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Volume fracturing technology for tight sandstone reservoir

stimulation in Liushagang Formation in Hainan
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Abstract: The tight sandstone of Liushagang Formation is one of the important targets for the exploration and

development of the Fushan Oilfield in Hainan. Affected by complex structural evolution, the tight sandstone in this area
has the characteristics of obvious thin interbedded sand and mud, low porosity, low permeability, and high
temperature. In order to solve the problems such as high operation pressure, out-of-control fracture height, sand
plugging, and low single well output and rapid output decline after fracturing in the past reservoir treatment, drawing
on the unconventional reservoir volume fracturing technology, tests were conducted in four wells in the tight sandstone
of Fushan Oilfield with the use of variable displacement and artificial barriers to control fracture heights, temporary
plugging for fracture direction change, as well as optimization of fracturing fluids, and application of nano-synergy oil
washing agents. The research results show that unconventional reservoir volume fracturing technology can effectively
reduce the risk of sand plugging and improve the stimulation effect of tight sandstone reservoirs in Fushan Oilfield. The
implementation of reservoir reconstruction techniques such as variable displacement, artificial barriers to control
fracture heights, and temporary plugging for fracture direction change have effectively controlled fracture heights and
increased the open degree of the reservoir. The application of the nano synergistic oil washing agent minimizes the
damage of the liquid to the formation and fractures, exploits the effect of nano droplets to absorb and wash oil, and
increases the stable production period of oil and gas wells.
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nano wash oil; Liushagang Formation; Fushan Sag

s B #A - 2021-09-13; f&[E H #1:2022-05-05 DOI: 10.12143/j.2tgc.2022.05.026

E—ER YL, B DU, 1987 4R AR, AR, Vg 3t BT oMb, Bt T A il A0 B T e R S R B B R IR 55 AR L AL T IR
Ve R AR IF & XA KB [ A X B J# |, kaiwei@stimlab.com.cno

SIRME YL, AR I AT A, 45 T T VR VD U 2 U D S R BUR LT WP T MR I L)) Bl 8 TR, 2022,49(5) : 194-201.
WEI Kai, DENG Xiaoguo, FU Jie, et al. Volume fracturing technology for tight sandstone reservoir stimulation in Liushagang Forma-
tion in Hainan[J]. Drilling Engineering, 2022,49(5) :194-201.



55 49 58 5 ) B LA R R VD W B D A R R R T B 195

0 3%

BUE D m— R LBUE <1200 (B B R <1 X
10 pm” B b 2, % LS LS XE LI B Tl Ak il <
W — W B o R R B s AR
FE 2Rz B, RS e 1l U™ i L AR AR EL
R R ORI B i RS IS T AR K K
JREMET TR AR A BT Y RS SR A R
P — > B F], A B AR 5 ML R IR o
4B A0 ] % A R 4 S YR T AR LIk T EUR D
fift )2 B T 5 22 W kit BRI 2 — o o b
M B AT RE A i T SR Y AT AR A AR DA
KA B R BT 2 S S0l IR AE T
A RET . 2010 4F LUK, [ A 25 35 £t % [ 1 D0 i
SARFUR AR o5 ek wg KPS AR AR Y
JUEE i F T8 1 AR MB35 AR 2R F 52
7, 35 B B X AP IR D) ) R R R
A 48 I ER B X AR R ST R A
e Ll LR Sy 3 O JUAR S 5 T e T BT R AR 2R
W e SRR R e A T R0 T 5T A
FHETHRAS T — S B P O (E XA 1 [ B
b B0 i 2= o dis F 5 L A o, o R AN B
Ao AR HBUE A B AW BRI KL A
B, IR RN K, K ) s 2R HE LB iU 2% 2
BE 2% 18 7 AT RORAR, 77 B B RS (R, A SCEF
Xof A 1LY EH 08 S 2 R YR TR BUR D
RRER T ZHTE  RREBRRR T A% X =
A AR DB SRR R R IR R T
3, S TR Y A 2 O PR LA M

1 R REER

Vg T A L TR 7 T R A L e T R A
Mo, W TR Z e S 3 B R 4 1R e AR
AR KR ARA LRI SER LEEFEEN—
A2 b W7 R R O R TR 4 3 5 ) A AR e DA
RN E WA 2920 km?, H04 & FDLRURAE , 11164
() Bili 1350 43 SCAR 53 2R 5 AN IR — G R 1 BT 3
UMD A6 Uk I | AR UM ik L KT B R T S AR
e HETEY HE A 3 R4 L 3
BLRYTF K X B

Fa L MTEG ) R s AL R TR AR Al
R, B8R B WIIA—ER =AM RR R &
BAESMER  BREI W PN 2 kA1

A

. A-2X 9k
/o . o e
lofbC-1TO \, A &
2N e JELTAKTE = -
o S = .

~.. _" =l 0 1 l&‘\«. 4]

B1 #wBLMEMSELERE

Fig.1 Location map of the Fushan Sag structure
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Table 1 Liushagang Formation rock mechanics and in-situ stress data
R WA {5 B/ BRAY IR/ W/ KFEKRENT/ KVRoNER T/ TEm I/
MPa MPa % MPa MPa MPa
TS 31.0~44.1 30.4~43.7 0.9~3.7 44.66 40.2 53.68
FRRED A 20.4~28.1 19.1~26.4 2.3~9.0 43.40 39.5 46.41
IR AN A 13.2~41.3 8.7~34.4 16.7~34.1 50.01 42.1 52.88
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Fig.2 Liushagang Formation cast thin section and diagen-

esis characteristics from the scanning electron microscope
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Table 2 Evaluation of gel breaking experiment on high and low temperature fracturing fluid systems
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Table 3 Shear resistance test data of high and low

temperature fracturing fluid systems
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Table 4 Damage evaluation of high and low temperature fracturing fluid systems on core permeability

at the same horizon and depth
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R 3
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cm cm cm /107 pm? /10%pm? /10" pum? /%
120 “CHR & 2.494 5.524 4.9629 1.05 0.293767 0.218207 25.721
150 “CHR & 2.49 6.011 2.2286 0.957 0.1413 0.102429 27.51
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Fig.3 Expansion of the temporary plugging agent in

contact with water for different time periods
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Fig.4 Adsorption performance of the nano-oil washing

agent in different cores
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Table 5 Operation parameters of the four wells

s A b2 15 g/ bR/ CFHEbE/
7 /m? (m*min") m’ %
1 A-2X 728.81 8 59.67 22.13
£ C-17X 771.76 8 53.26 23.47
£ 13-AX 1368.35 14.4 70.86 21.38
] C-1X 940.8 7.5~8 66.52 22.74
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Fig.5 Top view and overall three-dimensional view of

fracture monitoring in Well Chao C-1X
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Fig.6 Comparison of fracture profile simulation and frac-

ture monitoring after fracturing in Well Hua 13-AX
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Table 6 Analysis of drag reduction performance of fracturing fluids in the four wells

) HERIDI %R
. L R/ R S — - ,
He TE o mupemy  ER MR/ WEL RE WTEA/ WE
min 7 am
- MPa MPa R/ % MPa MPa R/ %
HEA-2X  4inihE 8 0.0215 30.59 65~70 70 35.18 71~75 73
HC-17X 5.5inEwR 14.5 0.018 7.01 30~32 80 9.81 33~37 76
HE13-AX 4 injhiE 7.5~8 0.022 18.39 56~66 77 22.26 62~64 76
W C-1X 4 injhiE 7.5~8 0.024 18.32 62 79 24.87 66~68 74
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Fig.7 Analysis of temporary plugging for fracture direction change in Well Hua C-17X
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agent was put into Well Hua C-17X
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agent was put into Well Hua C-17X
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Fig.10 Production of the four wells after fracturing
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