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Abstract: In order to improve the development effect of Ji 45 block and slow down the nature
decline, the bacteria evaluation experiment was carried out. Six strains were screened and their
adaptability, emulsifying property and viscosity reduction were evaluated. The results showed
that the strains of CYY0807 and CYY0810 have significant effect on the oil under reservoir
conditions. The viscosity reduction rate reached 46.9% when the two strains were compounded.
The gas chromatography results indicated that the compounded strains have good degradation
effect on crude oil. The light components of crude oil increased and the heavy constituent
reduced. According to the physical simulation experiment, the recovery was 9.2% under Ji 45
reservoir conditions by using the compounded strains.

1. Introduction

The water cut of Ji 45 block has increased rapidly since 1994. It is at super-high water-cut stage now.
The controlling level of waterflooding decreased, the oil/water viscosity ratio is high. Appropriate
tertiary technology is particularly necessary in order to improve the producing degree and oil recovery.
The microbial enhanced oil recovery is that by using strains adapting for the formation environment,
through the growth and metabolism of microorganisms in the formation, the physical properties of
crude oil will be changed, for example, reducing the water/oil flow ratio, expanding swept volume, to
achieve the purpose of improving oil recovery . At the beginning of 2013, aiming at the geological
characteristics and the development contradictions of Ji 45 block, the laboratory experiments of
microbial strains was carried out.

2. Suitable bacteria screening

2.1 Enrichment medium selection

The demand for carbon, nitrogen, phosphorus and inorganic salts of different species of
microorganisms is also different. For an unknown strain, it needs to be determined by experimentation.
Therefore, during the screening process, several kinds of culture medium are used to ensure the
growth of different strains in the sample, so as to select the target species. The culture medium used in
the experiment ensures that the types and concentrations of carbon, nitrogen, phosphorus, growth
factors and inorganic salts which are necessary for microbial growth and reproduction are different, so
as to select more bacteria. The microorganisms in the samples were enriched and cultured by the
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following four different media:

(1) Glucose 0.6%, peptone 0.1%, ammonium chloride 0.1%, microzyme 0.08%, dipotassium
phosphate 0.02%, sodium dihydrogen phosphate 0.1%, pH 7~7.5.

(2) Glucose 0.2%, ammonium sulfate 0.5%, potassium chloride 0.11%, sodium chloride 0.11%,
ferrous sulfate 0.0028%, potassium dihydrogen phosphate 0.15%, dipotassium phosphate 0.15%,
magnesium sulfate 0.05%, microzyme 0.05%, microelement 0.5%, crude oil 2%, pH 7~7.5, zinc
sulfate 0.029%, calcium chloride 0.024%, copper sulfate 0.025%, magnesium sulfate 0.017%.

(3) Glucose 0.6%, ammonium sulfate 0.1%, microzyme 0.01%, dipotassium phosphate 0.5%,
potassium dihydrogen phosphate 0.15%, magnesium sulfate 0.02%, calcium chloride 0.01%, sodium
citrate 0.05%, pH 7~7.5.

(4) Sucrose 2%, peptone 0.05%, microzyme 0.05%, carbamide 0.05%, ammonium sulfate 0.05%,
potassium dihydrogen phosphate 0.5%, magnesium sulfate 0.02%, sodium chloride 0.01%, pH 7~7.5.

According to the performance evaluation method of microorganism for oil recovery 7}, 6 strains
were evaluated for suitability. Figure 1 shows the growth conditions of six strains in the culture
medium. The results showed that the growth and reproduction of the same strain in different nutrient
solutions were very different. The low concentration of bacteria showed that the medium was not
suitable for the growth of the microorganism. According to the growth of the every strain, medium 3
was chose as the activation system of oil production.
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Figure 1. Growth of different strains in four kinds of culture medium

2.2 The emulsification performance of the strain

At the formation temperature of 47 “C, the formation water was added by nutrient system 3, and then
cultured for 3 days after adding bacteria. According to the ratio of 5g /100ml, crude oil was added.
After culturing for 3 days under the formation temperature, the emulsification properties of crude oil
was observe, the emulsification level was assess. The emulsification assessment standard was in Table
1, the experimental results were shown in Table 2.
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Table 1. emulsification standards for oil-producing bacteria

Emulsification
grade

5

Emulsification description

Oil and water can be completely mixed, without oil and water boundary line,
without stratification for a long time after standing.

Perfect results. Oil and water can be mostly mixed. The lower water layer is

4 dark brown, oil phase is in spumescence. By shaking hard, oil and water can be
basically miscible.

Good results. Oil and water can be partly mixed, The lower water layer is
brown and oil phase is in bead, of which diameter is about 1 to 2 millimeter. By

3 shaking hard, oil and water can be partially miscible, part of the oil beads is
variable to be long or flattened

5 Better results. Oil and water can be partly mixed, the color of lower water
phase is deepening and oil bead is smaller than the blank.

1 Effective. A small amount of oil and water is miscible, oil particle is smaller
than the blank before the reaction

0 Invalid. Oil and water are significantly separated, oil bead is consistent with the

blank before the reaction

Table 2. emulsification effect of single strain on crude oil
Bacteria number blank  CYY0801 CYY0807 CYY0810 CYY0813 SN-L BH-L

Emulsification
grade

0 3 5 5 3 3 4

It can be seen from Table 2 that the two strains of CYY0807 and CYY0810 have the best
emulsification effect on crude oil, indicating that under the nutrient system 3, the two functional
bacteria can be effectively activated with a good emulsifying effect.

2.3 Strain of the viscosity reduction test

The formation water was added by nutrient system 3, and then cultured for 3 days after adding 6
strains. Crude oil was added at a rate of 50 g / 50 ml and cultured for 7 days at the formation
temperature. After centrifugation, the crude oil viscosity was tested using MARS rheometer.
Compared with the initial viscosity, the crude oil viscosity reduction rate was calculated. The results
were shown in Figure 2. The viscosity reduction effect of strains CYY0807 and CY Y0810 for the well
Ji 45-142 crude oil is significant and the viscosity reduction rate is more than 30%. The CYY0807
strain belongs to the hydrocarbon degrading bacteria. In its proper growth conditions, through its own
metabolic action to produce decomposition enzymes, to crack heavy hydrocarbons and paraffin to
improve the flow of crude oil ¥°. CY'Y0810 was isolated and screened from output fluid in Huabei
Oilfield Company, which belongs to the luteimonas huabeiensis. The surfactants metabolically
produced had a good effect on the emulsification and dispersion of the crude oil %!,
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Figure 2. Ji 45-142 crude oil and bacteria viscosity reduction experiment
3. Effectiveness Evaluation of strains

3.1 Compound strains and crude oil viscosity reduction experiments

According to the emulsification and viscosity reduction effect of the single strain on the crude oil, the
strain CY'Y0807 and CY'Y0810 were selected to be compounded, marked as CY'Y0807 / 10. The effect
of the compound solution on the oil was shown in Figure 3.
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Figure 3. compound strains and crude oil viscosity reduction experiment of the well Ji 45-142

It can be seen from Figure 3, the viscosity reduction effect of compound strains is greater than that
of a single strain, showing a greater degree of synergies. When the compound bacteria of CYY0807
and CY'Y0810 effects crude oil, the highest viscosity reduction rate can reach 46.9%.

3.2 Analysis of Crude Oil Component Change after Microbial Action

The chromatography - mass spectrometry instrument, Agilent 6890, was used to detect crude oil
composition before and after the microbial degradation for the well Ji 45-142. The gas
chromatographic conditions ! were as follows: the initial temperature of the oven was 40 °C, the
heating rate was 2 °C / min, and when the temperature reached 200 °C, the heating rate changed to
6 °C / min until reaching 290 °C, and then temperature was constant until the peak, the carrier gas
speed was 15ml / min. Mass spectrometry conditions were as follows: electron energy of EI source
was 70eV, mass scanning range was from 30 to S0amu, quadrupole rods temperature was 150 °C. The
change of mass fraction of Cjo ~ Cs; was analyzed by parameter change. The experimental results
were shown in Figure 4, Figure 5 and Table 3.
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Figure 4. Gas chromatographic analysis of crude oil with different strains

Table 3. Changes in crude oil composition after the role of bacteria
Bacteria ~ Carbon at peak

nC21/nC22* Pr/nC17 Ph/nC18 CPI
number value

blank 23 0.85 2.95 3.76 0.9
CYYO0807 21 0.89 2.52 3.66 0.95
CYY0810 21 0.91 2.71 3.49 1.07
CYY0807/10 20 1.07 2.48 3.05 1.22
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Figure 5. Analysis of all hydrocarbons gas chromatography on crude oil
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The crude oil component changed after the effect of two kinds of bacteria, which the compound
bacteria of CYY0807 and CYY0810 were the best. In the compound sample, the value of NCa:./ NCy:+
increased from 0.85 to 1.07, carbon at peak value of crude oil changed from nCz; to nCy, the value of
Pr / nCy7 and Ph / nCis decreased to a certain extent, light component of nCi to nCy relatively
increased and the heavy components decreased, the CPI value decreased from 0.9 to 1.22. All the data
changes fully reflect the two experiment strains had a good degradation on crude oil. The light
components of crude oil increased, heavy components decreased, n-alkane decreased, isoparaffin
increased and the maturity of crude oil increased. On the macro level, crude oil flow performance
increased and viscosity decreased 1.

3.3 Physical modeling effect
Using long core physical modeling device of CMW-III, core saturated with oil was flooded with water
until the watercut of export side reached 95% (1PV). Displacement solution of 0.5PV (pre-nutrient
solution + compound bacteria liquid) is injected and cultured for 15 days in the formation temperature,
continuing to water drive of 1 PV. The ultimate recovery was calculated, compared with the blank
water flooding of 2.5 PV. The results were shown in Table 4.

Table 4. Microbial core flooding experiment

Primary water ~ Secondary water
Displacement solution flooding recovery flooding recovery

Core Permeability
number (10°3um?

factor factor

1 128 - — 63.7%
0.1PV pre-nutrient solution 0 0

2 143 +0.4PV bacteria liquid 59.6% 71.2%
0.1PV pre-nutrient solution 0 0

8 109 +0.4PV bacteria liquid 57.9% 72.9%

4 135 0.1PV pre-nutrient solution 59 3% 72 1%

+0.4PV bacteria liquid

It can be seen from Table 4 that the recovery rate of secondary waterflooding recovery rate was
improved compared to blank water flooding when the core injected into nutrient solution and bacterial
liquid were cultured. The maximum increase of recovery efficiency is 9.2%. The results showed that
under the condition of this reservoir, the compound strains named CYY0807 and CYY0810 had the
potential to improve the recovery rate under this activation system.

4. Conclusion

(1) Two strains of bacteria selected from Ji 45 block crude oil had good degradation effect on crude oil
after culturing in specific medium culture. When the strain No. CYY0807 and CYY0810 were
compounded, the degradation effect of crude oil was achieved best and viscosity reduction rate of
crude oil is 46.9%.

(2) Gas chromatographic analysis showed that the light composition of crude oil increased, the
heavy component decreased, n-alkane decreased, isoparaffin increased and the maturity of crude oil
increased after the effect of compound strain.

(3) Microbial flooding experiments showed that the compound strains named CYY0807 and
CYY0810 could effectively improve the waterflooding recovery rate up to 9.2%, and the oil
displacement effect was obvious.
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