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CORROSION IN PERSPECTIVE COST QF 2

CORROSION Fette tee clny
GAS TRANSMISSION PIPELINE SIGNIFICANT INCIDENTS (1988 - August 2008) lN P.@IUNES awu“;;“ ' BASIG CORROSION THEORY

Corrosion is an electrochemical reaction composed of two half cell reactions, an anodic reaction
and a cathodic reaction. The anodic reaction releases electrons, while the cathodic reaction
consumes electrons. The loss of metal occurs at the ancde.

The average annual corrosion-related
costs for onshore natural gas and
Jcermonion hazardous liquid transmission pipelines
Csmeton Qe is estimated to be $7.0 billion, which

S Homan Exor can be divided into the cost of capital
(38 percent), operation and

o e maintenance (52 percent) and failures
Lt i (10 percent).
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HAZARDOUS LIQUID PIPELINE SIGNIFICANT INCIDENTS (1988 - August 2008) Source: FHWA-RD-01-156, March 2002
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GAS DISTRIBUTION PIPELINE SIGNIFICANT INCIDENTS (1988 - August 2008) The primary method of preventing and mitigating external corrosion on buried pipelines involves a combination of
cathodic protection and coatings. Cathodic protection involves applying a current to the pipeline through the soil

p omm from external sources (sacrificial anodes and/or induced current) sufficient enough to nullify any ocutgoing currents
EXTE R_N_AL from the anodic areas of the pipeline, rendering exposed portions of the pipeline surface cathedic. Coatings are
o Corrimion ~ Y intended to reduce the surface area of exposed metal on the pipeline, thereby reducing the current necessary (and
A Ercavation Camaga GQRROS‘@N cost) to cathodically protect the metal. The most widely used pipe coating is Fusion Bonded Epoxy (FBE) which is
[ mnEese applied to hot rotating pipe that is electrically charged. FBE is resistant to high temperatures, can withstand high
atatitng stresses, and provides good protection against corrosion.
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z Localized corrosion -
Onshore — Return-Flo typically manifests as
pitting on a small area of
the metal and is not
uniform across the surface.

Source: PHMSA Filtered Incident Filas

INTERNAL CORROSION ko |
jorm/general corrosion -

Internal corrosion generally cannot occur in a pipeline unless there is an \ \ General, but ”reQUIal-
electrolyte to complete the corrosion cell. Water or other agueous materials are \ o . thinning of the pipe wall
needed to form the electrolyte. Also, other chemicals usually must be present: which proceeds at
for example, carbon dioxide (CO2) for the formation of dilute crganic and 2
inorganic acids or sulfur for the formation of acid or growth of bacteria. Once approximately the same

the may continue to damage the pipeline until z " rat_e over the whole surface
they are removed, or until they are consumed in corrosion reactions. A » = r =, \ being corroded.

remoual of et ion and free water from

gas streams and liguids

« Coatings/plastic liners - Not very effective as sole measure, but can be
used with other methods

* Inhibitors - Chemicals added 1o the pipeline to reduce the rate of corrasion,
can be absorbed onto the metal surface or react with it to form a protective
film, or can react with the corrodent to make it less comrosive

« Cleaning Pigs - removal of liquids and contaminates that buildup in
pipelines

= Biocides — Injected into the product stream to kill microbes that cause
mic i influenced ion (MIC)

- Buffering — Introduction of a buffering agent to reduce corrosivity of any
standing liquid (not widely used)
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CORROSION DAMAGE ASSESSMENT METHODS STANDARDS

The Department of Transportation's (DOT) Pipeline and
0 PHMSA

To assess the structural integrity of a pipeline that may contain corrosion defects, 49 CFR Part 192 (gas) Hazardous Material Safety Administration (PHMSA), acting
E"VIRONMENTALLY and 49 CFR Part 195 (liquid) recognize three acceptable approaches: through the Office of Pipeline Safely (OPS), administers DOT's

national regulatory program to assure the safe transportation of natural gas,

ASSISTED cmc“l"e petroleum, and other hazardous malerials by pipeline
; i i In-Line Inspection (ILI Hydrostatic Testin Direct Assessment i ; : 45 GFR Part 162, Subpert ), §6192.451 1a 182,41
X o - e e Tl e 3 T i S T TR T ST 1 T or natural gas pipelines, art , Subpart |, £ o .
biritile |, another form Relelrred to as “smart pigging Requllresl ﬁllnng a section of ?I'ypnca]lly used where hydrostatic or ILI testing is entitied *Requirements for Gorrosion Control® prescribes minimum require-
of EAC refers to one of three forms of * Provides very good coverage the pipeline with water and impractical ments for the protection of metallic pipelines from external, internal, and atmo-
E hydrogen degradal:un to the pruper- and ability to locate corrosion pressuring it significantly Involves a 4 step process using a combination of spheric corrosian,

tiesof a melal J€ defects above normal operating corrosion technologies accompanied by physical
mmblnanon o! Iensne stfess and 5
A AR RE SNV ANE CALBAS en-induced ng The location ad size of all pressure inspections to assess a pipeline segment: pilfeisbomin il oeitsadmd A Rel i ACrad O
cracks to form in the metal. SCC nd 4 UESS Of aconcem internal and external wall loss Detects defects, such as 1) Pre-assessment; 2) Indirect inspections; tecting steel pipelines against comrosion
was discovered in 1965 to be a to aperating p'pe’_'“:"’l’- ?Dmm"" fe:" features are recorded corrosion pits or cracks, by 3) Direct examinations; 4) Post assessment
possible cause of pipeline failure, Tures are:an epplied tensfe’sirass an Pipelines may require causing them to leak or ECDA, ICDA and SCCDA processes are meant These that are ped by various industry

; hydrogen dissclved in the metal (due ; . i : S consensus organizations
resulting in one or two failures per 10 00rsion of cathodis prateciion), modifications for “pigs” to pass rupture to insure that the pipeline does not have external

yearin the US which can seriously reduce the ductil- through the line - not all lines F_indlng soiurce of water and corrosion, internal corrosiop or Sczfthat is NACE International (NACE) is the principal professional
ity and load-bearing capacity of the are piggable disposal of water could be a severe enough to cause a failure before the next for the aof ion control
‘1;:: tlwo t&'DEs.of e:l:edmal :Scc matal, catising eracking ard catas problem in some cases inspection. % and :sl ma;l’dmds. Amang ;r:e ;nusl |m|7c|rlar|t NACE standards =
trophic brittle failures at stresses Requires that the pipeline be Bre ioas atcressing canlio of Sdenda conoaion on Lnderground or.

Most instances # - ; : submerged metallic piping systems; conirol of internal corrosion in steel pipe-
ol’ high-pH SCC, whose crack below the yield stress of Is:.!slcepnble 4 removed from service when lines and piping systems; cathodic protection; pipeline coatings; field monitoring
growth rate increases with in- bk Hydrogen emt tis tested ques; and far direct ion, internal
creasing lemperature, have been typically found in high-strength steels carrosion for pipelines that carry normally dry gas, and SCC)
found downetream of-gas com- and at “hard spots” of lower strength |
pressor stations and rarely on pipe (i.e., X52). & Other relevant SDOs include the Society of M Ei
Mkt il (ASME), American Patroleum Institute (AF'I; ASTM International [AE‘.TMJ
T eeves o iAo S Sss racking 650) can CORROSION DAMAGE ASSESSMENT A S o et ST At ot
applied coating; neii[!her form of aceur from two sources: internally, Sarte ntiits (ENSI): i Ut Nersha Vexilas (101)

from transporting wet, sour products, [
SCC has been detected on off- e - - — -
or from water containing sulfate- nteqrity Management

s T e e | O et 505, s oAt et
lines in North America: however, nally, from SRB in soil or water in con- Natural Gas Pipelines q pel on{JG'Z. Thes lma requires PHHEA/OFC to towe r.-gq..iﬂ'mt Frxr.r:lmﬂ
SCC has been observed inside tact with the pipe. Reported failures Estimate | High Estimate dandard; to direct & natural gas sytem ogesttor to condurt 2 rick analctc and
storage tanks and user terminals E"e {?ssssccfare relatively [”'t:”h = — { :;;Dr:n s::mm" pacm porm adopt and inglement an inteqrity management progan (P, The datute et
that contain fuel-grade ethanol |:nm1:t SSC. ars?;:: ;3:‘::;: slrinn;:r; Tc Toutn $10.140 520,960 forth minimum requirements for N7 for gas mmon pipeline Forafnaf i
or hardness and those under tensile o t 52720 59,600 High Congequence fireas (HCAe), Thege requirements have been incorporated
stress are more susceplible to S5C. into 4 CFR Fart 192, Cubpart "0, Part 1247 specifically mentions inter-
Prevention of SSC failures in pipelines [ Summary of Assessme nal corragion, edemal corosion and SCC as threats that mut be considered

that could be exposed to wet hydro- o
. > STRENGTH WEAKNESS or gar e

gen sulfide environments includes r g pe
Single run does not identfy active corrosion and

uses of steel with maximum strength ST S ——— Measures and maps remaining ihe accuracy of multiple run prediclions is uncertan Cimilarly, 147 equirements. for hazardous liguid pipelines effective Nay 29 2001

level of 80,000 psi trol of wall thickness g e p . . .
we;‘lfji:g pnm;g::;?:::giz E:duce- Bwolori ot ool varios and February 15, 2002, spectfy requlations to awess evluate, repair and vali-

ment of regions of high hardness and ctin | Causes a controlled nygrostatic  [Dres het ieenhly the prasence o severty of faws date thowh conprehengie analysc the inteqpity of hazardong lguid pipeline

high residual stress. ydrostatic Testing | oyxe of near-critical flaws pressine bisted seqents that, in the event of a leak or failie, could affect populated areas

area ungually sensitive to emironmental damage and commercially navigable

Identifies areas of high probability | yent - =) i

ok acking o m;s'::l’:‘e‘l"’:l:‘;:u'x’g;‘e:““"?:“:':";: E s watenday. 4 CFR Part 195452 addresses 4P m:rmfmb:(g for hazardous
liguid pigefines, inctuding the need to agsecs for comoston
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