Research report

The effect of alcohols and kinetic hydrate
inhibitors in gas pipelines on the risk of
microbial-influenced corrosion (MIC)




RESEARCH REPORT

THE EFFECT OF ALCOHOLS AND KINETIC HYDRATE INHIBITORS IN
GAS PIPELINES ON THE RISK OF MICROBIAL-INFLUENCED CORROSION (MIC)

1st edition

April 2011

Published by
ENERGY INSTITUTE, LONDON
The Energy Institute is a professional membership body incorporated by Royal Charter 2003

Registered charity number 1097899



The Energy Institute (El) is the leading chartered professional membership body supporting individuals and organisations across the energy
industry. With a combined membership of over 14 000 individuals and 300 companies in 100 countries, it provides an independent
focal point for the energy community and a powerful voice to engage business and industry, government, academia and the public
internationally.

As a Royal Charter organisation, the El offers professional recognition and sustains personal career development through the accreditation
and delivery of training courses, conferences and publications and networking opportunities. It also runs a highly valued technical work
programme, comprising original independent research and investigations, and the provision of El technical publications to provide the
international industry with information and guidance on key current and future issues.

The El promotes the safe, environmentally responsible and efficient supply and use of energy in all its forms and applications. In fulfilling
this purpose the El addresses the depth and breadth of energy and the energy system, from upstream and downstream hydrocarbons
and other primary fuels and renewables, to power generation, transmission and distribution to sustainable development, demand side
management and energy efficiency. Offering learning and networking opportunities to support career development, the El provides a
home to all those working in energy, and a scientific and technical reservoir of knowledge for industry.

This publication has been produced as a result of work carried out within the Technical Team of the El, funded by the El's Technical Partners.
The El's Technical Work Programme provides industry with cost-effective, value-adding knowledge on key current and future issues
affecting those operating in the energy sector, both in the UK and internationally.

For further information, please visit http://www.energyinst.org

The EI gratefully acknowledges the financial contributions towards the scientific and technical programme
from the following companies

BG Group Murco Petroleum Ltd

BP Exploration Operating Co Ltd Nexen

BP Oil UK Ltd Premier Oil

Centrica RWE npower

Chevron Saudi Aramco
ConocoPhillips Ltd Shell UK Oil Products Limited
EDF Energy Shell U.K. Exploration and Production Ltd
ENI Statoil Hydro

E. ON UK Talisman Energy (UK) Ltd
ExxonMobil International Ltd Total E&P UK plc

Kuwait Petroleum International Ltd Total UK Limited

Maersk Oil North Sea UK Limited

However, it should be noted that the above organisations have not all been directly involved in the development of this publication, nor
do they necessarily endorse its content.

Copyright © 2011 by the Energy Institute, London.

The Energy Institute is a professional membership body incorporated by Royal Charter 2003.
Registered charity number 1097899, England

All rights reserved

No part of this book may be reproduced by any means, or transmitted or translated into
a machine language without the written permission of the publisher.

ISBN 978 0 85293 581 1
Published by the Energy Institute

The information contained in this publication is provided for general information purposes only. Whilst the Energy Institute and the
contributors have applied reasonable care in developing this publication, no representations or warranties, express or implied, are made
by the Energy Institute or any of the contributors concerning the applicability, suitability, accuracy or completeness of the information
contained herein and the Energy Institute and the contributors accept no responsibility whatsoever for the use of this information. Neither
Energy Institute nor any of the contributors shall be liable in any way for any liability, loss, cost or damage incurred as a result of the receipt
or use of the information contained herein.

Further copies can be obtained from: Portland Customer Services, Commerce Way, Whitehall Industrial Estate, Colchester CO2 8HP, UK.
t: +44 (0)1206 796 351 e: sales@portland-services.com

Electronic access to El and IP publications is available via our website, www.energyinstpubs.org.uk.

Documents can be purchased online as downloadable pdfs or on an annual subscription for single users and companies.
For more information, contact the El Publications Team.

e: pubs@energyinst.org



RESEARCH REPORT: THE EFFECT OF ALCOHOLS AND KINETIC HYDRATE INHIBITORS IN
GAS PIPELINES ON THE RISK OF MICROBIAL-INFLUENCED CORROSION (MIC)

CONTENTS

Page

oY NV iv

Acknowledgements ... ... ... . e e v

1 Introduction . ... ... i e e e e e 1

1.1 Technical background .. ... ... 1

1.2 Types of chemicals dosed into gas pipelines and their effects. . .. ........... ... 1

2 SCOPE Of WOKK. . . oo e 3

2.1 General. ... 3

2.2 Hydrate inhibitor chemicals . . ... ... .. . . . 3

2.3 Concentration ranges . . . . .. 3

2.4 CURUreS o 4

2.5 Testmethods. . . ... 4

2.5.1 SteD 1. 4

252 SO 2. 5

253 SO 3. 5

254 SteD . 5

255 SO S 5

2.5.6 SO B 5

2.5.7 SO 7. 5

258 SO 8. 5

3 RESUIES . . .ot i e e e e a e 6

4 Discussion and concluSions . . . ... ... ittt e 8
Annexes:

Annex A Individual testresults. . . ... ... e 9

Annex B References. . ..ot i i e e et 16

Annex C (] [ X3 1 17




RESEARCH REPORT: THE EFFECT OF ALCOHOLS AND KINETIC HYDRATE INHIBITORS IN
GAS PIPELINES ON THE RISK OF MICROBIAL-INFLUENCED CORROSION (MIC)

FOREWORD

The most important group of microorganisms associated with microbial-influenced corrosion (MIC) in
petroleum production facilities and pipelines are sulfate-reducing bacteria (SRB); the vast majority of
MIC failures are related to their activities. One of the recurring unknowns about MIC is the likelihood
of its occurrence in wet gas pipelines. A suspected reason why harmful bacteria are rarely found in
these lines is that they often contain glycols, methanol or kinetic gas hydrate inhibitors, all of which
are added to prevent formation of gas hydrates.

Alcohols, such as glycols and methanol, under the right conditions, can be lethal to microorganisms
because of their ability to denature proteins (including enzymes) and to solubilise lipids. Conversely,
at low concentrations, alcohols can actually be stimulatory to bacteria, which may use them for
growth and energy production. Kinetic hydrate inhibitors provide an alternative to alcohols. These
may contain solvents such as monoethylene glycol (MEG) and/or n-butyl glycidyl ether, the latter
being a known toxin to higher organisms and both constituting possible bacterial nutrients at low
concentrations.

Petroleum company engineers frequently ask for consultant input into corrosion risk assessments for
gas pipelines. Unfortunately, the predictive model that is widely in use does not address the issue of
methanol or glycol or kinetic hydrate inhibitor dosing to gas lines. As a result, risk assessments often
give very high and unrealistic predictive rates for MIC in gas lines.

A small scale laboratory test programme was undertaken to ascertain the biocidal and/or bacteriostatic
effects of various concentrations of common alcohols and kinetic hydrate inhibitors used in gas
pipelines, using conventional culture test methods for SRB and a range of representative mixed
cultures of bacteria originating from petroleum production water systems.

This research report presents the results of the laboratory study and concludes that the risk of MIC
is low to moderate in wet gas lines at typical levels of alcohols or kinetic hydrate inhibitors. Current
corrosion risk assessment models and protocols should be modified to take account of these corrective
findings.

The information contained in this publication is provided as guidance only, and while every reasonable
care has been taken to ensure the accuracy of its contents, the Energy Institute and the representatives
listed in the Acknowledgements, cannot accept any responsibility for any actions taken, or not taken,
on the basis of this information, The Energy Institute (El) shall not be liable to any person for any loss or
damage that may arise from the use of any of the information contained in any of its publications.
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1.1

1.2

INTRODUCTION

TECHNICAL BACKGROUND

The most important group of microorganisms associated with microbial-influenced corrosion
(MIC) in petroleum production facilities and pipelines are sulfate-reducing bacteria (SRB); the
vast majority of MIC failures are related to their activities. SRB live in oxygen free environments,
where they obtain their required carbon from organic nutrients and their energy from the
reduction of sulfate ions to sulfide. Sulfide appears as dissolved or gaseous hydrogen sulfide
(H,S), hydrogen sulfide ion (HS-), sulfide ion (5*) or metal sulfides, or a combination of those
substances, according to conditions. Sulfides are highly corrosive to many metals, including
carbon steel, Stott (2010).

Though by far the most attention has focused on SRB activity with respect to MIC
in petroleum production systems and SRB are the subject of this study, the possible role of
other microorganisms in the MIC process in wet gas pipelines should not be overlooked; in
particular, high populations of methanogens are reported to be present in such environments
and may have a role in MIC, Larsen (2010). There is evidence that direct electron uptake by
SRB and methanogens occurs and that sulphide acts as an accelerating compound, Dinh et
al. (2004).

One of the recurring unknowns about MIC is the likelihood of its occurrence in wet
gas pipelines. Viable SRB have rarely been detected from import and export gas pipelines in
the Southern North Sea (for example), despite many of these platforms pumping their open
and closed drains fluids typically highly infested with SRB into these lines in order to meet
environmental restrictions on releasing fluids to sea. A question that arises is 'what is the
resultant risk of MIC?"

A suspected reason why harmful bacteria are rarely found in these lines is that they
often contain glycols, methanol or kinetic gas hydrate inhibitors, all of which are added to
prevent formation of gas hydrates. Gas hydrates (or clathrate hydrates) are ice-like crystalline
molecular complexes, formed from mixtures of water and suitably sized 'guest’ gas molecules,
Sloan (1998). The concentration of the alcohols varies enormously, being anything from 10
to 80 % in produced liquids depending on the process and the specific requirements for gas
hydrate inhibition; therefore, it is not possible to be more specific about 'typical' dosages of
these chemical additives.

Petroleum company engineers frequently ask for consultant input into corrosion risk
assessments for gas pipelines. Unfortunately, the predictive model that is widely in use does
not address the issue of methanol or glycol or kinetic hydrate inhibitor dosing to gas lines,
see Pots (2002). As a result, risk assessments often give very high and unrealistic predictive
rates for MIC in gas lines.

TYPES OF CHEMICALS DOSED INTO GAS PIPELINES AND THEIR EFFECTS

Alcohols, such as glycols and methanol, under the right conditions, can be lethal to
microorganisms because of their ability to denature proteins (including enzymes) and to
solubilise lipids. Methanol can also cause translational errors in protein synthesis. Additionally,
the straightforward effect of reduction in water activity may be very important in bactericidal
and/or bacteriostatic effects of the alcohols. As a general rule, the anti-microbial activity of
alcohols increases with molecular weight and chain length up to about C10; whilst methanol
is generally considered to be a poor anti-microbial agent, ethanol exerts maximum activity
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at 60 to 90 % (v/v) in water mixtures. Limited information is available on monoethylene
glycol (MEG), triethylene glycol (TEG) and polyethylene glycol (PEG) biodegradation rates and
bacterial inhibition by methanol, MEG, TEG and PEG; such information as is available is not
specific to SRB, Verschueren (2001).

Conversely, at low concentrations, alcohols can actually be stimulatory to bacteria,
which may use them for growth and energy production. In fact bioreactors are frequently
used in industrial systems to remove these alcoholic contaminants from waters prior to
disposal.

As an alternative to alcohols, kinetic hydrate inhibitors delay gas hydrate crystal
nucleation and disrupt hydrate crystal growth by becoming incorporated into the growing
hydrate crystals. They are used at lower concentrations than alcohols, typically a maximum of
2-5 % of commercial product in produced fluids. Nevertheless, kinetic hydrate inhibitors do
contain solvents such as MEG and/or n-butyl glycidyl ether, the latter being a known toxin to
higher organisms and both constituting possible bacterial nutrients at low concentrations.

Examples of kinetic hydrate inhibitors include poly(N-methylacrylamide),
poly(N, N-dimethylacrylamide), poly(N-ethylacrylamide), poly(N, N-diethylacrylamide),
poly(N-methyl-N-vinylacetamide), poly(2-ethyloxazoline), poly(N-vinylpyrrolidone), and
poly(N-vinylcaprolactam).

Unlike the kinetic hydrate inhibitors, anti-agglomerate hydrate inhibitors are effective
only in the presence of an oil phase; they are of little interest with respect to gas pipelines
and, for that reason, they were not included in the study.




