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Problem Statement
Microbially influenced corrosion (MIC) is notoriously difficult to detect and monitor in oil field facilities. 
While molecular methods for the detection and characterization of microorganisms in oil field waters 
have emerged, such data tend to poorly correlate to system integrity and cannot currently be used 
as a leading indicator for (microbial) corrosion.

Instead, MIC is most often diagnosed through analysis of metal-associated biofilms after damage has 
already occurred and other (abiotic) mechanisms have been excluded as root causes. As a 
consequence, the management of MIC in oil field facilities remains highly challenged and the industry 
continues to suffer from instances of shortened service life or even failures of oil field infrastructure 
due to undetected, harmful microbial activity.

Proposed Solution
This JIP aims to develop methods, tools and workflows ("biomarker technology") to reliably detect the 
occurrence of MIC in oil field operations (Fig. 1). This project will assemble MIC experts from across 
the industry (JIP participants) and unravel the most relevant microbial degradation mechanisms in 
carbon steel infrastructure, such as full well stream pipelines, crude transmission lines, produced water 
piping and seawater injection systems.

Specifically, the JIP will aim to deliver its participants the following technology:

• Discovery and deep understanding of molecular biomarkers that are indicative of widely relevant
(‘generic’) instances of MIC

• Methods and tools for water sample collection, preparation and molecular analysis specific to the
detection and quantification of MIC biomarkers

• Distinct key performance indicators (KPIs) and tools for the interpretation of biomarker
monitoring data that enable the development of actionable, next-generation MIC management
practices

The JIP will heavily leverage advanced laboratory (bio)reactors and molecular analytical platforms that
have been specifically developed for MIC biomarker discovery and KPI development. The proof of
principle for this approach has recently been demonstrated Ref 1 (see also Box 1 and Box 2).

Figure 1: Schematic concept of using biomarkers for water-based MIC detection and monitoring.
Specific biomarkers (DNA and proteins) are produced by corrosive biofilms in a pipeline and carried
with the fluid stream to appropriate fluid sampling locations. Operator collects and preserves samples
and sends out for MIC biomarker analysis. Biomarker-specific KPIs and data interpretation charts enable
identification of MIC threat, resulting in improved, next-generation management of MIC.
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Objectives and Approach

Objectives

• To develop a technology that detects MIC of carbon steel pipelines via molecular analysis of
biomarkers in pipeline-associated waters

• To generate data interpretation charts that enable the use of these biomarkers as true leading
indicators of oil field corrosion

• To unravel the most relevant MIC mechanisms that are prevalent in oil and gas operations and
to understand their interconnectedness with acid gas corrosion

• To provide oil field chemical vendors with the tools to better understand and validate the
performance of their products under process conditions

• To provide operators with the technological foundation for implementing the next generation
of MIC detection, monitoring and mitigation; ultimately leading to fewer MIC-related pipeline
failures and prolonged service life of aging infrastructure

Approach

• The JIP expands on capabilities, technologies and workflows previously developed by the
partner companies (see section JIP Foundational Basis)

• Industry experts on MIC, oil field corrosion and petroleum microbiology (JIP participants)
combine their expertise and field experience to develop MIC monitoring technologies for the
most relevant and prevalent mechanisms of MIC in oil field operations

• Field waters – carefully selected by JIP participants – are used to simulate highly relevant
instances of MIC (e.g. as experienced at participant assets) under controlled laboratory
conditions in once-flow-through autoclaves (APES, see Box 1) at field-like pressure,
temperature, shear stress and acid gas composition

• The JIP is envisioned to generate more than 1,000 highly characterized samples in the APES,
simulating service conditions such as full well stream pipelines, seawater injection systems or
unconventional oil wells (as chosen by participants)

• Application of cutting edge molecular
biological methods such as (meta-) genomics,
(meta-) proteomics, qPCR and enzymatic
immunoassays (EIAs) to discover biomarkers
and develop actionable KPIs, using samples
generated in the APES and ‘reality-checked’
with actual field samples

• Compilation of all discovered biomarkers,
associated KPIs and new understanding of
MIC and oil field microbiology into usable
and actionable data interpretation charts for
next generation MIC management

• The developed methods for generating
monitoring data (DNA/protein biomarkers) –
but not the underlying interpretation charts
and KPIs – will be distributed to external
parties to accelerate industry-wide
deployment and increase market availability
of these new assays
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Background
Biofilms – the cause of MIC in nearly all instances – often grow in locations such as low spots of 
buried piping or locations of water dropout in subsea pipelines, which renders them inaccessible 
for microbiological analysis Ref 2. Yet biofilms produce specific aqueous molecular ‘signatures’ (DNA, 
proteins, metabolites, sloughed off cells, etc.) that are carried downstream along with process-
associated waters where, in principle, they can be collected for analysis (Fig. 1).

The use of rapidly advancing molecular biological methods for the analysis of water samples 
containing DNA, proteins and metabolites offers insights into the metabolic potential as well as the 
actual activity of environmental microbiomes, which in turn can be useful to gain ever deeper 
insights into oil field MIC Ref 3,4,5. Shotgun metagenome sequencing can now reveal the genetic 
blueprint of entire microbial ecosystems, while analysis of the collective proteome of environmental 
samples has become possible and allows for unraveling of the physiological response of a microbial 
community to its surroundings Ref 5,6,7. At the same time, high-throughput approaches to 
quantitative PCR (qPCR) and immunoassays are making it increasingly affordable to generate large 
data sets that allow a deeper understanding of specific and quantitative molecular data.

While modern molecular biological methods increasingly underpin breakthrough investigations of 
MIC in academia Ref 8,9,10 and some techniques have found application in oil field settings, molecular 
methods have yet to reach their full potential as a practical tool Ref 11. This may change as 
mechanistic understanding of MIC improves and relevant biomarkers are discovered. For instance, 
recent work has shown that genetic markers for special [NiFe] hydrogenases in methanogenic 
archaea offer promise as predictive biomarkers for severe MIC caused by oil field biofilms Ref 1.

Still, to this day a major limitation of microbiological oil field data (molecular or otherwise) for MIC 
management has been the lack of clear correlations to system integrity (i.e. corrosion). While it is 
possible to generate molecular data directly on oil field samples, such data typically shows poor 
correlation to actual microbial corrosion and limited ability to accurately predict the threat of MIC. A 
‘classical’ example is the failed attempt to consistently correlate numbers of sulfate-reducing 
bacteria (SRB), detected with molecular methods, to the occurrence of MIC in oil field infrastructure. 
This holds particularly true for data generated based on water samples, e.g. from buried or sub-sea 
pipeline and flowlines. Process water, however, is in most instances the only type of sample that is 
widely available for MIC monitoring, as production and transportation infrastructure often lacks the 
ability to install biofilm monitoring devices (e.g., bio-studs, corrosion coupons) in appropriate and 
representative locations with water exposure.

4



Developing dependable correlations between molecular data and oil field corrosion solely
through investigation of samples originating from pipelines and other facilities is an
unsurmountable task. Such samples intrinsically lack the metadata required for correlation-
building, i.e., they lack reliable information on the corresponding MIC rates; in most instances it
cannot be determined whether a pipeline experienced active microbial corrosion - or any type of
corrosion for that matter - at the specific time that a sample was collected for molecular analysis.

Laboratory samples, on the other hand, which can be generated in large quantities for the
detailed and mechanistic study of MIC, typically fall short at simulating oil field conditions. For
example, most laboratory tests will not consider the short residence time of water in infrastructure
for the transportation of hydrocarbons (often less than 24 hours), but instead incubate microbial
cultures for weeks or months under batch conditions. These tests also typically do not consider the
combined impact of wall shear stresses, oil field chemicals as well as total hydrostatic pressure and
partial pressures of corrosive acid gases (e.g. CO2 and H2S) on MIC; yet all of these variables can
have a profound impact on microbial growth and activity Ref 12, 13, and will as such influence the
molecular signatures produced by oil field microorganisms.

This JIP will heavily leverage a laboratory test platform that has been specifically designed to
overcome the aforementioned challenges of establishing correlations between molecular
biomarkers and MIC (APES, see Box 1). The APES closely simulate oil field corrosion and generate
defined water samples (including corresponding MIC rates) that can be used to discover MIC
biomarkers, as well as to develop frameworks for data interpretation and system performance
(KPIs). Advanced molecular biology capabilities and workflows have been established and will
serve as the foundation of this JIP in the search and discovery of MIC biomarkers.

Box 1: APES – An experimental platform for
MIC biomarker discovery and KPI development.
The Automated Pipeline Ecosystem Simulators
(APES) are specialized corrosion-testing autoclaves
that are operated in a semi-continuous mode and
with actual oil field waters. The system is fully anoxic
and automatically transfers refrigerated (1ºC) oil field
water batches into pre-conditioning autoclaves,
where the water is heated, pressurized, saturated
with acid gases and supplemented with oil field
chemicals prior to entering a corrosion-testing
autoclave with carbon steel coupons. Testing with
and without oil field microorganisms is possible.
Waters typically remain inside the corrosion
autoclave with (or without) oil field biofilm for 24
hours prior to being replaced. Effluent samples from
the autoclave train are collected anaerobically for
molecular and chemical analyses. The APES allow
sweet and sour testing at a wide range of relevant
temperatures (5ºC – 100ºC), pressures (25 psi – 1,000
psi) and steel wall shear stresses (0.1 Pa – 45 Pa).
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JIP Foundational Basis – The Team

This JIP will be managed by DNV GL in close collaboration with its partners at Microbial Insights
Inc. and ExxonMobil Upstream Research Company. The DNV GL lab in Columbus, Ohio, has
extensive experience in simulating acid gas corrosion and MIC in laboratory settings, and further
supports oil and gas operations globally through technical consulting and specialized on-site
corrosion testing services. DNV GL further has a proven track record of successfully completed
materials integrity-related JIPs with international oil and gas companies. Microbial Insights Inc. is a
leading environmental biotechnology company based in Knoxville, Tennessee with partner
laboratories in six countries. Microbial Insights Inc. has almost 30 years of experience in
performing advanced molecular biological analyses on complex environmental samples,
providing research and testing services to a variety of customers in the areas of bioremediation,
environmental forensics and MIC. Microbiologists at ExxonMobil Upstream Research Company in
Houston, Texas, have been focused on the development of the next generation of MIC detection
and monitoring technologies for several years now, and have recently published selected
observations in that context Ref 1. The ExxonMobil team has further developed a patent-pending
test skid that simulates oil field corrosion and MIC (APES, Box 1) and enables the discovery of
water-based MIC biomarkers (Box 2). The JIP will assemble industry experts on MIC, microbial
ecology, oil field corrosion and oil field chemicals from within its participant companies to achieve
the project objectives (JIP Objectives and Approach).

Box 2: Biomarker development (example: ‘micC’) aided by the APES. Corrosion rates 
and micC gene count in effluent waters from two APES trains with different sources of
microbial inoculation. CO2 corrosion rates (0.5 ± 0.04 mm/yr) from a sterile control 
experiment are also depicted for reference (shaded area). Biofilm containing large fractions 
of common oil field sulfate-reducing bacteria (SRB) grew in both experiments. Biofilm (B) 
caused little MIC (experiment A), while biofilm (D) caused severe corrosion (experiment C). 
The biomarker under study in this example is a gene cluster encoding for multi-heme 
cytochromes (‘micC’) that have a putative role in MIC. The putative biomarker (development 
ongoing) may detect the presence of a particular group of severely corrosive SRB in oil field 
pipelines. Batch biocide application (1000 ppm glutaraldehyde, 4 hours) diminished 
microbial corrosion rates (C).
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JIP Scope
Participating companies will select specific oil field assets with a history of MIC or service conditions 
of particular interest for laboratory simulation in the APES. Using waters collected from these 
operating assets, the APES platform will then generate samples for biomarker discovery that will 
be further ‘reality-checked’ through select analyses of field samples. By combining available and
newly generated data (see JIP Foundational Basis), commonalities will be uncovered to 
develop generic and widely applicable MIC biomarker assays. Data interpretation charts and KPIs 
will be generated to translate field biomarker concentrations to integrity threats.

Specifically, this JIP is anticipated to include the following work scopes and resources:

• Full microbiological and chemical characterization of up to 10 pipelines / systems with MIC
concerns (e.g. one per participant) with subsequent simulation of conditions in the APES (Box
1)

• Up to 30 APES tests (3 per modelled pipeline / system), each running over 2 – 3 months to
generate approximately 1,200 water samples (40 per APES test) for molecular biological
analysis. Each sample will have associated metadata (MIC rate, etc.)

• Examples of simulated service conditions:

o Subsea oil trunk line in sweet service with low shear and temperature (e.g., 2% CO2 at
200 psi | 3 Pa | 30ºC)

o Seawater injection pipelines with low shear and temperature and nitrate injection (e.g.,
0.03% CO2 at 400 psi | 2 Pa | 20ºC)

o Production tubing in an unconventional well at medium shear and temperature (e.g.,
0.5% CO2 at 1000 psi | 5 Pa | 60ºC)

o Full well stream pipeline in sour service with high shear and temperature (e.g., 10% CO2
and 3% H2S at 300 psi | 40 Pa | 45ºC)

o Crude transmission pipeline (e.g., 0.5% CO2 at 300 psi | 0.5 Pa | 25ºC)

• (Meta-) genomic and (meta-) proteomic approaches for laboratory and field data
interrogation, supported by surveys of the scientific literature

• Development of new mechanistic qPCR assays and enzymatic immunoassays for ‘generic’
detection and monitoring of the most relevant types of MIC

• Up to 1,200 DNA and protein extractions (from APES and field water samples)

• Up to 10,000 qPCR reactions and 6,000 EIAs (e.g. 9 qPCR assays and 5 EIAs per water
sample)

• Project support through a biostatistician and other external SMEs (sub-contractors)

The assembled team will leverage the following infrastructure and capabilities that have been
established at the JIP partners or sub-contractors:

• Automated Pipeline Ecosystem Simulators (APES) at DNV GL

o This one-of-a-kind capability will serve as an experimental platform for JIP participants

• Established workflows for advanced molecular biological analyses

o (Meta-) genomics, (meta-) proteomics, qPCR and enzymatic immunoassays

• Previously generated molecular and corrosion datasets, including already discovered MIC
biomarkers

• Extensive analytical and methodological know-how
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Deliverables
The JIP is envisioned to create 1,200 data points of corrosion-to-biomarker correlations,
generated on simulated pipelines with actual field waters and participant-selected service
conditions. Particularly troublesome instances of MIC with samples from assets spanning a variety
of conditions across the globe will comprise the core experimental framework. The JIP will include
tests with chemical mitigation to better understand the impact of biocides on MIC rates and
corresponding biomarker concentrations (for KPI development).

Specifically the JIP aims to deliver:

• In-depth knowledge of MIC and microbial ecology in closely simulated pipelines (acid gases,
flow, oil field chemicals, pressure, …) to expand the subject matter expertise of JIP participant
SMEs

• Comprehensive characterization of up to 10 pipelines / systems (e.g., one per participant)
with subsequent simulation of conditions in the APES and development of asset-specific
biomarkers

• In total, development of up to 20 novel qPCR assays for ‘generic’ prediction of MIC potential
and up to 10 novel immunoassays for determination of ‘generic’ MIC activity

o Full details, methods and workflows provided to JIP participants

o Selected details on methods shared with external parties to facilitate easy deployment
of technology across industry and to encourage cost-competitive service
development

• JIP participants will exclusively obtain KPIs and data interpretation charts to enable informed
use of DNA-based and/or protein-based biomarker data for next-generation management of
MIC
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JIP Structure and Cost
Key points regarding the anticipated cost and duration of this JIP are listed below.

• Start: 1Q 2022

• Cost: USD100k per year and participant

• Duration: 3 years

• Anticipated participation: 8 – 12 participants

It is currently envisioned that there will be an optional Phase 2 of this JIP with focus on developing
portable analytical platforms for in-field detection and quantification of the biomarkers discovered
in Phase 1. Participants of the initial JIP will have the first opportunity to join Phase 2.

The organizational structure of the JIP is depicted in Figure 2. The JIP Steering Committee will have
quarterly remote work sessions and meet once per year in Columbus, Ohio (USA). Smaller
participant task groups working alongside the steering committee will be encouraged.

Figure 2: JIP business organization and technical governance. The three partner companies
(DNV GL, Microbial Insights Inc., ExxonMobil Upstream Research Company) are sponsoring the JIP
and are contributing substantial resources.
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