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Fracture pressure prediction of water injection well based on stepped flow rate test evaluation
method

WAN Xihuang, WANG Benwu, ZHANG Shaoguang, REN Daming, ZHENG Zhongliang

Tianjin Branch, CNOOC ( China) Co. , Tianjin 300452, China

Abstract: To ensure the reasonable and safe injection of water injection wells, it is necessary to predict the actual fracture pressure in
the process of single well water injection management, so as to determine the wellhead pressure limit of injectors. According to the
reservoir characteristics and control conditions of single well injection in offshore oilfield, a stepped flow rate test evaluation method is
established, and the well selection principle and construction precautions are determined. The continuous and stable multi-stage flow
rate and pressure data are obtained by recording the process of water injection at the wellhead. The relationship between the curves of
injection rate and bottom hole pressure is analyzed, and the formation fracture pressure values of different target wells are calculated.
The field application shows that the fracture pressure predicted by the test method is in good agreement with the theoretical shear
fracture pressure of the target well, which can easily and quickly calculate the actual injection fracture pressure of a single well, and
design a reasonable water injection pressure less than the fracture pressure. The stepped flow test and evaluation method has a good
guiding role in adjusting pressure and water injection of the single well.
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Table 1 Basic data of Well A and B

F 2 A SRT Mik#IEE
Table 2 SRT data of Well A

. Hekt/ HOES/ , Hel/ HOJES/
e (m*-d™") MPa T (m*-d™) MPa
1 864 18.0 6 1310 28.5
2 965 20.7 7 1353 29.1
3 1051 22.6 8 1396 29.3
4 1137 25.1 9 1469 28.8
5 1224 27.1 10 1555 28.7
&3 B SRT MiREIER
Table 3 SRT date of Well B
, HEH/ HaEH, , HeEs  HnEh/
L (m®-d7h) MPa T (m*-d™") MPa
1 182 17.95 5 365 24.19
2 194 20.57 6 430 23.78
3 218 22.94 7 479 24.01
4 267 24.31 - - -

HRAE H bR X B3 SRT Jifi T8 s 1 3R i e
TSI, fE A TR 1 427.7 m, # K 14.01
MPa,B HE% 1 710 m, #i & 17. 00 MPa (R, Al
DR A JF B IR R ) 5 A s, g
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Table 4 Calculation results of bottom hole pressure

of Well A
FEARTEE RH/ Het/ PRk IR T1/
MPa (m*-d™) MPa MPa
0. 81 864 18.0 31.2
1. 00 965 20.7 33.7
1.18 1051 22.6 35. 4
1.37 1137 25.1 37.7
1.58 1224 27.1 39.5
1.79 1310 28.5 40.7
1.91 1353 29.1 41.2
2.03 1396 29.3 41.2
2.23 1469 28.8 40.6
2.49 1555 28.7 40.3

S AR, EE, IR T/ C WENR/
7 m m (°) )2 H mm
A 1471 1427.7 13.36 63 20 76
B 2229 1710.0 34.62 71 23 76
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Table 5 Calculation results of bottom hole pressure

of Well B
J e EEBH Het/ PR YV IR A1/
MPa (m*-d™") MPa MPa
0.35 182 17.95 34.6
0.37 194 20. 57 37.2
0. 44 218 22.94 39.5
0.51 267 24. 31 40.8
0. 59 365 24.19 40.6
0. 68 430 23.78 40. 1
0.71 479 24.01 40.3

i FaR SRT R )45 A S0l 2547 B
PRI (P 1B 2) , AR M R A E
s, HAESE miJa e 77 s R i 2 b B T SRk il



$29% ol

T A ARAG BT A I I TP A ) 12 A T /K O e 2 o 71

WIHb)Z 0 BT W S A SRR A, R RO R RS S
B, PRIE, TR A B P 28 s b R T B A3 R
IR S 41.2 MPa F 39.5 MPa, 57 -3
EHT IR 2L % 1 {H 41. 8 MPa }%2 40.01 MPa %,
A TR R O FTA R 29. 1 MPa il 1353
m’/d B Xt H O ) R A 22, 94 MPa Al
218 m*/d,

soF
/
<
S 401 y=00218x+12618 .)m 0-0
2 R =09939 @
= pe y=-0.005 1x +48.235
1 30T R=09201
e
201 ® fRIE
o Al
lo Il 1 1 1
400 650 900 1150 1400
WE/(m3-d)

Bl AHFIANESEHEENTNEXE
Fig. 1 Corresponding relationship between injection
rate and bottom hole pressure of Well A
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Fig.2 Corresponding relationship between injection
rate and bottom hole pressure of Well B
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Table 6 Comparison of SRT test and theoretical shear
fracture pressure of 9 wells in Bohai Oilfield

e WVIBCRIRT)/ SRTMARCANE, PR/

7 MPa MPa MPa
14 34. 80 33.63 1.17
24 32.10 31.50 0. 60
3# 34.90 34.20 0.70
a4 41.80 41.20 0. 60
54 31.40 28.50 2.90
6# 31.00 31. 69 -0. 69
T# 31.83 30. 61 1.22
8# 33.98 32.09 1.89
of 40.01 39. 50 0.51

AR R G e i 70 B ol LA i, STR I
RN HEIS SIS B B — WA, Ul

W] STR YT 538 T FAR X B R J B0
4 it

(1) FIIH STR J7 30030 K - 25 22 Y T it
55X B e 7 BiE , OF o A B AR OC R
TR PR 5% B SC w08 R STR I BT A8 S Bt a5,
A SRT W A i 24 % 1ML

(2) B0 il 5 F B, STR M 2 : 5
PR S OISR S B A G itk — 2 2 E KO
2L T S0 PPN 1 R 58 7 AR A

(3) STR i 48 Ty 12k 7 B DU, 3 3ok 7 /K I
BB — 30 A RIAT R A7 0 24 1 T (B ) T, g h L
S B4 e T K 0 Aa] AT R T R AR A
e RN, BA R ry 3t RS
gt Bt P R AR R S NG PR E A E L
HGEFCEFMEAR i FTARILGF & R EA16 %S Fe
P /BT

S 30k

(1] Moo T, BAESE LIS, . FK I & H e i acr
RPEMITEELT ). LSRR ,2017,24(6) :60-64.
CHEN Yuangian, LYU Hengyu, FU Libing, et al. Evaluation
method of infilling adjustment effect for waterflooding
development oilfields [J]. Petroleum Geology and Recovery
Efficiency, 2017,24(6) :60-64.

(2] #R24de  SR RO, 7 A7, 4. it 53 J2 K
HR[I]. MK, 2019,28(4) :51-56
XU Xing' an, ZHANG Fenghui, YANG Wanyou, et al.
New testing technology of layered water injection in Bohai
Oilfield [ J]. Well Testing, 2019,28(4) ;:51-56.

(3] &z, B, Wi s Or 2 sh&sntr [ M]. b
AU AT T R, 1998 112-128.

(4] ke EEATFRZCRITEM I EmrsE (M), dEa. A
Tk AL, 2010.:2-49

(5] WKz, i b EEATFRBCRIEN [T]. Al S
T#,2018,32(4) .83-86,91.

GENG Yanhong. Evaluation of waterflooding development effect
in offshore oilfield [J]. Petroleum Geology and Engineering,
2018,32(4) :83-86,91.

(6] Fmiss, Z2000r, sk, T3l 25 B 0 B 1 K T % 34
RLI. IEHK, 2013,22(2) :35-37
WANG Shouliang, JIANG Hangiao, ZHANG Yuan. The
use of dynamic data to determine the effect of water injection
development [ J]. Well Testing,2013,22(2) :35-37.

(7] NSO B, e, A, VRO Ak SRR AT
TIHIRELT]. PRS0, 2007,29(6) - 79-81.



7 W 2.4 w4

2020 4F 12 H

SUN Wentao, HUANG Binguang, TANG Hai, et al. The

Initial potential evaluation method of water flooding effect in

water-injection development reservoirs [ J ]. Journal of
Southwest Petroleum University, 2007,29(6) .79-81.

[ 8] SRRUME, TR 2462  BETEMR, . 1 Lah FHOE 22k E
TW5E[I]. AmEER 1.2 ,2015,37(6) :83-85.
ZHANG Fenghui, XU Xing'an, XUE Dedong, et al. Research
on safe water injection pressure at wellhead on offshore
oilfield [ J]. Oil Drilling & Production Technology, 2015,
37(6) :83-85.

(9] BEibueE PRI, TIHE | A6, BRUIE O AL 2 500 )2 i 2R

JEJ3 ez [ )], AU, 2015,24(6) :11-13.
XUE Shifeng, SUN Chunhai, YU Haibin, et al. Effect of
Spiral Perforation Parameters on Formation Fracture
Pressure[ J]. Well Testing,2015,24(6) :11-13.

[10] Z=T M MR R, B2, 55, JE TN VORI R 243 b 2

JEF3 3 ATEOR [T 3l I, 2010,19(3) :5-7.
LI Yongming, Du Chenliang, MAO Hu, et al. Reservoir
stress analysis technology for a well to be fractured based
on its logging data[ J]. Well Testing,2010,19(3) ;5-7.
[11] AZz k. 2B HE DTN ARLGR]T]. &
DRBHE 22 BE =4 ( FARBRARR) ,2011,13(01) :36-39.
ZHOU Nayun, YANG Zhaozhong. Overview on Pressure
Prediction of Formation Fracture[ J]. Journal of Chongqing
University of Science and Technology ( Natura Sciences
Edition) ,2011,13(01) :36-39
[12] PR, XA, B e, 45 i i e st )2 B 28 7 1)
T[] AT R AR ,2009,37(5) :43-46.
DENG Jingen, LIU Yang, WEI Baohua, et al. Formation
fracture pressure prediction method in high temperature
and high pressure formations [ J ]. Petroleum drilling
techniques ,2009,37(5) .:43-46.
[13] mh¥t BRIy =248, A5 G 1) i T ) 0 O ik K it
HSHUEE T[], B2 R 5 TR, 2012, 12
(31) :8205-8209.
SHI Xian, CHEN Yuanfang, YUAN Zheng, et al. The
prediction of fracture pressure for the deviated wells and
the analysis of relating parameters[J]. Science Technology
and Engineering,2012,12(31) :8205-8209.

[14] BREEAR, EHEN. B TR R ER[M]. RE A1l
Reg i, 2000.

[15] XA, PR AR, TROK TR ARAR 245032 T MR BT ) 1
TASELL )], shAARYR ,2017,22(1) :46-52.

LIU Huapu,ZHANG Kuaile. Prediction models for fracture
pressure of deep sea shallow formation under non-uniform
stress[ J ] . Sino-Global Energy,2017.22(1) :46-52.

[16] HEA, 2% 10 ER. BRI Eh 5 b 2 3R g Tl s 2 % HG

BEHILIT. v A a2 4 (AR B2 L, 2010, 34
(2):71-73.
CUI Jie, Ll Zhonghui. A new prediction model of fracture
pressure of marine carbonate formation and its application
[J]. Journal of China university of petroleum ( edition of
natural science) , 2010,34(2) .71-73.

(17] ARFFAC, W0, R 45 K BT 22 il 45 Bl 7K

R [)]. AR S T 4 ,2011,38(2)
213-217.
Z0U Cunyou, CHANG Yuwen, WANG Guohui, et al.
Calculation on a reasonable production-injection well ratio
in waterflooding oilfields [ J]. Petroleum Exploration and
Development, 2011,38(2) :213-217.

(18] WiARTE, i/t # g8, 45, Bk ik F T
FATE/KAE BT, il A T, 2013,32(5) :89-90.
GAO Dongsheng, WAN Xiaoxun, MENG Xianwei, et al.
Application of stepped flow test method in oilfield water
injection management [J]. Oil-Gasfield Surface Engineering,
2013,32(5) :89-90.

[19] BB, JTHeke , BURRIG. W R TE/K T B4 G AR LA A L

POFFEL)]. KR EAH,2013,31(2) :51-54.
HU Qiong, WAN Xihuang, HUANG Xiangfeng. Analysis
on mechanism of casing failure induced by creep deformation
after high pressure water flooding and its precautions [ J].
Natural Gas and Oil, 2013,31(2) :51-54.

[20] Weand, fotitm, e, 45, @itk b2 B35 s 005

BRI T]. 8% T.25,2012,35(1) :21-23.
YAO Ruguang, HE Shiming, LONG Ping. A mathematical
model of calculating collapse pressure for fracture formation
[J]. Drilling & Production Technology, 2012, 35 (1):
21-23.

B A

E—EEREN TR, B, 1986 4 4, TREIT, 2009 4 5
Ar FRIT R A TR L, BT A =Rl 5540 56
ARG TA/E, Bi%.022-66501375, 18002041327 ; Email ;
1610881082@ qq. com,, i 15 Hbu ik« JK ¥ TI7 U5 U5 357 X0 1] 386
2121 S A WA RN KE A, IREZREYS . 300450,



