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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed.

Neither API nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of any
information or process disclosed in this publication. Neither APl nor any of APl's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to assure the
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating
practices. These publications are not intended to obviate the need for applying sound engineering judgment
regarding when and where these publications should be utilized. The formulation and publication of API publications
is not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard
is solely responsible for complying with all the applicable requirements of that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the applicable API standard.

Users of this Recommended Practice should not rely exclusively on the information contained in this document.
Sound business, scientific, engineering, and safety judgment should be used in employing the information contained
herein.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to warn and properly train and
equip their employees, and others exposed, concerning health and safety risks and precautions, nor undertaking their
obligations to comply with authorities having jurisdiction.

Information concerning safety and health risks and proper precautions with respect to particular materials and
conditions should be obtained from the employer, the manufacturer or supplier of that material, or the material safety
data sheet.

Where applicable, authorities having jurisdiction should be consulted.
Work sites and equipment operations may differ. Users are solely responsible for assessing their specific equipment

and premises in determining the appropriateness of applying the Recommended Practice. At all times users should
employ sound business, scientific, engineering, and judgment safety when using this Recommended Practice.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means,
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the
Publisher, API Publishing Services, 1220 L Street, NW, Washington, DC 20005.

Copyright © 2015 American Petroleum Institute
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Foreword

Nothing contained in any API 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.

Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the specification.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required in order
to conform to the specification.

This document was produced under API standardization procedures that ensure appropriate notification and
participation in the developmental process and is designated as an API standard. Questions concerning the
interpretation of the content of this publication or comments and questions concerning the procedures under which
this publication was developed should be directed in writing to the Director of Standards, American Petroleum
Institute, 1220 L Street, NW, Washington, DC 20005. Requests for permission to reproduce or translate all or any part
of the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the
API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published
annually by API, 1220 L Street, NW, Washington, DC 20005.

Suggested revisions are invited and should be submitted to the Standards Department, API, 1220 L Street, NW,
Washington, DC 20005, standards@api.org.This updated publication was prepared under the direction of the API
Safety and Fire Protection Subcommittee. The first edition was published in 1956 with subsequent editions in 1967,
1974, 1982, 1991, 1998, and 2008. This eighth edition builds on the technically sound work presented in prior
editions. It emphasizes the need to maintain awareness and the continuing need to develop and use sound
procedures for controlling hazards and minimizing the possible static ignition risks associated with handling
hydrocarbons.

With environmental regulations requiring lower sulfur specification for diesel fuel throughout the world, revisions to the
processing to remove sulfur with the need to supplement the new fuels with additives, such as those to improve
lubricity, the resultant fuels are much lower in conductivity, often below 2 C.U. This in turn enhances the ability of the
fuel to generate and accumulate static charges while flowing through pipes. While there is not a direct correlation
between sulfur level and conductivity, current data shows that most low sulfur fuels have low conductivity. The
precautionary advice regarding ULSD provided in this eighth edition of APl 2003 has been updated to align with
recently published guidance in other recommended practices.
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Protection Against Ignitions Arising Out of Static, Lightning,
and Stray Currents

1 Scope
1.1 General

This recommended practice (RP) presents the current state of knowledge and technology in the fields of static
electricity, lightning, and stray currents applicable to the prevention of hydrocarbon ignition in the petroleum industry
and is based on both scientific research and practical experience. Furthermore, the principles discussed in this RP
are applicable to other operations where ignitable liquids and gases are handled. Their use should lead to improved
safety practices and evaluations of existing installations and procedures. When the narrow limits of static electricity
ignition are properly understood, fire investigators should be encouraged to search more diligently for the true ignition
sources in instances where static ignition is unlikely or impossible.

Following this recommended practice is not required where:

a) static discharges may occur, but flammable vapors are verified to be excluded by gas freeing or inerting the
atmosphere in the area of discharge;

b) product handling occurs in a closed system, and oxygen in that system is verified to be below the minimum
concentration required to support combustion, such as in the handling of liquefied petroleum gas (LPG);

c) the flammable concentration is verified to be above the upper flammable limit (UFL).

This document does not address electrostatic hazards relating to solids handling. (See [4], [5], and [15] in the
Bibliography.) Vehicle fueling (truck or passenger car) is also outside the scope of this document.

1.2 Concept of Hazard vs Risk

Hazards are situations or properties of materials with the inherent ability to cause harm. Flammability, toxicity,
corrosivity, stored electrical, chemical, or mechanical energy all are hazards associated with various industrial
materials or situations. Charge separation and the accumulation of a static charge are inherent properties of low
conductivity hydrocarbon fluids.

Risk includes a consequence such as a hot surface or material that can cause thermal skin burns or a corrosive acid
can cause chemical skin burns, but these can occur only if there is contact to the skin. An accumulated static charge
can be a source of ignition only if exposed to a flammable fuel-air mixture under conditions where a discharge is
possible. There is no risk when all the required elements do not exist; charge accumulation, flammable mixture, and
spark discharge.

Determining the level of risk involves estimating the probability and severity of exposure of an event that could lead to
harm. While the preceding examples relate hazards to the risk to people, the same principles are valid for evaluating
risks to property and the environment. For instance, hydrocarbon vapors in a flammable mixture with air can ignite if
exposed to a source of ignition (such as a static discharge) resulting in a fire which could injure people or damage
property.

1.3 Units of Measurement

Values for measurements used in this document are generally provided in both U.S. customary and SI (metric) units.
To avoid implying a level of precision greater than intended, the second cited value may be rounded to a more
appropriate number. Where specific code or test criteria are involved, an exact mathematical conversion is used.
Some conversions are included in Annex D.
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2 API RECOMMENDED PRACTICE 2003

2 Normative References
No single publication covers all the material needed to understand electrostatic ignition of hydrocarbons and the
appropriate protection against such ignition. The following referenced documents are indispensable for the

application of this document. For dated references, only the edition cited applies. For undated references, the latest
edition of the referenced document (including any amendments) applies.

API/EI Standard 1529 1, Aviation fueling hose and hose assemblies

APl Recommended Practice 2027, Ignition Hazards and Safe Work Practices for Abrasive Blasting of Atmospheric
Storage Tanks in Hydrocarbon Service

APl Recommended Practice 2219, Safe Operation of Vacuum Trucks in Petroleum Service
API Standard 650, Welded Steel Tanks for Oil Storage—Annex H
API/ANSI Standard 2015, Requirements for Safe Entry and Cleaning of Petroleum Storage Tanks

API/ANSI Recommended Practice 2016, Guidelines and Procedures For Entering and Cleaning Petroleum Storage
Tanks

API Recommended Practice 545, Recommended Practice for Lightning Protection of Aboveground Storage Tanks for
Flammable or Combustible Liquids

AIChE/CCPS 2, Electrostatic Ignitions of Fires and Explosions, Thomas H. Pratt ISBN 0-8169-9948-1 (with errata)
AIChE/CCPS, Avoiding Static Ignition Hazards in Chemical Operations, L. G. Britton, ISBN 0-8169-0800-1

ASTM D323 3, Standard Test Method for Vapor Pressure of Petroleum Products (Reid Method)

ASTM D2624, Standard Test Methods for Electrical Conductivity of Aviation and Distillate Fuels

ASTM D4308, Standard Test Method for Electrical Conductivity of Liquid Hydrocarbons by Precision Meter

ISO 1813 4, Belt Drives—V-ribbed belts, Joined V-belts and V-belts including wide section belts and hexagonal
belts—Electrical conductivity of antistatic belts: Characteristics and methods of test

ISO 9563, Belt Drives—Electrical conductivity of antistatic endless synchronous belts—Characteristics and test
method

NFPA 5, Fire Protection Guide to Hazardous Materials, 14th Edition
NFPA 30, Flammable and Combustible Liquids Code, 2015 Edition
NFPA 30A, Code for Motor Fuel Dispensing Facilities and Repair Garages, 2015 Edition

NFPA 69, Standard on Explosion Prevention Systems, 2014 Edition

1 Energy Institute, formerly the Institute of Petroleum, 61 New Cavendish Street, London W1G 7AR, UK, www.energyinst.org.

2 American Institute of Chemical Engineers, Center for Chemical Process Safety, 3 Park Avenue, 19th Floor, New York, New York
10016, www.aiche.org/ccps.

3 ASTM International, 100 Barr Harbor Drive, West Conshohocken, Pennsylvania 19428, www.astm.org.

4 International Organization for Standardization, 1, ch. de la Voie-Creuse, Case postale 56, CH-1211, Geneva 20, Switzerland,
WWW.is0.0rg.

5 National Fire Protection Association, 1 Batterymarch Park, Quincy, Massachusetts 02169-7471, www.nfpa.org.
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NFPA 70, National Electrical Code®, 2014 Edition

NFPA 77, Recommended Practice on Static Electricity, 2014 Edition

NFPA 407, Standard for Aircraft Fuel Servicing, 2012 Edition

NFPA 780, Standard for the Installation of Lightning Protection Systems, 2014 Edition

OCIMF 8, International Safety Guide for Oil Tankers and Terminals (ISGOTT), 5th Edition 2006

3 Terms, Definitions, Acronyms, and Abbreviations

3.1 Terms and Definitions
For the purposes of this document, the following definitions apply.

311

arc

An electrical discharge that occurs at the instant two points, through which a large current is flowing, are separated.
Technically, electrostatic discharges are always sparks, not arcs.

3.1.2

bonding

The practice of providing electrical connections between isolated conductive parts of a system to preclude voltage
differences between the parts (see Figure A.5). The low current associated with static charges can be satisfactorily
bled off using small wires over long distances. In field use, a strong wire resistant to physical damage may be needed,
in which case a bond wire may be sized for physical or mechanical strength. These larger wires typically have low
resistance. The process of connecting two or more conductive objects together by means of a conductor so that they
are at the same electrical potential does not necessarily mean they are at the same potential as the earth.

NOTE A bond resistance as high as 1 megohm (106 ohms) can be adequate for static dissipation. However, for stray current
protection, lightning protection, and other electrical systems, the bonding resistance needs to be significantly lower, no more than a
few ohms.

31.3

closed connection

A connection in which contact is made before flow starts and is broken after flow is completed (e.g. bottom loading of
tank trucks).

314
combustible liquid
A liquid with a flash point at or above 100 °F (38 °C) as defined by NFPA 30.

315

conductivity

o

The capability of a substance to transmit electrostatic charges, normally expressed in picoSiemens per meter (pS/m)
or conductivity units. For petroleum products, the following conductivities are defined for the liquid temperature during
transfer operations. Conductivity measurements at laboratory temperature shall be adjusted to represent transfer
temperature using rationale such as explained in Annex B.6.

High Conductivity—measured conductivity above 50 conductivity units (C.U.)
Low Conductivity—measured conductivity less than 50 C.U. but no less than 2 C.U.
Ultra-low Conductivity—measured conductivity 2 C.U.

6 Qil Companies International Marine Forum, 27 Queen Anne’s Gate, London, SW1H9BU, England, www.ocimf.com.
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4 API RECOMMENDED PRACTICE 2003

3.1.6

conductivity unit

C.u.

A unit of electrical conductivity equal to 1 pS/m where 1 pS/m = 1 x 10~12 siemens per meter = 1 x 10~12 ohm=" m-1.
(The pS/m unit represents the same conductivity value as the now obsolete picomho/m.)

31.7

flammable liquid

A liquid as defined by NFPA 30 having a flash point below 100 °F (38 °C) and having a Reid vapor pressure (RVP) not
exceeding 40 psia (276 kPa).

3.1.8

grounding

NFPA 77 defines grounding as the process of bonding one or more conductive objects to the ground, so that all objects
are at zero (0) electrical potential (also referred to as “earthing”). For hydrocarbon transfers this is accomplished by
providing electrical continuity between a fuel handling system and ground or earth to ensure that the fuel handling
system is at zero potential (see Figure A.6). A resistance as high as 1 megohm is adequate for static dissipation. For
other purposes, such as electrical systems, lightning protection, etc., very much lower resistances are needed.

3.1.9

hazard

A situation or inherent chemical or physical property with the potential to do harm (flammability; oxygen deficiency;
toxicity; corrosivity; stored electrical, chemical, or mechanical energy).

3.1.10

high vapor pressure products

Liquids with a Reid vapor pressure 100 °F (38 °C) above 4.5 psia (31 kPa). These products include aviation and
motor gasoline and high vapor pressure naphtha.

3111

intermediate vapor pressure products

Flammable liquids with a Reid vapor pressure 100 °F (38 °C) below 4.5 psia (31 kPa) and a closed-cup flash point of
less than 100 °F (38 °C). These can form flammable vapors at ambient operating temperatures. Examples of these
products are commercial aviation fuel (Jet B), military aviation turbine fuel (JP-4, TF-4), and solvents such as xylene,
benzene, and toluene.

3.1.12

low vapor pressure products

Liquids with closed cup flash points above 100 °F (38 °C). Examples of these products include heating oil, kerosene,
diesel fuel, commercial aviation turbine fuel (Jet A), and “safety solvents.”

3.1.13

Reid vapor pressure

RVP

The vapor pressure of a petroleum product in a closed vessel at 100 °F (38 °C) (ASTM D323).

3.1.14

relaxation time constant

The time for a charge to dissipate to e~! (approximately 37 %) of the original value. In general, for hydrocarbon
liquids, relaxation time constant is approximated by the relationship:

t=18/c
where

T isrelaxation time in seconds;
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