mine entrance

Results = Transfer function x Mathematical Representation of Lightning Strike
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Direct-drive results given lightning attachment
at the mine entrance

Results = Transfer function x Mathematical Representation of Lightning Strike

1000000
m Conveyor
— |
Results at 100000/ & A Rail
Power Center ® Pow er Cable Shield
#1, 100 ft into 100001 @
mine > O
© 1000 ® A
I - A A
(@)
= 100 — A
10 ]
[
1 I I I I I ._
0 2000 4000 6000 8000 10000 12000
Distance from entrance of mine (ft)




nghtmng can propagate by direct attachment or
electromagnetic (indirect) coupling
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Common examples of electromagnetic

propagation

Radiation from power lines
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Lightning energy penetrates the earth
through electromagnetic waves

Magnetic field, H,, is proportional

to | and attenuates as distance
Lightning current, | from ground strike point. H,
radiates radially from surface

'\ / current
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Indirect coupling of lightning effects in the
sealed area were determined

— Measured transfer functions of indirect coupling paths
» Electric field mapping in sealed area
* Voltage measurements on pump cable in sealed area

— Applied a mathematical representation of a lightning
stroke to the transfer functions

e to calculate realistic electric fields in the sealed area and
voltage on pump cable

» Used recorded lightning strokes and related cases

— Compared measured results with a simplified
analytical model of electromagnetic propagation
through the earth
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Note:  Even if we show with 100% certainty that each of the three elements of the hypothesis exist, there is still no physical indicator that this is exactly what happened.   We would have evidence that it was extremely likely.  We will show in this presentation the scientific evidence of each element.


Indirect-drive measurement technique
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Indirect-drive electric field measurement
locations

Custom antenna used in sealed
area was developed to evaluate
DOE facilities

Measurement locations in sealed area ||i|-| ﬁg?iﬁi.?m
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Pump cable and surface drive orientation

Perpendicular
surface drive
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Indirect-drive electric field measurements
agree with analytical model

Electric field in sealed area (V/m)
Input (surface) current (A)

Electric field
transfer function
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Indirect-drive voltage measurements agree
with analytical model

Voltage on pump cable in sealed area (V)

Voltage =
transfer function Input (surface) current (A)
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Presentation Notes
Note:  emphasize this concludes that diffusion is the dominant mechanism.  High frequencies are attenuated.  Diffusion model calculated for infinite length wire (difficult to calculate for finite length).  Low-frequency behavior had to account for finite distance between ground rod end points of surface drive. At low frequencies, skin depth > depth.  Actual calculations would take several months


Next, voltage on the pump cable is calculated
given lightning strokes in the area

Use recorded lightning strokes, assuming
vertical cloud-to-ground geometry

e Use a recorded lightning stroke, assuming
horizontal geometry of lightning arc
channel

 Assume a vertical cloud-to-ground
lightning stroke close to sealed area
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Data record of lightning activity in the area

= NMApEAIE Editor
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Lightning Strokes detected @ 6:26:35
am on Jan 2, 2006 around Sago:
'''''''' Stroke 1: +38.8 kA (NLDN)*
Stroke 2: +35 kA (USPLN)*
meeomiany - | Stroke 3: +101 kKA (NLDN)
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Vertical cloud-to-ground lightning stroke data does
not support high-voltage arcing on the pump cable
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The lightning detection network data is limited

—

* In general, the lightning detection
networks detect approximately 80
— 90% of cloud-to-ground flashes
and approximately 50 - 70% of
iIndividual strokes within a flash.

* Presence of horizontal arc portions
of lightning strokes are not
resolved by the lightning detection
network sensors.

» Positive, upward-going lightning
initiated from tall structures are
generally not detected by the
sensors. Communication towers
are within a mile of the sealed
area.

Photo 1. Anupward, ground-te-cloud hghtming flash in Rapid City, 3D, on 26 March 2004. [Photo ©
2004 by Tom Wamer]
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Case 1: Horizontal arc channel above the sealed area

does support high voltage arcing on the pump cable
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Voltage based on 61 m length cable (if assume cable is longer, voltage is higher)


Case 2: Undetected lightning stroke close to the sealed
area does support high voltage arcing on the pump cable
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Could lightning have created an electrical arc
In the sealed area at Sago?

 From measured direct drive paths --- No

« From 2 recorded lightning strokes (assuming vertical
cloud-to-ground geometry) --- No

 From recorded lightning stroke (assuming horizontal
arc channel over the sealed area) --- Yes

 From undetected cloud-to-ground lightning stroke
close to the sealed area --- Yes

Sandia
i Natoal
Observation: It is possible that lightning coupling through the measured direct-drive -
paths could cause electrical shocks to personnel, even miles back into the mine e
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