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Abstract : The wax, resin, and asphaltene in the high-wax crude oil can be easily precipitated in the pores during the devel-
opment of this crude oil. The interaction between the indigenous microorganisms in different water floodings and high-wax
crude oil was investigated. The injection and production water was collected from Weigang Oilfield (Henan) and the activa-
tion system was optimized. The oil recovery enhancement with the indigenous microbe was studied using physical simulation
experiment of oil displacement by microorganism. And the changes of the microbial community, as well as the composition
and properties of crude oil before and after activation were characterized. It is found that the difference of the microbial com-
munity in injection and production water is significant. The dominant bacteria after activation in indigenous microbe are Ba-
cillus sp and Clostridium ultunense. The dispersion grade of the oil emulsion is reached up to 5. And the enhanced oil recov-
ery by microbe is increased up to 12. 51% . The freezing point of the oil is reduced down to 5 “C, and the wax content is de-

creased more than 3.95% . Meanwhile, the degradation of naphthalene, phenanthrene and its homologue in crude oil is pro-

Y F5 H#3:2015-02-10

EEWA {5 863" H AW H (2006AA067204 ) ; [F1 5 H SARF2# 3 4T H (50974022 ,51074029,51104173 )

TEERA AT (1987-) , 55 H-LWFos A WF 5 o) i B 2% SR B —Ab A AL TF R AR . E—mail : stpnet@ 126. com,,
BIRAEE . RERE (1965-) , 55 WF5% 63, RS2 5 1l M AE W RM,, E—mail ; sheyuehui@ 163. com,,



- 132 - BB K FFR(AARFFR)

2015 8 A

nounced. The indigenous microbes in different water floodings play an important role of oil recovery and oil degradation.

Keywords :injection and production water; oil degradation; GC/MS; gas chromatography; physical simulation
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53 LA B e R MR B AR 5 5K 1 AS TR 4%
KA G )5, 2 K B Ad B CMAZRBE R T
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1.1 SEIg#rat

KA 23 511K T RS 8 BT B V149 SR K
A K e B < i EE R A K B i il Y XV e
IFLBREE R 24.31% , B A BB EHE N 0.223
pm’ , EIHIE A 67% ; I 0. 863 ¢/cm’ , HiTH
FHEE N 12.55 mPa - s, IR 46.27% , BEE 5 45
C, i 0. 13% ; Hi)JZ/KH 1L 16456 mg/L, /KA
IBRER R pH (EoN 7.8, 1EAJK pH H M 7. 2,

(NH,),HPO, 1 KNO, (43 #74l) Ak mtfb 2zt
FIL A THAR F1 JHM b ot [ B AERL L BF 5T
HUL AR R (EH S & & T 42% ) 1

T VY T IER A PR 7 A2
SR PR O3 A SR PR SR A N 4 ST
%‘l[‘\ o

1.2 HEERFIR

S5 G E T IE BB I 0, P00 70 i 2 1 A B
4 g V149 FHJFIH, DL V149 SR H 7K LKA e B3 i< 7
HEATK R NI CAE Bk 43591 LA (NH, ) ,HPO, 1
KNO, 5 0.4 ¢ FRIEFBEE , FIH F AR T8 FA
[F) A 4 B A 4 R THAR AT JHM 3503 52 56 1 98 AN
(] e J3E L L 145 7 AR 22 X PR R B A 00 ) SR 1 L
T B T K 5 B9 500 mL = fBEH 1 hnA 200 mL 43
SR AGKEEECR K FEBCHI A BOE IR R (R 1),
7E60 °C 180 r/min FHEIEZI AR 15 d 7, LR
TP B S B ARV BE AN pH (3 M AR, 8
b 2 ANER R IS 15 SR Hh IS G s ) S 1R
R, I PRSI0 O T T 5 B 15 3R 5 1 R TR
FHVU SRR A, WA MU, 35 T3 500, R 4 51
0B A TR S R A T A A

®1 BEERREH

Table 1 Mixture of nutrients for stimulation

g - mL™
BERIAR ORI TH JHAR JHM
A 0. 008 0. 001 —
B 0. 008 — 0. 002
HEA C 0.010 0. 001 —
KRk D 0.010 — 0. 002
E 0.012 0. 001 —
F 0.012 — 0. 002
A 0. 008 0. 001 —
B 0. 008 — 0. 002
Fthi C 0.010 0. 001 —
JKEE D 0.010 — 0. 002
E 0.012 0. 001 —
F 0.012 — 0. 002

1.3 REWIRYIE I

FEDR R 1. 0 mL/min B BHARRTHK S 1Y
FrOTEE IR AN B M 2 R 69 CHHIELE 12 h
JE 7K BRI 2 2O S 7K F G 1 98% , 1T K IR R
W —HHTEA 0. 3V, (V, NFLBRAER) A 30E 1, 1
F215 d, kBRI 2= A0 O Sk RS 98% |, 1A
TR IR R — AN TR 5 5% 15 d, 7K 3K
F 0 KR 98% |, 128 L4 oK BK
SRMCR I BT A BT 4 CokA T, &5
HeAss e
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1.4 HiEEIENIEMEMEEEN
1.4.1 % DNA #9425

FFARESEC 30 mL 1200 t/min ST B0 5
min 5 AL R 40 i, AR 4R TIANGENamp Bacteria
DNA Kit ( TianGen Biotech, Beijing, China ) &7 £
LR EUEE R ZH DNA T 1% BB REWEEE L B Uk A
A2 HUY S DNA FE S
1.4.2 16S rRNA kR &5 &Ky 3%

38 F 514 1492R (5' - GGC TAC CTT GTT
ACG ACTT-3") M1 27f(5'=AGAGTTTG ATCCTGGCT-
CAG-3") ¥ 16S rRNA £ H B,

1.4.3 sl Eeis

FIH Agarose Gel DNA PurificationKit ( TianGen
Biotech, Beijing, China) X} 16S rRNA J Bt fr4ifk
Braifh 19 16S rRNA F BiJH PGEM-T Easy Vector
( Promega, Madison, WI, USA) i% %% Transl -T1 J&&
ZAS4MHE ( TransGen Biotech, Beijing, China) , fill A
250 wL LB 555 37 C Rl gdi 57, B LR A
FE% Amp (100 mg/mL) A9 LB ~FAx I+ ,37 CHiF 12

®2

h, B A PRI 150 > BE s R, ] T7 (51 - GGC-
CGCGGGAATTCGATT-3")/SP6 (5'=GCGAATTCAC-
TA GTGATT-3") 5|47 PCR ¥ 44, 5 B I I, 45
FHEFCRE PCR 74 FH BRI 44 N VT Hae I A1 Hinf
I #4701 DNA 9734 7 Be BRI v oy U0 1 20 B i
FOREA IS, B e A T b
1.5 FEmpHhAx

ARSI 3 R AT B BRAE R SY/T 5779 -
2008 ; 75 Fr ke € 1 ot 1% 43 B A I SR AT AR HE A GB/T
18606-2001 ; Ji 71 75 W5 5t | Bk AFr 5 19 W 2 43 3] 4% AR
SY/T 0537 -2008 { Jit 71 H 85 2 4 (19 90 22 ) Fn SY/
T0541-2009 ¢ JIMsE S IR 1 ) o i Jr kb A7 e |

2 HEROW

2.1 BiEERMTEIEIEN

SRR IR LU R I AR V149 FE I A
FEL 435 LL V149 FH2R H K R A K PR A= 4
USRI ER %5 , 159 30 IR LAk 23 B 2 | v (kv
JEF pH fHANZE 2 iR,

HEERE—RIBERLR

Table 2 Stimulation of the first period

s FUALAE pH i AR/ (cfu - mL™")
AN AR &

IR FR4 W4 PR 4, U4 FR4

A 5 4 8.95 7.82 1x107 1x107

B 3 3 8.24 8.07 1x10° 1x10°

. . C 4 4 8.91 7.79 1x107 1x10°
HEAKEE

D 3 1 8.40 8. 41 1x10° 1x10°

E 2 1 8.91 8. 11 1x10* 1x10*

F 1 1 8.95 8.43 1x107 1x10°

A 4 4 9.20 9.17 1x10° 1x107

B 3 2 9.70 9.32 1x10* 1x10*

_ . C 4 4 9.79 8. 80 1x107 1x107

K KRR s 5

D 2 2 8.94 9.26 1x10° 1x10

E 1 2 7.58 8.23 1x10° 1x107

F 1 2 7.42 7.73 1x10° 1x10°

i 2 &, A FH T A K PN T A A 4 e o) 7 38
TR R pH (E AR A 7. 82 ~ 8,95, TE4F 44
BRI T BER R A FLIE /B St =i m
DIk #) 5, [a] B b A e B o] DAk 31 1x 107 efu/mL,
FEBRA MR FLAL A B ROT LK B 4, B ARV
JERTIAF] 1x107 cfu/mL; BIGR R C 7247 E AR A
5T, FLAL A BRI TR B 4 BRI 1 x
10° cfu/mL LA b5 % F2R KT 5, 85086 AR & 1
pH {EASL B & Jrp R HSOE IR R C 3% 5 19 pH
(B =R E 9. 79, 3K A -5 B i o A HILRR B Rz ™
A RAR BTG A AT R LAk, BE e

VERE A R C P2 3806 TR R AT RE 5%, A SURN R AU
FrJE A 20 B R LAk PR ARME BE AN pH (E 4035 3 PR

225t A RN C R IR RS R IR TR B R
AIKI pH AR LA B 5 7R K AR pH B 8 1T
PLIRE] 9. 61 ; 1 A KA A i TR A4 ok B2 AT LA 3 1
10° cfu/mL, 7EFRAA A1 F , A BTG R R LA 53
GG RT LK E] S AT R K, 7E C IR IR R
ERR R FL AL A BOEGEEA T LUGA B 4 ) B AR
JEH T 1x10° cfu/mL, BUEEE A JTE R R A C 30E
R ZR 53 A A A A KRR R 7K A A S T 4 S AL
SES ) BRI T . S 3 R A K N TR
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AR A I R G B 4 BRSO IR 3 A5 2] Y
JEOMAEE S B A1 C1 AT ST R, B8R K N TR

AR AL C B0 7SS S ) B 9K 3 A5 2
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R3 HEERFEZROBENR

Table 3 Stimulation of the second period

AR pH 1H B/ (cfu » mL7")
ENGEE: SRl
I R4 U4 PR 4, U4 FR4
. . A 4 5 8.4 7.97 1x107 1x107
EAKH C 4 4 7.45 7.39 1x107 1x10°8
= . A 4 3 9.61 8.37 1x10° 1x10°
Rtk C 4 4 9.51 8.21 1x10% 1x107

2.2 HWiRREDEBENEEESHT

Xof R HH KRE PR ARAE 0 B R P 1 SR AR R P
TPt A T BRAS UL S 56 I 1 e AT 45 PR 135 A4~
PR SERE T, 183 Haell A1 Hinf[XUEGY) 23 Hri5 32 14
25.10 110 4~ OTUs,, BN ve AT 5L BRI 7
FELXT , A 2EE RS UE YRS I 1 ~4 Bk,

—Erythrobacter aquimaris strain, 63.28%
—Lysobacter taiwanensis strain, 18.47%
8.59%

1.56%
—Xanthobacter flavus strain, 0.78%
—Uncultured Lysobacter sp, 0.78%

—Pusillimonas terrae strain, 0.78%

—Pseudomonas stutzeri strain, 0.78%

—Pseudolabrys taiwanensis strain, 0.78%

—Paracoccus aestuarii strain, 0.78%
0.78%

0.78%
—Erythrobacter nanhaisediminis strain, 0.78%

Candidatus Reyranella massiliensis strain,.78%

ENKERRREEDEES T

E1

Fig.1 Microbial community distribution of injected water

—Bacillus sp, 56.06%
—Clostridium sp, 19.70%

9.09%

3.79%
(~Sporanaerobacter acetigenes strain, 2.27%
1.52%
+—Caloramator sp, 1.52%

—Aneurinibacillus migulanus strain,1.52%
—Pseudomonas stutzeri strain, 0.76%

—Acinetobacter Iwoff

“Aneurinibacillus aneurinilyticus strain, 0.76%

ENKBEREREREL LR EN B EZD

B2

Fig.2 Microbial community distribution of sample after

physical simulation experiment by injection water

EAKEER I 14 Fhed, 4F 0 i £, o i
PR M U AT K R A1 B ( Erythrobacter aquimaris )
63.28% VT B ( Lysobacter taiwanensis) 18. 47% Fl
ANBFF B (Acinetobacter hwoffii) 8. 59% , 5 GenBank
HEA B 16S tRNA FH K 7 41 1Y [R5 43 51 3k )
98% \95% 1 99% 5 1 A AR HE fole Az 4 S A 401 52 56 ¥
A B RFIA 10 B, DA AR IR A R 2R
B2, o O 3 TR Ay G S8R S DR SRR 2 A TR

( Bacillus sp)56.06% ., & V£ IR E F AL B ( Clostridium
ultunense) 19. 7% FIRK A B Thermoflavimicrobium di-
chotomicum 9. 09% , Y5 GenBank "1 2.7 1Y 16S rRNA
HE I 7 81 B9 R I 53 5K 51 96% (98 % A1 95%

—epidiphilus margaritifer strain, 40.00%
—Petrobacter sp, 16.30%
—Hyphomonaspolymorpha strain,11.11%
—Chelatococcus sp, 5.19%
t—Pseudomonasstutzeri strain, 4.44%
—Rhizobium sp, 2.96%
—Pannonibacterphragmitetus strain, 2.22%
—Hyphomonas hirschiana strain, 2.22%
—Bacteroides sp, 1.48%

1.48%
= 1.48%
(Pseudomonassp strain, 1.48%
—UnculturedBacteroidetes bacterium, 0.74%

—Soehngeniasaccharolyvtica strain, 0.74%

—Ensifermexicanus strain, 0.74%
0.74%
—Sinorhizobiumfredii strain, 0.74%
0.74%

—Pannonibacter sp, 0.74%

—Pseudomonasputida strain, 0.74%
0.74%
icastrain, 0.74%
0.74%

“Petrobater succinatimandens strain,0.74%

B3 RHKBEPREBEDEEZEDH

Fig.3 Microbial community distribution

—Petrotogasibii

of production water

—Clostridium ultunense strain, 55.31%
—Bacillus sp, 25.00%

4.55%
- 3.79%
—Clostridium sp, 3.03%

lus peptidofermentans strain,2.28%

—Corynebacterium glutamicum strain,1.52%
—Kurthia zopfii strain, 0.76%

—Petrobacter sp, 0.76%

—Acinetobacter sp, 0.76%

4 RHEKERNRMENEEMLBHBEDEESH

Fig.4 Microbial community distribution of sample after

physical simulation experiment by production water
R HHRBE AP IEAT 25 BT, e e300 i 2 T
WA IR B ( Tepidiphilus margaritifer ) 40% M IR 4
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TR T FT T8 ( Petrobacter sp) 16. 3% -8 # £ X 4= 44
B T& ( Hyphomonas polymorpha ) 11. 11% , 5 Gen-
Bank H1E A Y 16S rRNA J& [H ¥ 51 (1) [R5 - 51l 15
#199% 98% F198% , R /KA AE By AR AL S 56
HRE A B B TR 10 Fl P RSB B IR
H R ( Clostridium ultunense)55. 31% FIFE A

PR AR 2R AT 5 ( Bacillus sp)25% , 5 GenBank H
EA Y 16S tRNA K551 (14 [A) P44 43 5135 3] 96%
F198%
2.3 AEYIKHY BRI

T Bl A 20 SIS 0L 512 9 75 B AN [+] A T ) )8
TR AR IBCR A RZN , N3k 4 R,

R4 WMEDEHEORYPLHER

Table 4 Results of physical simulation experiment

S BRI R S/ Ltk AL, BB MRNh/ EIRAM —BOKIRR  HOKIRR YRR
Gt ( mmxmm) Bl/mL % 107 pum? mL £/ % R/ % R/ % KW/ %
X RS2 (T AIK) 25x72. 4 11.79 33.21 481.37 10. 51 89. 1 40. 54 1.35 —
Ko B S8 (2R K ) 25%69. 3 10. 83 31.86 480. 56 9.82 90.7 40. 18 2.12 —
Sl 25%70. 2 11.15 32.40 482. 94 9.89 88.7 43.84 8.39 7.04
2 25%x71.2 11.32 32.42 483.37 10.27 90. 8 43.43 14.63 12.51

2 4 ATLLA ), T4 XT BESE 0 ) — R K 3R R
ORI 5 SR HE 7K R A 7K PN VR B A 00 38 3% i 7 3
T B R SCR 430 12, 51% 1 7. 04% ;1
ATK it BB R R SR KK BT B S  BEVR 25
P A T RIEUAS Ak | A BRS A) BA TR 5 R AR X T 2 1
PPEHE S A PR Y e 4 M OC RS, RSB oMK
SRR ANEIAT BERTEAT R, H P K AR g R — ot
HANE , BATE SR KRR, R E WA
TR, T VA AT P LA R 5 118 7 TR 4T PRI ARCER , 3 P
FRTEEATK 7K ot b 345 7 v & ¥4 4 SR B PR
[ B AS BT TR BB A 70 A QA e v ™= A A W e 1 T
A7 BT i i 2L A R SR ISR Y B . AE D R
FE T BETR 2540 & 2 T 28 Ak, DL 34 DA 1R 11 R 25 i
FF B P02 SR AR i B B e DL ) B U, 2 TR R RIS 7
TCESFAE T R KA G W7 A & SRR A HAb )
INYTFAEBALE Y, X2/ T A 6 4 e R R

FEAFELEE L, FHRFF RSl i Ay
Ak, AT A T T i) AR ) 3R T R R (BRI |

RIRIS AR A 1) | SR 2ok B8 rh 2 ¥ e 2 i
WAL AR B O R K R ERELA V149
It A LA BB A BAT AR AT A 2 I Az 22 50
MO, BRATIR B e B AL AR AL 51, fRBR AL Py b
FE AT B HAT B Sl 9 E R . I ARSI
DAL TR PR S0 791 A T BT DL 3 R
P2 DRRN ZF BAT B, ] B A 5 A AS ST AT it A
JHL TR AR D BE TR L AR 1 B AN (E A B A B v
R EFEREEER T,
2.4 [FEiMikRBAHD 5

FH Jer T 2L 73 T A5 38 28 S ARy BERABE 4L 5

5 ARG 0 A RS S TR T R s i ) AS A
IR s Fis,

x5 AEBNEHEERNAT TR
Table 5 SARA of samples from Henan Weigang Oilfield

LS WK% BRR% IFIES % AR/ % I/ % TR/ % WEFR/ %  BR/ %

T JE 68. 89 15.19 13.7 2.22
Al 71.64 +3.99 13.18 -13.23 8.41 -38.61 6.77 +204. 95
cl 69. 41 +0.75 17.04 +12.18 12.59 -8.10 4.96 +123.42
sl 70.3 +2.05 14.19 -6.58 8.97 -34.53 6. 54 +194.59
A2 70. 94 +2.98 13.58 -10. 60 11.15 ~18.61 4.03 +81.53
2 71.48 +3.76 14.74 -2.96 9.37 -31.61 4.41 +98. 65
2 72.24 +4. 86 14. 10 -7.18 10. 12 -26.13 3.54 +59. 46

o] A B B St o R B A A e T AR
TR & F IR 5] 84.08% . PN I 18 A= W 9l I8 1%
J& AL B RR S TG O 3. 99% , C2 HF b i
FEE B IE R 3. 76% o [FII, &S0 Ja B9 RE
Hh 5 R RIS I3 % et RV Ry T k| S e R PR S e
AL BE S DR R IR R 13, 23% , i 5T R iR R

38.61% ;1 A2 ¥ 7 KR BE IR A 10. 6% , C2 F iy
PR ST R R 18, 61% . Wi o s e R BA 9)
PR I o S TRV RR B RG n, EEE ROEOE R
TR YA B, ZF AT T8 A ShAT I S R LIS 2
B T 55 0T A R X 52, T o 3 R 41 i
R RS R /NGy T IR B S S5 RN U 5 D
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THEE AR T RIS AR E AR | 4 (ol A W e f 8 7 e
[R5 B — R e e 57, — o e Ak I
Jit, TR Il 307 77 5 A DAY B AR RS o HIOT , 3T
T AR IRES
2.5 EMREHSERESN

0 3t AR 3 X i 20 o D S At T L P
VAR W WS I A D A Ay D Y A
R 45 R AT LA B0 B B0 b 25 2 il U — )5 1E
Fke ke i o S B A 5 R

F LI AORE 5% 20 A iT LA H ) 9 DR A P
WG IR, AT BE AL R RBR L nC, —nC,, BYIE M BE k2
{0 O O W EN R SR 3 R e ] N T O
n . I TEFA e K i 3 Btk 0 P 498 o o3 R R 2 39K 5 €2
Bl nCy—nCos MY IEA Be ke By &5 BT, 11 nCypy -
nC.yg 1A TEAR o8 e it 5 i 50 1 8 Jon o3 AR B2 8 X 13
W v e K ) TE A e 8 5 152 B N IR AR ) A P i
KT HE R W LR R IR I IEA S . T
IR A Wy RS I ok 1 S A B, T D
A 2 3 ) 5 PN ) B T AT R

B b S A A R AR LSRR 6 BT

— WEEm — A1 —Cl — Sl

CQ Cl} C17 Czl CZS C29 CJZ C37
— R — A2 c2 — 82

C C C C C C C C

B5 REMRBENRTERNSH
Rk IEAR R & ERIXTLL
Fig.5 Comparison of n-alkanes in samples

from Henan Weigang Oilfield

Fo6 MEERNRMANREMEYERIFEDTER

Table 6 Characteristics of degradation of oil from Henan Weigang Oilfield

LIS EWER XnCys, 2nCy_/ EnCy, Pr/Ph Pr/nCy; Ph/nCg B/ C /%

YT g JEL I 29 69. 39 0. 185 1. 057 0.259 0.116 45.0 46.27
Al 26 51.06 0. 346 2.239 0. 464 0.339 41.5 41. 63
Cl1 29 52. 68 0.204 2.256 0.319 0.123 42.0 42. 04
S1 27 59. 66 0. 329 2.076 0. 268 0.110 43.0 42.32
A2 27 69.59 0. 441 1. 881 0.279 0.115 44.5 43.15
Cc2 25 50.71 0.432 2.174 0.479 0. 352 40.0 39.74
S2 27 57.91 0.310 1.953 0.283 0.118 42.0 38.72

M2 6 B, PRI Y08t B0 J5 45 4 1Y)
Pr/Ph {H¥A Bt EJF, Hi A1 C1 AT C2 #£1 Pr/Ph
EHRE 2 UL, BT R e R R R
JE R IER B IR A Sy A K BB R IR, X T AR AR
A% i %) SRS 7 B3 LA B A 0 o i A 2 553 1 D
&, 5 Pr/Ph (HIRFFAZE, [FI) AL FI C2 HEHY Pr/
nC ., Fl Ph/nC  E 3 KB N B, Forfr C2 #f v Pr/
nC,, 1 Ph/nC B 43534 %) 0. 479 1 0.352, Pr/
nC., Fl Ph/nC {157 AR S 114 5 W = 00 6 i A P
J& |, ELBE: Y R AR F B A BEER A, Pr/nC, F1 Ph/
nC o AW K, i LA B L2 P9 V5 6E
Je R IR A A A T g T G A W R A A RO
St F s AR IR E, W R ALK R X nCy /X
nC.,, (AN R B B A& C2 FEFN AT FRPILL I
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Table 7 Aromatic hydrocarbons of oil from Henan Weigang Oilfiled
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