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Abstract A group of nutrient activators with respect to injection well LU3064 in Xinjiang oil field Hutubi river group are designed,
for emulsifying the crude oil. With the bacteria counting method, the MPN method, and the physiochemical property detection method,
it is discovered that, in the injection water, upon activation, the concentration of bacteria rises significantly, while its surface tension
decreases by 37%. With the molecular biological techniques (16S rDNA clone library), the LU3064 injection water, the LU3036
produced water and the LU3064 activated water are studied. One hundred clones are randomly selected from the clone library to blast
in Genbank. The observations show that the injection water is highly diversified, and Alphaproteobacteria is the dominating bacteria.
Compared to the injection water, the produced water has a simpler structure, which provides habitats with function bacteria genera
such as Pseudomonas, Bacillus, etc. The community structure is found most monotonous in the activation fluid, only Bacillus can be
found. Bacillus is discovered in both the injection water and the produced water, but does not dominate in them. The formula
successfully activates Bacillus which can be grown in the stratum.
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AT A ) B BRETE 2548 o PRVl A SR il R 3 3 e o
A MR B PR S , ST RE A1 I oot 7= A X 4 v S R
WA FH AR = 2 i S, DT B s SR R IR,
e B ) 12 T A ) B SN SR A AR A L PR
Tl W SR AR B AN T N I K AR b T 5 5, 4V T o
ZETIMA, T B 4 2 RICR I —T0R . AR,

THIE A U B BB A% 3 1 T 7 s L v R AR R A, Tk
TEFFIRIREE T AT M 2 AR K VB 5 R, TR
IR AN B AR ) S B 8 TR AT 2 /K eGSR 25 1 Y
PR, B SR 3R AT LA A R K e A , 5 T RE SE B
X b JZ 7K TR ) ) R TS BRI SR R MR 2 5
KAWS

B ZE ) i 2 3 1 LU3064 12 A K [ B80S 70, 8 5
YT FH A AR 7= R VR S 6 2 O VRO AR LR U B
JBT 2R RE A SSRGS AT, A B — T e R SR, ST (R
A T A KRN H R P ) = A D RE A

1 #EFAEE
1.1 FEKH

Premix PCR §" 34 Kk & . H T PCR H B 3% % %% 1L 10
pEASY-T3 Cloning Kit, Trans1-T1 &3z 240 iy T 2304
A3 2 PTG . x—Gal I T Biodee 23 1 ; 5116 i | i 5L
A TE
1.2 RIEHRE

JKRE [ B 55 ki G 3 P [ RE YT 4 () )22 5% 3 T K
LU3064 FlHIT LU3036, M2 B2 37°C, S8 K FE 8471.2 mg/LL,
BB A K.
1.3 ENKHFEES

SR FH 1 AK A IACE 329 16y 200 2 K
AW B NaNOs . (NHL).HPO, . ¥ B15 1A LU3064 7 A
K, 37°CH R R 57 40 d, MBI FLAL SR . SR A
B KGR M A FLAR BE T o Turbiscan 214N e 1
Sy ATASCI R FLAL S T R AR AR T
1.4 EIRITE . HES TR REKANE

SR AR (LB 35 3% 56 - B PR 1% (BB HUY)
0.5% NaCl 1% BiJE#) 1.5% , pH A 22 7.5, =5 JR 28 VKA
20 min) K 1l LU3064 . LU3036 K 316 J5 /K f B v, I (8
e R BARBOTE0E (MPN 38 A I F 34 3 4B i e AL B
(HOB) i % 5 i J5 i (NRB) | J6§ A B8 (TGB) | IR %60 & % 1
(FMB) iR ER A 5T (SRB) BV o {1 FTA1000B 115K /)
S T R TH 5K T o
1.5  DNAMIZEY

KB A i 2535 AR VD, 8000 r/min .05 5 min, WA
PR ; TR A1 800 WL CTAB, $£%47;65°C 7K+ 1 h, Jill 800 wL 5%
D515 TR BEEG% 4% 5 20°C, 12000 /min #5010 min, U E & ;A

Bl 26

SRR CLCE DT S % =24 1) IR 27, 12000 r/min £5.0> 10
min, BUE 5 5 AR CIIR 2T, 12000 r/min 250> 10 min;
SRS SN B WS A s —20°CRfE T 5 4°C
10000 r/min #§.C> 5 min, & F75 ; i1 70% £ 1 1 mL, 4°C 10000
v/min Z5.0 5 min, f# HICRZK PR DTIE K, ToK CBE 1 mL Y
W 1R 37°C T 30 min, il TE ¥ fif 5 Byt B0 B fise Hi K A
DNA.
1.6 16S rDNA =& T EHIE

JKFE 40 B 16S tDNA F 34 i i 3 FH 51 4 (8F: 5° -
AGAGTTTGATCCTGGCTCAG-3 ; 1541R: 5" = AAGGAGGTG
ATCCAGCC-3" )" I 4 &k £ 3 25 wL, F 45 premix 12.5 uL,
B194%5 0.5 WL, BLDNA K 0.5 WL, CHi/K 11 pLl, § R
A O5CTIAZ M 5 min; 94°CAEM: 45 s, 50°CiE 2k 45 s, 72°CHEfi
90 s, 30 MIGH ; 72°CLEH 10 min, 4°CEFE S EUT S , 7E-20°C
TRAF#G FA™, PCR N =40 1.2% B HE MR I FL SR AS T

9 3 4 16S rDNA F Bt 5 pEASY-T3 {4 1% 42, #6 A
Trans1-T1JRZ A0, 77 va b 71, BEHLEEE 1004~ 5afe
T, 5% T7(5° ~TAATACGACTCACTATAGGG-3") . SP6
(5" =ATTTAGGTGACACTATAGAA-3" ) B&3E", 2 [ 1% BH 1
eRET o bRk AL LKA A YA RIIT B AR AR
16S rDNA J¥ 51 7E GenBank 1 FLXT, A Bioedit A1 Mega 4.0
PLZBAVAH %72 (neighbor—joining ) F HE R G & H W -
1.7 BiEE A IE M R

P TR BC T A B S H 53 AP X B (B PR X
7SRO A IK A3 IR R DX B S, 7 IR A
(-EPEIX 33°C N H X 20°C) PR 37, R IR FLALRSCR: , It
SR FH T 5 23 BRE 2 AG 0) B Y6 Ja  L AL BE T, SO TGRS
IR VRS PR R T

2 HZFRfe
2.1 BEiERKEFILR

LU3064 JR 35557 40 d J5 BOGROR WA 1, g &3, T4
T I DT L AR5 SRy B I8, AR A i A 5 5 PRI N L T
KA FLRI , FLACIRRS R PR

(b) =B8R

(a) 3064 HiE R
B RsAAR

Fig. 1 Comparison of emulsification after activation
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&2 T LU ), LU3064 J4096 Jo TR 28 116 PR | 3
JEAS BEEAE 3 eme 28 1A G T BOGFERN S RIS SHE AR b
R OB RN RRE M o FLARI T T I B RS T L
77 A VTG 2B S C AW G 5, BT LR SR AL vl L
LS e LA, T LIS SRR AR AL R A AT R
w18 s WG TS 3 h PRI RAR AU 28 L0 BERE Y 1725, 305 IS
R i s BRI AT o DA s 2 A d B TG S e i o D
FLAETEE AT

(a) 3064 &R
B2 miE=BE
Fig. 2 Comparison of the oil membrane’s clear plaques

(b) =B>R

Fz1 LU3064 BiEHEmIAL L B K R E A

Table 1 Testing of emulsifying dispersion and stability of activation sample
, BESOCARAER B33 ) A LT R IREEI AT T
B o - ] - SR EL
(0~15 min) (1~3 h) %/m Z/(m-h™)
LU3064 4% ke 6.35% 3.04% 13.3758 1.9 8.12
2 HAE 44.86% 8.11% 318.562 118.94 28.2

22 BRI ERSTEREKNDNESERIN

Bl 5% 3k FEL A 7B TR MR R 45 248 T R T T e 32 i R
i (3R 2) , Hi AK RS A iR il 2 2%, 1
RFER 53 A K20 A A R 17 M 22 e L 7 IR PR3 5 TR ST
JRBREAIK T BRELRR R IR (SRB) S, 4 T RE L H 1
A BT, U R A (HOB) T B2 BT, [a] i /K RE 2 T
K E37% , KR &

TFHEEATK— B AEFR R 9 T K R A
TR T WP, D B RS A B L A K B

AT , 76 )2 P A S IR A AR R, R
WEREAS 70T S5 A B B 2 AR R B A AR 47
MR TETE A BB A, DR IR HE YRR BRT VR R 252 ) BE B 4
BHEAKHE D,

AT N T A KA SR fofi 753 P v k2
BRI BRI RURI £ BOG T AR B, e
B JELTHT GRS BB LI 24 hy W — ik YR 110 e A i P A
TR AR, PO 287 A A e TR £
PR IR 1 KRR, T B T et i LR

F2 AEHEGREEIRIINEERE B IRITEL
Table 2 Numbers of microorganisms and available bacteria

FE i SR /mL HOB/mL™ SRB/mL" NRB/mL™ FMB/mL™ TGB/mL"  FHHKI/(mN-m™)
LU3064 {3 A7K 1.21x10* 7.0x10? 2.5%10"" 1.1x10* 2.0x10* 1.1x10* 72.81
LU3036 3K H i 6.5x10° 0.6x10' 0 2.5x10° 2.5x10' 1.4x10" 71.13
LU3064 % 3.9x10° 2.5x10° 0.6x10"" 7.0x10° 6.5x10° 2.0x10° 45.68

2.3 16S rDNAFIMIF &R

Wt 8 5 AL 1Y YL B T 16S rDNA JF 41 7E GenBank 17 [t
XF, P 90 AH R Y 5 B 0 SO —A 73 8 BRE B IT (OTU ) (3£
3.4 3R5) 0 XA R b R IR R A BEA T 4B, 9 T A
Clustal X2, Bioedit fll Mega 4.0 317 £ £ 81 LX), @A R A
AR (A3 54 85,

LU3064 F AZK FERE SCE (PS5 30 S5 R R, TEAUK L
B 10 Em T 4T TCRIEF ] JRRER ] RRAT I R R T
184, 54~ OTU v F a—“LJE 1 2M ( Alphaproteobacteria) , 2&
T3 FERET 334 OTU A2 T 2R AT W49 (Bacilli) , 6 54~ 5 i
Fo BRILZ ANATT BT T 4K ( Betaproteobacteria ) , 2 1 TEf&
F 3 2L 6 44 ( Deltaproteobacteria) , 3 4~ 5a [ 5 y—"2 T 1 240
(Gammaproteobacteria) V2N PERE T 1R T A (Clostridia) , 21
SLRE T 5 B B 1M 24 (Planctomycetacia) , 2 /> LR 5 FR AT T8 24

(Acidobacteria), 2 N 5E T LU3036 2K i b8 A0 A K
HELS P 7 5 ORI 31 4 AT & < 7 T Gammaproteobacterium
By I8 2R MG R (Pseudomonas) (3 72 4~ 75 B F )
Alphaproteobacterium i) A5 e T R i 1 ) (Sphingomonas ) (3t
104> 5 R ) A A A [R)RE A 380 49 167 T Bacilli Y 25 £
FFEJE (Bacillus ) (5 D ET) . Planctomycetacia VR
J& (Planctomyces) (2N SLHETF) o G i A LU3064 7K A SO
SR, KR AU A T Bacilli CE LT E 4N Bacillus(ZF AT
&) T3

HK P Alphaproteobacteria XK R AN,
BB, K R BRE A A HE DA Rim )
RETR MYHIRIE . Betaproteobacteria 22 A e 5P W A 7 Xy
etk IR H", Bacilli Fl Gammaproteobacteria AR BT R B A T
FEIT A A Wy AR R S A ), JE T TR DR SR

27 I
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&3 LU3064 ENKFEPETF 16S rDNA FFIlF 45 R
Table 3 Blast results of 16S rDNA gene clones isolated from LU3064 injected water

#OTU 4 OTUPRS  KE S RG]

Gty SERETEH  p HRT GenBank L1 P [ I /%
Al 2 1535 KF733610 NR_025327 Planctomyces maris strain 534-30 98
A2 18 1477 KF733611 EU726271 Stappia indica strain B106 168 ribosomal RNA gene 99
A3 2 1542 KF733604 NR_102783 Bacillus subtilis subsp. subtilis str. 168 strain 168 99
A4 4 1455 KF733612 JX094172 Brevundimonas basaltis strain 02-9 16S ribosomal RNA gene 99
AS 2 1478 KF733613  NR_044545 Marispirillum indicum strain B142 98
A6 15 1459 KF733614  GU441680 Rhodobacter sp. Cr5-50 168 ribosomal RNA gene 97
A7 12 1476 KF733615 NR_044216 Rhizobium selenitireducens strain B1 97
A8 2 1479 KF059939  HQ652582 Rhizobium sp. p49(2011) 16S ribosomal RNA gene 99
A9 3 1552 KF059948 NR_074945 Desulfobacula toluolica Tol2 97

Al10 1 1544 KF733605  KC485000 Bacillus licheniformis strain B3—15 168 ribosomal RNA gene 99

All 2 1517 KF733616 JN713308 Clostridiales bacterium canine oral taxon 141 clone PU008 97

Al12 8 1460 KF733617 AJ810841 Rhodobacteraceae bacterium 218 partial 16S rRNA gene 99

Al13 3 1475 KF733618  AMO084032 Sinorhizobium sp. R—25067 16S rRNA gene, strain R-25067 96

Al4 2 1542 KF733606  HE774679 Bacillus amyloliquefaciens subsp. plantarum YAU B9601-Y2 99

Al5 2 1531 KF733620  HQ222278 Acidovorax sp. enrichment culture clone Van62 96
Al6 4 1459 KF059945 FN376425 Roseovarius sp. AMVG6 partial 16S rRNA gene 98
A17 3 1476  KF059946  NR_042277 Phenylobacterium falsum strain AC-49 99
Al18 1 1475 KF059947  KC878323 Labrenzia sp. WP69 168 ribosomal RNA gene 99
A19 2 1530 KF059938 NR_102806 Thalassolituus oleivorans MIL—1 strain MIL-1 99
A20 1 1482 KF733619 FN397680 Altererythrobacter sp. AMVO partial 16S rRNA gene 96
A21 3 1496 KF059940  GQ902908 Acidobacteria bacterium enrichment culture clone Ac—F6 98

%4 LU3036 X HikzEETF 16S (DNA FIITFER
Table 4 Blast results of 16S rDNA gene clones isolated from LU3036 produced water

#£OTU  HAOTURNE K ey og a2l
G EETHRHE e BRE GenBank (L AT /%
Bl1 10 1477 KF733607 JQ396552 Sphingomonas sp. MN5-8 16S ribosomal RNA gene 98
B2 68 1528 KF733608 JQ773431 Pseudomonas aeruginosa strain RI-1 99
B3 6 1542 KF733604 NR_102783 Bacillus subtilis subsp. subtilis str. 168 99
B4 1 1492 JX307094 AJ231186 Planctomyces sp. (strain 248) 16S rRNA gene 99
BS 4 1529 KF733609 FJ859914 Pseudomonas stutzeri strain LC2-8 929

#5 LU3064 HiE KT 16S DNA FIIMIFLER
Table 5 Blast results of 16S rDNA gene clones isolated from LU3064 activated water

#£O0TU  #WAOTURTE  KE oy el
" SORTYT o —
P e TECH /bp BoRe GenBank & FIE [R5/ %

JX402129 Bacillus subtilis strain ZLY 168 ribosomal RNA gene 99

Cl 45 1542 KF733604
NR_102783 Bacillus subtilis subsp. subtilis str. 168 strain 168 99
KC485000 Bacillus licheniformis strain B3-15 99

Cc2 43 1544  KF733605
JF700489 Bacillus licheniformis strain BPRIST039 99
HE774679 Bacillus amyloliquefaciens subsp. plantarum YAU 99

C3 14 1542 KF733606
CP002927 Bacillus amyloliquefaciens XH7 99

Bl 28
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Fig. 3 Phylogenetic analysis of bacteria from LU3064
injected water

100 [ B2
100 Pseudomonas aeruginosa (JQ773431)
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—BI1
100 - Sphingomonas sp. (7Q396552)
B
100 | Baciltus subrilis (NR_102783)
B4

100 LPianciomyces sp. (AJ231186)

0.02

B4 LU3036FNKHAERGELE T
Fig. 4 Phylogenetic analysis of bacteria from
LU3036 produced water

P —
74 | Bacillus subtilis subsp. subtilis str. 168(NR 102783)
76 Bacillus subtilis ZLY(JX402129)
Bacillus loliquefaciens subsp. plantarum YAU(HE774679)
L Bacillus amyloliquefaciens XH7 (CP002927)
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54 C2
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Fig. 5 Phylogenetic analysis of bacteria from LU3064
activated water

Bacillus licheniformis strain BPRIST039 (JF700489
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Ty ag L A R R IR A IR R R R T
Gammaproteobacteria, Clostridia e E TP e A B T
AR A LR , X5 5 S akam RE R BB . XHEEAK
W RESEF 73 2 B, AR AC 3R T AT 42 1 SIS RE ) 41 0
B AK RS 5 AFEZFRIN T RE T, 7T LA i
B SRR SO T A R e HEAE T T i D SR
I3

IR R VR RS B B A T (Pseudomonas) (2
FOFF 1 J& (Bacillus ) 5 ¥ 50 B & (Sphingomonas ) 32147
P 53 107 FH] ) >R 03 B T -« 1S4 T S 08 A e S B B R
IR AT BRI 5 7 A BB R AR W R T vt ), T
ZH TR EARBCR ARG MMER . FEFF R0
DL FHASE)™ 12 014 777 A 2 TR P 70 10 e oA A T ), A e Tk e A
A B T P A P R AR AU S g 4 e SR R - 2 e s
% Bt 5.7% , AT b AR R BRI BE 0, M A P
JEXTIF BACE WA R Iz AR T, O HAx R s F e e
FRERS & A MBI MISME Y R R Y BRI R A
FRELEAL ISR v R I 2 BE T R L, {EL G TR BSOR B RE TR B AR
B, DRI R R i vk TR A K I TE I AR A

ZE SR J5 1 LU3064 FE A K RS54 5 A0 iy
25K ARG A K S E5.4% AUA 5 SR
Bacillus (ZFFUFF T8 ) 3 A4S TR RO Jo 1R 28 % D03 |, 15t B
I 700 T A RO S AT T, AR AR B2 R 3K B
FA) ) RE T AF TR 0 Jo A i v R AR TE . TS WD RE TR
B ZF AR R , o FLAR R R ok Sy i It A e
THFHER I B AN £ (4 Bacillus (AT R ) 156 1% 5
R R A 1 i S FH Ml 23 R ) R FE AR TR E TR ' A%
PR AT AR T
2.4 HiEREETU R RN

ZELA TR B BB A R RS AR ) AR TR TG PR, Al e 2 LA
T A1 (Bacillus Subtilis) 2 TR 2 T8 5% 71 A FRAKE] 25 mN/m,
BRI J5 B LU3064 12 A K 28 AT R I R
LR TR A Az 1 IR TR 2K 3 T 5 0 S5 17 3% it i 14T 355 1
A= W 200 RS R T S o 3 T A T A A, B R
AU KT, BEAR R T 7K T, f ik T 2L Ak A0 o3 8 S0 I
TR it AT A i B LA Ay /N IORL 23 B K AR P R PR,
Ui IO 5 1 2 AT B RE % TE R AR FLAR sl . Ty 2 R i
JREABUA DI, 3 BT O JS R v ARSI AN 3 A 4
o AR AT, PIGEOE 5 AR HOB R AR K,
HEIEEAGKEE LT T 1045
2.5 HAREAIERERR

LTHIX 7S DOK RO I IR A8 3%, SO RO an 151 6
FIi7s o

WG B, B0 5 KRR BT (B s LA A I 2, 33
TE WO HURE B S RCRAR 22 , AN REIE LR . Tl =S
B R A I AT G HE e B, %ok b 3R 1T 7K T R AN R, 3
7E.60 mN/mo 7K L PG DOBOE FTAE Al i TR AP & B3
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(a) AHEX

(b) LK
6 tAR.NHPRHEERERBFALIE

Fig. 6 Comparison of emulsification after activation

D ARBE BTG , P e L P KRR 4% 107/mL, HiH HOB
9x10%/mL, 751 X fE B R 7%10%/mL, HOB 2X10°/mL

Fili 290 FH B G X S r X 2 K o R R S L
6o 126 P UL, B B 34 X He g A B S /e il A
K P Bk 92 30 FE A K R S P o5 He A 79 4 X o |
HEA B, FHI-E7E X S X E AR RE LIRS &
P 2K ST T . S SRR, BAR-EPEIX S
o DX A DX R0 S S R AR B 107/mL (B AR S ) (3
TR BRIV BE AR, R ITG , BLIHIZC )y AN RE s L P
X FZS T XOKRE FP AR AR TR, X 5 2K R B s A5 A
O, XA X K rh SR R A A R TR B s/

*6 BRHMEKRERER
Table 6 Properties of formation water and crude oil in different block

K %Fﬁ%ﬁﬁ%m MR kKR w ﬂs? - JE AR J?{Hﬂ%”)ﬁ
JE/(mg- L") /(mg-L1") /(mPa-s) /(gem”)
fili 2 4960.8 CaCl, 8471.2 37 114 0.851
X 8120.0 CaCl, 10964.0 33 12.1 0.8217
ANHIX 1210.0 NaHCO; 4212.0 20 80.0 0.876
3 &Zig WG ZRAFITIEN]. AR FLARFIAR, 2004, 28(6): 44-48.

1) AR , 28 il R B R IO AR [ A
i 26 , LU3036 JHHH:-R HRCH vie 4t A o B0, TR AR 5 i e
NEFRFNHE TEA K TR , U8 M 2 B85 FR R0, R
A S T e 58 B A8 3, 3R 10T 5K 3 I 37% , S I KR
LA ACR B

2) TEAK FZE i BB 5 Tl K SRR FH 3 R
KRR, ARSI A RO IR PR, OF T A AR I
HiE RS, TR RS A AR R EOR AP TEZ R RER(H Y
AN TR F TR b 5 SR R PRSI B 4 08 H T R 2 O SR i Zh g
FR, (E S BRI VR ARG, X L 45 A T 5 800 R P R i D RE T
Bacillus (AT B & ) I , (A3 i wids 2 7Lk, &
K T FEA

3) ZEAEAT RIAE D)2 AT R S BE B n] A R
TR 7 AR T PR o, e IR T 5 7, i v ik fiE
PRSI TP 25 AT AT, TR AR 10%mL, B0 5 2 AR R
IEFACEELA G o R AR I B R R R B AT, 1
W12 1 TR RIS 7 3t 2 A 2 P BRI AR B T E A K TEA
HJZ , AR A R P R] REROR RO AR RIFFL IR at
AT R R TE A KBRS o 33X — 2538 RE A I T A T
AR RSB0 3 SRR
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