What Are We Protecting?

Over-Voltage Pretection fof,
CP Systems




Personnel Protection: Personnel Protection:
Touch Potential Step Potential




Equipment Protection
Example

Equipment Protection




From What Voltage _
Sources? Over-Voltage Protection Goal

t difficult)




_ Lightning Protection:
Over-Voltage Protection Goal Primary Considerations




Lightning Protection
Voltage Level (Vpy)

Voltage Across Flange
Insulation Due to Lightning

Vad = Vab + Vbc +Vcd = voitage across joint insulation
Vhe = voltage across protective devics
Vab + Vod » voltage drop in lsads



Protective Device Resistive Voltage Drop
Clamping Voltage (V) (Vgy)




Inductive Voltage Drop
(V) Lightning Characteristics

1.0 Crest Amperes
Slope = di/dt
(Rate of rise, [2 Crest Value
Amps/psec)

0 8 20
Time in microseconds




Protective Voltage (Vi)
Example

Typical (V,,) Parameters




Voltage Across Flange
Insulation Due to Lightning

Vpw = Vbd = Vab + Ybe + Yod = voltage across joint insulation
Vab + Vod = voltage drop In leads
Vhe = vollage scross protective device

For Best Protection




Insulated Joint Protection

Insulated Joint Protection




Insulated Joint Protection

Insulated Joint Protection
P




Similar Considerations Pertain To Common Gradient Control
Personnel Protection From Lightning Mat Designs




Single Conductor Spiral

Multi-Conductor Grid Mat
Mat

Current Flow

I (Radial Current Flow)

Pipe O.D. = 12”
Turn Spacing = 12”

Mat LD. = 127 f i1 Pipe O.D. =12”
Mat O.D. = 132” Mat I.D. = 127
Mat O.D. = 132”




Spiral Mat:




Spiral Mat Ldi/dt Values Grid Mat Ldi/dt Values




Spiral vs Grid Mat Spiral Mat Touch & Step Potentials

Comparison (For di/dt = 1.5x10%° A/u-sec)

LELIE] Touch Step Step
Distance Potential Potential Potential
(In.) (kv) (kV/ft) (kV/m)

0 0 0
48.04 48.04 157.6
154 105.96 B47:5
310.5 156.3 512.7
506.7 196.3 643.9
725.9 219.9 718.9

For di/dt = 1.5x10%, multiply all potentials by 10
Note: Potentials in kV




Grid Mat Touch & Step Potentials Ratio of Step & Potential Ratios
(For di/dt = 1.5x101° A/u-sec) Spiral vs Grid Mat

Radial Touch Step Step D':sat::t!e Spiral/Grid

Di?;:?)ce Pot(%n)tial P(()::’e/:gal P(()\'ﬁl::i)al (In.) Ratio
0 0 0 0

57 57 187

83.4 26.4 86.6

101 17.6 57.7

114.5 13.5 44.3

43 9.8 35.2

For di/dt = 1.5x10%, multiply all potentials by 10
For di/dt = 1.5x10%%, ratios remain unchanged

Note: Potentials In Volts




Over-Voltage Protection From Over-Voltage Protection
Lightning-Key Factors Products




AC Voltage Sources

ve, and magnetic coupling to an

AC Voltage on
Pipelines
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AC Voltage Sources Capacitive Coupling
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Conductive Coupling Conductive Coupling

(Used with permission of Correng)
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ial shock hazard




Lightning Strike To Power
Line Adjacent to A Pipeline

Magnetic Coupling

lificant rise in ear




Magnetically Induced Magnetically Induced Voltage
VOItage (Used with permission of Correng)




Magnetically Induced Why Mitigate Induced
Voltage Voltage?




Mitigation Techniques Spot Mitigation




Considerations: Direct Bonded vs
Decoupled Grounding System

Continuous Mitigation

ofe rentials at all catior




Mitigating Induced AC Example: Pipeline with
Using A Decoupler Induced AC Voltage




Example: Pipeline with Induced
AC Voltage - continued

Mitigating Induced AC




Mitigating Induced AC Mitigating Induced AC
\/oltage




Hazardous Locations

Hazardous Locations
Class I, Div. 1 or Class |,
Div. 2




Pipeline Safety Regulations Pipeline Safety Regulations
Section 192.467 Section 192.467, continued




Hazardous Locations

Summary




Conclusion




