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Abstract: The Reservoir souring usually occurs after water flooding by sea water or brine. The 
reservoir souring is associated with refining cost, reservoir plugging, health-risk, etc. this souring is 
resulted of production of SRB bacteria and the reasons of their activity is not clear. For identification 
those, Investigations on physical and chemical condition in three fields have performed. With study of 
changes after water flooding, the reasons of SRB bacteria activity and growth in reservoirs were 
detected. 
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INTRODUCTION 

 
The presence of H2S in the reservoir has significant effects on subsurface and surface equipment. In 

surface, H2S gas in small concentration is too dangerous, and it is mortal. In the well, we can detect iron sulfide 
deposition and corrosion because of reservoir souring (Hubert et al., 2003).  

Initially, most of the reservoir didn’t contain H2S but after water flooding, the amount of H2S has risen, 
suddenly. In this condition, the reason of souring is the activity of sulfate-reducing bacteria (SRB). This H2S 
result from the reducing sulfate to sulfide. 

Briefly, the effects of this reaction in the reservoir are summarized below (Barton and Fauque, 2009; Jon P. 
Adkins, 1992; S. Okabe et al., 1992): 
 Souring of the oil and gas reservoir 
 Production reducing 
 Corrosion of equipment 
 Reservoir plugging 

In this study, we investigated the reasons of souring in 3 petroleum reservoirs after water flooding. 
These reservoirs didn’t have the enough essential condition of SRB activity but after water flooding, the 

generation of SRB cause to increasing the amount of H2S in reservoirs that it created many problems for these 
reservoirs. 

MATERIAL AND METHOD 
 
In the reservoir under water flooding, one of the major concerns is SRB activity. SRB like others kind of 

the bio-organism requires nutrient substrata(S. Okabe et al., 1992). Even when the nutrient requirement exists in 
media, a special physical condition requires for SRB generation (growth and activity) (M. Nemati et al., 2001). 
 
Nutrient Requirement: 

SRB is anaerobic bacteria and grow by souring carbon source(S. Okabe et al., 1992). SRB oxidize carbon 
source and generate electron then by using electrons, sulfate reduce to sulfide. Sometime the electron obtained 
from SRB activity on hydrogen (H→H++e). 

The studies show SRB couldn’t use crude oil, directly. However they could use the products of aerobic 
bacteria such as acids (S. Okabe et al., 1992). 

The important carbon source of SRB is VFA (volatile fatty acid) and common spices in the reservoir are 
acetic, propanoic and butyric acids. The theoretical reaction of SRB by different spices of VFA has been shown 
below: 
 
1Ac               (1) 

 
4 Propionate                   (2) 
 
2H                            (3) 
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Physical limitation: 
The physical parameters of reservoirs are in the different range. However most of SRB can act in a 

temperature range between 0 to 80 °C and this isn’t public; for example, Mesophilic species couldn't grow 
above 50°C (Jon P. Adkins, 1992). 

SRB requires media with Ph in the range 6 – 9 and salinity is below 10% (based on NaCl). 
There are some parameters that their effects are not important or that their effect are uncertain such as 

permeability and pressure. 
 

RESULTS AND DISCUSSION 
 
According to the past part, the especial conditions must be existed for SRB bacteria activity, Otherwise 

there is no possibility of SRB bacteria activity. 
First studies in ANB, Maho and Sarako fields showed that there is no possibility for SRB bacteria activity 

but after water flooding a large volume of H2S was created. At first for detection and reorganization of H2S 
source in reservoirs, some samples were taken and analyzed by GCIRMS for determination of the Sulfur isotope 
amount. The results showed in table 1. 

 
Table 1: The amount of δ34S isotope ratio. 

Sample Number δ34S Isotope Ratio 
1 -20 
2 -23 
3 -20 
4 -21 

 
With regards to the results that were in the biogenetic range, we can conclude the activity of SRB bacteria 

are the main reason in sulfur production. 
 

 
 
Fig. 1: Range of sulfur isotopes amounts according to production mechanisms (Andrew et al., 1995). 

 
Before water flooding operation, water injection samples of reservoirs were taken and was injected to the 

cylinder where contain the columns of reservoirs' cores. The cylinders were placed in natural temperature of 
reservoir and local SRB bacteria activities were studied. Water injection was performed every seven days for 
each cylinder. The amount of gas produced during the experiment was recorded, and No SRB bacteria activities 
were found.  

Studies on ANB and Maho fields showed that water injection to the reservoirs is not pure. Water Injection 
into the reservoirs has been from sea water and it is associated with impurities from the separated production 
water of oil fields. Analysis of water injection showed that it is the content large amount of sulfate and organic 
materials are long chain volatile fatty acids (C12+) so it is unsuitable for SRB bacteria growth. 

The obtained data from analysis of separated production water in ANB and Maho fields showed that waters 
contain the large amount of short chain VFA especially acetate. Even if a little mixing happens between sea 
water and production water, it creates a good and sufficient condition for SRB bacteria growth. The figure 2 
shows the effects of mixing water and produced H2S. 

The results of above studies were performed on Sarako field, but experiments were carried out on new 
water injection samples did not show any activities of SRB bacteria because of reservoir temperature (100 °C). 
Reservoir temperature was measured again and the average reservoir temperature was measured 60 °C. This 
showed that reservoir temperature has dropped because of water injection. In other hands, the cooling of the hot 
reservoir is the main reason for souring.  
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Fig. 2: Effects of mixing waters on SRB activity. 
 
Conclusion: 

Clearly several conditions must be provided in the reservoir until SRB activity can take place. Even if all 
the conditions to be provide, presence of SRB bacteria is essential. It is possible that SRB bacteria enter when 
water injection or during the drilling. It should be kept in mind, which SRB bacteria present in the reservoir 
initially. 

SRB activity due to water flooding could arise from: 
Nutrient Ingredients in the reservoir is completed, for example, sea water is the main source of sulfate or 

injected water contains enough Nutrient Ingredients. 
Physical problems were solved by water injection, e.g. cooling reservoir. 
SRB Bacteria enter the reservoir with injected water. 
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