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TR BRI IR iy 28, 5 R A, ik e T AR A B A O B, B LR A 0.15% R &) F e m T A 0.6%
T (AR T A 1647%) 025%F A (AR T 4 26.16%) . K R IR B REST, THET R b5k
B 12 A B N A ) 107 copies/mL., 32 AL IR ik 5236 P IEN 0.4 PV B Atk £, R i3 SR Ak At 81 1
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S ECHECE | F THT 2 R 32 3l B R K R
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1 SEEE

1.1 M5

SR (COCREI = SO TR L, A LR &
#07.31%) \Co (AR = i in TR, A HILA T 2 504K
20.21%) KA FIURLIR AERHEE , Tolk g%, Kt fi &
Befb TR A BRAE]; SRR L1005 RS H N,
(SATHLE, & EE26.16%) N.(FATHLE, &
RIE 16.47%) JRE BER A e Wi — &%k I+
g, A bl [ 254 AR A BRA F s s
I PCR 43 BT 3 500 2k« 5 11 it . T — o 6 At T2 4
(SDS) . Tris fE A1l . & A5 . L% . Roche 786 5E ik
g, At at i E ARG BRI A ) 2K
PCR 519, bt BBHE W E AR A R SHEA 7l 4R
R i e 45 0 3 FH o, B o i sl P 2
AU TR SR AR B b 5 s HE Bl 9
FH DX Rt — 257 T L, b )2 KB A 10298.89 mg/L,
F % Na .Cl" . HCO; %5 5 T4 .

ZQZY-70 BS #& K, L1 FNAEAL#R AT PR 7l 5
Yamato SQ 510 C K5, H AR AR =R A 4t
JI-4 AJK it , A3 T IAOB B (A T ; Vortex 2 4%
o , 5% [H Scientific Industries 23 7] ; BCD-195 VK4H ,
TR BT CHLARHE A PR ) s DRk B HKY-1
T 75 U 25 MR AN 2 A TR RS 2
Al BSOS AN R 2585 1.2 LA 15Tk o3 B8
TR, REET A8 Tl A FRA A s MyuQTM2
Opitics Module 52 i %' 7 # PCR {X . Bio-Rad iQ 5
PCR, 3¢ [E 1 4k A i B2 27 7 il (Bl ) A BR8]
JIN26 1 3 2 VR B OB, 56 [ DL e & 2 I F (Beck-
man Coulter) A PR/ H] ; Universal 320 R & R 5 %
HREDHL, T Hettich Blop g A PR ]

1.2 EWHIE

A W 4 v DT SRR B o U A &
KA =W HAER S o R 1T 5 N B 4
FBC T WAL , A ST TS ROR PR ik AR
R AT A RA PR RN, 80  T DLROE RIS
TKFE S BB AL R L I )5 A (SRB) 0 22 AL Al
XoF i ) FLACAE FHRCRAE A PEM S ROR 1Y %2
St

(D) FUEFEO

WA R FLAC T V5 S RS Al R 0T

IKRFUALRCRVE bR, B Wi TE R 32
S HFLACIE I B BE T o TR AT, R IR AR
P 22 0o FR IO I FLARROR , FlE 85 RAFTEN
HHAREMIRZED

(2)HEi Bl vk

I P 2 2 DA ) 1T (58 TR 1% PEAG A o FL AL
RORMYSEI ks BARD TR AERE SR L (B AR=
90 mm) 1 HIA 60 mL FYHIK , FHfITA 10 mL £855 7%
TG €8 1) 1E e (TR A DEBR T ) ; o7 1E - be Bl ik
AT R 1 mL R IRE Sy, FHZ0 5
RGN 55 HE vk B A RN 2 HE T B AR K T 3 em,
RIA K 5320 A AR R TS PR 7

(3) % 5t PCR Jk

9 i PCR S 38 1 5 6 A7 5 A Wy SR 5
PRSZET W PCR 42 , 48 Jim a8 2 A v il 2 %) AR A
MR EAT R A T B IR XTI T L 8
SRR A R A Jir TR B 2 T 9 791 7 AR TR L2k
DIREA: W 5 3 W R i R R B VAR G, R I
A3 AT 3K L6 Ty K PR A Bl T 509 I b A TR DRy
T EE T TE D RV o e R 5 Iyl FL AL 43
YR B YA G 1 5 BR 2R MR 1Y) SR b e X Tl
rhIAB 5EIH B KSR TG PR 7 5 B s P
St Yot I3 e A O 1 o s I 280 T kB 55 DR R A TR 95 A
KR M E # PCR AT, SIFHI L 1,

FT1 EHEHXEEZPCRE|Y

shgse 1Y 314
w4k
8F 5’ -GCTSAGCGACGAACTGACCT-3’
16S rRNA
338R 5’-GCTGCCTCCCGTAGGAGT -3’
Sl_’fF 5’-CAAAAKCGCAKCATACCAAKTTGAG -3’
srfA
srfR 5’- AGCGGCAYATATTGATGCGGYTC -3’
rhiF 5’-GCTSAGCGACGAACTGACCT-3’
rhlAB

rhiR 5’-GRCTGCCCTGMTCGAGRAAG-3’

DAL 24 5 Jo I 4206 ) adkeB 5 DR, 55 400 Jif £, 2%
P450 A ALl AN A1 PR BRI ek B AR g R RIS, AL it
TERTT alkB FE ) PCR G0, T 1T 2 X He Sk
I B 5. S =AY CPY 153 Al i
iz hilbnE M2, Dk B LA i S AR m) 2 X0 R vk
SN LA K3k 5 1 i ds it , BRIk
LS X517 5 W22 SCHk (8 ], ¥ s 17 A 7 L
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F22, P, 16S rRNA srf4 . rhIAB 1R 14K 2 240 1, %3 Plackett-Burman 2381t %

7:10 uL SYBRGreen Mastermix .9 pL #B4L7K .54 G c C BRI N, N,
1FI51# 2 45 0.05 puL . 1 pL DNA FEH ; alkB %& 4 /) ) 1 1 ) 1 1
TR R : 10 pL SYBRGreen Mastermix .9 pL # ) . 1 1 1 1
217K .0.05 uL 514 .1 uL DNABERR . H, alkB 3% 3 . i i i 1
PR A R 55 1 25436 2 00 75 58 2 B AR B MR R 4 . O o ) |
A 0.8 pL A4Sk 5 9 (JP) , I 65 20 B8 VR 5 s | 4 ] 1 -1
OHLIR A S PO G i PCRAGHAT5E f 73T . . o » » X
R2 4XPEEEEPCRIGEITIRRE ; 5 . 5 4 |

alkB 8 1 1 -1 1 1

rhIAB srfA 168 rRNA P . . » | | ] r

B3 A VA3 =1 VA5 A< =1 VA= 9= A =1V Y- i =i
T s T s C s C s C s

95 300 95 300 95 300 94 300 94 60

95 30 95 30 95 300 94 30 94 30

58 40 55 30 55 300 52 30 65 50

72 60 72 60 72 60 72 40 72 30

80 10 82 10 80 100 72 120 80 10
55~

95 60 95 60 95 60 4 120 "o 10
66 60 55 60 55 60 16 60  Wfwdhigk
55~ 55~ 55~

o5 10 oo 100 Too 100

PCa3 AT ES S 3 411 S < 415 3

(4)Plackett-Burman £ 4

Z W82 2% Wik [ 9 ] 1T Plackett-Burman ( i FK
P-B)SiM . P-BSLg it eV AR sE X 4
Al NS (N R 4 WA SR oAl N-1 4
AR W KSR T s . FIAR e Y B R R S
B AH Fe, AT LA e 20 199 5 3 Y 8RB 3 A R4 b 7R
MR Z O EEMHEA R R

FERIARARE SRR BT (300 L, FFH Minitab
B (36 B2 A7 16 Je N N 57 K27 ) 647 P-B 525
i ", % # Stat>Factorial > Analysis Factorial
Design, 4= i1 S 40 351404 3 s . 4K IR Minitab
WY 12 KL 7 2047 0 2 A A S 5, 217K
BB 3AFAT, 4637 C 180 r/min 4 PR3 7 d.
THEE A, B2 mL 0 i BT K A PR O R 4
R 26 2 PCRFE AN JE P 21 1) vkl A B 1 sifA
AT E T
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11 1 1 -1 1 -1
12 1 1 1 -1 1
T =1 KO N R K% 87.5% , 1 K- M HERH K F-x125%
(5) YR Ih S 5
Z RECH R AR S Y 1) O AR
JEK, HE B D EKE A 98% M 1k, id sk K i L H
THE DL SRR R B ] 5 6 ) o 57 1 OK SRS, A
A 0.5 PV IR & AW, TE AN 1 mL/min, %
HADRREAER SR 7 d, BRI E K IEA SO, B
2 E KA 98% M 1k, TR =R ISCR(E

2 ZER5THE

2.1 BMEFRERNVIGREREIR

R TR S5 ATt S8 Bl A W e % 4 N A
KA EFRT R, 456 410 E NS iR IE s A R
20O, LA B 3 I B4 4 BT (0.275% Ca
0.125% C,.0.6% N,.0.25% N,) , i & JL Al il 77
0.25% C,.0.2% 558y .0.25% N, .0.6% N, ZE5%
IR A 2R 0 36k D ) AT TG %o SR A SE PR RS O, AR
U8R B UR A K B R SRB I R 7o s
S PR AT RA D 2R LI A5 E SRS B T .
250 mL = IR T ARG IR B IRIRE 37 CLHRIR
559K R 180 r/min, KiFEHFA] 7 do REFREE ARSI THL
P REDEH AN Ih B8 1 ARG o AT UAR FI8 S5 A 3R
TG A D LA SR B ) R B T 1 TR AT
WIS R R AR

WRUR A 06 o 7 BTG B J6ht I, DL LR
B LIHE L Co AR Y (O — B A Uk
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A7 ARG S 30, 42 Tl LAt 75 % A3 PN A AN S
SERRH, LR Co B RO e b, 0 e
K FE LA ) 168 tRNA 5& A #5 U1 5k 21 T 107
copies/mL DA I, FLALPEG AR I B+ (+ 1 00 X 7
FZH k4 1P 2L FROITIE R 0~5 53 ) s TERE
CTHE TG S5O 22 , FLAR PR R+ 5 S A il
(TS RO e 22, FUL PN+

R . 78 B0 B 7 J4mh b, DAN,
No R L CVBRE | ERA SRR R4 T KRR 380 S
6, P HoAh 7 R PN RS . S5 RN,
N, 90K Cr 4 AR A LA 9 16S TRNA FE[H $5
DL B 5K 3 T 10" copies/mL DA F, FL AL PE 2% 3k
F+++(C R +++) o JRE M RE RO B2 3L
EPF N+,

BRI BE o 77 I S0 e 7 S 1, DUSORE
PRACR BifR R 87 B R COBRRE T K
FERE 250, 8 A8 5 o A AN A, 2551
FEHH  BEIR A e BER A A OB IR (TR N 2
H470.2%) 5t 9 FH- X G5 0 i 2 K AR v P T
VE , 2t M 2 4 2 JCVE N T X O
C, R AE R 2 R IR ERIA 2 T r FLALRCR
A9 16S IRNA K& A # DLZUK T 10” copies/mL,
AR A+

A B DR 2 S I 4 SR RIS T O e T,
FERIA T :0.10% C,,0.25% C..,0.15% kIR AL
#1.0.6% N».0.3% N,

2.2 Plackett-Burman 323§

WP 3 BT H T J 5 ) G S 30, B 3R 4R
JE PREBCE R A, % rhiAB T srfAd 647 2 /e AT F L
)R I K DB A AR A FLAL R 2R A 15
GG TR

Y=2.85+1.4x107 (rhIAB copies)+1.8x10™ (srf4
copies) (1)

TF Minitab % {4 3¢ B v ¥E £ Stat>Facterial >
Facterial Plots, A= 1l 4% PR 2 %0 4 AR & (Y(H) B9 =20
Bl I oA 32 B R e P T A PR R s e
R IER 4,

H1 2 4 0] UL, C, U0 DR BER A8 500 R 1, i
Bt R LA R Ry TR 0, BV 2448 K vl 4R
FUETFL A E Co N NIRRTk 2L
AR SRy A e 1, BV 24920t ] 4 = LA PF R

R4 MRE(FLALTTES ) BT R R R EL

it H R B34 t P
W 0.06833 8.46 0.000
C 0.00468 0.00234 0.29 0.782
C -0.03054  -0.01527  -1.89 0.108
ORI 0.01841 0.00920 1.14 0.298
N -0.02645  -0.01322  -1.64 0.153
N, -0.02566  -0.01283  -1.59 0.163

1 R'=62.86% , AU bR ifE 2538 8.079%107 . R* iy 2 [l 9 Jy
it TR LI HS s A0 S 0 R, AR 230 T L AR B L Al 4y
1= (REAR T 4 (8 — RS YD) /bR DR 24 5 24 P/NT 0.05 FF 2R B
I EE

R HSAEFRH T PEANEA S EE XL
(P>0.05), K JG ¥ 1o Plackett-Burman 525645 H
BB SRR TR AR B BB AR

T ORI BRI 2 A 0.1% 5 fE A 2500805 Bl 9
FE X HbJZE K B D RE AW, W S BT KA il e
R R AP FLAEROR o BURER AR RE I 5 R Tl e
RHESCR A, EARANAS IR , S RIOCR R4, (R
7oA AR 3~ 5 mm A S BRI I A R, 1
PR G, AR 2 NIRRT (KA R S
mm) , 7EHJZ it AR BB . R, 7R fR 22
SERGH  ASFRE T RURCIR AEREEA T2 5. T CL
HON2.4%  FESR R R, CAENRFERA TR
I FLALRCR , TR AE S 22528 R i C VR il
23 EEFELI
23.1 EIcBLoy kit

AR E SRR Ui~ 30E e
S R ESORN Dy R R TR ) B0 T W 3 T 22 R (P<
0.05) , TCiE R FI W 4% IF 3= e A Ko D3, %
JETAV A AT ATk, B R 3R S0 A5 2 w0 20 i
J7 % , 1E Plackett-Burman 5% 56 [ B il #4751
EULIY 25 PR TS 56, 6 BRI TG A5 S 1 [] B 249 g
A LI AR TR . W 7 AL LR 5.
7£37 °C 180 r/min 5F FHEHR 7 d. ¥EFRATH G
RIS D RE L F 2 i PCR 43#T .
232 BREHHALL R

FHZLA DGR HE T Bl v 2[R 0 5 AS [R]85 77
ISR, 5 R W 6. By C MFLALRUR B
4, HEMPE B A% 4.0 em.
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x5 EEFXREFREHTAK

- R4

% %
A B C D E F G
G 0.25 + + - - - - —
C, 0.15 + - + - - + +
N, 0.60 + + + + + + +
N, 0.25 + + + + + - +
XS 0.25 .
L TRAR 0.25 - -+ sy

e | P R 18

Fo THERBRAEEFIRRER

Wik RET4 S

iH A B C D E F G
AL 4 2 5 3 1 4 5
Hfflem 25 02 4 2.5 0 3 3.6

FHEZI 56 52 B PCR AR 2 B 5E 7 4078 37
Bt 7 %) 16S tTRNA LK | alkB 3K | srfA 3 | rhiAB
LD 3 i 5 i e PR R PR PR | B2 S e P
¥ DR 25 R L3R 7.
F7 LRSI B TITHAE R E N
YiReHE A/ (copies+mL™)

v
=
H 16S rRNA alkB srfA rhIAB
A 1.70x10°  4.43x10°  8.88x10° 1.79x10°
B 8.04x10°  7.01x10°  233x10°  1.50x10°
C 242x10°  5.96x10°  3.60x10°  4.77x10°
D 8.29x10° 1.11x10° 1.65x10°  3.20x10°
E 8.67x10° 1.32x10°  2.91x10°  4.78x10°
F 1.96x10°  7.37x10°  3.01x10°  3.59x10°
G 2.05x10°  6.51x10°  6.55%10° 1.71x10°

g5 b T RS S 45 R SR B C
e 7 G B IS RCR 2, TCUIUE 5 AN i I 4% o
I, BT 5K B RAF, FLAC TR 553
Dirhe H PR e i 45 2R WoR i KR TR alkB BE R B3R 3] T
107 copies/mL, g JIK 7 25 T srfA He R 24135 3] T 10°
copies/mL , FRZA=WHNG 7™ A 1A rhiAB FE R 3K 8] T 101
copies/mL
2.4 IR ESHTER

M 7 T 925 2 38 o 3 AR i — > B W 3Rk
T 2 0 0k ik R U T Re iy pR L . (R B

http://ythx.scu.edu.cn

Minitab 5.0 #04, R F W [m1E A e % o A1 A1k
T, TSR BT A R R B il . XL gk
P HEAT ML, XL 7 R i 2 M 0 R 25
AR L O C, IF L 0.15% €1, 0.6% N,
0.25% Ny VE R 0 K247 3 PRI 20 7K F- i b7 1A 43
Mro SrHrah s (£ 8) KM, C MIN, g i ;K 25, mf
TE D I 5 N SR I IR R PR ER AT AE S R
NI

RS MMNEHNTER

T H ES 44 FAARER 22 t P
o 3.79444 0.2021 18.776  0.000
C -0.10091 0.1494 -0.676  0.521
N, 0.15393 0.1494 1.031 0.337
N, -0.06861 0.1494 -0.459  0.660
CixC, -0.33870 0.2885 -1.174  0.279
NoxN, 0.51275 0.2885 1.777 0.119
NixN, -0.50360 0.2885 -1.745 0.124
CixN, 0.08700 0.1670 0.521 0.618
CixN, 0.02993 0.1670 0.179  0.863
NoxN, 0.04496 0.1670 0.269  0.795

Sk TR SRy RS Hb BT AN ) K ST B R £ e
S5 T T 20 KPS E B PCR 4B (B 1) 6
SEHGEE R, 20 7KL 5 A s T R 3 R AL
SR R AE 1R N, R 3 AN 34
IR A A 23 X BT 0 R 1 i K 8 o
N AAAE Jg e BRI ] s i mf DA S A R 3
PR A AR . F T TR R D TR ) A A A
iR Eh iR IR B 22 L, LA TR £6 140 S P 1438 24 5 4 vl LA
B A R R A i P 1 AR DR AN AR N 3%
i . CAE MBI R IR Z A1, o 2 1 F R R
T A R AR T A2 A B R (C v i TE ML &5
H0.7%) , IBEASFEAR C I . 5 0 KB N,
(0.25% ) H Lt , 7K N, (0.2% ) B 3006 SR K T g
SR BRI IO 25 5, AT DUE M RFEIRN,
AR, YN IR 0.25% ), Bi )7 A< b 27.43
Jo/ i, BB B T 20.25% . R T HE b b
B PR IG5 N BRI R PRI . e S AR &R
BT M :0.15% C,.0.6% N,.0.25% N, 5 fdmag
X Bt 9 FH X IR AR W DAk I S0 BC A B B
Z N W 19
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1 5 10 15 20
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I 16S rRNA; [ srfd; [ rhiAB; 27 alkB.
B 1 $HEER PCR 16S rRNA srf4 rhiAB.
alkB LR AR T4 DL

25 YIEIRHEER

AL il 9 S DX T 76 2% A2 T T 4 3RS 41 00K 9l 512
B, 25 AR 9. MIRALBL T AR R 0.1~0.6 PV
B, BRI CR B 55 2.65 H 4r B ~5.92 H 43 o FETE
A 0.6 PV SR B, AR A 5] 0.55 PV B
PRIRTE AR 2R 58 m5 M\ B UL H i SRS R R SR ok
F,0.6 PV IS IRIMACE 5.92 B 434, {L L 0.4 PV £
0.55 A4 mi o RWITEMR MG | Je Sl A
AT P — 2P TH 2 A O LA R 1 RE
T G I A TG A 22 0 s By 2% , TR 6 0.4 PV
VER AR A . fEAHIR 2544 (0.4 PV, ARALEL T5)
T TR ISR . UL AR A
PR AR BRI A% 5.37 H 4 . UARBC T ER(R
WARFR L 8: 1) 1Y Z5 7 4 i BT &0 32 11.65 A 43
S R AR AR R T C T IR RE TR FR AR
(6 AT~ EHD) .

R9 MERMLELER

AR — oK K
BB, i
(107 pm*)  mL

IKBRRM FeZ R M 4 R

AT LA
A % K% %

0.4 PV 1102 17.6 52.54 57.91 5.37
0.1 PV 1108 17.5 51.62 54.28 2.65
02PV 1039 18.4 54.12 57.94 3.82
0.6 PV 1032 17.9 52.96 58.88 5.92
WA 102 1105 18.3 53.67 61.88 8.21
HA1:4 1145 17.6 51.01 60.87 9.86

HA1:8 1179 17.8 53.13 64.78 11.65

2.6 I3ZHR A

ity O T EL S A 0 3K A T80 T 2017 4 11 H T
TR St I FH ) 48 FRAA 3R Ry AR S i 35 ) R
RE . KX 4 1T AS, B EAE SRR R
21.75%10'm’ (FrAEALBATL 0.1 PV) , Tl T3 4.98
Jrm, $ E R OCR 3.5% . #ZE 20204F 10 H 25 H
PRI X5 15.13x10°m*s 58 T A 69%. H
HTI R S RO A T i W30, Bl O T3 AE My 3K 11
I SR S 77 1.8x10°t, B Bedi i R I3 1.3%,
IR H i 3.1 ¢, R IR B

3 4hip

BT X BT O J DX AT 3 R T RE TR A SR
7oKL e — B R AN RN N E AR . IR
FLAC SRR, P E 2RI DI RE S IR fe 4a 1k
FEH I 2] 107 copies/mL, g IR 7™ Az T8 srfA 5 [ 4 38
2| T 10° copies/mL, FR 2= G r= A= T rhlAB FE R 14
I8 F| T 10* copies/mL ; 445 B i S 56 2 15 R i %
11.65 H 43

A R 38 BTN R BRI 7t R AN T S A
T ) ) 220K, 5 B e G T AR L, T A2 5
A B B RE A 20.25% . BT L Bt 245 8 11z
AR A, 38 A FUR SAS T R B 2, B R4
YR FHH L

i i AR 285 | Plackett-Burman SE565 | 25 [H 1
S e TR S A A A R YN BOE VN O
T B — A s SR 0t D VA T s iR, A e
TEJRARE W BRI R G e PP AN B HE A 4
SE 0k
(1] FETAR. IR E YR A IR B R i 5t 1) ], AR

53 %, 2002, 29(6) : 87-90.

(2] wpebt, SEAT, iy K, &5 ARG AE D9k H AR T 5 R

FALI]. FERIMAURE, 2001, 8(4): 84-86.

[3] ZHAN Y L, WANG Q H, CHEN C M, et al. Potential of wheat

bran to promote indigenous microbial enhanced oil recovery [J]. J

Ind Microbiol Biotechnol, 2017, 44(6): 845-855.

[4] AREERL, FLLUe, W&, S5 PURLAE Dy ok 8 e 7y i e 1

MR LD ] AR 5 RICR , 2012, 19(2) : 37-40.

(5] mame ARk, Jh P T Aol A0 v At 390 O e 5 P AR [ D ). R

MIFKE, 2011 15-24.

[6] MASAKORALA K, YAO J, CAI M, et al. Tsolation and

characterization of a novel phenanthrene (PHE) degrading strain
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Psuedomonas sp. USTB-RU from petroleum contaminated soil [10] AHUJA S K, FERREIRA G M, MOREIRA A R. Application of
[J7.J Hazard Mater, 2013, 263(pt 2) : 493-500. Plackett-Burman design and response surface methodology to
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Screening and Evaluation of Cheap Nutrient System for Sandstone Reservoir in Lu 9 Well Block of
Xinjiang
WANG Hongbo', LIAN Zete', CAO Qiang', FAN Saihua’, LIU Xiaoli', MA Ting’
(1. Research Institute of Experimental Detection, Xinjiang Oilfield Company, PetroChina, Karamay, Xinjiang 834000, P R of China; 2. Luliang
Oilfield Operation Area, Xinjiang Oilfield Company, PetroChina, Karamay, Xinjiang 834000, P R of China; 3. College of Life Sciences, Nankai
University , Tianjin 300071, P R of China)

Abstract: According to the nutrient requirement of the main oil recovery functional bacteria in the sandstone reservoir of Lu 9 well
block, by-products of fermentation and agricultural wastes were selected as the main component of the nutrient medium, which
also contained some auxiliary microbial growth factors. The optimum carbon source, nitrogen source and phosphorus source were
selected through single factor experiment. The concentration of each component was preliminarily determined. On this basis, the
significant influence factors of each component were analyzed by Plackett-Burman experiment and factor removal experiment, then
the concentration of each component was determined. Finally, response surface test was used to further improve the concentration
of each component. Moreover, oil displacement experiment was performed under simulated reservoir condition. The results showed
that the nutrient system was efficient and cheap. The nutrient medium contained 0.15% by-products of fermentation and agriculture,
0.6% mineral salt with nitrogen content of 16.47% , and 0.25% mineral salt with nitrogen content of 26.16%. The oil emulsifying
effect of the system was good. The copy number of hydrocarbon oxidation gene, which could activate the main oil recovery
function gene, reached 107 copies/mL. In the physical simulation oil displacement experiment, the recovery factor could increase
11.65 percentage points after injecting 0.4 PV nutrient system and air at a gas-liquid volume ratio of 8: 1. Compared with the
formula used in the field, the optimum formula could reduce the cost by 20.25%. The screening and evaluation process of activation
system could provide reference for the screening and evaluation of nutritional system.

Keywords: sandstone reservoir; nutrient system; screening and evaluation; recovery factor
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