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1- The Institute of Electrical and Electronics Engineers
2- Soil resistivityi Wenner method [IEEE Std 81, BS 7430]
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Lower Layer Resistivity 130.78 m | Soil Model Two-Layer
Reduction Factor Cs 1 Safety Model IEEE Std
80-2000

3- Schlumberger method

4- The Institute of Electrical anBlectronics Engineers

5- Soil resistivityi Wenner method [IEEE Std 81, BS 7430]
6- British Standards
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Maximum Permissible Touch 673.54V | Body Weight 70 Kg

Maximum Permissible Step 1204.73V | Surfacelayer Thickness Om

RMS Error 3.8% Upper Layer Thickness 2.23m
Upper Layer Resistivity 237.760hm.m
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Ground Potential Rise 2472.81V Nominal Frequency 50Hz
Calculated Ground Resistanc 0.215421ohm LG Fault Current 10kA
Equivalent Impedance 0.215421ohm Remote Contribution 100%
Total Length Of Primary 5064.97m Upper Layer 223m
Conductors Thickness
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Upper Layer

Total Length Of Primary Rods 72m L 237.760hm.m
Resistivity

Total Number Of Elements 486 Lovyer_ ITayer 130.87o0hm.m
Resistivity
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Potential profile plot #01
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— Surface Potentials — Step Potentals
— Touch Potentials Ground Potential Rise = 2472.81 volts
---- Maximum Permissible Step = 1204.73 volts ---- Maximum Permissible Touch = 673.54 volts
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Poctentiol coniour plot +01
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Potential Thresholds

Maximum Permissible Touch 673.54 volts
0 224513 449027 673.54 898.053
(0%) (33.33%) (66.67%) (100%) (133.33%)
Maximum
Touch Potential At Point(s) 1589.52 volts Aliowable LG Current 4237.28 amps
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= Burface Potentials = Step Potentials
— Touch Fotentials - - - Ground Potential Rise = 2472 .81 wvolts
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— Surface Potentisls — Step Potantisls
— Towch Potentials - - - Ground Potential Rise = 2453 84 volts
- - - Maximum Permissible Step = 1204.73 volts - - - Maximum Permissible Touch = 873.54 volts

+El v T¢ W A° Ricuawddewa £EChA@BUdY E
0 A, 08 °PEIDIAEVVRE«Y wed é BAwRELPAABEOE Az A«
KOwWeCAWWHE oGy c A, 1 Ay € ZA ya \OADIY AP AR Y 8 A { Az
) °CA Yoo B CAAVA € YW T WBA- ¥z Gwu¢e %
A«@®BE WAV HLEdwz w-038° 3y (VA ADO MR v A B
) L Yev Oy AAANKGYE 6 z WA ~ 6% JAWNA 2GR Wz +
CAwuE Awody cw-0 Af
Ali ¢ ¢v at! weeesh vt YvBRAwetAEy Aawe@ Yy cw-U0 AmCEC
cw~ ai EWw-AWB ve iy dhewl eodyvatiadk © p y wwdBAAk A E & ¢
E°A & WHVA ZBeAY ¢ O yoR& BR-W (PFE A wE® KiEQy cw Az Yav{° /B
8¢ Angr éwdh ¢c¢uywéeld Az CO{ &yrwlzjyo GEG @ b
0.157

E,.. = (1000 4.5/, )T 4S
r
0.000 1)
c,=1—'s #$
2h. +0.09

50zvyY¥% i

¢ oyyAEs &7 OAcs Awn BeyoyyEES 3CZA w Efen Awo ¢

ACy w80 y@Buim ¢ e« t& “nmayy@asuwdh SACY ¢
Yoy E3 %z éwh C° O,

FARAYANDNO



-ﬁi@@mmJ

C 0 Ay o £Owé yvoRvea v vAvBwT: idww zA (0 ¢ e @ A y3Raz 6w
#, Lyos3  vY%g@ERM +owtdnp ARC Y PHBBREA ~ L BV EAGY
) LC BRG] VB E Qi IKOMYEGRD VAVVAYRA WA TRy Vet
EGA &AW £, wWAME & T £ AGWES WO [y Ala A 8.4 ATABNALZ waz
adACAVCAW eCGA WL E ¢ W w aiDayavy? Adbw 2030 WR H1Y20.%v © GANE & gvv
) o BAYCAwWG £0AWE ®F FASD E

0¢w, GO0 ¥ai
51 GQVARECWRY iCc v XA Oa G¢ow{D ! ¥
) 1 AECH ¥ 0y GAG G AGBE gy i d Vi Ex DA ©
Yaz Wl v 1§V YOVE Mra 6WOWRIM 63 Vs Yi@h ZAIGRG A Ay 0 A 0
) © EWD 0 84w &V BapaOiey o a6
Yoy v Ao Wi26 vATOA w ayiGhg oi® Az 0 waviliws y {mAQ &v © 3
} AaE
e VOUCHE A & 1gBeY YE\EAH Bvk QOC O %WE QY UA B4fi v
JOII8 11 3l ¢ . o wz
6l a0 UCU¢ RA%UDOE Nz BERAAEL  uzydhwdisgiw, U¢ sy
Yy ¢CAv G6A{é OHzwé ! %Hhvoy

oo

6500
B0 T T
5500
5000
4500
4000
3500
3000
2500

2000

Voltage (volts)

1500 |

1000

500 |

Fo e JrT e, —e -

0 20 40 60 80 100 140 180 220 260 300 340 380 420 460 500 S40 580 620 660 700

Length (meters)

—— Surface Potentials —— Step Potentials
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7- FloatingRoof Tanks

8- Flammable vapors

9- Rim seal

1 ORegular inspection/ monitoring and maintaining

1 1lLanding the roof and refilling

1 2Shunts
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1 3Suwbmerged shunt
1 4Recommended Practice
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1 7upward spraying
1 8Considerable engineering development
1 9Traditional By Pass
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2 OBypass wires variable length
2 1Retractable Grounding Assembly
FARAYANDNO




'y
2 8 YWl HAW 0 CHE W it

Uz wp u
) . D-wAaE ez O wa L ASGIAEY b A E WSBE | %3
[2] CYMGRD 6.3 for windows, "CymGrd User guide and reference manual”,.2006
[3] IEEE Std81, "IEEE guide for Measuring Earth Resistivity, Grolmgedance, and Earth Surface

Potentials of a Ground System"”,2012
[4] IEEE Std 80' IEEE Guide for Safety in AC Substation Grounding”, 2013

[5] NFPA 780,"Standard for the Installation of Lightning Protection Syste204'7 Edition.
[6] API RP 545;'Lightning Protection of Aboveground Storage Tanks for Flammable or Combustible

Liquids", 2012
[7] APl 2003, "Protection against Ignitions Arising out of Static, Lightning, and Stray Currents”,
1998

[8] IEC 610005-2,"Electromagnetic compatibility (EMCInstallation and mitigation guidelines
Earthing and cabling”, 1998

[9] IPSE-EL100, "Engineering Standard for Electrical System Design (Industrial and Non
Industrial) ", First Edition, 2012

[10] API 650, "Welded Tanks for Oil Storage"”, 2014

[11] NFPA77, "Recommended Practice omatst Electricity”, Edition 2014.

[12] BS 7430, "Code of practice for protective earthinglettrical installations”, 2011.

[13] Lanzoni, J, "Improving Lightning Safety of Petroleum Storage Tanks", Lightning Eliminators &
Consultants, Inc. Boulder, Colorado USA, October 2009

[14] Tyurenkov, S and.anzoni, J "Foreign Experience Whit Lightning In Oil & Gas Industry",
ScienceandTechnologyof Pipeline Petroleum Produ¢®01Q

[15] C. KOKSAL, O. GUL, "Analysis of windturbine grounding systems in terms of touch and step
voltage", ILJEEE, Vol. 15, No. 1, pp. 186872, 2015.

FARAYANDNO




