%50 %% 1B % ¥ #R Vol. 50, No. 1
2018 £ 1 H Chinese Journal of Theoretical and Applied Mechanics Jan., 2018

T, TIRRXXNF

ETEaIRER 2 EERKFFH
BUERHEE RN

XA Y XERT RgR HEF-
(B PEHR TR, WWARTT & 266071)
T (o E B2 B 712400 A0 T R A R G0 1 E s =, JE AL 100190)

FE KPR RBR C L BN RAREE M Ul TUE U B0 U 55 35 H 0 OB R B R
ST R ORGP R AEREAT Ak, AT T YRR BURZUKCOT AT PR S i R BB R, M A IR
TEIT SRR, 345 2 BUR /KPR B A S 1R AIE. 0 Wk i 2 BB ROKCT O 3
WHIZE — 3L 08 7 AN Bl A BL. RGN B, REEMZ WML . RAETIMBL. IR
PERLEC . R GUAR BN A4 F B, i R4t J2 U P B R 2R 4% T30 B L IR RRAIE. 0 #7 T3¢
GEHUE . REEMIER. REEAXIFR. RAEAEAICHIRGE RS 7 G 55 IR ZO0 10 R i 28 1 5, 45 R 3%
W AR O AN 4 W] BN BER il 2R U S2 M B K. B R4 . TBOSRGRI]E . XTARIK R4 AN <5 K
(25 A T FEAR S 2KCT IR AR S By, B e e, 4 2 ST A BBl AR N A 1 DU 1 o — 1
% BB ZOKOP I 10 I 0 W MR A BB R AORE, 45 AR A SO ST (A Y mT DU S UL 45 [ 0 R
DA E A, 7T DASRAG AR I S RE I AREE I, Dy R R VP AN B T i .

KR 2 BURRUKT I, BRI, B, AR, B

hESES: TE353  XEERIRAS: A doi: 10.6052/0459-1879-17-319

A NUMERICAL WELL TEST MODEL FOR MULTI-FRACTURED HORIZONTAL
WELLS BASED ON DISCRETE-FRACTURE MODEL AND ITS APPLICATIONY

Wan Yizhao *? Liu Yuewu ' Wu Nengyou® Hu Gaowei *

: (Qingdao Institute of Marine Geology, Qingdao 266071, Shandong, China)
i (Key Laboratory for Mechanics in Fluid Solid Coupling Systems, Institute of Mechanics,
Chinese Academy of Sciences, Beijing 100190, China)

Abstract Horizontal well fracturing technology has become a key technology in the development of low permeability
oil and gas reservoir, shale gas, tight gas, and other unconventional reservoirs. This paper developed a numerical well
test model for multi-fractured horizontal wells based on discrete-fracture model which simplifies the fractures as lines.
The finite element method was applied to solve the mathematical model and get the type curves and pressure profiles.
The log-log type curve of bottom hole pressure can be divided into seven stages: wellbore storage, fractures linear flow,
fractures-formation bilinear flow, fractures interacting flow, formation linear flow, radial flow, and boundary domain
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flow. Among them, the fractures-formation bilinear flow and fractures interacting flow are the two typical features. The
effect of fractures’ numbers, distance of fractures, asymmetry of fractures, fractures with unequal length, and some
fracturing failure on the transient pressure and derivative responses were also studied. The analysis results showed that
the number of fractures and the distance between fractures have the greatest influence on the type curves. More
fractures, fractures with larger distance, symmetrical fractures with equal length were propitious to reduce the flow
resistance of bottom hole and increase production capacity. The multi-fractured well test model proposed in this paper
was applied in the interpretation of build-up tests of multi-fractured horizontal wells. The results of a field case in
Sichuan Basin shown that the model matched with the tested data very well. The developed numerical well test model

can be used to obtain the parameters of reservoirs and fractures, and to provide technical support for the design and

evaluation of hydraulic fracturing.
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Fig. 1 Conceptual model of multi-fractured horizontal well
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Fig. 4 The superposition process of triangle elements and line elements(1, 2, 3, 4 are the node number, @ and @) are triangle elements, @) is a line element)
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Table 2 The fracturing data and parameters of fractures of well-A from the well test interpreation

Index Bridge plug Sand Fracture length Fracture length from Fracture conductivity from
seating position/m  injection/m®>  computed from Eq.(19)/m well test interpration/m well test interpretation/(mD-m)
1 51.10 118.90 83.00 65.90
2 4035.70 59.50 138.45 108.00 91.50
3 3940.00 60.70 141.24 92.60 91.50
4 3852.00 50.50 117.50 102.30 90.15
5 3756.00 61.60 143.33 94.70 90.50
6 3669.00 61.10 142.17 107.70 89.10
7 3583.30 51.50 119.83 112.50 131.40
8 3492.00 59.80 139.14 96.60 125.10
9 3402.00 51.30 119.37 85.20 92.70
10 3313.00 14.60 33.97 39.30 311.40
11 3224.00 61.70 143.57 124.50 107.70
12 3134.00 66.00 153.57 125.30 139.50
13 3044.00 54.50 126.81 85.10 95.10
14 2954.00 57.10 132.86 124.20 90.50
15 2864.00 56.30 131.00 91.40 109.50
16 2774.00 56.40 131.23 115.80 91.50
17 2685.00 60.80 141.47 109.80 91.50
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Table 3 The parameters of reservoirs of well-A from well test

interpreation
Parameters Value
Ky/mD 0.58
C/(m*/MPa) 0.881
pi/MPa 32
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