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This NACE International (NACE) technical committee report represents a consensus of those
individual members who have reviewed this document, its scope, and provisions. Its acceptance
does not in any respect preclude anyone from manufacturing, marketing, purchasing, or using
products, processes, or procedures not included in this report. Nothing contained in this NACE
report is to be construed as granting any right, by implication or otherwise, to manufacture, sell, or
use in connection with any method, apparatus, or product covered by letters patent, or as
indemnifying or protecting anyone against liability for infringement of letters patent. This report
should in no way be interpreted as a restriction on the use of better procedures or materials not
discussed herein. Neither is this report intended to apply in all cases relating to the subject.
Unpredictable circumstances may negate the usefulness of this report in specific instances. NACE
assumes no responsibility for the interpretation or use of this report by other parties. Users of this
NACE report are responsible for reviewing appropriate health, safety, environmental, and
regulatory documents and for determining their applicability in relation to this report prior to its use.
This NACE report may not necessarily address all potential health and safety problems or
environmental hazards associated with the use of materials, equipment, and/or operations detailed
or referred to within this report.

Users of this NACE report are also responsible for establishing appropriate health, safety, and
environmental protection practices, in consultation with appropriate regulatory authorities if
necessary, to achieve compliance with any existing applicable regulatory requirements prior to the
use of this report.

CAUTIONARY NOTICE: The user is cautioned to obtain the latest edition of this report. NACE
reports are subject to periodic review, and may be revised or withdrawn at any time without prior
notice. NACE reports are automatically withdrawn if more than 10 years old. Purchasers of NACE
reports may receive current information on all NACE International publications by contacting the
NACE FirstService Department, 15835 Park Ten Place, Houston, Texas 77084 (telephone +1 281-
228-6200).

Foreword

This report provides generally accepted procedures and practices used in oil and gas production environments to monitor
internal corrosion rates using electrochemical techniques. Internal corrosion rates are monitored for various reasons including
to understand the current status of the system, to optimize corrosion inhibitor concentration, and to estimate corrosion inhibitor
efficiency. The infrastructures of the oil and gas production environments include casing pipe, downhole tubular, acidizing
pipe, water generators, water injectors, wellhead, production pipelines, gas dehydration facilities, oil-separating facilities, and
storage tanks. The typical environments of these infrastructures consist of varying amounts of oil, gas, water (formation water
or production water), temperature, pressure, flow, corrosive species (carbon dioxide [CO;], hydrogen sulfide [H.S], oxygen
[O2]), microbes, solids, acetic acid, and ionic species (sulfates, carbonates, and bicarbonates).

The main advantage of electrochemical techniques is that they provide the corrosion rate as the corrosion occurs, i.e., they are
instantaneous and online techniques. Using the data, the effectiveness of a corrosion inhibitor is instantaneously obtained and
the concentration optimized readily. However, for more quantitative analysis, the data from electrochemical techniques are
analyzed based on field operating conditions. Variations in pressure, temperature, production (i.e., volume of oil, water, and
gas), composition of acid gases (CO. and H,S), and solids also influence the electrochemical measurements.

*Chair Sankara Papavinasam, CorrMagnet Consulting Inc., Ottawa, ON


https://webstore.ansi.org/Standards/NACE/NACEStandardPublication31014?source=preview

This is a preview of "NACE Standard Public...". Click here to purchase the full version from the ANSI store.

NACE International

This report provides guidance for using electrochemical techniques to evaluate the performance of corrosion inhibitors in oil
and gas production environments. It summarizes the specific areas where these techniques excel as well as those areas

where their use is limited in the field. The data from the electrochemical monitoring techniques is used to identify corrosion
mechanisms and/or trends that will aid in selecting effective inhibitors and optimizing their concentrations (or application
frequency) within a system.

This report was prepared by Task Group (TG) 070, “Field Evaluation of Corrosion Inhibitors Using Electrochemical
Techniques.” TG 070 is administered by Specific Technology Group (STG) 31, “Oil and Gas Production.” This report is
published by NACE International under the auspices of STG 31.

NACE technical committee reports are intended to convey technical information or state-of-the-art
knowledge regarding corrosion. In many cases, they discuss specific applications of corrosion
mitigation technology, whether considered successful or not. Statements used to convey this
information are factual and are provided to the reader as input and guidance for consideration when
applying this technology in the future. However, these statements are not intended to be
recommendations for general application of this technology, and must not be construed as such.

Introduction

Infrastructure in oil and gas production environments commonly experiences internal corrosmn Therefore a S|gn|f|cant
portion of integrity management is devoted to controlling internal corrosion. NACE SP0106, 1 SP0206,%> SP0208,° and SP0210*
provide overall guidelines to assess internal corrosion and strategies to control it.

Application of corrosion inhibitors is one of the primary internal corrosion control strategies for carbon steel infrastructure in olil
and gas production environments. Periodic monitoring of corrosion is an essential part of corrosion control More than forty
techniques are available to monitor and measure internal corrosion. NACE Publication 3T199° provides general
characteristics, benefits, and limitations of these techniques, as well as procedures to convert the measured parameter to a
corrosion rate and hence, corrosion inhibitor efficiency.

Because corrosion takes place in the aqueous environment by electrochemical principles, electrochemical techniques play a
vital role in monitoring internal corrosion. These are sensitive monitoring techniques that detect corrosion-related changes as
they occur and permit remedial actions to be taken before significant damage occurs. They are defined as direct (i.e.,
measure the corrosion rate directly), intrusive (i.e., place a probe inside the environment to monitor the corrosion), and real-
time measurements (i.e., provide instantaneous corrosion rate, see ASTMY standards G96° and G102).”

Section 1: Electrochemical Techniques

Electrochemical techniques involve application of an electrochemical signal to the specimen, commonly known as a working
electrode (WE), and measurement of the response of the electrode to that signal. The application of an electrochemical signal
moves the potential of the WE from the potential it has developed in contact with the environment (commonly known as
corrosion potential). When the potential of the WE is moved from its corrosion potential, the WE is said to be polarized. For
this reason, most electrochemical techniques are called polarization techniques.

To apply an electrochemical signal onto the WE, another electrode known as an auxiliary electrode (AE) or counter electrode
(CE) is used. During electrochemical measurements, this CE is polarized in the opposite direction of the WE, i.e., if the WE is
polarized in the noble (positive) direction, the CE is polarized in the active (negative) direction.

The potential of a single electrode cannot be measured; only the difference between two electrodes can be measured. For
this reason, a third electrode, known as a standard reference electrode (RE), is used. The standard REs have stable and
reversible potentials. Table 1 presents some commonly used reference electrodes, their reversible potential, and factors to
convert potential with respect to one reference electrode to the potential with respect to another reference electrode. Though
standard REs are commonly used in the laboratory and have been demonstrated in the field,® nonstandard REs (made of
material used as a WE) is used in the field. The RE is electronically connected to the WE through a high-impedance
voltmeter. The high-impedance voltmeter limits the current to a sufficiently low value to not polarize the RE significantly.

@ ASTM International (ASTM), 100 Barr Harbor Dr., West Conshohocken, PA 19428-2959.
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