
API/EI Research report

Verification of lightning protection 
requirements for above ground 
hydrocarbon storage tanks



API/EI RESEARCH REPORT

VERIFICATION OF LIGHTNING PROTECTION REQUIREMENTS
FOR ABOVE GROUND HYDROCARBON STORAGE TANKS

First edition

September 2009

Published by
ENERGY INSTITUTE, LONDON

The Energy Institute is a professional membership body incorporated by Royal Charter 2003
Registered charity number 1097899



The EI gratefully acknowledges the financial contributions towards the scientific and technical programme
from the following companies

 BG Group      Maersk Oil North Sea UK Limited
 BP Exploration Operating Co Ltd   Murco Petroleum Ltd
 BP Oil UK Ltd     Nexen
 Centrica       Saudi Aramco
 Chevron      Shell UK Oil Products Limited
 ConocoPhillips Ltd     Shell U.K. Exploration and Production Ltd
 ENI      Statoil Hydro
 E. ON UK      Talisman Energy (UK) Ltd
 ExxonMobil International Ltd    Total E&P UK plc
 Kuwait Petroleum International Ltd   Total UK Limited
  

Copyright © 2009 by API, and 
The Energy Institute, London:
The Energy Institute is a professional membership body incorporated by Royal Charter 2003.
Registered charity number 1097899, England
All rights reserved.

No part of this book may be reproduced by any means, or transmitted or translated into a machine language without the written permis-
sion of the publisher.

ISBN 978 0 85293 376 3

Published by the Energy Institute

The information contained in this publication is provided as guidance only and while every reasonable care has been taken to ensure 
the accuracy of its contents, the Energy Institute cannot accept any responsibility for any action taken, or not taken, on the basis of this 
information. The Energy Institute shall not be liable to any person for any loss or damage which may arise from the use of any of the 
information contained in any of its publications.

Further copies can be obtained from:
Portland Customer Services, Commerce Way, Whitehall Industrial Estate, Colchester, CO2 8HP, UK. 
t: +44 (0) 1206 796 351 e: sales@portland-services.com
or
Global Engineering Documents at (800) 854-7179 or (303) 397-7956
w: www.global.ihs.com

Electronic access to EI publications is available via our website, www.energyinstpubs.org.uk.
Documents can be purchased online as downloadable pdfs or on an annual subscription for single users and companies.
For more information, contact the EI Publications Team e: pubs@energyinst.org



VERIFICATION OF LIGHTNING PROTECTION REQUIREMENTS FOR ABOVE GROUND HYDROCARBON STORAGE TANKS: PHASE 1

Phase 1:iii

CONTENTS OVERVIEW

Page

Legal notices and disclaimers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv

Foreword . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v

PHASE 1

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i

Executive summary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii

Cul/LT-0234 
Review of lightning phenomena and the interaction with above ground storage tanks . . 1

Cul/LT-0235 
Review of tank base earthing and test current recommendations. . . . . . . . . . . . . . . . . . . . 43

EI-EN2-04 
Lightning tests to tank shell/shunt samples. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

EI-Vis1-01 
Visit to oil refinery A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

EI-Vis2-02 
Visit to oil refinery B. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

EI-TN1-03 
Review of burn-through and hot-spot effects on metallic tank skins from lightning strikes . .93

PHASE 2

Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i 

Executive Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii

Cul/LT-0373 Lightning simulation testing to determine the required characteristics for         
roof bonding cables on external floating roof above ground storage tanks . . . . . . . . . . 1

Cul/LT-0401 Investigative tests on the lightning protection of submerged shunts with        
parallel roof bonding cables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31



VERIFICATION OF LIGHTNING PROTECTION REQUIREMENTS FOR ABOVE GROUND HYDROCARBON STORAGE TANKS: PHASE 1

Phase 1:iv

LEGAL NOTICES AND DISCLAIMERS

The information contained in this publication is provided as guidance only, and although every effort 
has been made by API and EI to assure the accuracy and reliability of its contents, API and EI MAKE 
NO GUARANTEE THAT THE INFORMATION HEREIN IS COMPLETE OR ERROR-FREE. ANY PERSON OR 
ENTITY MAKING ANY USE OF THE INFORMATION HEREIN DOES SO AT HIS/HER/ITS OWN RISK. TO 
THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW, THE INFORMATION HEREIN IS PROVIDED 
WITHOUT, AND API AND EI HEREBY EXPRESSLY DISCLAIM, ANY REPRESENTATION OR WARRANTY 
OF ANY KIND, WHETHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING, WITHOUT LIMITATION, 
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, TITLE AND NON-
INFRINGEMENT. IN NO EVENT SHALL API OR EI BE LIABLE TO ANY PERSON, OR ENTITY USING OR 
RECEIVING THE INFORMATION HEREIN FOR ANY CONSEQUENTIAL, INCIDENTAL, PUNITIVE, INDIRECT 
OR SPECIAL DAMAGES (INCLUDING, WITHOUT LIMITATION, LOST PROFITS), REGARDLESS OF THE 
BASIS OF SUCH LIABILITY, AND REGARDLESS OF WHETHER OR NOT API OR EI HAS BEEN ADVISED OF 
THE POSSIBILITY OF SUCH DAMAGES OR IF SUCH DAMAGES COULD HAVE BEEN FORESEEN.

The contents of this publication are not intended or designed to define or create legal rights or 
obligations, or set a legal standard of care.

API or EI is not undertaking to meet the duties of manufacturers, purchasers, users and/or employers 
to warn and equip their employees and others concerning safety risks and precautions, nor is API or EI 
undertaking any of the duties of manufacturers, purchasers, users and/or employers under local and 
regional laws and regulations. This information should not be used without first securing competent 
advice with respect to its suitability for any general or specific application, and all entities have an 
independent obligation to ascertain that their actions and practices are appropriate and suitable for 
each particular situation and to consult all applicable federal, state and local laws.

API AND EI HEREBY EXPRESSLY DISCLAIM ANY LIABILITY OR RESPONSIBILITY FOR LOSS OR DAMAGE 
RESULTING FROM THE VIOLATION OF ANY LOCAL OR REGIONAL LAWS OR REGULATIONS WITH 
WHICH THIS PUBLICATION MAY CONFLICT.

Nothing contained in any API or EI publication is to be construed as granting any right, by implication 
or otherwise, for the manufacture, sale, or use of any method, apparatus, or product covered by 
letters patent. Neither should anything contained in the publication be construed as insuring anyone 
against liability for infringement of letters patent.

No reference made in this publication to any specific product or service constitutes or implies an 
endorsement, recommendation, or warranty thereof by API or EI.

API, EI, AND THEIR AFFILIATES, REPRESENTATIVES, CONSULTANTS, AND CONTRACTORS AND 
THEIR RESPECTIVE PARENTS, SUBSIDIARIES, AFFILIATES, CONSULTANTS, OFFICERS, DIRECTORS, 
EMPLOYEES, REPRESENTATIVES, AND MEMBERS SHALL HAVE NO LIABILITY WHATSOEVER FOR, AND 
SHALL BE HELD HARMLESS AGAINST, ANY LIABILITY FOR ANY INJURIES, LOSSES OR DAMAGES OF 
ANY KIND, INCLUDING DIRECT, INDIRECT, INCIDENTAL, CONSEQUENTIAL, OR PUNITIVE DAMAGES, 
TO PERSONS, INCLUDING PERSONAL INJURY OR DEATH, OR PROPERTY RESULTING IN WHOLE 
OR IN PART, DIRECTLY OR INDIRECTLY, FROM ACCEPTANCE, USE OR COMPLIANCE WITH THIS 
PUBLICATION.



VERIFICATION OF LIGHTNING PROTECTION REQUIREMENTS FOR ABOVE GROUND HYDROCARBON STORAGE TANKS: PHASE 1

Phase 1:v

FOREWORD

This publication has been produced at the request of the API RP 545 Task Force and the EI Electrical 
Committee. 

It collates a number of research reports produced by Culham Electromagnetics and Lightning Limited 
(Culham) who were commissioned to investigate the lightning phenomena and the adequacy of 
lightning protection measures on above ground hydrocarbon storage tanks.

Currently international, British and United States standards contain requirements relating to lighting 
protection; however, these have not been verified through practical, scientific testing. As a result of 
the work commissioned by the API and EI, a new Recommended Practice (RP) is being developed 
which will incorporate the results of this investigation.

Suggested revisions are invited and should be submitted to the director of standards, API, 1220 
L Street, N.W., Washington, D.C. 20005 or The Technical Department, Energy Institute, 61 New 
Cavendish Street, London, W1G 7AR. 
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