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Parameter optimization of spiral perforations in horizontal well with
tight sandstone reservoir

ZHANG Ru-xin, HOU Bing, SHAN Qing-lin, TAN Peng, WU Yue, GUO Xiao-feng
(State Key Laboratory of Petroleum Resources and Prospecting, China University of Petroleum, Beijing 102249, China)

Abstract: The perforation, a channel connecting wellbore with reservoir, provides the path of oil drainage, reduces the
fracturing pressure of reseroir, and determines the direction of fracture propagation. A series of large true tri-axial physical
simulation experiments are conducted to study the effects of perforation length, density, diameter, phase and spacing on the
characteristics of fracture initiation, behaviors of fracture propagation and fracturing pressure. The experimental results show
that the change of perforation parameters affects the perforation spacing, and the distance of two adjacent perforations. It
decides the interaction between the two adjacent perforations, and then determines the fracture propagation geometry. The
increasing perforation diameter and density reduce the perforation spacing, which is beneficial for fractures to link up with each
other and to decrease fracture complexity and fracturing pressure of nearby well bares. The increase of perforation phase,
whereas, enlarges the perforation spacing, forming the layered fracture with a high fracturing pressure. In addition, the changes
of the perforation length and spacing have no effect on fracture morphology. Thus, according to the experimental results, some
theoretical bases and suggestions about the parameter optimization of perforations are put forward for the field operation.
Key words: spiral perforation; parameter optimization; fracture propagation geometry; hydraulic fracture; fracturing pressure;
physical simulation experiment
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Fig. 1 The schematic of making artificial sample
RRADUNIURE B 2804 R T2 3 g IR, 2 g %6k
COF fEM ARG LR A KRS 7870 Bt HE
J, SR 0.3 mL/min FHFEVE AR H S 2GR
RREAIURE B 2B R FE A BT 2 BN 3% 2 o .

1 ATRABEREMSH

Table 1 Lithologic parameters of artificial sample

BT AT
Gt MEPVN B % LR
P AR A U R EHR S FLIE
£/GPa tt /mD 1%
/MPa /MPa
7.86 0.2 20.89 1.53 0.1 1.54
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Table 2 Parameters of fracturing fluid

0.0 O AV /cp PV/icp  YP/1b/100f

23 33 16.5 10 13
1.2 RESEEE

PRI T W S AR IE W 2 A (R KK B R T

B /NP T R R [ R ) 43 59 8 24, 21, 30 MPa),
ANFE LS BRI T RAE AR 7]
IR . ARAE IS FLS S0kt T4, A
W B =AM ARSI HAE, BT %
mk 3 for.
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Table 3 Experimental schemes

LK Lt L& FHAL f Al BE
i
/mm /mm fl/em /(°) /mm
1 30 2 12 60 20
2 40 2 12 60 20
3 30 4 12 60 20
4 30 2 18 60 20
5 30 2 12 90 20
6 30 2 12 60 40

Hrp, fLK 30 mm, FL4% 2 mm, fL% 12 fl/cm,
AL 60° , FEMEER 20 mm HISF LS A S At
T B SR FLS B A
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REAN#RGE eSS, BISFEAF 30 min 2o A FRER N R,
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Fig. 2 Flow diagram of hydraulic fracture simulation experiemnt
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Table 4 Experimental results
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Fig. 3 Fracture initiation and propagation of spiral perforation in

horizontal well
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Fig. 4 Fracture curves of spiral perforation in horizontal well
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Fig. 5 Definition of perforation spacing
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Fig. 6 Fracture initiation and propagation under perforation length
of 4 cm
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Fig. 7 Fracture initiation and propagation under perforation

density of 18 holes/cm
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Fig. 8 Fracture initiation and propagation uner perforation spacing
of 4 cm
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