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49CFR Part 195



Federal hazardous liquid and carbon dioxide pipeline safety regulations are 

provided in 49 CFR 195

Subpart H prescribes minimum requirements for protecting steel pipelines against 

corrosion. Regulations in this subpart require operators to have a thorough

understanding of the corrosive properties of the fluids being transported and 

knowledge about how those properties change over space and time. Furthermore, 

the operator is responsible for inhibiting potentially disastrous internal corrosion 

and monitoring the effectiveness of remediation strategies.



Federal hazardous liquid and carbon dioxide pipeline safety 
regulations are provided in 49 CFR 195, a performance-based 
standard.  Performance requirements have the following 
advantages:
• Based on measurable, quantifiable parameters that are directly related to safety

• Allow timing of measurements to be specified

• Permit numerical performance criteria to be set for each parameter

• Require corrective actions to be taken whenever performance criteria are not met

• Permit monitoring to establish performance trends

• Allow adjustment of performance criteria and corrective actions based on 
performance trends



The following operational variables make it difficult to thoroughly  

characterize fluids:

Crude oils vary in composition and chemistry

Injection waters vary in pH, salinity, microbial constituents, and sulfate     

concentration

Operating procedures (e.g. accumulations of drilling mud, reinjection of light  

gases into the formation, and flow rates) affect corrosion and the effectiveness of 

corrosion control measures





Liquid Culture Techniques





Problems with Liquid Culture Techniques 
for Bacteria:

• Only about 1% of naturally occurring bacteria can be 
cultured.

• There is no relationship between numbers of bacteria 
and the likelihood that MIC has occurred or will 
occur.

• Not all sulfide-producing microorganisms are 
bacteria. Sulfide- producing prokaryotes (SPP)





Types of microorganisms routinely enumerated 

using liquid culture techniques:

• General aerobic heterotrophs

• General anaerobic heterotrophs

• Sulfate – reducing bacteria

• Acid – producing bacteria



Other important groups
• Metal reducing bacteria

• Metal oxidizing bacteria

• Fungi

• Methanogens

• Archaea
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TM0194-2004

Section 1.1.3  “This standard deals with only bacteria and does 
not consider  other microorganisms that may be found in 
oilfield fluids, such as archaebacteria, phytoplankton (algae), 
protozoa or fungi.”



The Organisms - Three Domains of Life



The Organisms - Three Domains of Life

Biodeterioration and Biocorrosion Center Institute for Energy and 
the Environment University of Oklahoma Norman, OK 73019



DNA-based detection:
Bacteria in samples broken open, DNA extracted, specific genes amplified 

(PCR), cloned, and sequenced



Characterizing Microbial Diversity in Production Water 
from an Alaskan Mesothermic Petroleum Reservoir with 

two independent Molecular Methods
Phan et al.,2008

“…near absence of culturable SRB in other samples from this 
well, the low or transient level of sulfate detected and the 

inversely high relative abundance of methanogens.”



Archaeal SRB and not 
routinely assayed!

Sample 1

Sample 
2

Biodeterioration and Biocorrosion Center Institute for Energy and the Environment University of Oklahoma Norman, OK 73019

Hot samples are rich in Archaea!
Thermophiles, hyperthermophiles

Similar sequences, 
different proportions

“Methano”; methane-producers
Methanothermobacter thermautotrophicus
Most numerically dominant H2 utilizer



Sample 1

Well B

Seawater community is different: Pseudomonas stutzeri, Sulfur-, thiosulfate-

oxidizers: Arcobacter, Sulfurimonas

Bacterial clone libraries

Biodeterioration and Biocorrosion Center Institute for Energy and 
the Environment University of Oklahoma Norman, OK 73019



•Molecular analysis showed the presence of thermophilic anaerobes 
such as eubacterial SRB, archaeal SRB, thiosulfate-users, fermentors
(acid producers), methanogens, H2 users.

Metabolic evidence for anaerobic hydrocarbon biodegradation!

Biodeterioration and Biocorrosion Center Institute for Energy and 
the Environment University of Oklahoma Norman, OK 73019



Detection Techniques

Coupons

a. Location – Failure to properly locate coupons may lead 
to poor correlation of monitored corrosion rates with 
actual system rates (ref. RP0775-2005).

b. Exposure Time – Aggravating conditions (i.e. bacterial 
fouling) may take time to develop and will require 
longer exposure times.  Multiple holders can be used so 
that both long-term and short-term effects can be 
monitored (ref. RP0775-2005).

c. Evaluation – Corrosion rates calculated from mass loss 
can be misleading.  If corrosion occurs in the form of 
pitting or crevice corrosion, the depth, size, and 
distribution should also be evaluated



Detection Techniques

Electrical Resistance (ER) Probes

a. ER probes determine metal loss by directly measuring 
the increase in resistance of a metal as its cross-
sectional area is reduced by corrosion.

b. Where pitting is the only form of attack, the probes may 
yield unreliable results [ASTM G96-90(2008)].  This is 
particularly relevant in sour oil/gas systems and certain 
forms of microbial corrosion such as SRB attack.



Detection Techniques

Nondestructive Testing (NDE)

a.Typically volumetric methods are used such as 
radiography or ultrasonic testing.

b.Used for detecting damage and irregularities in pipe 
walls.

c.All NDE methods require acceptable performance 
demonstration on known flaws.  If actual flaws vary 
from test conditions errors are likely to occur.



Interpretation of Pit 
Morphology



An illustration of an ink bottle-type pit noted in many cases of MIC 
and commonly found in the Type 904L tubes from failed heat 
exchangers.

Scott, P.J.B. and Davies, M.  1993 A Practical Manual on MIC  NACE International





ESEM image of dendritic skeletons in MIC cavities of 316L 
stainless steel weld (1000X)



Y. Chung and L. K. Thomas; Paper 159; Corrosion ‘99



Cup-type scooped out hemispherical
pits on flat surfaces with craters in pits

Close-up of sand-blasted surface 
showing MIC pattern

Corrosion pits with striations Close-up view of tunnels (100X)

Pope, D. (1990) Method of Detection in the Field GRI Field Guide





Deep mesa attack in carbon steel without chromium. 20x

2mm deep after 2-3  weeks exposure
80 C, 1.8 bar CO2, pH 2.5 and flow 4 m sec-1

Nyborg & Dugstad, 2003



Nyborg & Dugstad, 2003

Proposed mechanism for 
growth of mesa attack.



The following are required for an 
accurate diagnosis of MIC:

• A sample of the corrosion product or affected surface that 
has not been altered by collection or storage

• Identification of a corrosion mechanism

• Identification of microorganisms capable of growth and 
maintenance of the corrosion mechanism in the particular 
environment

• Demonstration of an association of the microorganisms 
with the observed corrosion 



Corrosion Model Development
Bonis, Chevrot, and Stroe (2008) proposed a methodology for assessing potential corrosion

mechanisms:

What is the natural corrosion likelihood over the forecasted remaining period of operation, 
assuming that no mitigation measure is applied?

Are mitigation measures applied?  If yes, what level of confidence does one have in their 
consistency and efficiency at the time of the assessment and over future operation periods 
(rigorous implementation, corrosion monitoring results, inspection results)?

What is the known or expected physical condition of the pipeline extrapolated from previous 
in-line inspection at the time of evaluation (as new, already damaged)?
Is there any change in operating conditions which may significantly affect the corrosion and/or 
corrosion mitigation over the evaluation period?

Bonis, Chevrot, and Stroe (2008) have used this methodology to provide lifetime predictions 
for more than 400 existing pipelines.
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