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Introduction

Reservoir souring is considered to be an unwanted
side effect of water flooding/injection process.
Technical definition of this phenomenon can be stated
as a dramatically increase in hydrogen sulphide (H,S)
concentration in producing fluid, in a reservoir with
low to zero initial H,S content (denoted as sweet
reservoirs), followed by a water flooding process.
Along with the necessity of pressure maintenance
and/or flooding of many depleted reservoirs all over
the world, risk of reservoir souring has turned to a
real concern to whole industry. In addition to the
significant health and safety impacts of contacting
with this toxic gas for operating personnel, there are
many economic concerns that should be considered.
Corrosion is another detrimental effect of hydrogen
sulfide. To protect the production facility, it is required
to use corrosion inhibitors and chemical scavengers
that increase the operational costs. Also reservoir
souring complicates the produced fluid processing and
reduces the value of produced hydrocarbon [1].

In this study, firstly, a quick review on souring
mechanisms and effective parameters is presented,
secondly, a novel method for evaluating the probable
souring potential is introduced and lastly, the most
recent developments in souring mitigation methods
are reviewed.

Materials and Methods
Souring mechanisms

While both biotic and abiotic mechanisms are
presented for reservoir souring, sulphate reduction by
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sulphate reducing bacteria (SRB) is the most reliable
agent of H,S generation followed by water flooding.
Some of the non-microbial mechanisms include
Thermochemical Sulphate Reduction (TSR), Thermal
decomposition of sulphate-rich minerals and pyrite
dissolution [2].

Mechanism of H,S generation by sulphate reducing
bacteria (SRB) consists of a microbial respiration
process in which carbon source is used as an electron
donor and sulphate ion (SO,?) as an electron acceptor
in such a way that the bacteria can grow using the
amount of energy released.

Effective Parameters

First step in souring controlling is to investigate the
effective parameters. Considering SRB activity is
the principal mechanism of H,S generation, the most
important parameters which affect such bacteria are
reviewed. Temperature of the environment, i.e. mixing
zone of injection and formation water, is the most
limiting physical constrain for SRB activity. Less
sensitive criteria include salinity, pH and pressure.
Nutritional requirements of SRB consist of sulphate
ion, carbon source and trace elements like nitrogen
and phosphorous. Introducing sulphate ion initiates
the process of souring because other requirements are
usually present in the oil reservoir [3,4].

Souring Screening Method

The first step of controlling the souring problems
is to predict the onset of its occurrence. However,
many commercial souring simulators which are
used commonly, large amount of required data and



long operational time is still a limitation in souring
prediction. In this section, we present a novel
approach to perform a quick souring potential check
analysis, referred as souring screening, in prospect
reservoirs. With simplification in mind, it is already
assumed that no initial H,S is present in the reservoir
and non-microbiological mechanisms are ignored.
So SRB activity is considered the only responsible
mechanism for souring. The basic idea is to compare
the environmental conditions with microbial growth
requirements to check out the generation phase and
then to examine the transport. With a pessimistic point
of view, it is assumed that SRB and carbon sources are
always present in the reservoir. Another consideration
that should be taken into account is the fact that
nitrogen and phosphorous existence may not be the
limiting factor due to insignificant requirement to
these elements. Since pH and pressure are not critically
effective, we have neglected to consider them.

First step of this screening is to check out sulphate ion
concentration. A case with little or no sulphate may
never show microbial souring. Next step is to compare
the environmental temperature with the optimal
temperature of bacterial growth. If previous steps were
passed, solution properties like salinity, redox potential
and sulphide concentration should be examined.
However, a great deviation from these parameters is
required to mitigate the souring process. At this step, a
large amount of H,S is generated in the porous media.
Hereinafter, the extent of souring is investigated using
rock properties. Permeabilities under 100 md restrict
the process when no fracture exists. Otherwise only
mineral scavenging by iron-rich minerals may mitigate
the souring effects.

Souring Mitigation Methods

Injection water filtration is utilized to reduce the
concentration of sulphate ion which is introduced
to the reservoir. Despite the relative technical
effectiveness, this method was not economically
admitted due to large amount of injection water.
Biocides are the first microbial treatment material
used to destroy the bacterial colonies inside the porous
media. Such agents prevent the microbial activities
through biological or chemical processes. Biocides are
unstable in the reservoir conditions. Field application
of biocide treatment is limited due to environmental
concerns about their effects on underground waters
and high capital expenses. Another field-scale method
to mitigate souring is nitrate injection. Nitrate weakens
SRB by accelerating the competitive group of bacteria
present in the reservoir called nitrate reducing bacteria
(NRB). Since NRB use the same substrate as SRB,
increasing nitrate concentration enables NRB to
overcome SRB in reaching the substrates. Another
mechanism is to increase redox potential of the
solution which is a limiting factor for SRB growth.
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Other mechanisms are reported as well. It should
be noted that there are still some concerns about the
corrosion induced by products of nitrate reduction like
nitrite [5-8].

Novel Souring Mitigation Options

Recently, some works have been done using new
materials like (per) chlorate showing their considerable
ability to discomfit SRB activity. In addition to toxicity
of (per) chlorate for SRB, a competitive situation
for substrates is produced, as mentioned in nitrate
treatment but more probable thermodynamically
[9,10].

Anthraquinone was another inspiring method presented
to stop microbial souring. Despite noticeable power
as an inhibitor to SRB, at low pH, these particles
are insoluble in water and would therefore adsorb to
reservoir rock. This could cause significant problems
with injectivity and would limit the chemicals reach
into the reservoir [11].

Adjuvants are used to increase the efficiency of
traditional biocides. Almost all of the successful
experimental works on adjuvants were carried out in
standard conditions and reservoir temperature and
pressure are still a concern [12].

A novel microbial approach of souring inhibition is to
use bacteriophage. Phage are bacteriolytic, however
they tend to be highly specific in their target host
(i.e. will only kill a single species or even strain of
bacteria). Due to diversity of SRB in the reservoir, a
large amount of phage may be required in the field
scale [13].

Perhaps the most promising novel souring mitigation
technology that has recently been developed is
diphenyliodonium salts (chloride and nitrate salts).
They are effective at inhibiting sulphidogenensis and
specifically SRB. New researches have shown that
diphenyliodonium salts are not universally biocidal
and are specific to SRB [14].

Results and Discusion

Precise prediction of reservoir souring in water flooding
projects has turned to a priority for the oil industry.
Souring screening method is able to present a reliable
estimation of souring potential in the reservoir using
simple information. However, a great development
in this method can be done by adding a quantitative
approach to it.

Souring mitigation methods have been changed over
the past few decades, with the exception of nitrate
treatment. However, despite promising results,
even nitrate treatment has not been shown to be an
effective option in all scenarios. New competitive
inhibitors such as (per) chlorate may fill this gap or
even sulphate-reduction specific inhibitors such as
molybdate. However, recent developments enable us
to get ready for this microbial phenomenon, the battle



Petroleum Research, 2021(October-November), Vol. 31, No. 119

against hydrogen sulphide generating microorganisms
is far from won.
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