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Influence of competitive exclusion on the change of reservoir
microbial community structure
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Abstract: [Objective] The competitive exclusion principle has been adopted to treat the production of
hydrogen sulfide in offshore S oilfield, and some achievements have been made. The study aimed to
reveal the influence of competitive exclusion on reservoir microbial community structure and to
investigate the factors producing differences in hydrogen sulfide treatment. [Methods] High-throughput
sequencing was used to analyze the changes of different microbial community structures in
low-effective wells, high-effective wells and untreated wells after the addition of nitrate and nitrite.
[Results] Compared with the conditions in low-effective wells and untreated wells, the species and
abundance of denitrifying bacteria and oil-degrading bacteria in high-effective wells increased by
5.23% and 24.14%, respectively. Moreover, metal ions such as Fe’" and Zn*" were found to influence
the treatment effects among different wells and the changes of microbial communities. [Conclusion] In
offshore oilfields, competitive exclusion could significantly reduce the production of hydrogen sulfide,
and impact the microbial community environment of the reservoir. Analysis of the microbial
community structure could be used as an important indicator for evaluating the effect of hydrogen
sulfide treatment, which provided technical support for treating hydrogen sulfide in offshore oilfields.

Keywords: competitive exclusion principle; microbial community structure; hydrogen sulfide treatment;
high-throughput sequencing
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QR N o N =i N X 1 e SR O TR
L S HGHE A K YL, IF S R R R I T B
G fEas A AL T, PRI AT B Lk R 2 3 it AT
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@S BIREE>20 g/m’) . B RGATF LA
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1.1 ##
111 k##
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Table 1 Ion chromatographic analysis results of produced liquid

Ion KO01/(ng/mL) A03/A20/(ng/mL) A25/A26/(ng/mL)

Ion  KOI/(ug/mL) A03/A20/(pg/mL) A25/A26/(ng/mL)

As*"0.077 0.072 0.053
Li"  1.55 1.43 1.70
Fe**  0.027 0.025 0.041
B 6.47 5.57 6.10
Mn*" 0.004 0.020 0.012
A" 0.009 0.012 0.009
sn**  0.076 0.069 0.048
Zn*"  0.005 0.017 0.005
NO;*~ 0.33 0.54 0.48

Ni*  0.009 0.010 0.006
v 0.015 0.018 0.016
K" 555 74.4 49.2
Nat 2320 2390 2380
Ca** 524 87.2 98.0
Mg®* 283 40.0 39.2
CI™ 3560 3720 3970
S0,* 70.14 96.6 101.6
NO,~ 0.05 0.12 0.08
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W 775 2 /) PE reads & JcHR 4 overlap & &
YEFT BF 4% . i 3 Quantitative Insights Into
Microbial Ecology (http://qiime.org/1.4.0/index.
heml) B4 X5 A1 Bt & 0 $s A7 vk . i
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Figure 1

Bar graph of bacterial species composition in produced fluid.
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Figure 2 The heat drop diagram of the extracted fluid population. Heatmap is a color gradient to represent
the data size in a two-dimensional matrix or table, and presents the species composition and abundance
information of the community. Usually, the species or samples are clustered according to the similarity of
abundance, and the results are presented on the community heatmap, so that the species with high abundance
and low abundance can be clustered in blocks, and the similarity and difference of community composition of
different samples at various taxonomic levels can be reflected by color change.
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Figure 3 Species difference analysis between untreated wells and high-efficiency wells. The Y-axis
indicates the species name at a certain classification level, and each column corresponding to a species
indicates the relative abundance of the species in each sample, and different colors indicate different samples;
The middle area is within the set confidence interval, the numerical value corresponding to the dot indicates
the difference of relative abundance of species in two samples, the dot color shows the sample color with
larger species abundance, and the I-shaped interval on the dot is the upper and lower limits of the difference;
The value on the right is P, *: 0.01<P<0.05, **: 0.001<P=<0.01, ***: P<0.001.
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T RSO B 2245 ), E T 10 MR
W, Delftia 5RIGHIA MR, Thauera 5

RAGE A M S, Pseudomonas i TRk
PRHFIREGR BEH 2 (0], WA 5 & aas
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Kb meR iR, WA —SHEEEN

ARIE -, IXSEEE IR B AZ R R SR B O .
1.4 e
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1O 4 Non : Delfiia
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3 04+ Fe
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Figure 4 CCA analysis of produced fluid. CCA can reflect samples and environmental factors on the same
two-dimensional ranking chart, and the relationship between sample distribution and environmental factors
can be seen intuitively from the chart, including the relationship among environmental factors, samples and
flora or the relationship between any two. Points of different colors or shapes in the diagram represent sample
groups in different environments or conditions. The red arrow represents quantitative environmental factors,
and the length of the arrow of environmental factors can represent the degree of influence (interpretation) of
environmental factors on species data. The angle between arrows of environmental factors represents positive
and negative correlation (acute angle: positive correlation; obtuse angle: negative correlation; right angle: no
correlation). From the sample point to the arrow of quantitative environmental factors, the distance between
the projection point and the origin represents the relative influence of environmental factors on the
distribution of sample communities.
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