US009410421B2

a2z United States Patent (10) Patent No.: US 9,410,421 B2
Bradford et al. 45) Date of Patent: Aug. 9, 2016
(54) SYSTEM AND METHOD FOR USPC i 181/122; 367/25
MICROSEISMIC ANALYSIS See application file for complete search history.
(75) Inventors: Ian Bradford, Cambridge (GB); Bassem (56) References Cited
Khadhraoui, Cambridge (GB); Pierre
Tardif D’Hamonville, Stavanger (NO) U.S. PATENT DOCUMENTS
(73) Assignee: SCHLUMBERGER TECHNOLOGY 5917,160 A * 6/1999 Bailey .....cccoovervrverrnnnnn 181/112
CORPORATION, Sugar Land, TX (US) 6,856,575 B2 2/2005 Jones
(*) Notice: Subject to any disclaimer, the term of this (Continued)
patent 1 SZ’(‘SIE;‘*%O; dngS“Sted under 35 FOREIGN PATENT DOCUMENTS
. WO 2004070424 Al 8/2004
(21) Appl. No: 13/517,229 WO 2005006020 Al 1/2005
(22) PCT Filed: Dec. 10,2010 (Continued)
(86) PCT No.: PCT/IB2010/003314 OTHER PUBLICATIONS
§371 (D), Drew et al., “SPE 95513: Automated microseismic event detection
(2). (4) Date:  Dec. 18,2012 and location by continuous spatial mapping,” SPE International,
(87) PCT Pub.No.. WO02011/077223 2005: pp. 1-7. .
Continue
PCT Pub. Date: Jun. 30,2011 ¢ )
(65) Prior Publication Data Primary Examiner — Kenneth L. Thompson
US 2013/0081805 Al Apr. 4,2013 7 ABSTRACT
This invention provides a method for characterizing natural
Related U.S. Application Data fracture networks or other textural networks in an Earth for-
o . ) PP mation when using microseismic monitoring of a hydraulic
(60) Provisional application No. 61/288,640, filed on Dec. fracturing job. The method comprises receiving (120)
21, 2009. microseismic data from a hydraulic fracturing event, identi-
51y Int. Cl fying a data subset (153) comprising components of the
GD Gn 0‘1V 1 40 2006.01 microseismic data associated with the one or more hydraulic
( 01) fractures; and obtaining a remainder dataset (156) of the
E21B 47/14 (2006.01) microseismic data by removing the subset from the
E21B 49/00 (2006.01) microseismic data. One approach for identifying the data
GOIV 1/28 (2006.01) subset, after removing high uncertainty microseismic events,
(52) US.CL is to create a Voronoi diagram of a plurality of cells each
CPC .o E21B 49/00 (2013.01); GO1V 1/288 associated with one of the microseismic events, determine a
(2013.01); GOIV 1/40 (2013.01); GOIV density for each cell, create a connectivity matrix of the high
2210/123 (2013.01) density cells and identify event clusters in the connectivity
(58) Field of Classification Search matrix which are aligned with a main growing direction of the

CPC ........ E21B 47/12; E21B 47/14; GO1V 1/003;
GO1V 1/28; GO1V 1/288; GO1V 1/301;
GO1V 1/34; GO1V 1/345; GO1V 1/40

950 .1
1000 |1
1080

1100 7

depth (m)

1150 .t

1200 ]

east (m)

hydraulic fracture.

25 Claims, 10 Drawing Sheets

north (m)



