United States Patent

US006197730B1

(12) (10) Patent No.: US 6,197,730 B1
Kelly et al. @#5) Date of Patent: *Mar. 6, 2001
(549) COMPOSITIONS FOR FRACTURING 5,226,479 7/1993 Gupta et al. .oceereeereccreernen 166/300
SUBTERRANEAN FORMATIONS 5,247,995 9/1993 Tjon-Joe-Pin et al. .............. 166/312
5,297,625 3/1994 Premuzic et al. ...c..ccoeveeueneene 166/246
(75) TInventors: Robert M. Kelly, Cary; Saad A. Khan, 5,421,412 * 6/1995 Kelly et al. ..ocovvinvininnne 166/300
Ralelgh, Pascal Leduc, Ralelgh, Akash 5,476,775 12/1995 Fodge et al. coeeiereenienrieienes 435/209
Tayal, Raleigh, all of NC (US); Robert (List continued on next page.)
K. Prud’homme, Princeton Junction,
NJ (US) OTHER PUBLICATIONS
(73) Assignees: North Carolina State University, Gibbs, M.D. et al;; The p—Mannanase from “Caldocellum
Raleigh, NC (US); The Trustees of saccharolyticum” Is Part of a Multidomain Enzyme, Applied
Princeton University, Princeton, NJ and Environmental Microbiology, Dec. 1992, pp.
(US) 3864-3867.
Gulbis, J. et al.; Fracturing Fluid Chemistry, Reservoir
(*) Notice: Subject to any disclaimer, the term of this Stimulation, 2? Edition, M.J. Economides and K.G. Nolte,
patent is extended or adjusted under 35 Editors, 1989 (ISBN  0-13-774472-2, ISBN
U.S.C. 154(b) by 0 days. 0-13-775115-X), pp. 4-1-4-14.
Liithi, E. et al.; Cloning, Sequence Analysis and Expression
This patent is subject to a terminal dis- in Escherichia coli of a Gene Coding for a p—Mannanase
claimer. from the Extremely Thermophilic Bacterium “Caldocellum
saccharolyticum”, Applied and Environmental Microbiol-
(21) Appl. No.: 09/185,120 ogy, Mar. 1991, pp. 694-700.
(22) Filed: Nov. 3, 1998 Primary Examiner—Randy Gulakowski
Related U.S. Application Data Assistant Examiner— aToya 1. Cross
(74) Antorney, Agent, or Firm—Myers Bigel Sibley &
(60) Continuation of application No. 08/403,078, filed on Mar. Sajovec
13, 1995, now Pat. No. 5,869,435, which is a division of
application No. 08/209,679, filed on Mar. 10, 1994, now Pat. (37 ABSTRACT
No. 5,421,412. . . .
A method of fracturing a subterrancan formation which
7 surrounds a well bore comprises the steps of providing a
(51) Int. CL7 e rereereeenees CO9K 7/02 fracturing fluid, and injecting the fracturing fluid into the
(52) US. Cl oo 507/211; 507/201; 507/923 ~ Well bore at a pressure sufficient to form fractures in the
’ ’ subterranean formation which surrounds the well bore. The
(58) Field of Search ...........ccccvevvcnunnne 507/201, 211, pressure is then released from the fracturing fluid, after
507/923 which the fluid may be removed from the well and the well
. placed into production. The fracturing fluid comprises an
(56) References Cited aqueous liquid, a polysaccharide soluble or dispersible in the
U.S. PATENT DOCUMENTS aqueous liquid in an amount sufficient to increase the
] viscosity of the aqueous liquid, an enzyme breaker which
3,022,173 11/1975 MHSAK covoririvvscscrrinn 106/194  degrades the polysaccharide at a temperature above 180° F.
4’§50’044 2/ 198; Hinkel ...... 222/ 822 R Fracturing fluid compositions and enzyme breaker systems
j’ggé’?g; ;ﬁgg 1 gzgr‘:rl}s] etal " 2 %4/25 /ZOI; useful for carrying out the invention are also disclosed.
5.067.566  11/1991 Dawson ... ... 166/308
5,201,370 4/1993 Tjon-Joe-Pin ....occecvevececrmceneee 166/300 48 Claims, 3 Drawing Sheets
1.2
1= ]
= r ]
= 0.8 —
=1 ]
¢ I ]
1] 0.6 L A ]
> L 4
< [ O . ]
0.45 4
= 3 ]
0.2 ]
N 8 ]
ol | ; | | | ]
70 75 80 85 90 95 100

TIMPERATURE (<€)



