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Presentation Notes
Today we are going to talk about lightning and aboveground storage tanks. We are going to talk about the makeup up lightning, it’s affect on aboveground storage tanks and the preventative measures we can all take to minimize the chances of a fire caused by lightning.
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 Lightning
e Venting

e Protection
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Frequency of Lightning Strikes
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Lightning Strikes and AST Tank Fires

e One Study

— 0.16% of tanks will have a rim fire each year

— 95% of these are due to lightning

— 1.8% of rim fires will extend to full surface fires
e Another Study

— 510 7 tank fires per year caused by lightning

 Flammable vapors mixed in certain concentrations with oxygen
create the potential for explosion when presented with an
Ignition source



Presenter
Presentation Notes
Various data exists on lightning strikes and AST fires. 
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Lightning Induced Fires — Fixed Roof Tanks

 Faraday Cage Effect

— Current will flow over the exterior of the tank shell
 Flammable vapors present at atmospheric vents

— Intermediate or high vapor pressures

— No floating roof

— Inadequate or unmaintained seals

— Overfilling

— Recently vented tanks for maintenance

— Recently floated roofs
e Proper venting

— Should be in accordance with API 650 Appendix H
* Proper seal maintenance
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Lightning Induced Fires — EFR Tanks

e Main focus of API 545

e Let’s understand lightning a little more...
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Lightning Wave Shape

«
Peak current
5KA to 200kA
Fast high current pulse
Long continuing current
200 to 400A / S — — —
Less than 200 to 800 msec

100 psec



Presenter
Presentation Notes
Lightning strike rates to ground have a strong geographical dependence, being highest in warm wet areas (the tropics) and low in cold dry areas.

Lightning intensity is very variable, from less than 5kA to over 100kA peak current for the fast pulse, and 100 to 400A for the long slow pulse.

Normally the presence of refinery plant or tanks is not likely to change the local strike rate, the plant is usually not tall enough to do that.

Normally metallic structures like tanks do not require lightning conductors, because the steel construction acts as its own air termination and down conductors. Earthing and bonding of adjacent structures is important however.

Normally strikes will be confined to the top of the shell of FRT’s, and only if the floating roof is very high is it possible that a strike occurred to the roof. 
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Arcing from the Fast Component
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Presentation Notes
Lightning strike rates to ground have a strong geographical dependence, being highest in warm wet areas (the tropics) and low in cold dry areas.

Lightning intensity is very variable, from less than 5kA to over 100kA peak current for the fast pulse, and 100 to 400A for the long slow pulse.

Normally the presence of refinery plant or tanks is not likely to change the local strike rate, the plant is usually not tall enough to do that.

Normally metallic structures like tanks do not require lightning conductors, because the steel construction acts as its own air termination and down conductors. Earthing and bonding of adjacent structures is important however.

Normally strikes will be confined to the top of the shell of FRT’s, and only if the floating roof is very high is it possible that a strike occurred to the roof. 
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Arcing from the Slow Component
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Skin Effect in Steel
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The Fast Component of the

7 lightning wave only travels in

the outermost 0.020 inches
of the steel shell.

Even though the tank shell
— " has a cross section of ¥
inch or greater.
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Presentation Notes
Cross section of the top of the steel shell, showing how current flows as a thin skin layer on each side of the metal in a layer less than 0.020 inches thick.  The fast pulse current cannot flow through the steel from one side to the other, it has to flow over the surface.  Only very long duration pulses can flow through the steel from one side to the other i.e. pulses lasting at least many tens of milliseconds.
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Potential Lightning Strike Points
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Presentation Notes
Current routes for flash to top of shell.  Note that the fast high current pulse flows down the inside of the shell and via the rim seals, and across the top of the floating roof. (Only two routes are shown; in practice, current flows all over the top of the roof and crosses the rim seal all around the perimeter of the roof).



Current routes for flash to floating roof.  Note that the fast high current pulse flows across the floating roof in all directions to the rim seals and shunts, and then up and over the shell to ground. (Only if the roof is high is this a likely strike point).



Current routes for flash to ground near a floating roof tank.  The current spreads all around from the strike attachment point, including to the tank, up and over the tank and down the far side as shown by the typical current flow lines and arrows.  This current flow plan would only apply to the fast high current pulse.  The continuing current would flow along the ground and the tank floor only. 
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Typical Lightning Protection
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Presenter
Presentation Notes
Conventional Protection comprises Tight Fitting Primary & Secondary Seals with Good Maintenance and Regular Inspection.

NFPA 780 requires lightning shunts to be installed every 3 meters (10 feet) above the vapor space of the seal system.

The theory is that the shunt will provide a current to ground for the lightning stroke while the tight fitting seals will prevent a flammable gas mixture to develop above the seal system.
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Lightning Shunts
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Presentation Notes
The lightning shunt is the narrow metal strip in the center of the picture. The other two metal pieces do not come in contact with the tank shell. They are used for this design of seal to prevent the seal from turning under during abnormal operation. Lightning shunts are made of stainless steel and unless they are made of ¼ hard material, run the risk of losing their ‘memory’ and not being in contact with the shell. 
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Arcing from Above Liquid Shunt
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APl 545 Update

 NFPA 780 required shunts can generate showers of incendive
sparks.

* Roof bonding straps reduce the magnitude of sparking for the
long duration component but are not effective for the fast
component.

* With shunts submerged to 300mm the eruption of sparks is
unlikely, even without bonding cables.

« Metallic seals must be electrically insulated.

« Bonding cables combined with submerged shunts affords the
highest level of protection.
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Arcing from Submerged Shunt
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Effective Protection Components

 Submerged Conduction Path Shunts

 Submerged Conduction Path Cable

* Insulated Primary Floating Roof Seal

* Insulated Secondary Floating Roof Seal

« Submerged Conduction Path Shunts for thru-deck projections



Presenter
Presentation Notes
The optimum protection method is a system approach comprising:



1. Prevention of Incendiary Sparking from the Fast Component

2. Prevention of Incendiary Sparking from the Slow Component

3. Elimination of Static Charge build up on the floating roof

4. Prevention of any extraneous current paths which could result in incendiary sparking i.e. Rim Seals, Appurtances



The system must be designed to provide pathways under the surface of the stored liquid, not in the combustible air/hydrocarbon vapor mixture above the liquid surface, or in the floating roof rim space.
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Submerged Lightning Shunts

Lightning Current Path
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Presenter
Presentation Notes
This drawing shows the Submerged Grounding Shunts connecting the underside of the Floating Roof to the tank shell.  These Grounding Shunts are located on 10 foot centers around the perimeter of the floating roof.  They are designed to provide a conduction path for the fast rate, high current amplitude, main “return stroke” lightning charge.



Submerged shunts are effective in carrying the full wave shape to ground, however, when the potential difference drops below 14v, arcing will cease and the shunt may lose contact with the shell.
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Submerged Grounding Cable
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= Pl TR BT

< GRay ST
\ LOATING F
Lo AN 575
|

SUBWERCED LEGHTHING
SUBWERCED LICHTHING CORDUCTICN PATH CABLE
CONDUCTION PATH SHUNTS
04 I0FT CEMTERS



Presenter
Presentation Notes
Submerged Grounding Cable connecting the underside of the Floating Roof Center Drain Sump to the Tank Shell at the Water Drain Nozzle

Located along the Floating Roof Drain System

Conduction Path for the slow pulse & static discharge
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Insulated Primary Seal

INSULATED WIPER TYPE
| SECONDARY SEAL

|\ INSULATED SCISSOR SHOE

PRIMARY MECHANICAL SEAL



Presenter
Presentation Notes
This drawing shows the Insulated Primary Floating Roof Seal.  This seal must be insulated to prevent any conduction of the lightning charge from the floating roof to the tank shell.  While the seal is insulated from the floating roof, it is designed to allow “bleed-off” to the tank shell of any static charge buildup which may accumulate on any of the component seal parts.
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Insulated Secondary Seal

LIGHTNING SHUNT
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Presentation Notes
This drawing shows the Insulated Secondary Floating Roof Seal.  This seal must also be insulated to prevent any conduction of the lightning charge from the floating roof to the tank shell.  Again, as is the case for the Primary Seal, this Secondary Seal is insulated from the floating roof, but is designed to allow “bleed-off” of any static charge buildup which may accumulate on any of the component seal parts.

This drawing shows the Insulated Secondary Floating Roof Seal.  This seal must also be insulated to prevent any conduction of the lightning charge from the floating roof to the tank shell.  Again, as is the case for the Primary Seal, this Secondary Seal is insulated from the floating roof, but is designed to allow “bleed-off” of any static charge buildup which may accumulate on any of the component seal parts.
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Isolated Appurtances
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Presenter
Presentation Notes
This drawing shows typical Submerged Grounding Shunts and Insulation for the various through-deck openings, projections and fittings in the floating roof.  The shunts are designed to prevent any arcing in these vapor spaces.
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Complete System Principle
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Presentation Notes
In this slide we are attempting to highlight the importance of the components acting as a system. You can clearly see the direction of both the Fast Charge and the Slow Conduction Paths take, as well as seeing the role that the Insulated Tight fitting primary and secondary seals play in preventing a discharge path occurring above the product level and the floating roof.
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Summary

e System

components must work together to provide

conduction paths for lightning currents

e Tight fitting primary and secondary seal systems are
necessary for an effective defense against lightning

Induceo
e Risk of

reducec

ignition
ightning induced ignition is significantly
with a submerged protection system
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Presentation Notes
Based upon the testing conducted, this System, with its various Components, will provide significant protection against a lightning strike induced rim fire.  As we know, there is no absolute guarantee that a lightning induced rim fire will never occur, due to the many variables which can contribute to such an occurrence.   These variables include intensity, type and location of lightning strike, volatility of the stored liquid product, type and condition of the floating roof seals, whether the storage tank is being filled or emptied at the time of the strike, etc.  However, this System will significantly reduce the likelihood of such an occurrence. 




Conclusion

COOL! NOT COOL!
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Thank you!

Chip Breitweiser
HMT Inc.

24 Waterway Avenue, Suite 400
The Woodlands, TX 77380
+1.281.681.7000
sbreitweiser@hmttank.com
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