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Drum Containing Class | Flammable Liquid
Listed Safety Can

fiun : Jon Koppari et., “ Grounding and Bonding Against Static Electricity”, OSHA Training Institute
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metal container with a
sufficient material thickness
. >

.| .
building shield, e.g. _II L

steel reinforcement /'I

line to the
remote potential

intermeshed equipotential bonding system

fiun : DEHN + SOHNE, “Lightning Protection of Oil and Gas Industrial Plants”, Lightning protection guide, m™ edition, booc.
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Protection method

Rolling
sphere Protective angle o
radius r [m]

h [m]

17'im : DEHN, Lightning Protection Guide, 3rd Update Edition, 2014.
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1’31%'1/]%@ %ﬂﬂﬁ”lfaﬂ air-termination system,
N it J e.g. telescopic lightning
- 1 protection mast
v A do /
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§i1 : Christain Bouquegneau, “Lightning Protection of Oil

ea rth termination system

and Gas Industrial Plants”, IX International Symposium on {rlng earth electrode)

Lightning Protection, Nov. 2007.
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BRI |
[ 1] Pl |
:
| |1 |

Meshed earth-termination system of an industrial plant

1: buildings with meshed network of the reinforcement  2: tower inside the plant
3: stand-alone equipment 4: cable tray

fiun : Christain Bouquegneau, “Lightning Protection of Oil and Gas Industrial Plants”, IX International Symposium on

Lightning Protection, Nov. 2007.
[} =% =% 1 v
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— @1967141890U (Ground conductor)

—— \ Connection between the ground

conductor and ground electrode

< LIranay (Ground electrode)

.
o

o® 2,0
= £
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Single Ground Rod Multiple Ground Electrodes
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AMUATUNIURUNIZ(Soil Resistivity)

| A2NUATUNIUVDILNIRAN AU

(uniform Soil)

| HNTNATUATUNIUIINIZ VDAY

(Soil resistivity)
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RESISTIVITY
(£1-m)

10 000
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L— CURVE 3
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\
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\
100 S ——
0 CURVE 1 S~ o ——
\Q-...__

CURVE 2

L il L 2 i —d

CURVE1 b= { t } } ¢ + } $ —
1 2 3 4 5 6 7 8 9 10 % SALT

CURVE 2 | } } 4 ; ' } } } } l
0 5 10 15 20 25 30 35 40 45 % MOISTURE

CURVE3 = } + } 4 ; } } 4 } - 76
-25 20 -15 -10 -5 0 +5 +10 +15 +20 °C TEMPERATURE
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AUTIUTEN 10...30

AULATIEN 50

AusIuTy 100
AUYUNINEY 150

NI 200

AunsINTL 500

NTIBLI 1,000
AUNT IR 1,000 77

- Ny 3,000 - 10,000
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. |Cimesad k=g (mE-1)

Tl b~ R L S o

e T‘:?L“iﬁféﬁ:i R Q" %+ e 4TL ~2+37 _1if 5:;1." )

Buried horizontal wire
length 2 L, depth 5/2

0 4L AL s s s )
R= (In +In — 2 4 —— +
1612 512L*

Right-angle turn of wire
I_ length of arm L, depth s/2

2 4
5
Bt (;nﬁ 2L _0.2373+ 0.2146-% +0.1035 5 — a.0424% )

/1\ Three-point star
length of arm L, depth 5/2

dnl a 5
o 2L 2L 5 s? s\
= In— +ln==+1.071 — 0.209 — + 0.238 0.054 —
" anL(“ . e L L’ Lt/ 78
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Four-point star _ P 2L 2L . 5 i _ i...
+ length of arm L, depth s/2 R -:BT (In'a—+1n 5_+ 2912~1.071 L+0'E45 0345 L3
Stepomnt star R - | 3"—“ st 6851 —3128%41. 75ai—n4gu:~--)
length of arm L, depth s/2 12wL » " s L L? L
Eight-point star P 2L 2L . § s st
;IE length of arm L, depths/2 | B~ IEﬂL(In & *n § 1088 551L+326}T I'I?F
Ring of wire
O diameter of ring D, diameter = : (ln 8D +In 4_.9)
of wire d, depth 5/2 2n°D d s
Buried horizontal strip 4 - 4l 4 - 2 g4
— length 2L, section a by b, R=-=2 (tn LI ”“‘.3 In——1+ - 3 + " g )
depth 5;2, b < {”rg 4'.'1‘.[.. a 2{0 + b) 5 2L 16L 512L
Buried horizontal round plate R P - 7 r.r_l +_"o‘_:‘§'£f
@ radius a, depth 5/2 "8 dns 125 40 s
i ) 2 4
Blirlel_d vertical round plate pal 2 f, 1 d % 99 a 79
radius a, depth s/2 Ra 4ns 24 ¢ 20 s*
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~ 100 -
g 75
S 50—
o
-2 )
v 20
0 pF—
1/2 5/8 3/4 I 11/4 11/2 13/4
Rod diameter (in.)
fi: Electrical Power Equipment Maintenance and Testing, Paul Gill 80
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o

\Q
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Resistance (£2)
lL\.._}l

fisn: Electrical Power Equipment
81

Maintenance and Testing, Paul Gill

3 15 25 35 40 30 60 70
HA.AT. 81039 Fuvinld Driven depth (£t) 1ATHATANEINNTTY



ANUATUNIUAUDUNAH

%4 6

® ANMUANUNIUAUDUNAH VOLTAGE /

“

LY

Electrolytic &
Cﬁﬂcﬂgl fu 2

-.-.-..-,_

Rimp'u.lse = aRy¢

32
R 4 ¢t nowsumuaufinnuiima a: impulse cof ficient,0 — 1

HA.AT. 81039 Fuvinld N13ARaRUBIUUR d15UUIMISLATaNEINTTY



v o v

ANUATUNIUAUNAIUDNIRINUAIIUATUNTIUAUDUNA S

0 kA

Final (Ionized) Electrode Resistance ( £2)

0 40 80 120 160 200
Initial (Meggered) Electrode Resistance ( Q)
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®* Two-point method

®* Three-point method

* Fall-of-potential method
® Ratio method

®* Four-point method

®* Touch potential method

® (Clam-on method

NA.AT. 81159 duvinlel
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TWO-POINT METHOD

Ground level

Butt plate —p&d__ &

NA.AT. 81159 duvinlel

—

\

Utility pole

T

Ground rod

— Grounding conductor

Terminals shorted
with jumper wire

Auxiliary rod
(Y-Z shorted)

A

t

ﬂ

86
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THREE-POINT Method

Vi
Ri=R,+R, =—
1 X
/D 1] 1 d Al
N v
2
&~ Electrode R — = —
under test 2 Rx + Rz A
o -
v V
2/ — __3
(a)—l
Auxiliary Auxiliary Rl — Rz — R3
electrode 1 electrode 2 RX —
y z 2
Auxiliary Test Auxiliary
§ electrode 1 § electrode é electrode 2
R, Ry R, 87
L
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FALL-OF -POTENTIAL METHOD

Ground
electrode
under test

Current
supply

S

Voltmeter (E)
Auxiliary
potential —
electrode

Ammeter (1)

Auxiliary
current
electrode
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FALL-OF -POTENTIAL METHOD

&
Ground L

= = )
k 1742
o/

strip
~
o & Y electrode Z electrode
\\\
N - —-. Aligeter clips — = — = — = — = — T I ———— g
Ground rod |
Z
III///I//////.I./// ;77777 VA eaeeray I/////////////VIII/IA ﬂ/{l//
\“\\\ ,1?:,; ? ||||7|i||
~ AR T, [/ A
\\\\\\\—_/’/,, 1L ||||
b Y ML a 6 Illlé',l'
So=d =77 -10% 3rd +10% 2nd ivsZoed ]
~ e - \\~_— ’
measurement - < "gneasurement s 7
N7 SYm
Ground rod Y electrode Z electrode
X | Y I Z
® t ° t <
0% 52% 62% 72% 100% of distance 89
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EFFECTIVE RESISTANCE AREAS

X Y i

Effective resistance

|
| ' areas (overlapping)

;Reading variation

Resistance

X-Y distance
90
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EFFECTIVE RESISTANCE AREAS (Cont.)

Ground Auxiliary Auxiliary
electrode potential current
under test electrode electrode

X y & L
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G

Y
A

<
~ 62% of D

|
—>!
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s i i resistance

areas do
not overlap

Resistance of earth electrode

s = e — o — e — e —

Resistance of
auxiliary current
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= — —

Resistance

Distance from Y to ground electrode
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RATIO METHOD
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electrode electrode 1 electrode 2

Potentiometer
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FOUR-POINT MEASUREMENT
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FOUR-POINT MEASUREMENT
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- L ((\/azzf4b2)) - ((\/4a2‘2a+ 4b2))

N i i = ] &S e = L
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b : ﬁqquﬁﬂmaqﬁﬁfﬂwﬁ@, cm 370 four-point ground tester

o 2 a> 20b

p = 2maR
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TOUCH POTENTIAL MEASUREMENT

Connections
9:9:9.9.9.9,
LI \
S ol @ )2
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E D0
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Anticipated

fault point
| —
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(e

Driven ground rods
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CLAMP-ON GROUND RESISTANCE MEASUREMENT

"Er EJ R'_" R.u-—i *E‘Jl

HA.AT. 81039 Fuvinld N13ARaRUBIUUR d1miuaueIAITuasanaIunTIY



CLAMP-ON GROUND RESISTANCE MEASUREMENT
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