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2-D smart nanocard nanofluid laboratory evaluation and field applica-
tion in fractured-vuggy carbonate reservoirs
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Abstract Tahe oilfield, a fractured-vuggy carbonate reservoir in China, has great potential and broad prospects during its oil
development stage. The full development of holes, fractures and vugs in fractured-vuggy carbonate reservoirs in the Tahe oilfield
results in high heterogeneity. The water cone is easily formed during natural energy bottom water development. The displacement
aqueous solution is easily produced along the fractures, causing more remaining oil among wells and a poor result of water
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flooding. It is easy to form gas channels during gas injection development. To overcome the issues mentioned above, a smart
nanocard nanofluid with hydrophilicity-lipophilicity was synthesized independently by China University of Petroleum (Beijing)
and then utilized to study the ability of profile control and flooding in the laboratory. Smart nanocard is a kind of nano-flake
material with sizes of 95 nm in plane and 0.5~1.5 nm in height. The Turbiscan scatterometer was used to evaluate the stability
of the smart nanocard nanofluid. The result demonstrated the system was most stable when the concentration of smart nanocard
was 50 mg/L. In addition, laboratory experiment results proved that the smart nanocard could intelligently find the oil-water
interface and form smart nanocard adsorption layers to change the interface properties. Moreover, the interfacial tension reached
0.6 mN/m and stable emulsions in size of 10 to 50 pm were also formed between simulated oil and water phases when the
concentration of the smart nanocard was 50 mg/L. It is also worth mentioning that an oil-wet quartz sheet (contact angle~116°)
was transferred into neutral wet (contact angle ~91°). It was also proved that smart nanocard has a mechanism of profile control
and flooding according to the results derived from a 2D visualization model and a thin tube model. Besides, it demonstrated that
oil displacement efficiency was increased by 9.2% after smart nanocard flooding in core. Based on the laboratory results, a field
test of smart nanocard profile control and flooding technology was initially carried out in the TK779 well groups in Tahe oilfield.
Three adjacent wells were significantly affected after 4900 m* smart nanocard aqueous solutions were injected (smart nanocard
concentration~50 mg/L). The three affected wells increased oil by 2233.9 tons and the average water content decreased from
82% to 25.7%. Smart nanocard intelligent profile control and flooding technology, as an economical and high efficiency enhanced
oil recovery technology, is expected to provide important technical support for the development of later stage fractured-vuggy
carbonate reservoirs.
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Fig. 1 Design and fabrication of 2—D visualization model



2-D GUKIRAR T TP B GEIR SRR IR ER FHmE 37 v T

405

(2) Bl )2 KK . SRS E R ZE, L1 mL/min )
B R AR Z K, SR EGSEALIE SRR, HE
K v &K IR 98%, 155 1R KK, T K SR K I AL

£

(3) KB ARIK: P, Ph 1 mL/min Y3
FEEAGURRRBOR, RSt dlicsg e, |
ZOR K 98%, 1 IEAUKEBRIK, IFEGOKRB R
IR

2 EANSEEREIR SR

2.1 ERNFRSMERITEN

4k R B 4 M R AR
2 JSE AR TR R A RO A F R, K] 2(a) Ji
NGO R B R T R A, AR AT L
B IGORBR R BA YRR OREH, ROTTE 95 nm 72
i, GORR DGR IR L 22 IR 18] 2(b)
EARBRMEIE T RHER R, ERUGORERFR
(AR TN 2 0.64 nm, RISt ] UM TE A H 490K 2
RHEAZHANE . K 2(c) RAOK R AR AT BB IR
B, JER THOKRRRIYZIEEE . K 2(d) /25 K 2(c) X
BLIAR B REE SR, Bl R0 R R
(2R R E A AE 0.5~1.5 nm Z i8], & EE N

2.1.1

2 nm

-1 nm

80% Zify, I P ZHUKBRIFENE. D EgrkE
RIZEEE A AE 5~20 nm Z 8], FEZEHFHHOR T
HREEER, Btk
212 R EBRREREE T

S G 2 8 Bl Turbiscan 2 2 1 43 B 4SO 40 K A B
FEVETEA T PR A ZRAE o H AR D B i e W 30 1o
880 nm [ A S5 BE 7 283 K AR AR5 1 it
e I A s ) L B i 8 1 AR AR R AR K i
W sh AR E Ve, A AR E P48 B (TSI & & RIE 9K
TARRR R HEIN, Hod TSHE /N, R GOR AR R
o TSR A ZHAK (1):

>, |scan, (h)=scan_, (h)
TSI:Z ‘ I ‘ (1)
o, o iR H i h H O S &, mmg
scanl.(h) R TR B h AL B R BE %
H RSB A4k

P&l 3(a) A2 A 7] Vi B2 4 K D8 R UK TE 6 hJ5 1Y TSI
B, 25 mg/LAAK B AR AR M TSHA 5 K & ik 8.3, T
DA R AT E . MU BER T 50 mg/LE}, Bl MR
BORRET, TSHEWAEAE K, 9K BRIRR Bk EVEZ
B, LA YAk B RV BN 50 mg/L i, TSHEH/)
2.1, RUIHE PR R RARRERE . LL 50 mg/L
YUK B ARIER BB F], 53K B R AR
A AEMAT R, WK 3b). BEEEHEIAHER, R

(d)
80 7
<
?; 60
M
A
fm
20
0 s 72)
0.5-1.5 10-20

-10
= & /nm

B2 SKERHULEHN: () SEMBF; (b)) TEMBR; () AFMBR; )HKBFEEESHE
Fig. 2 Micro-morphology of smart nanocard: (a) SEM image; (b) TEM image; (¢) AFM image; (d) Thickness distribution of

smart nanocard



406

FAIMBLEER  20204F9 H S5 EH 3

it e JEAE 0~36 mm 22 [A] (14375 55 OG5 B2 R kg, Ui
IR it DX PN 0 0K PR R VR FE B RAEAIG, (H A B
Py MEESLEE R T 36 mm i, 17 BHGR R i R
R, FRTERE S TR 9K B R EE TP, fa
PEZ . ZEARGETESS A, YOKBRWEE N 50 mg/
LR e M i dr. B, JEZescm b 9ok BRIk
K 50 mg/L.
213 Pk ERREER

] 4(a) SZASALTH A2 K TE BRI K R4, K
SR W0 A AR, R BOR B ST sk
T FEGAK AR AR — PR BEORL A T 2E T K R S

10

—a— 25 mg/L (a)
I —— 50 mg/L

—+— 75 mg/L

F —e— 100 mg/L

Bf(E)/h

&, AUKBRRIFEA RN B (4.8 g/lom®) ik KT
TRAH S (1 g/em?®) UTRE ZCHR, 170 J2 W e T 7K
T R R B2, HR )2 0 R EE I 1 mm(4(b)),
F W 9K JE R EL A 5 00 5 R KRR 1. & 4(c) 2
50 mg/L 44K SR AR 5B =2 1] ) sl A B 5k )
HhZk, BfEERHEAHER, KRk gL, E
75 min PSSR T TFARIAE] 0.6 mN/m. RKHIGIK
BARTEMARVEFE (50 mg/L) T HA RS By RS /K 5 i
ik IIBIREST .
214 FAREBFRRELRK

W 4l K PR R S B DR R L 7:3 A IR

16

(b)

14
12

10f

B

’ PJ
. .
0 5 10 15 20 25 30
EE/mm

-

3 () AERENKBFRRAER TSIE ;(b)50 mg/L AKX B R AR ESHLIEEREE R BERSENEURE
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Fig. 8 Mechanism of smart nanocard profile control and flooding
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