Introduction to Corrosion Monitoring

What is Corrosion Monitoring?

Thefield of corrosion measurement, control, and prevention coversavery broad spectrum of technical
activities. Within the sphere of corrosion control and prevention, there are technical options such ascathodic
and anodic protection, material s selection, chemical dosing and the application of interna and externa
coatings. Corrosion measurement employsavariety of techniquesto determine how corrosivetheenviron-
ment isand at what rate metal |ossisbeing experienced. Corrosion measurement isthe quantitative method
by which the effectiveness of corrosion control and prevention techniques can be eva uated and providesthe
feedback to enable corrosion control and prevention methodsto be optimized.

A widevariety of corros on measurement techniquesexists, including:

Non Destructive Testing Andytica Chemigry
* Ultrasonictesting * pH measurement
 Radiography * Dissolved gas(O,, CO,, H.S)
» Thermography » Metal ion count (Fe**, Fe*)
* Eddy current/magneticflux » Microbiologica andyss
* Inteligent pigs
Operationa Data Huid Electrochemistry
e pH * Potentia measurement
» Flow rate(velocity) * Potentiostatic measurements
* Pressure * Potentiodynamic measurements
* Temperature * A.C.impedance
CorrosonMonitoring

* Weight losscoupons
* Electrica resstance
* Linear polarization
 Hydrogen penetration
 Gavaniccurrent

Some corrosion measurement techniques can be used on-line, constantly exposed to the process stream,
whileothersprovide off-line measurement, such asthat determined in alaboratory anaysis. Sometech-
niquesgiveadirect measure of metal lossor corrosionrate, while othersareused to infer that acorrosive
environment may exist.

Corrosion monitoringisthe practice of measuring the corrosivity of process stream conditions by the use of
“probes’ which areinserted into the process stream and which are continuously exposed to the process
stream condition.

Corrosonmonitoring “probes’ can bemechanica, electrical, or electrochemica devices.



Corrosion monitoring techniquesaone provide direct and online measurement of metal loss/corrosonratein
industria processsystems.

Typicaly, acorros on measurement, ingpection and maintenance program usedin any industria facility will
incorporate the measurement elements provided by thefour combinationsof on-line/off-line, direct/indirect

measurements.
 CorrosionMonitoring Direct, On-line
* Non Destructive Testing Direct, Off-line
* Anayticd Chemigry Indirect, Off-line
e Operdtional Data Indirect, On-line

Inawell controlled and coordinated program, datafrom each sourcewill be used to draw meaningful
conclusionsabout the operational corrosion rateswith the process system and how these are most effec-
tively minimized.

The Need for Corrosion Monitoring

Therateof corrosion dictateshow long any process equipment can be usefully and safely operated. The
measurement of corrosion and the action to remedy high corrosion rates permitsthe most cost effective
plant operation to be achieved whilereducing thelife-cycle costs associ ated with the operation.
Corrosion monitoring techniquescan helpin several ways:

(1) by providingan early warning that damaging process conditionsexist which may result in acorrosion-
inducedfailure.

(2) by studyingthecorrelation of changesin process parametersand their effect on system corrosivity.

(3) by diagnosing aparticular corrosion problem, identifying itscause and therate controlling parameters,
such aspressure, temperature, pH, flow rate, etc.

(4) by evauating theeffectivenessof acorros on control/prevention technique such aschemical inhibition
and the determination of optimal gpplications.

(5) by providing management information rel ating to the mai ntenance requirementsand ongoing condition
of plant.
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Corrosion Monitoring Techniques

A largenumber of corrosion monitoring techniquesexist. Thefollowing list detail sthe most common tech-
niqueswhichareusedinindustrial gpplications:

* Corrosion Coupons (weight |oss measurements)
* Electricd Resstance (ER)

Linear Polarization Resistance (LPR)
Gdvanic(ZRA)

Hydrogen Penetration

Microbia

» Sand/Erosion

Other techniquesdo exist, but almost al require some expert operation, or otherwise are not sufficiently
rugged or adaptableto plant applications.

Of thetechniqueslisted above, corrosion coupons, ER, and L PR form the core of industrial corrosion
monitoring systems. Thefour other techniquesare normally found in specialized applicationswhich are
discussed | ater.

These corrosion monitoring techniques have been successfully applied and are used in anincreasing range of
applicationsbecause:

 Thetechniquesare easy to understand and implement.

* Equipment reliability hasbeen demonstrated in thefield environment over many yearsof
operationa application.

* Resultsareeasy tointerpret.

* Measuring equipment can bemadeintrins cally safefor hazardousareaoperation.

* Usershaveexperienced significant economic benefit through reduced plant down timeand
plantlifeextension.

Corrosion Coupons (Weight Loss)

TheWeight L osstechniqueisthe best known and smplest
of dl corrosion monitoring techniques. Themethod in-
volvesexposing aspecimen of material (thecoupon) toa
process environment for agiven duration, then removing
thespecimenfor andyss. Thebasic measurement whichis
determined from corrosion couponsisweight loss; the
weight losstaking place over the period of exposurebeing
expressed ascorrosionrate.

Thesmplicity of the measurement offered by the corrosion coupon issuch that the coupon techniqueforms
the baseline method of measurement in many corrosion monitoring programs.
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Thetechniqueisextremely versatile, Since weight |oss coupons can befabricated from any commercialy
availablealloy. Also, using appropriate geometric designs, awidevariety of corrosion phenomenamay be
studied whichincludes, but isnot limited to:

* Stress-assisted corrosion
» Bimetdlic (gavanic) attack
* Differentid aeration

* Heat-affected zones

Advantages of weight losscouponsarethat:

* Thetechniqueisapplicabletoal environments- gases, liquids, solids/particulateflow.
* Visual ingpection can beundertaken.

* Corrosion deposits can be observed and analyzed.

» Weight loss can bereadily determined and corrosion rateeasily calcul ated.

* Localized corrosion can beidentified and measured.

* Inhibitor performance can be easily assessed.

Inatypica monitoring program, couponsare exposed for a90-day duration before being removed for a
laboratory analysis. Thisgivesbasic corrosion rate measurementsat afrequency of four timesper year. The
weight lossresulting from any single coupon exposureyieldsthe* average” vaueof corrosion occurring
during that exposure. The disadvantage of the coupon techniqueisthat, if acorrosion upset occursduring
the period of exposure, the coupon a onewill not be abletoidentify thetime of occurrence of the upset, and
depending upon the peak va ue of the upset and itsduration, may not evenregister agtatisticaly significant
increased weight loss.

Therefore, coupon monitoring ismost useful in environmentswhere corros on ratesdo not significantly
changeover long time periods. However, they can provideauseful correlation with other techniquessuch as
ER and L PR measurements.

Electrical Resistance (ER) Monitoring

ER probes can bethought of as* electronic” corrosion coupons. Like coupons, ER probesprovideabasic
measurement of metal |oss, but unlike coupons, the value of meta loss can be measured at any time, as
frequently asrequired, whilethe probeisin-situ and permanently exposed to the process stream.

. Inthisdiagram, astandard ER instrument is connected to a40
/I mil wireloop element which hasauseful life of 10 mils. The
instrument still reads close to zero because the element is new.

Here the instrument reads around half-scale, indicating that the
. element has experienced about 5 mils of metal loss or about half
) of itsuseful life. Theinstrument’s reading isincreasing propor-
~ tionally with the resistance of the element, which increasesasa
result of metal loss.

Here the instrument reads almost full scale, indicating that the
element has experienced 10 mils of metal lossand requires
replacement.
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The ER technique measuresthe changein Ohmic resistance of acorroding metal e ement exposed to the
process stream. The action of corrosion on the surface of the element producesadecreaseinitscross-
sectional areawith acorresponding increaseinitselectrical resistance. Theincreaseinresistancecan be
related directly to metal lossand the metal lossasafunction of timeisby definitionthe corrosionrate.
Although still atime averaged technique, theresponsetimefor ER monitoring isfar shorter than that for
weight loss coupons. Thegraph below showstypical responsetimes.
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ER probeshaveall the advantagesof coupons, plus:

* Direct corrosion rates can be obtained.
* Proberemainsingtdledin-lineuntil operationd life hasbeen exhausted.
* They respond quickly to corrosion upsetsand can be used to trigger analarm.

ER probesareavailableinavariety of element geometries, metallurgiesand sensitivitiesand can be
configured for flush mounting such that pigging operations can take place without the necessity to remove
probes. Therange of sengtivitiesallowsthe operator to select the most dynamic response consistent with
processrequirements.

Linear Polarization Resistance (LPR) Monitoring

The L PR techniqueisbased on complex electro-chemical
theory. For purposesof industrial measurement applicationsit
issmplified toavery basic concept. Infundamental terms, a
smdll voltage (or polarization potential) isappliedtoan
electrodein solution. Thecurrent needed to maintaina
specific voltageshift (typicaly 10mV) isdirectly related to
the corrosion onthe surface of the el ectrodein the solution.
By measuring the current, acorrosion rate can be derived.

The advantage of the L PR techniqueisthat the measurement

of corrosion rateismadeinstantaneoudy. Thisisamore powerful tool than either couponsor ER wherethe
fundamental measurement ismetal lossand where some period of exposureisrequired to determine
corrosionrate. Thedisadvantagetothe LPR
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techniqueisthat it can only be successfully performed in relatively clean agueouse ectrolytic environments.
LPRwill not work in gasesor water/oil emulsionswherefouling of the el ectrodeswill prevent measurements
being made.

Galvanic Monitoring

Thegalvanic monitoring technique, a so known asZero Resistance Ammetry (ZRA) isanother el ectro-
chemica measuring technique. With ZRA probes, two e ectrodes of dissimilar metalsareexposedtothe
processfluid. Whenimmersedin solution, anatural voltage (potentia) difference exitsbetweentheeec-
trodes. The current generated dueto thispotential differencerelatesto therate of corrosion whichisoccur-
ring on the more active of the el ectrode couple.

Gavanic monitoring isapplicableto thefollowing e ectrode couples.
 Bimetdliccorroson
* Creviceand pitting attack
» Corrosionassisted cracking
* Corrosionby highly oxidizing species
* Weld decay

Galvanic current measurement hasfound itswidest applicationsin water injection systemswhere dissolved
OXxygen concentrationsareaprimary concern. Oxygen leaking into such systemsgrestly increasesgavanic
currentsand thusthe corrosion rate of steel process components. Galvanic monitoring systemsare used to
provide an indication that oxygen may beinvading injection watersthrough leaking gasketsor deaeration
sysems.

Specialized Monitoring

Biological Monitoring

Biologica monitoring and andysisgeneradly seeksto identify the presence
of Sulphate Reducing Bacteria- SRB’s. Thisisaclassof anaerobic
bacteriawhich consume sulphate from the process stream and generate
sulphuric acid, acorrosivewhich attacks production plant materials.

Sand/Erosion Monitoring
These aredeviceswhich aredesigned to measureerosion inaflowing
system. They find wide applicationin oil/gas production systemswhere particul ate matter is present.

Hydrogen Penetration Monitoring

In acidic processenvironments, hydrogen isaby-product of the corrosion reaction. Hydrogen generated in
such areaction can be absorbed by steel particularly when traces of sulphide or cyanideare present. This
may |ead to hydrogeninduced failure by one or more of several mechanisms. The concept of hydrogen
probesisto detect the amount of hydrogen permeating through the steel by mechanical or el ectrochemical
measurement and to use thisasaqudiitativeindication of corrosionrate.
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Instrumentation

Thereexistsavariety of instrument optionsassociated with the vari ous corrosi on monitoring techniques.
Threeclassficationsare:

* Portable Metersand DataL oggers
» Fidd-Mounted Datal oggers
» Fied-Mounted Transmitters

In some applications such asthose experienced in oil/gas production and refining, instrumentation isrequired
to becertified for usein“hazardousareas’ . For portableinstrumentsthisismost often achieved by having
the equipment certified as“intrinsicaly safe’ by arecognized authority suchasBASEEFA (U.K.), U.L.
(U.SA),ITS(U.SA.), or CENELEC (Europe). For hardwired continuous monitoring electronics, isola-
tion barrierscan be used to ensurethat, inthe event of afault condition, insufficient energy istransmitted to
the hazardousfield areafor an explosive spark to be produced.

Probe Fitting Styles

Therearetwo fundamentdl fitting stylesfor corrosion probes: fixed and removable under pressure.

Fixed stylesof probes/sensorshavetypically athreaded or flanged attachment to the process plant. For
fixed stylesof sensors, removal can only be accomplished during system shut down or by isolation and
depressuri zation of the sensor location.

Fromtimeto time, corrosion couponsand probesrequire remova and replacement. It issometimesmore
convenient to be ableto remove and install sensorswhilethe processsystemisoperationa. Tofacilitatethis,
therearetwo digtinct syssemswhich permit removal/installation under pressure.

Inrefinery and process plant environmentswhere pressuresare normally lessthan 1500 psl, aRetractable
Systemisused. Thisconsistsof apacking gland (stuffing box) and valve arrangement. For environments
such asthose experienced in oil/gas production where pressures of several thousand ps areexperienced, a
specia High Pressure Access Systemisused. Thispermitsthe safe and easy installation/removal of corro-
sion monitoring devicesat working pressures up to 3600 psi.

Applications of Corrosion Monitoring Techniques

Corrosonmonitoringistypicaly usedinthefollowing Situations:

* Whererisksarehigh - high pressure, high temperature, flammable, explosive, toxic processes.
» Where process upsets can cause high corrosivity.
» Where changesin operating conditions can cause significant changesin corrosonrate.

Corrosion - 7



» Wherecorrosoninhibitorsareinuse.

« Inbatch processes, where corrosive constituents are concentrated dueto repeated cycling.
» Where processfeedstock ischanged.

» Whereplant output or operating parameters are changed from design specifications.

« Intheevauation of corrosion behavior of variousaloys.

» Whereinduced potentia shiftsare used to protect systemsand/or structures.

» Where product contamination dueto corrosionisavital concern.

Corrosion monitoring may beused invirtually any industry where corrosion preventionisaprimary
requirement. Some examplesof industriesand specific areasof interest include, but arenot limited to:

Oil/GasProduction Refining

* Howlines * CrudeOverheads

» Gathering Systems * Visbreakers

* Transport Pipdines * Vacuum Towers

» Water Injection Fecilities  Sour Water Strippers

* Vesds * AmineSystems

* Processing  Cooling Systems

* Water Systems

* Chemical Injection Systems Pulp and Paper

* DrillingMud Systems * Digegters

» Water Wash Systems » WhiteLiquor

* Dedters * Boiler Systems
Utilities Petrochemical §/ChemicasProcessing

* Cooling Systems * Process Systems

* Effluent Sysems  Cooling Systems

* Make-Up Water Systems
* Boiler Water Systems

Inany corrosion monitoring system, it iscommon to find two or more of the techniquescombined to pro-
videawidebasefor datagathering. The exact techniqueswhich can be used depend on the actual process
fluid, dloy system, and operating parameters.

Corrosion monitoring offersan answer to the question of whether more corrosionisoccurring today as
compared to yesterday. Using thisinformation it ispossibleto qualify the cause of corrosion and quantify its
effect. Corrosion monitoring remainsaval uableweapon inthefight against corrosion, thereby providing
substantial economic benefit totheuser.

Metal Samples Corrosion Monitoring Systems
A Division of Alabama Specialty Products, Inc.
152 Metal Samples Rd., Munford, AL 36268 Phone: (256) 358-4202 Fax: (256) 358-4515
E-mail: msc@alspi.com Internet: www.metalsamples.com
Houston Office: 6327 Teal Mist Lane, Fulshear, TX 77441 Phone: (832) 451-6825



