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Selection and evaluation of microorganisms taking partially hydrolyzed
polyacrylamide and crude oil as nutritional source
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Abstract: A good economic benefit in the industrialized application of polymer flooding has been achieved in Daqing Oilfield. The oil recovery
of polymer flooding increased by 10 percent of original il in-place (OOIP) more than that of water flooding. The polymer flooding has be-
come the most important step to maintain the continuous development of oilfield. However, there is still about 50 percent of remaining oil in
the oil-bearing formation after polymer flooding. It is important to deal with the remaining oil while developing Daqing Qilfield. According 1o
the special physical and chemical environment of the reservoir after polymer flooding in Daqing Oilfield, the microorganisms that can grow
with partially hydrolyzed polyacrylamide (PHPA) and take crude oil as the nutritional source were selected. At the same time, the character-
istics of the microorganisms were evaluated. Physical simulation flooding experiments showed that oil recovery could increase by 5 percent of
OOIP using microbial flooding and by 16 percent of OOIP with combined microbial-chemical flooding after polymer flooding.
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Table 1 [Initial interface temsion data of crude oil and
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300mg/L % 8020mg/L. ' ,SHB B & BErf ™= 4
BB 4 6400mg/L, gwn B & B BF 7= 4 A #L
BRYKBE }9 1725mg/L, P178 B Fh & BEBS 7= 4 A HLER %K
B 895mg/L, PW B A A BB ™ £ ALK K
8020mg/., PHL & # & B & /™= 4 A YL B K & 300
mg/L,MRT @& & BE6t =4 H VLR E 659mg/L.
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microorganism system RWFE 2,
s ® & WEE REES 2.4 EMIEARRBEREBREAOTL
P fEE MRS R, Cs /St M (Cy + C)/
1 25 .14 5.38 — . — .
. e 015 . 6 80 (Cag + Coo) H BB MSE BB I, HHE Gy
3 gwn 0.144 8.14 76.99 RIRBHD, CLUENEA D, IR Gy /2 ChL
A e oo (Cor + Co2) /A(Cos + Cag) W TELHH 11, 2 91 B8 B 11/ I
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Table 2 Chromatogram analysis parameters for fermented crude oil by bacteria
%% # @&  Pr/nCy  Ph/nCy  PePh OEP %:—gi—; I ol MDE
1 FTERF 0.21 0.17 1.23 1.06 0.81 — 1.48 —
2 gwn 0.33 0.25 1.34 0.99 1.07 32.1 1.74 17.6
3 P178 0.20 0.17 1.28 1.12 1.28 58.0 2.01 35.8
4 SHB 0.23 0.18 1.30 1.13 1.29 59.3 1.85 25.0
5 MRT 0.20 0.18 1.16 1.10 1.14 40.7 1.97 33.2
6 PHL 0.44 0.29 1.37 1.12 1.08 33.3 2.20 48.6
7 PW 0.35 0.27 1.31 1.14 1.31 61.7 2.38 60.8
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Fig.1 The distribution of n-alkane carbon of treated
crude oil and non-treated crude oil by bacteria
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Table 3 The data of Engler distillation of non-treated
crude oil and treated crude oil

iR EANEGR AR ERGEGER i ER

/T /% /% /%
100 = 0.6 0.6
120 — 1.6 1.6
140 — 2.4 2.4
160 - 3.1 3.1
180 0.4 4.7 4.3
200 2.0 6.3 4.3
220 4.5 7.5 3.0
240 7.1 8.9 1.8
260 10.0 11.0 1.0
280 12.8 13.4 0.6
300 17.5 17.8 0.3
SMER 20.4 21.3 0.9
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Table 4 The data of gel content and paraffin content of

treated crude oil and non-treated crude oil by bacteria

SR RE{E 13 R
/% /% /% /%
fERIRT 24.5 — fERIRT 34.1 —
)G gwn 22.8 6.94 s 32.7 4.11
fERIfE P178 13.1 46.5 EHRE32.4 4.99
fEffE SHB 14.9 39.2 fERfE 33.7 1.17
EMEEPW 12.6 48.6 R 30.8 9.68
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Table 5 The determined acid values of fermentation liquid
o B H
ol FREH [KOH]/(mg-g™")
1 = [IR M 0.015
2 gwn 0.243
3 SHB 0.135
4 P178 0.073
5 MRT 0.573
6 PHL 0.465
7 PW 0.983
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Table 6 The group composition analysis of crude oil treated

and non-treated by bacteria
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k. W W /% /% /%
1 ZARM 6.5 17.82  17.00  3.62
2 gwn 67.26 16.42  12.42 0.9
3 SHB 63.76 16.32  11.92 3.0l
4 P78 78.06 1332 8.07  0.55
5 PHL 72.64 1579  10.78  0.79
6  MRT 69.22 17.09  10.84  0.85
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Table 7 The parameter about Newtonian Index, Delta viscosity

Index and EOR Index

wmE AR RN MERAR  RARUEHER

1 T 1 0.00 1

2 gwn 4.05 0.67 3.03
3 SHB 4.8 0.72 3.57
4 P178 4.09 0.68 3.13
5 PHL 1.76 0.21 1.26
6 MRT 4.17 0.70 3.30
7 PW 6.00 0.81 5.26
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Fig.2 The rheological curves of crude oil before or

after treatment by bacteria
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Table 8 The experimental analysis of compatibility between microorganisms and formation water

wy kwew SPREC epine BREE e ;’f‘f‘)x H H pH {8
1 KEFRmm—I 10? §—9 SHTB 10° 3.965 6
2 KEFRWM ] 102 11—-12 P178 108 4.968 8-9
3 KEFw=I" 10 P24 108 3.722 5:5
4 KEFmm 102 8 MRT 10° 3.509 6.0
5 KERMAT 102 8 gwn 10° 3.610 5
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Table 9 The effect of microorganisms on HPAM solution

% A &
b BAM 7d 15d 22d 30d
R [ F:id i35 4 g 751 g4 KB g4 bi35: g4
B AmPa-s) /(A -mL" 1) /(mPa-s) A4 -mL"') /AmPa-s) A4-mL"!) /(mPa-s) /(A4 -mL°!) /(mPa-s) /(4-mL')
SHB 18.6 — 3.02 1.2x 108 2.10 0.8x 10 2.50 5.4x107 1.00 5.1x107
QWN 18.6 — 2.45 0.8x 108 2.40 0.3x 108 1.80 7.1x107 1.10 8.4%10°
P178 18.6 — 6.50 1.6 x10° 6.80 3.1x10° 3.40 2.5x10° 2.10 5.5x10°
PHL 18.6 — 1.80 5.3x108 1.50 8.2x108 1.20 7.3%107 1.00 2.0%x107
MRT 18.6 — 14.8 3.6% 10 14.4 2.2%10° 13.3 4.3x10 1.05 7.0x 108
SEE 18.6 — 17.2 - 19.1 — 15.4 - 16.7 —
TRe# 30d /589 1.0mPa-s(B A& W B E KR 500 - ;g
P N .
mg/L), RIRME THEVIERARGYE LY 7410 § 1.5
Bk, BB A PE R R S WA R e R —HEHE ) (1)‘5’
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g T — R SE AL T A TR RO REARZE O 2 PR (gamol )
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Fig.3 Curves of molecular weight distribution of HPAM
non-treated by bacteria
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Fig.5 Infrared spectrogram of HPAM non-treated by bacteria
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Table 10 The data of MEOR after polymer flooding in core displacement test

e iR L BBER SMEAE  KERKE  BA4Y EOR MEOR

wmES HHEEY /L /% /(10 3pm?) /% /% /% /%
1 RHE 90.18 23.36 1164 67.64 43.44 14.75 4.80
2 [SHEE: ) 90.01 23.32 1195 77.76 36.57 14.28 5.51
3 L 92.01 23.14 1281 73.6 38.97 11.02 7.35
4 i) 94.00 23.98 1326 73.4 41.30 10.14 6.95
5 LAY ] 75.30 19.26 1317 67.07 41.58 10.89 16.83
6 [E ] 95.01 24.46 1328 73.68 40.17 9.29 16.43

BV A B A YRS EATLBRIE RS 0.2 1%
YRR+ FLBRIABEECN 0.2 B AR B #E,
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