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60/159,039, attorney docket no. 25791.36, filed on Oct. 12, 
1999, (19) U.S. patent application Ser. No. 09/679,906, filed 
on Oct. 5, 2000 attorney docket no. 25791.37.02, which 
claims priority from provisional patent application Ser. No. 
60/159,033, attorney docket no. 25791.37, filed on Oct. 12, 
1999, (20) U.S. patent application Ser. No. 10/303,992, filed 
on Nov. 22, 2002, attorney docket no. 25791.38.07, which 
claims priority from provisional patent application Ser. No. 
60/212.359, attorney docket no. 25791.38, filed on Jun. 19, 
2000, (21) U.S. provisional patent application Ser. No. 
60/165.228, attorney docket no. 25791.39, filed on Nov. 12, 
1999, (22) U.S. provisional patent application Ser. No. 
60/455,051, attorney docket no. 25791.40, filed on Mar. 14, 
2003, (23) PCT application US02/2477, filed on Jun. 26, 
2002, attorney docket no. 25791.44.02, which claims prior 
ity from U.S. provisional patent application Ser. No. 60/303, 
711, attorney docket no. 25791.44, filed on Jul. 6, 2001, (24) 
U.S. patent application Ser. No. 10/311,412, filed on Dec. 
12, 2002, attorney docket no. 25791.45.07, which claims 
priority from provisional patent application Ser. No. 60/221, 
443, attorney docket no. 25791.45, filed on Jul. 28, 2000, 
(25) U.S. patent application serial no. 10/ , filed on 
Dec. 18, 2002, attorney docket no. 25791.46.07, which 
claims priority from provisional patent application Ser. No. 
60/221,645, attorney docket no. 25791.46, filed on Jul. 28, 
2000, (26) U.S. patent application Ser. No. 10/322,947, filed 
on Jan. 22, 2003, attorney docket no. 25791.47,03, which 
claims priority from provisional patent application Ser. No. 
60/233,638, attorney docket no. 25791.47, filed on Sep. 18, 
2000, (27) U.S. patent application Ser. No. 10/406,648, filed 
on Mar. 31, 2003, attorney docket no. 25791.48.06, which 
claims priority from provisional patent application Ser. No. 
60/237,334, attorney docket no. 25791.48, filed on Oct. 2, 
2000, (28) PCT application US02/04353, filed on Feb. 14, 
2002, attorney docket no. 25791.50.02, which claims prior 
ity from U.S. provisional patent application Ser. No. 60/270, 
007, attorney docket no. 25791.50, filed on Feb. 20, 2001, 
(29) U.S. patent application Ser. No. 10/465,835, filed on 
Jun. 13, 2003, attorney docket no. 25791.51.06, which 
claims priority from provisional patent application Ser. No. 
60/262.434, attorney docket no. 25791.51, filed on Jan. 17, 
2001, (30) U.S. patent application Ser. No. 10/465,831, filed 
on Jun. 13, 2003, attorney docket no. 25791.52.06, which 
claims priority from U.S. provisional patent application Ser. 
No. 60/259,486, attorney docket no. 25791.52, filed on Jan. 
3, 2001, (31) U.S. provisional patent application Ser. No. 
60/452,303, filed on Mar. 5, 2003, attorney docket no. 
25791.53, (32) U.S. Pat. No. 6,470,966, which was filed as 
patent application Ser. No. 09/850,093, filed on May 7, 
2001, attorney docket no. 25791.55, as a divisional appli 
cation of U.S. Pat. No. 6,497,289, which was filed as U.S. 
patent application Ser. No. 09/454,139, attorney docket no. 
25791.03.02, filed on Dec. 3, 1999, which claims priority 
from provisional application 60/111.293, filed on Dec. 7, 
1998, (33) U.S. Pat. No. 6,561.227, which was filed as patent 
application Ser. No. 09/852,026, filed on May 9, 2001, 
attorney docket no. 25791.56, as a divisional application of 
U.S. Pat. No. 6,497.289, which was filed as U.S. patent 
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application Ser. No. 09/454,139, attorney docket no. 
25791.03.02, filed on Dec. 3, 1999, which claims priority 
from provisional application 60/111.293, filed on Dec. 7, 
1998, (34) U.S. patent application Ser. No. 09/852,027, filed 
on May 9, 2001, attorney docket no. 25791.57, as a divi 
sional application of U.S. Pat. No. 6,497.289, which was 
filed as U.S. patent application Ser. No. 09/454,139, attorney 
docket no. 25791.03.02, filed on Dec. 3, 1999, which claims 
priority from provisional application 60/111.293, filed on 
Dec. 7, 1998, (35) PCT Application US02/25608, attorney 
docket no. 25791.58.02, filed on Aug. 13, 2002, which 
claims priority from provisional application 60/318,021, 
filed on Sep. 7, 2001, attorney docket no. 25791.58 (36) PCT 
Application US02/24399, attorney docket no. 25791.59.02, 
filed on Aug. 1, 2002, which claims priority from U.S. 
provisional patent application Ser. No. 60/313,453, attorney 
docket no. 25791.59, filed on Aug. 20, 2001, (37) PCT 
Application US02/29856, attorney docket no. 25791.60.02, 
filed on Sep. 19, 2002, which claims priority from U.S. 
provisional patent application Ser. No. 60/326,886, attorney 
docket no. 25791.60, filed on Oct. 3, 2001, (38) PCT 
Application US02/20256, attorney docket no. 25791.61.02, 
filed on Jun. 26, 2002, which claims priority from U.S. 
provisional patent application Ser. No. 60/303,740, attorney 
docket no. 25791.61, filed on Jul. 6, 2001, (39) U.S. patent 
application Ser. No. 09/962,469, filed on Sep. 25, 2001, 
attorney docket no. 25791.62, which is a divisional of U.S. 
patent application Ser. No. 09/523,468, attorney docket no. 
25791.11.02, filed on Mar. 10, 2000, (now U.S. Pat. No. 
6,640,903 which issued Nov. 4, 2003), which claims priority 
from provisional application 60/124,042, filed on Mar. 11, 
1999, (40) U.S. patent application Ser. No. 09/962,470, filed 
on Sep. 25, 2001, attorney docket no. 25791.63, which is a 
divisional of U.S. patent application Ser. No. 09/523,468, 
attorney docket no. 25791.11.02, filed on Mar. 10, 2000, 
(now U.S. Pat. No. 6,640,903 which issued Nov. 4, 2003), 
which claims priority from provisional application 60/124, 
042, filed on Mar. 11, 1999, (41) U.S. patent application Ser. 
No. 09/962,471, filed on Sep. 25, 2001, attorney docket no. 
25791.64, which is a divisional of U.S. patent application 
Ser. No. 09/523,468, attorney docket no. 25791.11.02, filed 
on Mar. 10, 2000, (now U.S. Pat. No. 6,640,903 which 
issued Nov. 4, 2003), which claims priority from provisional 
application 60/124,042, filed on Mar. 11, 1999, (42) U.S. 
patent application Ser. No. 09/962,467, filed on Sep. 25. 
2001, attorney docket no. 25791.65, which is a divisional of 
U.S. patent application Ser. No. 09/523,468, attorney docket 
no. 25791.11.02, filed on Mar. 10, 2000, (now U.S. Pat. No. 
6,640,903 which issued Nov. 4, 2003), which claims priority 
from provisional application 60/124,042, filed on Mar. 11, 
1999, (43) U.S. patent application Ser. No. 09/962.468, filed 
on Sep. 25, 2001, attorney docket no. 25791.66, which is a 
divisional of U.S. patent application Ser. No. 09/523,468, 
attorney docket no. 25791.11.02, filed on Mar. 10, 2000, 
(now U.S. Pat. No. 6,640,903 which issued Nov. 4, 2003), 
which claims priority from provisional application 60/124, 
042, filed on Mar. 11, 1999, (44) PCT application US 
02/25727, filed on Aug. 14, 2002, attorney docket no. 
25791.67.03, which claims priority from U.S. provisional 
patent application Ser. No. 60/317.985, attorney docket no. 
25791.67, filed on Sep. 6, 2001, and U.S. provisional patent 
application Ser. No. 60/318,386, attorney docket no. 
25791.67.02, filed on Sep. 10, 2001, (45) PCT application 
US 02/39425, filed on Dec. 10, 2002, attorney docket no. 
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25791.68.02, which claims priority from U.S. provisional 
patent application Ser. No. 60/343,674, attorney docket no. 
25791.68, filed on Dec. 27, 2001, (46) U.S. utility patent 
application Ser. No. 09/969,922, attorney docket no. 
25791.69, filed on Oct. 3, 2001, (now U.S. Pat. No. 6,634, 
431 which issued Oct. 21, 2003), which is a continuation 
in-part application of U.S. Pat. No. 6.328,113, which was 
filed as U.S. patent application Ser. No. 09/440,338, attorney 
docket number 25791.9.02, filed on Nov. 15, 1999, which 
claims priority from provisional application 60/108,558, 
filed on Nov. 16, 1998, (47) U.S. utility patent application 
Ser. No. 10/516,467, attorney docket no. 25791.70, filed on 
Dec. 10, 2001, which is a continuation application of U.S. 
utility patent application Ser. No. 09/969,922, attorney 
docket no. 25791.69, filed on Oct. 3, 2001, (now U.S. Pat. 
No. 6,634,431 which issued Oct. 21, 2003), which is a 
continuation-in-part application of U.S. Pat. No. 6.328,113, 
which was filed as U.S. patent application Ser. No. 09/440, 
338, attorney docket number 25791.9.02, filed on Nov. 15, 
1999, which claims priority from provisional application 
60/108,558, filed on Nov. 16, 1998, (48) PCT application US 
03/00609, filed on Jan. 9, 2003, attorney docket no. 
25791.71.02, which claims priority from U.S. provisional 
patent application Ser. No. 60/357.372, attorney docket no. 
25791.71, filed on Feb. 15, 2002. (49) U.S. patent applica 
tion Ser. No. 10/074,703, attorney docket no. 25791.74, filed 
on Feb. 12, 2002, which is a divisional of U.S. Pat. No. 
6,568,471, which was filed as patent application Ser. No. 
09/512,895, attorney docket no. 25791.12.02, filed on Feb. 
24, 2000, which claims priority from provisional application 
60/121,841, filed on Feb. 26, 1999, (50) U.S. patent appli 
cation Ser. No. 10/074,244, attorney docket no. 25791.75, 
filed on Feb. 12, 2002, which is a divisional of U.S. Pat. No. 
6,568,471, which was filed as patent application Ser. No. 
09/512,895, attorney docket no. 25791.12.02, filed on Feb. 
24, 2000, which claims priority from provisional application 
60/121,841, filed on Feb. 26, 1999, (51) U.S. patent appli 
cation Ser. No. 10/076,660, attorney docket no. 25791.76, 
filed on Feb. 15, 2002, which is a divisional of U.S. Pat. No. 
6,568,471, which was filed as patent application Ser. No. 
09/512,895, attorney docket no. 25791.12.02, filed on Feb. 
24, 2000, which claims priority from provisional application 
60/121,841, filed on Feb. 26, 1999, (52) U.S. patent appli 
cation Ser. No. 10/076,661, attorney docket no. 25791.77, 
filed on Feb. 15, 2002, which is a divisional of U.S. Pat. No. 
6,568,471, which was filed as patent application Ser. No. 
09/512,895, attorney docket no. 25791.12.02, filed on Feb. 
24, 2000, which claims priority from provisional application 
60/121,841, filed on Feb. 26, 1999, (53) U.S. patent appli 
cation Ser. No. 10/076,659, attorney docket no. 25791.78, 
filed on Feb. 15, 2002, which is a divisional of U.S. Pat. No. 
6,568,471, which was filed as patent application Ser. No. 
09/512,895, attorney docket no. 25791.12.02, filed on Feb. 
24, 2000, which claims priority from provisional application 
60/121,841, filed on Feb. 26, 1999, (54) U.S. patent appli 
cation Ser. No. 10/078,928, attorney docket no. 25791.79, 
filed on Feb. 20, 2002, which is a divisional of U.S. Pat. No. 
6,568,471, which was filed as patent application Ser. No. 
09/512,895, attorney docket no. 25791.12.02, filed on Feb. 
24, 2000, which claims priority from provisional application 
60/121,841, filed on Feb. 26, 1999, (55) U.S. patent appli 
cation Ser. No. 10/078,922, attorney docket no. 25791.80, 
filed on Feb. 20, 2002, which is a divisional of U.S. Pat. No. 
6,568,471, which was filed as patent application Ser. No. 
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09/512,895, attorney docket no. 25791.12.02, filed on Feb. 
24, 2000, which claims priority from provisional application 
60/121,841, filed on Feb. 26, 1999, (56) U.S. patent appli 
cation Ser. No. 10/078,921, attorney docket no. 25791.81, 
filed on Feb. 20, 2002, which is a divisional of U.S. Pat. No. 
6,568,471, which was filed as patent application Ser. No. 
09/512,895, attorney docket no. 25791.12.02, filed on Feb. 
24, 2000, which claims priority from provisional application 
60/121,841, filed on Feb. 26, 1999, (57) U.S. patent appli 
cation Ser. No. 10/261,928, attorney docket no. 25791.82, 
filed on Oct. 1, 2002, which is a divisional of U.S. Pat. No. 
6,557.640, which was filed as patent application Ser. No. 
09/588,946, attorney docket no. 25791.17.02, filed on Jun. 7, 
2000, which claims priority from provisional application 
60/137,998, filed on Jun. 7, 1999, (58) U.S. patent applica 
tion Ser. No. 10/079,276, attorney docket no. 25791.83, filed 
on Feb. 20, 2002, which is a divisional of U.S. Pat. No. 
6,568,471, which was filed as patent application Ser. No. 
09/512,895, attorney docket no. 25791.12.02, filed on Feb. 
24, 2000, which claims priority from provisional application 
60/121,841, filed on Feb. 26, 1999, (59) U.S. patent appli 
cation Ser. No. 10/262,009, attorney docket no. 25791.84, 
filed on Oct. 1, 2002, which is a divisional of U.S. Pat. No. 
6,557.640, which was filed as patent application Ser. No. 
09/588,946, attorney docket no. 25791.17.02, filed on Jun. 7, 
2000, which claims priority from provisional application 
60/137,998, filed on Jun. 7, 1999, (60) U.S. patent applica 
tion Ser. No. 10/092,481, attorney docket no. 25791.85, filed 
on Mar. 7, 2002, which is a divisional of U.S. Pat. No. 
6,568,471, which was filed as patent application Ser. No. 
09/512,895, attorney docket no. 25791.12.02, filed on Feb. 
24, 2000, which claims priority from provisional application 
60/121,841, filed on Feb. 26, 1999, (61) U.S. patent appli 
cation Ser. No. 10/261,926, attorney docket no. 25791.86, 
filed on Oct. 1, 2002, which is a divisional of U.S. Pat. No. 
6,557.640, which was filed as patent application Ser. No. 
09/588,946, attorney docket no. 25791.17.02, filed on Jun. 7, 
2000, which claims priority from provisional application 
60/137,998, filed on Jun. 7, 1999, (62) PCT application US 
02/36157, filed on Nov. 12, 2002, attorney docket no. 
25791.87.02, which claims priority from U.S. provisional 
patent application Ser. No. 60/338.996, attorney docket no. 
25791.87, filed on Nov. 12, 2001, (63) PCT application US 
02/36267, filed on Nov. 12, 2002, attorney docket no. 
25791.88.02, which claims priority from U.S. provisional 
patent application Ser. No. 60/339,013, attorney docket no. 
25791.88, filed on Nov. 12, 2001, (64) PCT application US 
03/11765, filed on Apr. 16, 2003, attorney docket no. 
25791.89.02, which claims priority from U.S. provisional 
patent application Ser. No. 60/383,917, attorney docket no. 
25791.89, filed on May 29, 2002, (65) PCT application US 
03/15020, filed on May 12, 2003, attorney docket no. 
25791.90.02, which claims priority from U.S. provisional 
patent application Ser. No. 60/391.703, attorney docket no. 
25791.90 filed on Jun. 26, 2002, (66) PCT application US 
02/39418, filed on Dec. 10, 2002, attorney docket no. 
25791.92.02, which claims priority from U.S. provisional 
patent application Ser. No. 60/346,309, attorney docket no. 
25791.92, filed on Jan. 7, 2002, (67) PCT application US 
03/06544, filed on Mar. 4, 2003, attorney docket no. 
25791.93.02, which claims priority from U.S. provisional 
patent application Ser. No. 60/372,048, attorney docket no. 
25791.93 filed on Apr. 12, 2002, (68) U.S. patent application 
Ser. No. 10/331,718, attorney docket no. 25791.94, filed on 
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Dec. 30, 2002, which is a divisional U.S. patent application 
Ser. No. 09/679,906, filed on Oct. 5, 2000, attorney docket 
no. 25791.37.02, which claims priority from provisional 
patent application Ser. No. 60/159.033, attorney docket no. 
25791.37, filed on Oct. 12, 1999, (69) PCT application US 
03/04837, filed on Feb. 29, 2003, attorney docket no. 
25791.95.02, which claims priority from U.S. provisional 
patent application Ser. No. 60/363.829, attorney docket no. 
25791.95, filed on Mar. 13, 2002, (70) U.S. patent applica 
tion Ser. No. 10/261,927, attorney docket no. 25791.97, filed 
on Oct. 1, 2002, which is a divisional of U.S. Pat. No. 
6,557.640, which was filed as patent application Ser. No. 
09/588,946, attorney docket no. 25791.17.02, filed on Jun. 7, 
2000, which claims priority from provisional application 
60/137,998, filed on Jun. 7, 1999, (71) U.S. patent applica 
tion Ser. No. 10/262,008, attorney docket no. 25791.98, filed 
on Oct. 1, 2002, which is a divisional of U.S. Pat. No. 
6,557.640, which was filed as patent application Ser. No. 
09/588,946, attorney docket no. 25791.17.02, filed on Jun. 7, 
2000, which claims priority from provisional application 
60/137,998, filed on Jun. 7, 1999, (72) U.S. patent applica 
tion Ser. No. 10/261,925, attorney docket no. 25791.99, filed 
on Oct. 1, 2002, which is a divisional of U.S. Pat. No. 
6,557.640, which was filed as patent application Ser. No. 
09/588,946, attorney docket no. 25791.17.02, filed on Jun. 7, 
2000, which claims priority from provisional application 
60/137,998, filed on Jun. 7, 1999, (73) U.S. patent applica 
tion Ser. No. 10/199,524, attorney docket no. 25791. 100, 
filed on Jul. 19, 2002, which is a continuation of U.S. Pat. 
No. 6,497.289, which was filed as U.S. patent application 
Ser. No. 09/454,139, attorney docket no. 25791.03.02, filed 
on Dec. 3, 1999, which claims priority from provisional 
application 60/111.293, filed on Dec. 7, 1998, (74) PCT 
application US 03/10144, filed on Mar. 28, 2003, attorney 
docket no. 25791.101.02, which claims priority from U.S. 
provisional patent application serial no. 60/372,632, attor 
ney docket no. 25791. 101, filed on Apr. 15, 2002, (75) U.S. 
provisional patent application Ser. No. 60/412.542, attorney 
docket no. 25791.102, filed on Sep. 20, 2002, (76) PCT 
application US 03/14153, filed on May 6, 2003, attorney 
docket no. 25791. 104.02, which claims priority from U.S. 
provisional patent application Ser. No. 60/380,147, attorney 
docket no. 25791.104, filed on May 6, 2002, (77) PCT 
application US 03/19993, filed on Jun. 24, 2003, attorney 
docket no. 25791. 106.02, which claims priority from U.S. 
provisional patent application Ser. No. 60/397.284, attorney 
docket no. 25791.106, filed on Jul. 19, 2002, (78) PCT 
application US 03/13787, filed on May 5, 2003, attorney 
docket no. 25791.107.02, which claims priority from U.S. 
provisional patent application Ser. No. 60/387,486, attorney 
docket no. 25791. 107, filed on Jun. 10, 2002, (79) PCT 
application US 03/18530, filed on Jun. 11, 2003, attorney 
docket no. 25791. 108.02, which claims priority from U.S. 
provisional patent application Ser. No. 60/387.961, attorney 
docket no. 25791.108, filed on Jun. 12, 2002, (80) PCT 
application US 03/20694, filed on Jul. 1, 2003, attorney 
docket no. 25791.110.02, which claims priority from U.S. 
provisional patent application Ser. No. 60/398,061, attorney 
docket no. 25791.110, filed on Jul. 24, 2002, (81) PCT 
application US 03/20870, filed on Jul. 2, 2003, attorney 
docket no. 25791. 111.02, which claims priority from U.S. 
provisional patent application Ser. No. 60/399.240, attorney 
docket no. 25791.111, filed on Jul. 29, 2002, (82) U.S. 
provisional patent application Ser. No. 60/412,487, attorney 
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docket no. 25791.112, filed on Sep. 20, 2002, (83) U.S. 
provisional patent application Ser. No. 60/412,488, attorney 
docket no. 25791.114, filed on Sep. 20, 2002, (84) U.S. 
patent application Ser. No. 10/280.356, attorney docket no. 
25791.115, filed on Oct. 25, 2002, which is a continuation of 
U.S. Pat. No. 6,470.966, which was filed as patent applica 
tion Ser. No. 09/850,093, filed on May 7, 2001, attorney 
docket no. 25791.55, as a divisional application of U.S. Pat. 
No. 6,497.289, which was filed as U.S. patent application 
Ser. No. 09/454,139, attorney docket no. 25791.03.02, filed 
on Dec. 3, 1999, which claims priority from provisional 
application 60/111.293, filed on Dec. 7, 1998, (85) U.S. 
provisional patent application Ser. No. 60/412,177, attorney 
docket no. 25791.117, filed on Sep. 20, 2002, (86) U.S. 
provisional patent application Ser. No. 60/412,653, attorney 
docket no. 25791.118, filed on Sep. 20, 2002, (87) U.S. 
provisional patent application Ser. No. 60/405,610, attorney 
docket no. 25791.119, filed on Aug. 23, 2002, (88) U.S. 
provisional patent application Ser. No. 60/405.394, attorney 
docket no. 25791.120, filed on Aug. 23, 2002, (89) U.S. 
provisional patent application Ser. No. 60/412.544, attorney 
docket no. 25791.121, filed on Sep. 20, 2002, (90) PCT 
application US 03/24779, filed on Aug. 8, 2003, attorney 
docket no. 25791.125.02, which claims priority from U.S. 
provisional patent application Ser. No. 60/407,442, attorney 
docket no. 25791.125, filed on Aug. 30, 2002, (91) U.S. 
provisional patent application Ser. No. 60/423.363, attorney 
docket no. 25791.126, filed on Dec. 10, 2002, (92) U.S. 
provisional patent application Ser. No. 60/412,196, attorney 
docket no. 25791.127, filed on Sep. 20, 2002, (93) U.S. 
provisional patent application Ser. No. 60/412,187, attorney 
docket no. 25791.128, filed on Sep. 20, 2002, (94) U.S. 
provisional patent application Ser. No. 60/412,371, attorney 
docket no. 25791.129, filed on Sep. 20, 2002, (95) U.S. 
patent application Ser. No. 10/382.325, attorney docket no. 
25791.145, filed on Mar. 5, 2003, which is a continuation of 
U.S. Pat. No. 6,557.640, which was filed as patent applica 
tion Ser. No. 09/588.946, attorney docket no. 25791.17.02, 
filed on Jun. 7, 2000, which claims priority from provisional 
application 60/137,998, filed on Jun. 7, 1999, (96) U.S. 
patent application Ser. No. 10/624.842, attorney docket no. 
25791.151, filed on Jul 22, 2003, which is a divisional of 
U.S. patent application Ser. No. 09/502,350, attorney docket 
no. 25791.8.02, filed on Feb. 10, 2000, which claims priority 
from provisional application 60/119,611, filed on Feb. 11, 
1999, (97) U.S. provisional patent application Ser. No. 
60/431,184, attorney docket no. 25791.157, filed on Dec. 
2002, (98) U.S. provisional patent application Ser. No. 
60/448,526, attorney docket no. 25791.185, filed on Feb. 
2003, (99) U.S. provisional patent application Ser. No. 
60/461,539, attorney docket no. 25791.186, filed on Apr. 
2003, (100) U.S. provisional patent application Ser. No. 
60/462,750, attorney docket no. 25791.193, filed on Apr. 
2003, (101) U.S. provisional patent application Ser. No. 
60/436,106, attorney docket no. 25791.200, filed on Dec. 
2002, (102) U.S. provisional patent application Ser. No. 
60/442.942, attorney docket no. 25791.213, filed on Jan. 
2003, (103) U.S. provisional patent application Ser. No. 
60/442,938, attorney docket no. 25791.225, filed on Jan. 
2003, (104) U.S. provisional patent application Ser. No. 
60/418.687, attorney docket no. 25791.228, filed on Apr. 
2003, (105) U.S. provisional patent application Ser. No. 
60/454,896, attorney docket no. 25791.236, filed on Mar. 
2003, (106) U.S. provisional patent application Ser. No. 
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60/450,504, attorney docket no. 25791.238, filed on Feb. 26, 
2003, (107) U.S. provisional patent application Ser. No. 
60/451,152, attorney docket no. 25791.239, filed on Mar. 9, 
2003, (108) U.S. provisional patent application Ser. No. 
60/455,124, attorney docket no. 25791.241, filed on Mar. 17, 
2003, (109) U.S. provisional patent application Ser. No. 
60/453,678, attorney docket no. 25791.253, filed on Mar. 11, 
2003, (110) U.S. patent application Ser. No. 10/421,682, 
attorney docket no. 25791.256, filed on Apr. 23, 2003, which 
is a continuation of U.S. patent application Ser. No. 09/523, 
468, attorney docket no. 25791.11.02, filed on Mar. 10, 
2000, (now U.S. Pat. No. 6,640,903 which issued Nov. 4, 
2003), which claims priority from provisional application 
60/124,042, filed on Mar. 11, 1999, (111) U.S. provisional 
patent application Ser. No. 60/457.965, attorney docket no. 
25791.260, filed on Mar. 27, 2003, (112) U.S. provisional 
patent application Ser. No. 60/455.718, attorney docket no. 
25791.262, filed on Mar. 18, 2003, (113) U.S. Pat. No. 
6,550,821, which was filed as patent application Ser. No. 
09/811,734, filed on Mar. 19, 2001, (114) U.S. patent 
application Ser. No. 10/436.467, attorney docket no. 
25791.268, filed on May 12, 2003, which is a continuation 
of U.S. Pat. No. 6,604.763, which was filed as application 
Ser. No. 09/559,122, attorney docket no. 25791.23.02, filed 
on Apr. 26, 2000, which claims priority from provisional 
application 60/131,106, filed on Apr. 26, 1999, (115) U.S. 
provisional patent application Ser. No. 60/459.776, attorney 
docket no. 25791.270, filed on Apr. 2, 2003, (116) U.S. 
provisional patent application Ser. No. 60/461,094, attorney 
docket no. 25791.272, filed on Apr. 8, 2003, (117) U.S. 
provisional patent application Ser. No. 60/461,038, attorney 
docket no. 25791.273, filed on Apr. 7, 2003, (118) U.S. 
provisional patent application Ser. No. 60/463,586, attorney 
docket no. 25791.277, filed on Apr. 17, 2003, (119) U.S. 
provisional patent application Ser. No. 60/472.240, attorney 
docket no. 25791.286, filed on May 20, 2003, (120) U.S. 
patent application Ser. No. 10/619.285, attorney docket no. 
25791.292, filed on Jul. 14, 2003, which is a continuation 
in-part of U.S. utility patent application Ser. No. 09/969,922, 
attorney docket no. 25791.69, filed on Oct. 3, 2001, (now 
U.S. Pat. No. 6,634,431 which issued Oct. 21, 2003), which 
is a continuation-in-part application of U.S. Pat. No. 6.328, 
113, which was filed as U.S. patent application Ser. No. 
09/440,338, attorney docket number 25791.9.02, filed on 
Nov. 15, 1999, which claims priority from provisional 
application 60/108,558, filed on Nov. 16, 1998, (121) U.S. 
utility patent application Ser. No. 10/418,688, attorney 
docket no. 25791.257, which was filed on Apr. 18, 2003, as 
a division of U.S. utility patent application Ser. No. 09/523, 
468, attorney docket no. 25791.11.02, filed on Mar. 10, 
2000, (now U.S. Pat. No. 6,640,903 which issued Nov. 4, 
2003), which claims priority from provisional application 
60/124,042, filed on Mar. 11, 1999; (122) PCT patent 
application serial no. PCT/US2004/06246, attorney docket 
no. 25791.238.02, filed on Feb. 26, 2004; (123) PCT patent 
application serial number PCT/US2004/08170, attorney 
docket number 25791.40.02, filed on Mar. 15, 2004; (124) 
PCT patent application serial number PCT/US2004/08171, 
attorney docket number 25791.236.02, filed on Mar. 15, 
2004; (125) PCT patent application serial number PCT/ 
US2004/08073, attorney docket number 25791.262.02, filed 
on Mar. 18, 2004; (126) PCT patent application serial 
number PCT/US2004/07711, attorney docket number 
25791.253.02, filed on Mar. 11, 2004; (127) PCT patent 
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application serial number PCT/US2004/029025, attorney 
docket number 25791.260.02, filed on Mar. 26, 2004; (128) 
PCT patent application serial number PCT/US2004/010317, 
attorney docket number 25791.270.02, filed on Apr. 2, 2004; 
(129) PCT patent application serial number PCT/US2004/ 
010712, attorney docket number 25791.272.02, filed on Apr. 
6, 2004: (130) PCT patent application serial number PCT/ 
US2004/010762, attorney docket number 25791.273.02, 
filed on Apr. 6, 2004: (131) PCT patent application serial 
number PCT/US2004/01 1973, attorney docket number 
25791.277.02, filed on Apr. 15, 2004: (132) U.S. provisional 
patent application Ser. No. 60/495,056, attorney docket 
number 25791.301, filed on Aug. 14, 2003: (133) U.S. 
provisional patent application Ser. No. 60/600,679, attorney 
docket number 25791.194, filed on Aug. 11, 2004: (134) 
PCT patent application serial number PCT/US2005/027318, 
attorney docket number 25791.329.02, filed on Jul. 29, 
2005; (135) PCT patent application serial number PCT/ 
US2005/028936, attorney docket number 25791.338.02, 
filed on Aug. 12, 2005; (136) PCT patent application serial 
number PCT/US2005/028669, attorney docket number 
25791.194.02, filed on Aug. 11, 2005; (137) PCT patent 
application serial number PCT/US2005/028453, attorney 
docket number 25791.371, filed on Aug. 11, 2005; (138) 
PCT patent application serial number PCT/US2005/028641, 
attorney docket number 25791.372, filed on Aug. 11, 2005; 
(139) PCT patent application serial number PCT/US2005/ 
028819, attorney docket number 25791.373, filed on Aug. 
11, 2005; (140) PCT patent application serial number PCT/ 
US2005/028446, attorney docket number 25791.374, filed 
on Aug. 11, 2005; (141) PCT patent application serial 
number PCT/US20051028642, attorney docket number 
25791.375, filed on Aug. 11, 2005: (142) PCT patent appli 
cation serial number PCT/US2005/028451, attorney docket 
number 25791.376, filed on Aug. 11, 2005, and (143). PCT 
patent application serial number PCT/US2005/028473, 
attorney docket number 25791.377, filed on Aug. 11, 2005. 

BACKGROUND OF THE INVENTION 

0004. This invention relates generally to wellbore cas 
ings, and in particular to wellbore casings that are formed 
using expandable tubing. 

0005 Conventionally, when a wellbore is created, a num 
ber of casings are installed in the borehole to prevent 
collapse of the borehole wall and to prevent undesired 
outflow of drilling fluid into the formation or inflow of fluid 
from the formation into the borehole. The borehole is drilled 
in intervals whereby a casing which is to be installed in a 
lower borehole interval is lowered through a previously 
installed casing of an upper borehole interval. As a conse 
quence of this procedure the casing of the lower interval is 
of Smaller diameter than the casing of the upper interval. 
Thus, the casings are in a nested arrangement with casing 
diameters decreasing in downward direction. Cement annuli 
are provided between the outer Surfaces of the casings and 
the borehole wall to seal the casings from the borehole wall. 
As a consequence of this nested arrangement a relatively 
large borehole diameter is required at the upper part of the 
wellbore. Such a large borehole diameter involves increased 
costs due to heavy casing handling equipment, large drill 
bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to 
required cement pumping, cement hardening, required 
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equipment changes due to large variations in hole diameters 
drilled in the course of the well, and the large volume of 
cuttings drilled and removed. 
0006 Conventionally, at the surface end of the wellbore, 
a wellhead is formed that typically includes a Surface casing, 
a number of production and/or drilling spools, Valving, and 
a Christmas tree. Typically the wellhead further includes a 
concentric arrangement of casings including a production 
casing and one or more intermediate casings. The casings 
are typically Supported using load bearing slips positioned 
above the ground. The conventional design and construction 
of wellheads is expensive and complex. 
0007. The present invention is directed to overcoming 
one or more of the limitations of the existing procedures for 
forming wellbores and wellheads. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1A is a cross-sectional view illustrating the 
placement of an embodiment of an apparatus for creating a 
casing within a well borehole. 
0009 FIG. 1B is a cross-sectional view illustrating the 
injection of a fluidic material into the well borehole of FIG. 
1A. 

0010 FIG. 1C is a cross-sectional view illustrating the 
injection of a wiper plug into the apparatus of FIG. 1B. 
0011 FIG. 1D is a fragmentary cross-sectional view 
illustrating the injection of a ball plug and a fluidic material 
into the apparatus of FIG. 1C. 
0012 FIG. 1E is a fragmentary cross-sectional view 
illustrating the continued injection of fluidic material into 
the apparatus of FIG. 1D in order to radially expand a 
tubular member. 

0013 FIG. 1F is a cross-sectional view of the completed 
wellbore casing. 
0014 FIG. 2A is a cross-sectional illustration of a por 
tion of an embodiment of an apparatus for forming and/or 
repairing a wellbore, pipeline or structural Support. 
0.015 FIG. 2B is an enlarged illustration of a portion of 
the apparatus of FIG. 2A. 
0016 FIG. 2C is an enlarged illustration of a portion of 
the apparatus of FIG. 2A. 
0017 FIG. 2D is an enlarged illustration of a portion of 
the apparatus of FIG. 2A. 
0018 FIG. 2E is a cross-sectional illustration of the 
apparatus of FIG. 2A. 
0.019 FIG. 2F is a cross-sectional illustration of another 
portion of the apparatus of FIG. 2A. 
0020 FIG. 2G is an enlarged illustration of a portion of 
the apparatus of FIG. 2F. 
0021 FIG. 2H is an enlarged illustration of a portion of 
the apparatus of FIG. 2F. 
0022 FIG. 2 is an enlarged illustration of a portion of 
the apparatus of FIG. 2F. 
0023 FIG. 2J is a cross-sectional illustration of another 
portion of the apparatus of FIG. 2A. 
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0024 FIG. 2K is an enlarged illustration of a portion of 
the apparatus of FIG. 2.J. 
0025 FIG. 2L is an enlarged illustration of a portion of 
the apparatus of FIG. 2.J. 
0026 FIG. 2M is an enlarged illustration of a portion of 
the apparatus of FIG. 2.J. 
0027 FIG. 2N is an enlarged illustration of a portion of 
the apparatus of FIG. 2.J. 
0028 FIG. 20 is a cross-sectional illustration of the 
apparatus of FIG. 2.J. 
0029 FIGS. 3A to 3D are exploded views of a portion of 
the apparatus of FIGS. 2A to 20. 
0030 FIG.3E is a cross-sectional illustration of the outer 
collet Support member and the liner hanger setting sleeve of 
the apparatus of FIGS. 2A to 20. 
0031 FIG. 3F is a front view of the locking dog spring 
of the apparatus of FIGS. 2A to 20. 
0032 FIG. 3G is a front view of the locking dogs of the 
apparatus of FIGS. 2A to 20. 
0033 FIG. 3H is a front view of the collet assembly of 
the apparatus of FIGS. 2A to 20. 
0034 FIG.3I is a front view of the collet retaining sleeve 
of the apparatus of FIGS. 2A to 20. 
0035 FIG. 3.J is a front view of the collet retaining 
adaptor of the of apparatus of FIGS. 2A to 20. 
0036 FIGS. 4A to 4G are fragmentary cross-sectional 
illustrations of an embodiment of a method for placing the 
apparatus of FIGS. 2A-2O within a wellbore. 
0037 FIGS. 5A to 5C are fragmentary cross-sectional 
illustrations of an embodiment of a method for decoupling 
the liner hanger, the outer collet Support member, and the 
liner hanger setting sleeve from the apparatus of FIGS. 4A 
to 4G. 

0038 FIGS. 6A to 6C are fragmentary cross-sectional 
illustrations of an embodiment of a method for releasing the 
lead wiper from the apparatus of FIGS. 4A to 4G. 
0.039 FIGS. 7A to 7G are fragmentary cross-sectional 
illustration of an embodiment of a method for cementing the 
region outside of the apparatus of FIGS. 6A to 6C. 
0040 FIGS. 8A to 8C are fragmentary cross-sectional 
illustrations of an embodiment of a method for releasing the 
tail wiper from the apparatus of FIGS. 7A to 7G. 
0041 FIGS. 9A to 9H are fragmentary cross-sectional 
illustrations of an embodiment of a method of radially 
expanding the liner hanger of the apparatus of FIGS. 8A to 
8C. 

0042 FIGS. 10A to 10E are fragmentary cross-sectional 
illustrations of the completion of the radial expansion of the 
liner hanger using the apparatus of FIGS. 9A to 9H. 
0043 FIGS. 11A to 11E are fragmentary cross-sectional 
illustrations of the decoupling of the radially expanded liner 
hanger from the apparatus of FIGS. 10A to 10E. 
0044 FIGS. 12A to 12C are fragmentary cross-sectional 
illustrations of the completed wellbore casing. 



US 2006/0213668A1 

0045 FIG. 13A is a cross-sectional illustration of a 
portion of an alternative embodiment of an apparatus for 
forming and/or repairing a wellbore, pipeline or structural 
Support. 

0046 FIG. 13B is a cross-sectional view of the standoff 
adaptor of the apparatus of FIG. 13A. 
0047 FIG. 13C is a front view of the standoff adaptor of 
F.G. 13B. 

0.048 FIG. 13D is a cross-sectional illustration of 
another portion of an alternative embodiment of the appa 
ratus of FIG. 13A. 

0049 FIG. 13E is an enlarged view of the threaded 
connection between the liner hanger and the outer collet 
support member of FIG. 13D. 
0050 FIG. 13F is an enlarged view of the connection 
between the outer collet support member 645 and the liner 
hanger setting sleeve 650 of FIG. 13D. 
0051 FIG. 13G is a cross-sectional view of the liner 
hanger setting sleeve of FIG. 13F. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENTS 

0.052 An apparatus and method for forming a wellbore 
casing within a Subterranean formation is provided. The 
apparatus and method permits a wellbore casing to be 
formed in a subterranean formation by placing a tubular 
member and a mandrel in a new section of a wellbore, and 
then extruding the tubular member off of the mandrel by 
pressurizing an interior portion of the tubular member. The 
apparatus and method further permits adjacent tubular mem 
bers in the wellbore to be joined using an overlapping joint 
that prevents fluid and or gas passage. The apparatus and 
method further permits a new tubular member to be sup 
ported by an existing tubular member by expanding the new 
tubular member into engagement with the existing tubular 
member. The apparatus and method further minimizes the 
reduction in the hole size of the wellbore casing necessitated 
by the addition of new sections of wellbore casing. 
0053 A crossover valve apparatus and method for con 
trolling the radial expansion of a tubular member is also 
provided. The crossover valve assembly permits the initia 
tion of the radial expansion of a tubular member to be 
precisely initiated and controlled. 
0054) A force multiplier apparatus and method for apply 
ing an axial force to an expansion cone is also provided. The 
force multiplier assembly permits the amount of axial driv 
ing force applied to the expansion cone to be increased. In 
this manner, the radial expansion process is improved. 
0.055 A radial expansion apparatus and method for radi 
ally expanding a tubular member is also provided. The radial 
expansion apparatus preferably includes a mandrel, an 
expansion cone, a centralizer, and a lubrication assembly for 
lubricating the interface between the expansion cone and the 
tubular member. The radial expansion apparatus improves 
the efficiency of the radial expansion process. 
0056. A preload assembly for applying a predetermined 
axial force to an expansion cone is also provided. The 
preload assembly preferably includes a compressed spring 
and a spacer for controlling the amount of compression of 
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the spring. The compressed spring in turn is used to apply an 
axial force to the expansion cone. The preload assembly 
improves the radial expansion process by presetting the 
position of the expansion cone using a predetermined axial 
force. 

0057. A coupling assembly for controllably removably 
coupling an expandable tubular member to a Support mem 
ber is also provided. The coupling assembly preferably 
includes an emergency release in order to permit the cou 
pling assembly to be decoupled in an emergency. 

0058. In several alternative embodiments, the apparatus 
and methods are used to form and/or repair wellbore casings, 
pipelines, and/or structural Supports. 
0059 Referring initially to FIGS. 1A-1F, an embodi 
ment of an apparatus and method for forming a wellbore 
casing within a Subterranean formation will now be 
described. As illustrated in FIG. 1A, a wellbore 100 is 
positioned in a subterranean formation 105. The wellbore 
100 includes an existing cased section 110 having a tubular 
casing 115 and an annular outer layer of cement 120. 
0060. As illustrated in FIG. 1A, an apparatus 200 for 
forming a wellbore casing in a Subterranean formation is 
then positioned in the wellbore 100. 
0061 The apparatus 200 preferably includes a first Sup 
port member 205, a manifold 210, a second support member 
215, a tubular member 220, a shoe 225, an expansion cone 
230, first sealing members 235, second sealing members 
240, third sealing members 245, fourth sealing members 
250, an anchor 255, a first passage 260, a second passage 
265, a third passage 270, a fourth passage 275, a throat 280, 
a fifth passage 285, a sixth passage 290, a seventh passage 
295, an annular chamber 300, a chamber 305, and a chamber 
310. In a preferred embodiment, the apparatus 200 is used to 
radially expand the tubular member 220 into intimate con 
tact with the tubular casing 115. In this manner, the tubular 
member 220 is coupled to the tubular casing 115. In this 
manner, the apparatus 200 is preferably used to form or 
repair a wellbore casing, a pipeline, or a structural Support. 
In a particularly preferred embodiment, the apparatus is used 
to repair or form a wellbore casing. 
0062) The first support member 205 is coupled to a 
conventional surface support and the manifold 210. The first 
support member 205 may be fabricated from any number of 
conventional commercially available tubular support mem 
bers. In a preferred embodiment, the first support member 
205 is fabricated from alloy steel having a minimum yield 
strength of about 75,000 to 140,000 psi in order to provide 
high strength and resistance to abrasion and fluid erosion. In 
a preferred embodiment, the first support member 205 
further includes the first passage 260 and the second passage 
265. 

0063. The manifold 210 is coupled to the first support 
member 205, the second support member 215, the sealing 
members 235a and 235b, and the tubular member 200. The 
manifold 210 preferably includes the first passage 260, the 
third passage 270, the fourth passage 275, the throat 280 and 
the fifth passage 285. The manifold 210 may be fabricated 
from any number of conventional tubular members. 
0064. The second support member 215 is coupled to the 
manifold 210, the sealing members 245a, 245b, and 245c. 
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and the expansion cone 230. The second support member 
215 may be fabricated from any number of conventional 
commercially available tubular support members. In a pre 
ferred embodiment, the second support member 215 is 
fabricated from alloy steel having a minimum yield strength 
of about 75,000 to 140,000 psi in order to provide high 
strength and resistance to abrasion and fluid erosion. In a 
preferred embodiment, the second support member 215 
further includes the fifth passage 285. 
0065. The tubular member 220 is coupled to the sealing 
members 235a and 235b and the shoe 225. The tubular 
member 220 is further movably coupled to the expansion 
cone 230 and the sealing members 24.0a and 240b. The first 
support member 205 may comprise any number of conven 
tional tubular members. The tubular member 220 may be 
fabricated from any number of conventional commercially 
available tubular members. In a preferred embodiment, the 
tubular member 220 is further provided substantially as 
described in one or more of the following: (1) U.S. patent 
application Ser. No. 09/440,338, attorney docket number 
25791.9.02, filed on Nov. 15, 1999, which issued as U.S. 
Pat. No. 6.328,113, which claimed benefit of the filing date 
of U.S. Provisional Patent Application Ser. No. 60/108,558, 
attorney docket number 25791.9, filed on Nov. 16, 1998, (2) 
U.S. patent application Ser. No. 09/454,139, attorney docket 
number 25791.3.02, filed on Dec. 3, 1999, which claimed 
benefit of the filing date of U.S. Provisional Patent Appli 
cation Ser. No. 60/111.293, filed on Dec. 7, 1998, (3) U.S. 
patent application Ser. No. 09/502,350, attorney docket 
number 25791.8.02, filed on Feb. 10, 2000, which claimed 
the benefit of the filing date of U.S. Provisional Patent 
Application Ser. No. 60/119,611, attorney docket number 
25791.8, filed Feb. 11, 1999, (4) U.S. patent application Ser. 
No. 09/510.913, attorney docket number 25791.7.02, filed 
on Feb. 23, 2000, which claimed the benefit of the filing date 
of U.S. Provisional Patent Application Ser. No. 60/121,702, 
attorney docket number 25791.7, filed on Feb. 25, 1999, (5) 
U.S. patent application Ser. No. 09/51 1,941, attorney docket 
number 25791. 16.02, filed on Feb. 24, 2000, which claimed 
the benefit of the filing date of U.S. Provisional Patent 
Application No. 60/121.907, attorney docket number 
25791.16, filed Feb. 26, 1999, (6) U.S. Provisional Patent 
Application Ser. No. 60/124,042, attorney docket number 
25791.11, filed on Mar. 11, 1999, (7) U.S. Provisional Patent 
Application Ser. No. 60/13 1,106, attorney docket number 
25791.23, filed on Apr. 26, 1999, (8) U.S. Provisional Patent 
Application Ser. No. 60/137,998, attorney docket number 
25791.17, filed on Jun. 7, 1999, (9) U.S. Provisional Patent 
Application Ser. No. 60/143,039, attorney docket number 
25791.26, filed on Jul. 9, 1999, and (10) U.S. Provisional 
Patent Application Ser. No. 60/146,203, attorney docket 
number 25791.25, filed on Jul. 29, 1999, the disclosures of 
which are incorporated by reference. 
0066. The shoe 225 is coupled to the tubular member 
220. The shoe 225 preferably includes the sixth passage 290 
and the seventh passage 295. The shoe 225 preferably is 
fabricated from a tubular member. In a preferred embodi 
ment, the shoe 225 is further provided substantially as 
described in one or more of the following: (1) U.S. patent 
application Ser. No. 09/440,338, attorney docket number 
25791.9.02, filed on Nov. 15, 1999, which claimed benefit of 
the filing date of U.S. Provisional Patent Application Ser. 
No. 60/108,558, attorney docket number 25791.9, filed on 
Nov. 16, 1998, (2) U.S. patent application Ser. No. 09/454, 
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139, attorney docket number 25791.3.02, filed on Dec. 3, 
1999, which claimed benefit of the filing date of U.S. 
Provisional Patent Application Ser. No. 60/111.293, filed on 
Dec. 7, 1998, (3) U.S. patent application Ser. No. 09/502, 
350, attorney docket number 25791.8.02, filed on Feb. 10, 
2000, which claimed the benefit of the filing date of U.S. 
Provisional Patent Application Ser. No. 60/119,611, attorney 
docket number 25791.8, filed Feb. 11, 1999, (4) U.S. patent 
application Ser. No. 09/510.913, attorney docket number 
25791.7.02, filed on Feb. 23, 2000, which claimed the 
benefit of the filing date of U.S. Provisional Patent Appli 
cation Ser. No. 60/121,702, attorney docket number 
25791.7, filed on Feb. 25, 1999, (5) U.S. patent application 
Ser. No. 09/511.941, attorney docket number 25791. 16.02, 
filed on Feb. 24, 2000, which claimed the benefit of the filing 
date of U.S. Provisional Patent Application No. 60/121,907, 
attorney docket number 25791.16, filed 2/26/1999, (6) U.S. 
Provisional Patent Application Ser. No. 60/124,042, attorney 
docket number 25791.11, filed on Mar. 11, 1999, (7) U.S. 
Provisional Patent Application Ser. No. 60/131,106, attorney 
docket number 25791.23, filed on Apr. 26, 1999, (8) U.S. 
Provisional Patent Application Ser. No. 60/137,998, attorney 
docket number 25791.17, filed on Jun. 7, 1999, (9) U.S. 
Provisional Patent Application Ser. No. 60/143,039, attorney 
docket number 25791.26, filed on Jul. 9, 1999, and (10) U.S. 
Provisional Patent Application Ser. No. 60/146,203, attorney 
docket number 25791.25, filed on Jul. 29, 1999, the disclo 
sures of which are incorporated by reference. 
0067. The expansion cone 230 is coupled to the sealing 
members 24.0a and 240b and the sealing members 245a, 
245b, and 245c. The expansion cone 230 is movably coupled 
to the second support member 215 and the tubular member 
220. The expansion cone 230 preferably includes an annular 
member having one or more outer conical Surfaces for 
engaging the inside diameter of the tubular member 220. In 
this manner, axial movement of the expansion cone 230 
radially expands the tubular member 220. In a preferred 
embodiment, the expansion cone 230 is further provided 
substantially as described in one or more of the following: 
(1) U.S. patent application Ser. No. 09/440,338, attorney 
docket number 25791.9.02, filed on 11/15/1999, which 
issued as U.S. Pat. No. 6,328,113, which claimed benefit of 
the filing date of U.S. Provisional Patent Application Ser. 
No. 60/108,558, attorney docket number 25791.9, filed on 
Nov. 16, 1998, (2) U.S. patent application Ser. No. 09/454, 
139, attorney docket number 25791.3.02, filed on Dec. 3, 
1999, which claimed benefit of the filing date of U.S. 
Provisional Patent Application Ser. No. 60/111.293, filed on 
Dec. 7, 1998, (3) U.S. patent application Ser. No. 09/502, 
350, attorney docket number 25791.8.02, filed on Feb. 10, 
2000, which claimed the benefit of the filing date of U.S. 
Provisional Patent Application Ser. No. 60/119,611, attorney 
docket number 25791.8, filed Feb. 11, 1999, (4) U.S. patent 
application Ser. No. 09/510.913, attorney docket number 
25791.7.02, filed on Feb. 23, 2000, which claimed the 
benefit of the filing date of U.S. Provisional Patent Appli 
cation Ser. No. 60/121,702, attorney docket number 
25791.7, filed on Feb. 25, 1999, (5) U.S. patent application 
Ser. No. 09/511.941, attorney docket number 25791. 16.02, 
filed on Feb. 24, 2000, which claimed the benefit of the filing 
date of U.S. Provisional Patent Application No. 60/121,907, 
attorney docket number 25791.16, filed Feb. 26, 1999, (6) 
U.S. Provisional Patent Application Ser. No. 60/124,042, 
attorney docket number 25791.11, filed on Mar. 11, 1999, 
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(7) U.S. Provisional Patent Application Ser. No. 60/131,106, 
attorney docket number 25791.23, filed on Apr. 26, 1999, (8) 
U.S. Provisional Patent Application Ser. No. 60/137,998, 
attorney docket number 25791.17, filed on Jun. 7, 1999, (9) 
U.S. Provisional Patent Application Ser. No. 60/143,039, 
attorney docket number 25791.26, filed on Jul. 9, 1999, and 
(10) U.S. Provisional Patent Application Ser. No. 60/146, 
203, attorney docket number 25791.25, filed on Jul. 29, 
1999, the disclosures of which are incorporated by refer 
CCC. 

0068. The first sealing members 235a and 235b are 
coupled to the manifold 210 and the tubular member 220. 
The first sealing members 235a and 235b preferably fluid 
icly isolate the annular chamber 300 from the chamber 310. 
In this manner, annular chamber 300 is optimally pressur 
ized during operation of the apparatus 200. The first sealing 
members 235a and 235b may comprise any number of 
conventional commercially available sealing members. In a 
preferred embodiment, the first sealing members 235a and 
235b include O-rings with seal backups available from 
Parker Seals in order to provide a fluidic seal between the 
tubular member 200 and the expansion cone 230 during 
axial movement of the expansion cone 230. 
0069. In a preferred embodiment, the first sealing mem 
ber 235a and 235b further include conventional controllable 
latching members for removably coupling the manifold 210 
to the tubular member 200. In this manner, the tubular 
member 200 is optimally supported by the manifold 210. 
Alternatively, the tubular member 200 is preferably remov 
ably supported by the first support member 205 using 
conventional controllable latching members. 
0070 The second sealing members 24.0a and 240b are 
coupled to the expansion cone 230. The second sealing 
members 24.0a and 240b are movably coupled to the tubular 
member 220. The second sealing members 24.0a and 240b 
preferably fludicly isolate the annular chamber 300 from the 
chamber 305 during axial movement of the expansion cone 
230. In this manner, the annular chamber 300 is optimally 
pressurized. The second sealing members 24.0a and 240b 
may comprise any number of conventional commercially 
available sealing members. 
0071. In a preferred embodiment, the second sealing 
members 24.0a and 240b further include a conventional 
centralizer and/or bearings for Supporting and positioning 
the expansion cone 230 within the tubular member 200 
during axial movement of the expansion cone 230. In this 
manner, the position and orientation of the expansion cone 
230 is optimally controlled during axial movement of the 
expansion cone 230. 

0072 The third sealing members 245a, 245b, and 245c 
are coupled to the expansion cone 230. The third sealing 
members 245a, 245b, and 245c are movably coupled to the 
second support member 215. The third sealing members 
245a, 245b, and 245c preferably fludicly isolate the annular 
chamber 300 from the chamber 305 during axial movement 
of the expansion cone 230. In this manner, the annular 
chamber 300 is optimally pressurized. The third sealing 
members 245a, 245b and 240c may comprise any number of 
conventional commercially available sealing members. In a 
preferred embodiment, the third sealing members 245a, 
245b, and 245c include O-rings with seal backups available 
from Parker Seals in order to provide a fluidic seal between 
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the expansion cone 230 and the second support member 215 
during axial movement of the expansion cone 230. 
0073. In a preferred embodiment, the third sealing mem 
bers 245a, 245b and 240c further include a conventional 
centralizer and/or bearings for Supporting and positioning 
the expansion cone 230 around the second Support member 
215 during axial movement of the expansion cone 230. In 
this manner, the position and orientation of the expansion 
cone 230 is optimally controlled during axial movement of 
the expansion cone 230. 
0074 The fourth sealing member 250 is coupled to the 
tubular member 220. The fourth sealing member 250 pref 
erably fluidicly isolates the chamber 315 after radial expan 
sion of the tubular member 200. In this manner, the chamber 
315 outside of the radially expanded tubular member 200 is 
fluidicly isolated. The fourth sealing member 250 may 
comprise any number of conventional commercially avail 
able sealing members. In a preferred embodiment, the fourth 
sealing member 250 is a RTTS packer ring available from 
Halliburton Energy Services in order to optimally provide a 
fluidic seal. 

0075) The anchor 255 is coupled to the tubular member 
220. The anchor 255 preferably anchors the tubular member 
200 to the casing 115 after radial expansion of the tubular 
member 200. In this manner, the radially expanded tubular 
member 200 is optimally supported within the wellbore 100. 
The anchor 255 may comprise any number of conventional 
commercially available anchoring devices. In a preferred 
embodiment, the anchor 255 includes RTTS mechanical 
slips available from Halliburton Energy Services in order to 
optimally anchor the tubular member 200 to the casing 115 
after the radial expansion of the tubular member 200. 
0076. The first passage 260 is fluidicly coupled to a 
conventional Surface pump, the second passage 265, the 
third passage 270, the fourth passage 275, and the throat 
280. The first passage 260 is preferably adapted to convey 
fluidic materials including drilling mud, cement and/or 
lubricants at flow rates and pressures ranging from about 0 
to 650 gallons/minute and 0 to 10,000 psi, respectively in 
order to optimally form an annular cement liner and radially 
expand the tubular member 200. 
0077. The second passage 265 is fluidicly coupled to the 

first passage 260 and the chamber 310. The second passage 
265 is preferably adapted to controllably convey fluidic 
materials from the first passage 260 to the chamber 310. In 
this manner, Surge pressures during placement of the appa 
ratus 200 within the wellbore 100 are optimally minimized. 
In a preferred embodiment, the second passage 265 further 
includes a valve for controlling the flow of fluidic materials 
through the second passage 265. 
0078. The third passage 270 is fluidicly coupled to the 
first passage 260 and the annular chamber 300. The third 
passage 270 is preferably adapted to convey fluidic materials 
between the first passage 260 and the annular chamber 300. 
In this manner, the annular chamber 300 is optimally pres 
Surized. 

0079. The fourth passage 275 is fluidicly coupled to the 
first passage 260, the fifth passage 285, and the chamber 
310. The fourth passage 275 is preferably adapted to convey 
fluidic materials between the fifth passage 285 and the 
chamber 310. In this manner, during the radial expansion of 
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the tubular member 200, fluidic materials from the chamber 
305 are transmitted to the chamber 310. In a preferred 
embodiment, the fourth passage 275 further includes a 
pressure compensated valve and/or a pressure compensated 
orifice in order to optimally control the flow of fluidic 
materials through the fourth passage 275. 
0080. The throat 280 is fluidicly coupled to the first 
passage 260 and the fifth passage 285. The throat 280 is 
preferably adapted to receive a conventional fluidic plug or 
ball. In this manner, the first passage 260 is fluidicly isolated 
from the fifth passage 285. 
0081. The fifth passage 285 is fluidicly coupled to the 
throat 280, the fourth passage 275, and the chamber 305. The 
fifth passage 285 is preferably adapted to convey fluidic 
materials to and from the first passage 260, the fourth 
passage 275, and the chamber 305. 
0082 The sixth passage 290 is fluidicly coupled to the 
chamber 305 and the seventh passage 295. The sixth passage 
is preferably adapted to convey fluidic materials to and from 
the chamber 305. The sixth passage 290 is further preferably 
adapted to receive a conventional plug or dart. In this 
manner, the chamber 305 is optimally fluidicly isolated from 
the chamber 315. 

0083. The seventh passage 295 is fluidicly coupled to the 
sixth passage 290 and the chamber 315. The seventh passage 
295 is preferably adapted to convey fluidic materials 
between the sixth passage 290 and the chamber 315. 
0084. The annular chamber 300 is fluidicly coupled to the 
third passage 270. Pressurization of the annular chamber 
300 preferably causes the expansion cone 230 to be dis 
placed in the axial direction. In this manner, the tubular 
member 200 is radially expanded by the expansion cone 
230. During operation of the apparatus 200, the annular 
chamber 300 is preferably adapted to be pressurized to 
operating pressures ranging from about 1000 to 10000 psi in 
order to optimally radially expand the tubular member 200. 
0085. The chamber 305 is fluidicly coupled to the fifth 
passage 285 and the sixth passage 290. During operation of 
the apparatus 200, the chamber 305 is preferably fluidicly 
isolated from the annular chamber 300 and the chamber 315 
and fluidicly coupled to the chamber 310. 
0086) The chamber 310 is fluidicly coupled to the fourth 
passage 275. During operation of the apparatus 200, the 
chamber 310 is preferably fluidicly isolated from the annular 
chamber 300 and fluidicly coupled to the chamber 305. 
0087. During operation, as illustrated in FIG. 1A, the 
apparatus 200 is preferably placed within the wellbore 100 
in a predetermined overlapping relationship with the preex 
isting casing 115. During placement of the apparatus 200 
within the wellbore 100, fluidic materials within the cham 
ber 315 are preferably conveyed to the chamber 310 using 
the second, first, fifth, sixth and seventh fluid passages 265, 
260, 285, 290 and 295, respectively. In this manner, surge 
pressures within the wellbore 100 during placement of the 
apparatus 200 are minimized. Once the apparatus 200 has 
been placed at the predetermined location within the well 
bore 100, the second passage 265 is preferably closed using 
a conventional valve member. 

0088 As illustrated in FIG. 1B, one or more volumes of 
a non-hardenable fluidic material are then injected into the 
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chamber 315 using the first, fifth, sixth and seventh pas 
sages, 260,285,290 and 295 in order to ensure that all of the 
passages are clear. A quantity of a hardenable fluidic sealing 
material Such as, for example, cement, is then preferably 
injected into the chamber 315 using the first, fifth, sixth and 
seventh passages 260, 285, 290 and 295. In this manner, an 
annular outer sealing layer is preferably formed around the 
radially expanded tubular member 200. 
0089. As illustrated in FIG. 1C, a conventional wiper 
plug. 320 is then preferably injected into the first passage 260 
using a non-hardenable fluidic material. The wiper plug. 320 
preferably passes through the first and fifth passages, 260 
and 285, and into the chamber 305. Inside the chamber 305, 
the wiper plug. 320 preferably forces substantially all of the 
hardenable fluidic material out of the chamber 305 through 
the sixth passage 290. The wiper plug. 320 then preferably 
lodges in and fluidicly seals off the sixth passage 290. In this 
manner, the chamber 305 is optimally fluidicly isolated from 
the chamber 315. Furthermore, the amount of hardenable 
sealing material within the chamber 305 is minimized. 
0090. As illustrated in FIG. 1D, a conventional sealing 
ball or plug. 325 is then preferably injected into the first 
passage 260 using a non-hardenable fluidic material. The 
sealing ball 325 preferably lodges in and fluidicly seals off 
the throat 280. In this manner, the first passage 260 is 
fluidicly isolated from the fifth fluid passage 285. Conse 
quently, the injected non-hardenable fluidic sealing material 
passes from the first passage 260 into the third passage 270 
and into the annular chamber 300. In this manner, the 
annular chamber 300 is pressurized. 
0091 As illustrated in FIG. 1 E. continued injection of a 
non-hardenable fluidic material into the annular chamber 
300 preferably increases the operating pressure within the 
annular chamber 300, and thereby causes the expansion 
cone 230 to move in the axial direction. In a preferred 
embodiment, the axial movement of the expansion cone 230 
radially expands the tubular member 200. In a preferred 
embodiment, the annular chamber 300 is pressurized to 
operating pressures ranging from about 1000 to 10000 psi. 
during the radial expansion process. In a preferred embodi 
ment, the pressure differential between the first passage 260 
and the fifth passage 285 is maintained at least about 1000 
to 10000 psi. during the radial expansion process in order to 
optimally fluidicly seal the throat 280 using the sealing ball 
325. 

0092. In a preferred embodiment, during the axial move 
ment of the expansion cone 230, at least a portion of the 
interface between the expansion cone 230 and the tubular 
member 200 is fluidicly sealed by the sealing members 240a 
and 240b. In a preferred embodiment, during the axial 
movement of the expansion cone 230, at least a portion of 
the interface between the expansion cone 230 and the second 
support member 215 is fluidicly sealed by the sealing 
members 245a, 245b and 240c. In this manner, the annular 
chamber 300 is optimally fluidicly isolated from the cham 
ber 305 during the radial expansion process. 
0093. During the radial expansion process, the volumet 
ric size of the annular chamber 300 preferably increases 
while the volumetric size of the chamber 305 preferably 
decreases during the radial expansion process. In a preferred 
embodiment during the radial expansion process, fluidic 
materials within the decreasing chamber 305 are transmitted 
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to the chamber 310 using the fourth and fifth passages, 275 
and 285. In this manner, the rate and amount of axial 
movement of the expansion cone 230 is optimally controlled 
by the flow rate of fluidic materials conveyed from the 
chamber 300 to the chamber 310. In a preferred embodi 
ment, the fourth passage 275 further includes a conventional 
pressure compensated valve in order to optimally control the 
initiation of the radial expansion process. In a preferred 
embodiment, the fourth passage 275 further includes a 
conventional pressure compensated orifice in order to opti 
mally control the rate of the radial expansion process. 
0094. In a preferred embodiment, continued radial expan 
sion of the tubular member 200 by the expansion cone 230 
causes the sealing members 250 to contact the inside surface 
of the existing casing 115. In this manner, the interface 
between the radially expanded tubular member 200 and the 
preexisting casing 115 is optimally fluidicly sealed. Further 
more, in a preferred embodiment, continued radial expan 
sion of the tubular member 200 by the expansion cone 230 
causes the anchor 255 to contact and at least partially 
penetrate the inside Surface of the preexisting casing 115. In 
this manner, the radially expanded tubular member 200 is 
optimally coupled to the preexisting casing 115. 
0.095 As illustrated in FIG. 1F, upon the completion of 
the radial expansion process using the apparatus 200 and the 
curing of the hardenable fluidic sealing material, a new 
section of wellbore casing is generated that preferably 
includes the radially expanded tubular member 200 and an 
outer annular fluidic sealing member 330. In this manner, a 
new section of wellbore casing is generated by radially 
expanding a tubular member into contact with a preexisting 
section of wellbore casing. In several alternative preferred 
embodiments, the apparatus 200 is used to form or repair a 
wellbore casing, a pipeline, or a structural Support. 
0096 Referring now to FIGS. 2A-2O, and 3A-3J, a 
preferred embodiment of an apparatus 500 for forming or 
repairing a wellbore casing, pipeline or structural Support 
will be described. The apparatus 500 preferably includes a 
first support member 505, a debris shield 510, a second 
support member 515, one or more crossover valve members 
520, a force multiplier outer support member 525, a force 
multiplier inner support member 530, a force multiplier 
piston 535, a force multiplier sleeve 540, a first coupling 
545, a third support member 550, a spring spacer 555, a 
preload spring 560, a lubrication fitting 565, a lubrication 
packer sleeve 570, a body of lubricant 575, a mandrel 580, 
an expansion cone 585, a centralizer 590, a liner hanger 595, 
a travel port sealing sleeve 600, a second coupling 605, a 
collet mandrel 610, a load transfer sleeve 615, one or more 
locking dogs 620, a locking dog retainer 622, a collet 
assembly 625, a collet retaining sleeve 635, a collet retaining 
adapter 640, an outer collet support member 645, a liner 
hanger setting sleeve 650, one or more crossover valve shear 
pins 655, one or more set screws 660, one or more collet 
retaining sleeve shear pins 665, a first passage 670, one or 
more second passages 675, a third passage 680, one or more 
crossover valve chambers 685, a primary throat passage 690, 
a secondary throat passage 695, a fourth passage 700, one or 
more inner crossover ports 705, one or more outer crossover 
ports 710, a force multiplier piston chamber 715, a force 
multiplier exhaust chamber 720, one or more force multi 
plier exhaust passages 725, a second annular chamber 735, 
one or more expansion cone travel indicator ports 740, one 
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or more collet release ports 745, a third annular chamber 
750, a collet release throat passage 755, a fifth passage 760, 
one or more sixth passages 765, one or more seventh 
passages 770, one or more collet sleeve passages 775, one or 
more force multiplier supply passages 790, a first lubrication 
Supply passage 795, a second lubrication Supply passage 
800, and a collet sleeve release chamber 805. 

0097. The first support member 505 is coupled to the 
debris shield 510 and the second support member 515. The 
first support member 505 includes the first passage 670 and 
the second passages 675 for conveying fluidic materials. The 
first support member 505 preferably has a substantially 
annular cross section. The first support member 505 may be 
fabricated from any number of conventional commercially 
available materials. In a preferred embodiment, the first 
support member 505 is fabricated from alloy steel having a 
minimum yield strength ranging from about 75,000 to 
140,000 psi in order to optimally provide high strength and 
resistance to abrasion and fluid erosion. The first Support 
member 505 preferably further includes a first end 1005, a 
second end 1010, a first threaded portion 1015, a sealing 
member 1020, a second threaded portion 1025, and a collar 
1035. 

0098. The first end 1005 of the first support member 505 
preferably includes the first threaded portion 1015 and the 
first passage 670. The first threaded portion 1015 is prefer 
ably adapted to be removably coupled to a conventional 
support member. The first threaded portion 1015 may 
include any number of conventional commercially available 
threads. In a preferred embodiment, the first threaded por 
tion 1015 is a 4%" API IF box threaded portion in order to 
optimally provide high tensile strength. 

0099] The second end 1010 of the first support member 
505 is preferably adapted to extend within both the debris 
shield 510 and the second support member 515. The second 
end 1010 of the first support member 505 preferably 
includes the sealing member 1020, the second threaded 
portion 1025, the first passage 670, and the second passages 
675. The sealing member 1020 is preferably adapted to 
fluidicly seal the interface between first support member 505 
and the second support member 515. The sealing member 
1020 may comprise any number of conventional commer 
cially available sealing members. In a preferred embodi 
ment, the sealing member 1020 is an O-ring sealing member 
available from Parker Seals in order to optimally provide a 
fluidic seal. The second threaded portion 1025 is preferably 
adapted to be removably coupled to the second Support 
member 515. The second threaded portion 1025 may com 
prise any number of conventional commercially available 
threaded portions. In a preferred embodiment, the second 
threaded portion 1025 is a stub acme thread available from 
Halliburton Energy Services in order to optimally provide 
high tensile strength. In a preferred embodiment, the second 
end 1010 of the first support member 505 includes a plurality 
of the passages 675 in order to optimally provide a large 
flow cross sectional area. The collar 1035 preferably extends 
from the second end 1010 of the first support member 505 
in an outward radial direction. In this manner, the collar 
1035 provides a mounting support for the debris shield 510. 

0100. The debris shield 510 is coupled to the first support 
member 505. The debris shield 510 preferably prevents 
foreign debris from entering the passage 680. In this manner, 



US 2006/0213668A1 

the operation of the apparatus 200 is optimized. The debris 
shield 510 preferably has a substantially annular cross 
section. The debris shield 510 may be fabricated from any 
number of conventional commercially available materials. 
In a preferred embodiment, the debris shield 510 is fabri 
cated from alloy steel having a minimum yield strength 
ranging from about 75,000 to 140,000 psi in order to 
optimally provide resistance to erosion. The debris shield 
510 further preferably includes a first end 1040, a second 
end 1045, a channel 1050, and a sealing member 1055. 

0101 The first end 1040 of the debris shield 510 is 
preferably positioned above both the outer surface of the 
second end 1010 of the first support member 505 and the 
second passages 675 and below the inner surface of the 
second support member 515. In this manner, fluidic mate 
rials from the passages 675 flow from the passages 675 to 
the passage 680. Furthermore, the first end 1040 of the 
debris shield 510 also preferably prevents the entry of 
foreign materials into the passage 680. 

0102) The second end 1045 of the debris shield 510 
preferably includes the channel 1050 and the sealing mem 
ber 1055. The channel 1050 of the Second end 1045 of the 
debris shield 510 is preferably adapted to mate with and 
couple to the collar 1035 of the second end 1010 of the first 
support member 505. The sealing member 1055 is prefer 
ably adapted to seal the interface between the second end 
1010 of the first support member 505 and the second end 
1045 of the debris shield 510. The sealing member 1055 may 
comprise any number of conventional commercially avail 
able sealing members. In a preferred embodiment, the 
sealing member 1055 is an O-ring sealing member available 
from Parker Seals in order to optimally provide a fluidic 
seal. 

0103) The second support member 515 is coupled to the 
first support member 505 the force multiplier outer support 
member 525, the force multiplier inner support member 530, 
and the crossover valve shear pins 655. The second support 
member 515 is movably coupled to the crossover valve 
members 520. The second support member 515 preferably 
has a Substantially annular cross section. The second Support 
member 515 may be fabricated from any number of con 
ventional commercially available materials. In a preferred 
embodiment, the second support member 515 is fabricated 
from alloy steel having a minimum yield strength ranging 
from about 75,000 to 140,000 psi in order to optimally 
provide high strength and resistance to abrasion and fluid 
erosion. The second support member 515 preferably further 
includes a first end 1060, an intermediate portion 1065, a 
second end 1070, a first threaded portion 1075, a second 
threaded portion 1080, a third threaded portion 1085, a first 
sealing member 1090, a second sealing member 1095, and 
a third sealing member 1100. 

0104. The first end 1060 of the second support member 
515 is preferably adapted to contain the second end 1010 of 
the first support member 505 and the debris shield 510. The 
first end 1060 of the second support member 515 preferably 
includes the third passage 680 and the first threaded portion 
1075. The first threaded portion 1075 of the first end 1060 
of the second support member 515 is preferably adapted to 
be removably coupled to the second threaded portion 1025 
of the second end 1010 of the first support member 505. The 
first threaded portion 1075 may include any number of 
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conventional commercially available threaded portions. In a 
preferred embodiment, the first threaded portion 1075 is a 
stub acme thread available from Halliburton Energy Ser 
vices in order to optimally provide high tensile strength. 
0105. The intermediate portion 1065 of the second sup 
port member 515 preferably includes the crossover valve 
members 520, the crossover valve shear pins 655, the 
crossover valve chambers 685, the primary throat passage 
690, the secondary throat passage 695, the fourth passage 
700, the seventh passages 770, the force multiplier supply 
passages 790, the second threaded portion 1080, the first 
sealing member 1090, and the second sealing member 1095. 
The second threaded portion 1080 is preferably adapted to 
be removably coupled to the force multiplier outer support 
member 525. The second threaded portion 1080 may include 
any number of conventional commercially available 
threaded portions. In a preferred embodiment, the second 
threaded portion 1080 is a stub acme thread available from 
Halliburton Energy Services in order to optimally provide 
high tensile strength. The first and second sealing members, 
1090 and 1095, are preferably adapted to fluidicly seal the 
interface between the intermediate portion 1065 of the 
second support member 515 and the force multiplier outer 
support member 525. 
0106 The second end 1070 of the second support mem 
ber 515 preferably includes the fourth passage 700, the third 
threaded portion 1085, and the third sealing member 1100. 
The third threaded portion 1085 of the second end 1070 of 
the second support member 515 is preferably adapted to be 
removably coupled to the force multiplier inner support 
member 530. The third threaded portion 1085 may include 
any number of conventional commercially available 
threaded portions. In a preferred embodiment, the third 
threaded portion 1085 is a stub acme thread available from 
Halliburton Energy Services in order to optimally provide 
high tensile strength. The third sealing member 1100 is 
preferably adapted to fluidicly seal the interface between the 
second end 1070 of the second support member 515 and the 
force multiplier inner support member 530. The third sealing 
member 1100 may comprise any number of conventional 
commercially available sealing members. In a preferred 
embodiment, the third sealing member 1100 is an o-ring 
sealing member available from Parker Seals in order to 
optimally provide a fluidic seal. 
0107 Each crossover valve member 520 is coupled to 
corresponding crossover valve shear pins 655. Each cross 
over valve member 520 is also movably coupled to the 
second support member 515 and contained within a corre 
sponding crossover valve chamber 685. Each crossover 
valve member 520 preferably has a substantially circular 
cross-section. The crossover valve members 520 may be 
fabricated from any number of conventional commercially 
available materials. In a preferred embodiment, the cross 
over valve members 520 are fabricated from alloy steel 
having a minimum yield strength ranging from about 75,000 
to 140,000 psi in order to optimally provide high strength 
and resistance to abrasion and fluid erosion. In a preferred 
embodiment, each crossover valve member 520 includes a 
first end 1105, an intermediate portion 1110, a second end 
1115, a first sealing member 1120, a second sealing member 
1125, and recesses 1130. 
0108). The first end 1105 of the crossover valve member 
520 preferably includes the first sealing member 1120. The 
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outside diameter of the first end 1105 of the crossover valve 
member 520 is preferably less than the inside diameter of the 
corresponding crossover valve chamber 685 in order to 
provide a sliding fit. In a preferred embodiment, the outside 
diameter of the first end 1105 of the crossover valve member 
520 is preferably about 0.005 to 0.010 inches less than the 
inside diameter of the corresponding crossover valve cham 
ber 685 in order to provide an optimal sliding fit. The first 
sealing member 1120 is preferably adapted to fluidicly seal 
the dynamic interface between the first end 1105 of the 
crossover valve member 520 and the corresponding cross 
over valve chamber 685. The first sealing member 1120 may 
include any number of conventional commercially available 
sealing members. In a preferred embodiment, the first seal 
ing member 1120 is an o-ring sealing member available 
from Parker Seals in order to optimally provide a dynamic 
fluidic seal. 

0109) The intermediate end 1110 of the crossover valve 
member 520 preferably has an outside diameter that is less 
than the outside diameters of the first and second ends, 1105 
and 1115, of the crossover valve member 520. In this 
manner, fluidic materials are optimally conveyed from the 
corresponding inner crossover port 705 to the corresponding 
outer crossover ports 710 during operation of the apparatus 
2OO. 

0110. The second end 1115 of the crossover valve mem 
ber 520 preferably includes the second sealing member 1125 
and the recesses 1130. The outside diameter of the second 
end 1115 of the crossover valve member 520 is preferably 
less than the inside diameter of the corresponding crossover 
valve chamber 685 in order to provide a sliding fit. In a 
preferred embodiment, the outside diameter of the second 
end 1115 of the crossover valve member 520 is preferably 
about 0.005 to 0.010 inches less than the inside diameter of 
the corresponding crossover valve chamber 685 in order to 
provide an optimal sliding fit. The second sealing member 
1125 is preferably adapted to fluidicly seal the dynamic 
interface between the second end 1115 of the crossover 
valve member 520 and the corresponding crossover valve 
chamber 685. The second sealing member 1125 may include 
any number of conventional commercially available sealing 
members. In a preferred embodiment, the second sealing 
member 1125 is an o-ring sealing member available from 
Parker Seals in order to optimally provide a dynamic fluidic 
seal. The recesses 1130 are preferably adapted to receive the 
corresponding crossover valve shear pins 655. In this man 
ner, the crossover valve member 520 is maintained in a 
Substantially stationary position. 

0111. The force multiplier outer support member 525 is 
coupled to the second support member 515 and the liner 
hanger 595. The force multiplier outer support member 525 
preferably has a Substantially annular cross section. The 
force multiplier outer support member 525 may be fabri 
cated from any number of conventional commercially avail 
able materials. In a preferred embodiment, the force multi 
plier outer support member 525 is fabricated from alloy steel 
having a minimum yield strength ranging from about 75,000 
to 140,000 psi in order to optimally provide high strength 
and resistance to abrasion and fluid erosion. The force 
multiplier outer support member 525 preferably further 
includes a first end 1135, a second end 1140, a first threaded 
portion 1145, and a sealing member 1150. 
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0112 The first end 1135 of the force multiplier outer 
support member 525 preferably includes the first threaded 
portion 1145 and the force multiplier piston chamber 715. 
The first threaded portion 1145 is preferably adapted to be 
removably coupled to the second threaded portion 1080 of 
the intermediate portion 1065 of the second support member 
515. The first threaded portion 1145 may include any 
number of conventional commercially available threads. In 
a preferred embodiment, the first threaded portion 1145 is a 
stub acme thread in order to optimally provide high tensile 
strength. 

0113. The second end 1140 of the force multiplier outer 
support member 525 is preferably adapted to extend within 
at least a portion of the liner hanger 595. The second end 
1140 of the force multiplier outer support member 525 
preferably includes the sealing member 1150 and the force 
multiplier piston chamber 715. The sealing member 1150 is 
preferably adapted to fluidicly seal the interface between the 
second end 1140 of the force multiplier outer support 
member 525 and the liner hanger 595. The sealing member 
1150 may comprise any number of conventional commer 
cially available sealing members. In a preferred embodi 
ment, the sealing member 1150 is an o-ring with seal 
backups available from Parker Seals in order to optimally 
provide a fluidic seal. 

0114. The force multiplier inner support member 530 is 
coupled to the second support member 515 and the first 
coupling 545. The force multiplier inner support member 
530 is movably coupled to the force multiplier piston 535. 
The force multiplier inner support member 530 preferably 
has a Substantially annular cross-section. The force multi 
plier inner support member 530 may be fabricated from any 
number of conventional commercially available materials. 
In a preferred embodiment, the force multiplier inner Sup 
port member 530 is fabricated from alloy steel having a 
minimum yield strength ranging from about 75,000 to 
140,000 psi in order to optimally provide high strength and 
resistance to abrasion and fluid erosion. In a preferred 
embodiment, the outer surface of the force multiplier inner 
support member 530 includes a nickel plating in order to 
provide an optimal dynamic seal with the force multiplier 
piston 535. In a preferred embodiment, the force multiplier 
inner support member 530 further includes a first end 1155. 
a second end 1160, a first threaded portion 1165, and a 
second threaded portion 1170. 

0115 The first end 1155 of the force multiplier inner 
support member 530 preferably includes the first threaded 
portion 1165 and the fourth passage 700. The first threaded 
portion 1165 of the first end 1155 of the force multiplier 
inner support member 530 is preferably adapted to be 
removably coupled to the third threaded portion 1085 of the 
second end 1070 of the second support member 515. The 
first threaded portion 1165 may comprise any number of 
conventional commercially available threaded portions. In a 
preferred embodiment, the first threaded portion 1165 is a 
stub acme thread available from Halliburton Energy Ser 
vices in order to optimally provide high tensile strength. 

0.116) The second end 1160 of the force multiplier inner 
support member 530 preferably includes the second 
threaded portion 1170, the fourth passage 700, and the force 
multiplier exhaust passages 725. The second threaded por 
tion 1170 of the second end 1160 of the force multiplier 
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inner support member 530 is preferably adapted to be 
removably coupled to the first coupling 545. The second 
threaded portion 1170 may comprise any number of con 
ventional commercially available threaded portions. In a 
preferred embodiment, the second threaded portion 1170 is 
a stub acme thread available from Halliburton Energy Ser 
vices in order to optimally provide high tensile strength. 

0117 The force multiplier piston 535 is coupled to the 
force multiplier sleeve 540. The force multiplier piston 535 
is movably coupled to the force multiplier inner support 
member 530. The force multiplier piston 535 preferably has 
a Substantially annular cross-section. The force multiplier 
piston 535 may be fabricated from any number of conven 
tional commercially available materials. In a preferred 
embodiment, the force multiplier piston 535 is fabricated 
from alloy steel having a minimum yield strength ranging 
from about 75,000 to 140,000 psi in order to optimally 
provide high strength and resistance to abrasion and fluid 
erosion. In a preferred embodiment, the force multiplier 
piston 535 further includes a first end 1175, a second end 
1180, a first sealing member 1185, a first threaded portion 
1190, and a second sealing member 1195. 
0118. The first end 1175 of the force multiplier piston 535 
preferably includes the first sealing member 1185. The first 
sealing member 1185 is preferably adapted to fluidicly seal 
the dynamic interface between the inside surface of the force 
multiplier piston 535 and the outside surface of the inner 
force multiplier support member 530. The first sealing 
member 1185 may include any number of conventional 
commercially available sealing members. In a preferred 
embodiment, the first sealing member 1185 is an o-ring with 
seal backups available from Parker Seals in order to opti 
mally provide a dynamic seal. 

0119) The second end 1180 of the force multiplier piston 
535 preferably includes the first threaded portion 1190 and 
the second sealing member 1195. The first threaded portion 
1190 is preferably adapted to be removably coupled to the 
force multiplier sleeve 540. The first threaded portion 1190 
may include any number of conventional commercially 
available threaded portions. In a preferred embodiment, the 
first threaded portion 1190 is a stub acme thread available 
from Halliburton Energy Services in order to optimally 
provide high tensile strength. The second sealing member 
1195 is preferably adapted to fluidicly seal the interface 
between the second end 1180 of the force multiplier piston 
535 and the force multiplier sleeve 540. The second sealing 
member 1195 may include any number of conventional 
commercially available sealing members. In a preferred 
embodiment, the second sealing member 1195 is an o-ring 
sealing member available from Parker Seals in order to 
optimally provide a fluidic seal. 

0120) The force multiplier sleeve 540 is coupled to the 
force multiplier piston 535. The force multiplier sleeve 540 
is movably coupled to the first coupling 545. The force 
multiplier sleeve 540 preferably has a substantially annular 
cross-section. The force multiplier sleeve 540 may be fab 
ricated from any number of conventional commercially 
available materials. In a preferred embodiment, the force 
multiplier sleeve 540 is fabricated from alloy steel having a 
minimum yield strength ranging from about 75,000 to 
140,000 psi in order to optimally provide high strength and 
resistance to abrasion and fluid erosion. In a preferred 
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embodiment, the inner surface of the force multiplier sleeve 
540 includes a nickel plating in order to provide an optimal 
dynamic Seal with the outside Surface of the first coupling 
545. In a preferred embodiment, the force multiplier sleeve 
540 further includes a first end 1200, a second end 1205, and 
a first threaded portion 1210. 
0121 The first end 1200 of the force multiplier sleeve 
540 preferably includes the first threaded portion 1210. The 
first threaded portion 1210 of the first end 1200 of the force 
multiplier sleeve 540 is preferably adapted to be removably 
coupled to the first threaded portion 1190 of the second end 
1180 of the force multiplier piston 535. The first threaded 
portion 1210 may comprise any number of conventional 
commercially available threaded portions. In a preferred 
embodiment, the first threaded portion 1210 is a stub acme 
thread available from Halliburton Energy Services in order 
to optimally provide high tensile strength. 
0.122 The first coupling 545 is coupled to the force 
multiplier inner support member 530 and the third support 
member 550. The first coupling 545 is movably coupled to 
the force multiplier sleeve 540. The first coupling 545 
preferably has a Substantially annular cross-section. The first 
coupling 545 may be fabricated from any number of con 
ventional commercially available materials. In a preferred 
embodiment, the first coupling 545 is fabricated from alloy 
steel having a minimum yield strength ranging from about 
75,000 to 140,000 psi in order to optimally provide high 
strength and resistance to abrasion and fluid erosion. In a 
preferred embodiment, the first coupling 545 further 
includes the fourth passage 700, a first end 1215, a second 
end 1220, a first inner sealing member 1225, a first outer 
sealing member 1230, a first threaded portion 1235 a second 
inner sealing member 1240, a second outer sealing member 
1245, and a second threaded portion 1250. 
0123. The first end 1215 of the first coupling 545 pref 
erably includes the first inner sealing member 1225, the first 
outer sealing member 1230, and the first threaded portion 
1235. The first inner sealing member 1225 is preferably 
adapted to fluidicly seal the interface between the first end 
1215 of the first coupling 545 and the second end 1160 of the 
force multiplier inner support member 530. The first inner 
sealing member 1225 may include any number of conven 
tional commercially available sealing members. In a pre 
ferred embodiment, the first inner sealing member 1225 is an 
o-ring seal available from Parker Seals in order to optimally 
provide a fluidic seal. The first outer sealing member 1230 
is preferably adapted to prevent foreign materials from 
entering the interface between the first end 1215 of the first 
coupling 545 and the second end 1205 of the force multiplier 
sleeve 540. The first outer sealing member 1230 is further 
preferably adapted to fluidicly seal the interface between the 
first end 1215 of the first coupling 545 and the second end 
1205 of the force multiplier sleeve 540. The first outer 
sealing member 1230 may include any number of conven 
tional commercially available sealing members. In a pre 
ferred embodiment, the first outer sealing member 1230 is a 
seal backup available from Parker Seals in order to opti 
mally provide a barrier to foreign materials. The first 
threaded portion 1235 of the first end 1215 of the first 
coupling 545 is preferably adapted to be removably coupled 
to the second threaded portion 1170 of the second end 1160 
of the force multiplier inner support member 530. The first 
threaded portion 1235 may comprise any number of con 
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ventional commercially available threaded portions. In a 
preferred embodiment, the first threaded portion 1235 is a 
stub acme thread available from Halliburton Energy Ser 
vices in order to optimally provide high tensile strength. 

0.124. The second end 1220 of the first coupling 545 
preferably includes the second inner sealing member 1240, 
the second outer sealing member 1245, and the second 
threaded portion 1250. The second inner sealing member 
1240 is preferably adapted to fluidicly seal the interface 
between the second end 1220 of the first coupling 545 and 
the third support member 550. The second inner sealing 
member 1240 may include any number of conventional 
commercially available sealing members. In a preferred 
embodiment, the second inner sealing member 1240 is an 
o-ring available from Parker Seals in order to optimally 
provide a fluidic seal. The second outer sealing member 
1245 is preferably adapted to fluidicly seal the dynamic 
interface between the second end 1220 of the first coupling 
545 and the second end 1205 of the force multiplier sleeve 
540. The second outer sealing member 1245 may include 
any number of conventional commercially available sealing 
members. In a preferred embodiment, the second outer 
sealing member 1245 is an o-ring with seal backups avail 
able from Parker Seals in order to optimally provide a fluidic 
seal. The second threaded portion 1250 of the second end 
1220 of the first coupling 545 is preferably adapted to be 
removably coupled to the third support member 550. The 
second threaded portion 1250 may comprise any number of 
conventional commercially available threaded portions. In a 
preferred embodiment, the second threaded portion 1250 is 
a stub acme thread available from Halliburton Energy Ser 
vices in order to optimally provide high tensile strength. 

0125) The third support member 550 is coupled to the 
first coupling 545 and the second coupling 605. The third 
support member 550 is movably coupled to the spring spacer 
555, the preload spring 560, the mandrel 580, and the travel 
port sealing sleeve 600. The third support member 550 
preferably has a Substantially annular cross-section. The 
third support member 550 may be fabricated from any 
number of conventional commercially available materials. 
In a preferred embodiment, the third support member 550 is 
fabricated from alloy steel having a minimum yield strength 
ranging from about 75,000 to 140,000 psi in order to 
optimally provide high strength and resistance to abrasion 
and fluid erosion. In a preferred embodiment, the outer 
surface of the third support member 550 includes a nickel 
plating in order to provide an optimal dynamic Seal with the 
inside surfaces of the mandrel 580 and the travel port sealing 
sleeve 600. In a preferred embodiment, the third support 
member 550 further includes a first end 1255, a second end 
1260, a first threaded portion 1265, and a second threaded 
portion 1270. 

0126 The first end 1255 of the third support member 550 
preferably includes the first threaded portion 1265 and the 
fourth passage 700. The first threaded portion 1265 of the 
first end 1255 of the third support member 550 is preferably 
adapted to be removably coupled to the second threaded 
portion 1250 of the second end 1220 of the first coupling 
545. The first threaded portion 1265 may comprise any 
number of conventional commercially available threaded 
portions. In a preferred embodiment, the first threaded 
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portion 1265 is a stub acme thread available from Hallibur 
ton Energy Services in order to optimally provide high 
tensile strength. 
0127. The second end 1260 of the third support member 
550 preferably includes the second threaded portion 1270 
and the fourth passage 700, and the expansion cone travel 
indicator ports 740. The second threaded portion 1270 of the 
second end 1260 of the third support member 550 is pref 
erably adapted to be removably coupled to the second 
coupling 605. The second threaded portion 1270 may com 
prise any number of conventional commercially available 
threaded portions. In a preferred embodiment, the second 
threaded portion 1270 is a stub acme thread available from 
Halliburton Energy Services in order to optimally provide 
high tensile strength. 
0128. The spring spacer 555 is coupled to the preload 
spring 560. The spring spacer is movably coupled to the 
third support member 550. The spring spacer 555 preferably 
has a substantially annular cross-section. The spring spacer 
555 may be fabricated from any number of conventional 
commercially available materials. In a preferred embodi 
ment, the spring spacer 555 is fabricated from alloy steel 
having a minimum yield strength ranging from about 75,000 
to 140,000 psi in order to optimally provide high strength 
and resistance to abrasion and fluid erosion. 

0129. The preload spring 560 is coupled to the spring 
spacer 555. The preload spring 560 is movably coupled to 
the third support member 550. The preload spring 560 may 
be fabricated from any number of conventional commer 
cially available materials. In a preferred embodiment, the 
preload spring 560 is fabricated from alloys of chromium 
Vanadium or chromium-silicon in order to optimally provide 
a high preload force for sealing the interface between the 
expansion cone 585 and the liner hanger 595. In a preferred 
embodiment, the preload spring 560 has a spring rate 
ranging from about 500 to 2000 lbf/in in order to optimally 
provide a preload force. 
0130. The lubrication fitting 565 is coupled to the lubri 
cation packer sleeve 570, the body of lubricant 575 and the 
mandrel 580. The lubrication fitting 565 preferably has a 
Substantially annular cross-section. The lubrication fitting 
565 may be fabricated from any number of conventional 
commercially available materials. In a preferred embodi 
ment, the lubrication fitting 565 is fabricated from alloy steel 
having a minimum yield strength ranging from about 75,000 
to 140,000 psi in order to optimally provide high strength 
and resistance to abrasion and fluid erosion. The lubrication 
fitting 565 preferably includes a first end 1275, a second end 
1280, a lubrication injection fitting 1285, a first threaded 
portion 1290, and the first lubrication supply passage 795. 
0131) The first end 1275 of the lubrication fitting 565 
preferably includes the lubrication injection fitting 1285, the 
first threaded portion 1290 and the first lubrication supply 
passage 795. The lubrication injection fitting 1285 is pref 
erably adapted to permit lubricants to be injected into the 
first lubrication supply passage 795. The lubrication injec 
tion fitting 1285 may comprise any number of conventional 
commercially available injection fittings. In a preferred 
embodiment, the lubrication injection fitting 1285 is a model 
1641-B grease fitting available from Alemite Corp. in order 
to optimally provide a connection for injecting lubricants. 
The first threaded portion 1290 of the first end 1275 of the 
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lubrication fitting 565 is preferably adapted to be removably 
coupled to the mandrel 580. The first threaded portion 1290 
may comprise any number of conventional commercially 
available threaded portions. In a preferred embodiment, the 
first threaded portion 1290 is a stub acme thread available 
from Halliburton Energy Services. The second end 1280 of 
the lubrication fitting 565 is preferably spaced above the 
outside surface of the mandrel 580 in order to define a 
portion of the first lubrication supply passage 795. 
0132) The lubrication packer sleeve 570 is coupled to the 
lubrication fitting 565 and the body of lubricant 575. The 
lubrication packer sleeve 570 is movably coupled to the liner 
hanger 595. The lubrication packer sleeve 570 is preferably 
adapted to fluidicly seal the radial gap between the outside 
surface of the second end 1280 of the lubrication fitting 565 
and the inside surface of the liner hanger 595. The lubrica 
tion packer sleeve 570 is further preferably adapted to 
compress the body of lubricant 575. In this manner, the 
lubricants within the body of lubricant 575 are optimally 
pumped to outer surface of the expansion cone 585. 
0133. The lubrication packer sleeve 570 may comprise 
any number of conventional commercially available packer 
sleeves. In a preferred embodiment, the lubrication packer 
sleeve 570 is a 70 durometer packer available from Halli 
burton Energy Services in order to optimally provide a low 
pressure fluidic seal. 
0134) The body of lubricant 575 is fluidicly coupled to 
the first lubrication supply passage 795 and the second 
lubrication supply passage 800. The body of lubricant 575 is 
movably coupled to the lubrication fitting 565, the lubrica 
tion packer sleeve 570, the mandrel 580, the expansion cone 
585 and the liner hanger 595. The body of lubricant 575 
preferably provides a supply of lubricant for lubricating the 
dynamic interface between the outside surface of the expan 
sion cone 585 and the inside surface of the liner hanger 595. 
The body of lubricant 575 may include any number of 
conventional commercially available lubricants. In a pre 
ferred embodiment, the body of lubricant 575 includes 
anti-seize 1500 available from Climax Lubricants and 
Equipment Co. in order to optimally provide high pressure 
lubrication. 

0135) In a preferred embodiment, during operation of the 
apparatus 500, the body of lubricant 575 lubricates the 
interface between the interior surface of the expanded por 
tion of the liner hanger 595 and the exterior surface of the 
expansion cone 585. In this manner, when the expansion 
cone 585 is removed from the interior of the radially 
expanded liner hanger 595, the body of lubricant 575 
lubricates the dynamic interfaces between the interior sur 
face of the expanded portion of the liner hanger 595 and the 
exterior surface of the expansion cone 585. Thus, the body 
of lubricant 575 optimally reduces the force required to 
remove the expansion cone 585 from the radially expanded 
liner hanger 595. 
0136. The mandrel 580 is coupled to the lubrication 

fitting 565, the expansion cone 585, and the centralizer 590. 
The mandrel 580 is movably coupled to the third support 
member 550, the body of lubricant 575, and the liner hanger 
595. The mandrel 580 preferably has a substantially annular 
cross-section. The mandrel 580 may be fabricated from any 
number of conventional commercially available materials. 
In a preferred embodiment, the mandrel 580 is fabricated 
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from alloy steel having a minimum yield strength ranging 
from about 75,000 to 140,000 psi in order to optimally 
provide high strength and resistance to abrasion and fluid 
erosion. In a preferred embodiment, the mandrel 580 further 
includes a first end 1295, an intermediate portion 1300. 
second end 1305, a first threaded portion 1310, a first sealing 
member 1315, a second sealing member 1320, and a second 
threaded portion 1325, a first wear ring 1326, and a second 
wear ring 1327. 
0137) The first end 1295 of the mandrel 580 preferably 
includes the first threaded portion 1310, the first sealing 
member 1315, and the first wear ring 1326. The first 
threaded portion 1310 is preferably adapted to be removably 
coupled to the first threaded portion 1290 of the first end 
1275 of the lubrication fitting 565. The first threaded portion 
1310 may comprise any number of conventional commer 
cially available threaded portions. In a preferred embodi 
ment, the first threaded portion 1310 is a stub acme thread 
available from Halliburton Energy Services in order to 
optimally provide high tensile strength. The first sealing 
member 1315 is preferably adapted to fluidicly seal the 
dynamic interface between the inside surface of the first end 
1295 of the mandrel 580 and the outside Surface of the third 
support member 550. The first sealing member 1315 may 
comprise any number of conventional commercially avail 
able sealing members. In a preferred embodiment, the first 
sealing member 1315 is an o-ring with seal backups avail 
able from Parker Seals in order to optimally provide a 
dynamic fluidic seal. The first wear ring 1326 is preferably 
positioned within an interior groove formed in the first end 
1295 of the mandrel 580. The first wear ring 1326 is 
preferably adapted to maintain concentricity between and 
among the mandrel 580 and the third support member 550 
during axial displacement of the mandrel 580, reduce fric 
tional forces, and Support side loads. In a preferred embodi 
ment, the first wear ring 1326 is a model GR2C wear ring 
available from Busak & Shamban. 

0.138. The outside diameter of the intermediate portion 
1300 of the mandrel 580 is preferably about 0.05 to 0.25 
inches less than the inside diameter of the line hanger 595. 
In this manner, the second lubrication Supply passage 800 is 
defined by the radial gap between the intermediate portion 
1300 of the mandrel 580 and the liner hanger 595. 
0.139. The second end 1305 of the mandrel 580 preferably 
includes the second sealing member 1320, the second 
threaded portion 1325, and the second wear ring 1327. The 
second sealing member 1320 is preferably adapted to flu 
idicly seal the interface between the inside surface of the 
expansion cone 585 and the outside surface of the mandrel 
580. The second sealing member 1320 may comprise any 
number of conventional commercially available sealing 
members. In a preferred embodiment, the second sealing 
member 1320 is an o-ring sealing member available from 
Parker Seals in order to optimally provide a fluidic seal. The 
second threaded portion 1325 is preferably adapted to be 
removably coupled to the centralizer 590. The second 
threaded portion 1325 may comprise any number of con 
ventional commercially available threaded portions. In a 
preferred embodiment, the second threaded portion 1325 is 
a stub acme thread available from Halliburton Energy Ser 
vices in order to optimally provide high tensile strength. The 
second wear ring 1327 is preferably positioned within an 
interior groove formed in the second end 1305 of the 
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mandrel 580. The second wear ring 1327 is preferably 
adapted to maintain concentricity between and among the 
mandrel 580 and the third support member 550 during axial 
displacement of the mandrel 580, reduce frictional forces, 
and Support side loads. In a preferred embodiment, the 
second wear ring 1327 is a model GR2C wear ring available 
from Busak & Shamban. 

0140. The expansion cone 585 is coupled to the mandrel 
580 and the centralizer 590. The expansion cone 585 is 
fluidicly coupled to the second lubrication Supply passage 
800. The expansion cone 585 is movably coupled to the 
body of lubricant 575 and the liner hanger 595. The expan 
sion cone 585 preferably includes a substantially annular 
cross-section. The expansion cone 585 may be fabricated 
from any number of conventional commercially available 
materials. In a preferred embodiment, the expansion cone 
585 is fabricated from cold worked tool steel in order to 
optimally provide high strength and wear resistance. 
0141. In a preferred embodiment, the expansion cone 585 

is further provided substantially as described in one or more 
of the following: (1) U.S. patent application Ser. No. 09/440, 
338, attorney docket number 25791.9.02, filed on Nov. 15, 
1999, which issued as U.S. Pat. No. 6,328,113, which 
claimed benefit of the filing date of U.S. Provisional Patent 
Application Ser. No. 60/108,558, attorney docket number 
25791.9, filed on Nov. 16, 1998, (2) U.S. patent application 
Ser. No. 09/454,139, attorney docket number 25791.3.02, 
filed on Dec. 3, 1999, which claimed benefit of the filing date 
of U.S. Provisional Patent Application Ser. No. 60/111.293, 
filed on Dec. 7, 1998, (3) U.S. patent application Ser. No. 
09/502,350, attorney docket number 25791.8.02, filed on 
Feb. 10, 2000, which claimed the benefit of the filing date of 
U.S. Provisional Patent Application Ser. No. 60/119,611, 
attorney docket number 25791.8, filed Feb. 11, 1999, (4) 
U.S. patent application Ser. No. 09/510.913, attorney docket 
number 25791.7.02, filed on Feb. 23, 2000, which claimed 
the benefit of the filing date of U.S. Provisional Patent 
Application Ser. No. 60/121.702, attorney docket number 
25791.7, filed on Feb. 25, 1999, (5) U.S. patent application 
Ser. No. 09/511.941, attorney docket number 25791. 16.02, 
filed on Feb. 24, 2000, which claimed the benefit of the filing 
date of U.S. Provisional Patent Application No. 60/121,907, 
attorney docket number 25791.16, filed Feb. 26, 1999, (6) 
U.S. Provisional Patent Application Ser. No. 60/124,042, 
attorney docket number 25791.11, filed on Mar. 11, 1999, 
(7) U.S. Provisional Patent Application Ser. No. 60/131,106, 
attorney docket number 25791.23, filed on Apr. 26, 1999, (8) 
U.S. Provisional Patent Application Ser. No. 60/137,998, 
attorney docket number 25791.17, filed on Jun. 7, 1999, (9) 
U.S. Provisional Patent Application Ser. No. 60/143,039, 
attorney docket number 25791.26, filed on Jul. 9, 1999, and 
(10) U.S. Provisional Patent Application Ser. No. 60/146, 
203, attorney docket number 25791.25, filed on Jul. 29, 
1999, the disclosures of which are incorporated by refer 
CCC. 

0142. The centralizer 590 is coupled to the mandrel 580 
and the expansion cone 585. The centralizer 590 is movably 
coupled to the liner hanger 595. The centralizer 590 pref 
erably includes a Substantially annular cross-section. The 
centralizer 590 may be fabricated from any number of 
conventional commercially available materials. In a pre 
ferred embodiment, the centralizer 590 is fabricated from 
alloy Steel having a minimum yield strength ranging from 
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about 75,000 to 140,000 in order to optimally provide high 
strength and resistance to abrasion and fluid erosion. The 
centralizer 590 preferably includes a first end 1330, a second 
end 1335, a plurality of centralizer fins 1340, and a threaded 
portion 1345. 
0143) The second end 1335 of the centralizer 590 pref 
erably includes the centralizer fins 1340 and the threaded 
portion 1345. The centralizer fins 1340 preferably extend 
from the second end 1335 of the centralizer 590 in a 
substantially radial direction. In a preferred embodiment, the 
radial gap between the centralizer fins 1340 and the inside 
surface of the liner hanger 595 is less than about 0.06 inches 
in order to optimally provide centralization of the expansion 
cone 585. The threaded portion 1345 is preferably adapted 
to be removably coupled to the second threaded portion 
1325 of the second end 1305 of the mandrel 580. The 
threaded portion 1345 may comprise any number of con 
ventional commercially available threaded portions. In a 
preferred embodiment, the threaded portion 1345 is a stub 
acme thread in order to optimally provide high tensile 
strength. 
0144) The liner hanger 595 is coupled to the outer collet 
support member 645 and the set screws 660. The liner 
hanger 595 is movably coupled to the lubrication packer 
sleeve 570, the body of lubricant 575, the expansion cone 
585, and the centralizer 590. The liner hanger 595 preferably 
has a Substantially annular cross-section. The liner hanger 
595 preferably includes a plurality of tubular members 
coupled end to end. The axial length of the liner hanger 595 
preferably ranges from about 5 to 12 feet. The liner hanger 
595 may be fabricated from any number of conventional 
commercially available materials. In a preferred embodi 
ment, the liner hanger 595 is fabricated from alloy steel 
having a minimum yield strength ranging from about 40,000 
to 125,000 psi in order to optimally provide high strength 
and ductility. The liner hanger 595 preferably includes a first 
end 1350, an intermediate portion 1355, a second end 1360, 
a sealing member 1365, a threaded portion 1370, one or 
more set screw mounting holes 1375, and one or more 
outside sealing portions 1380. 
0145 The outside diameter of the first end 1350 of the 
liner hanger 595 is preferably selected to permit the liner 
hanger 595 and apparatus 500 to be inserted into another 
opening or tubular member. In a preferred embodiment, the 
outside diameter of the first end 1350 of the liner hanger 595 
is selected to be about 0.12 to 2 inches less than the inside 
diameter of the opening or tubular member that the liner 
hanger 595 will be inserted into. In a preferred embodiment, 
the axial length of the first end 1350 of the liner hanger 595 
ranges from about 8 to 20 inches. 
0146 The outside diameter of the intermediate portion 
1355 of the liner hanger 595 preferably provides a transition 
from the first end 1350 to the Second end 1360 of the liner 
hanger. In a preferred embodiment, the axial length of the 
intermediate portion 1355 of the liner hanger 595 ranges 
from about 0.25 to 2 inches in order to optimally provide 
reduced radial expansion pressures. 
0147 The second end 1360 of the liner hanger 595 
includes the sealing member 1365, the threaded portion 
1370, the set screw mounting holes 1375 and the outside 
sealing portions 1380. The outside diameter of the second 
end 1360 of the liner hanger 595 is preferably about 0.10 to 
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2.00 inches less than the outside diameter of the first end 
1350 of the liner hanger 595 in order to optimally provide 
reduced radial expansion pressures. The sealing member 
1365 is preferably adapted to fluidicly seal the interface 
between the second end 1360 of the liner hanger and the 
outer collet support member 645. The sealing member 1365 
may comprise any number of conventional commercially 
available sealing members. In a preferred embodiment, the 
sealing member 1365 is an o-ring seal available from Parker 
Seals in order to optimally provide a fluidic seal. The 
threaded portion 1370 is preferably adapted to be removably 
coupled to the outer collet support member 645. The 
threaded portion 1370 may comprise any number of con 
ventional commercially available threaded portions. In a 
preferred embodiment, the threaded portion 1370 is a stub 
acme thread available from Halliburton Energy Services in 
order to optimally provide high tensile strength. The set 
screw mounting holes 1375 are preferably adapted to receive 
the set screws 660. Each outside sealing portion 1380 
preferably includes a top ring 1385, an intermediate sealing 
member 1395, and a lower ring 1390. The top and bottom 
rings, 1385 and 1390, are preferably adapted to penetrate the 
inside surface of a wellbore casing. The top and bottom 
rings, 1385 and 1390, preferably extend from the outside 
surface of the second end 1360 of the liner hanger 595. In 
a preferred embodiment, the outside diameter of the top and 
bottom rings, 1385 and 1390, are less than or equal to the 
outside diameter of the first end 1350 of the liner hanger 595 
in order to optimally provide protection from abrasion when 
placing the apparatus 500 within a wellbore casing or other 
tubular member. In a preferred embodiment, the top and 
bottom rings, 1385 and 1390 are fabricated from alloy steel 
having a minimum yield strength of about 40,000 to 125,000 
psi in order to optimally provide high Strength and ductility. 
In a preferred embodiment, the top and bottom rings, 1385 
and 1390, are integrally formed with the liner hanger 595. 
The intermediate sealing member 1395 is preferably adapted 
to seal the interface between the outside surface of the 
second end 1360 of the liner hanger 595 and the inside 
Surface of a wellbore casing. The intermediate sealing 
member 1395 may comprise any number of conventional 
sealing members. In a preferred embodiment, the interme 
diate sealing member 1395 is a 50 to 90 durometer nitrile 
elastomeric sealing member available from Eutsler Techni 
cal Products in order to optimally provide a fluidic seal and 
shear strength. 

0148. The liner hanger 595 is further preferably provided 
substantially as described in one or more of the following: 
(1) U.S. patent application Ser. No. 09/440,338, attorney 
docket number 25791.9.02, filed on Nov. 15, 1999, which 
issued as U.S. Pat. No. 6.328,113, which claimed benefit of 
the filing date of U.S. Provisional Patent Application Ser. 
No. 60/108,558, attorney docket number 25791.9, filed on 
Nov. 16, 1998, (2) U.S. patent application Ser. No. 09/454, 
139, attorney docket number 25791.3.02, filed on Dec. 3, 
1999, which claimed benefit of the filing date of U.S. 
Provisional Patent Application Ser. No. 60/111,293, filed on 
Dec. 7, 1998, (3) U.S. patent application Ser. No. 09/502, 
350, attorney docket number 25791.8.02, filed on Feb. 10, 
2000, which claimed the benefit of the filing date of U.S. 
Provisional Patent Application Ser. No. 60/119,611, attorney 
docket number 25791.8, filed Feb. 11, 1999, (4) U.S. patent 
application Ser. No. 09/510.913, attorney docket number 
25791.7.02, filed on Feb. 23, 2000, which claimed the 
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benefit of the filing date of U.S. Provisional Patent Appli 
cation Ser. No. 60/121,702, attorney docket number 
25791.7, filed on Feb. 25, 1999, (5) U.S. patent application 
Ser. No. 09/511.941, attorney docket number 25791. 16.02, 
filed on Feb. 24, 2000, which claimed the benefit of the filing 
date of U.S. Provisional Patent Application No. 60/121,907, 
attorney docket number 25791.16, filed Feb. 26, 1999, (6) 
U.S. Provisional Patent Application Ser. No. 60/124,042, 
attorney docket number 25791.11, filed on Mar. 11, 1999, 
(7) U.S. Provisional Patent Application Ser. No. 60/131,106, 
attorney docket number 25791.23, filed on Apr. 26, 1999, (8) 
U.S. Provisional Patent Application Ser. No. 60/137,998, 
attorney docket number 25791.17, filed on Jun. 7, 1999, (9) 
U.S. Provisional Patent Application Ser. No. 60/143,039, 
attorney docket number 25791.26, filed on Jul. 9, 1999, and 
(10) U.S. Provisional Patent Application Ser. No. 60/146, 
203, attorney docket number 25791.25, filed on Jul. 29, 
1999, the disclosures of which are incorporated by refer 
CCC. 

0.149 The travel port sealing sleeve 600 is movably 
coupled to the third support member 550. The travel port 
sealing sleeve 600 is further initially positioned over the 
expansion cone travel indicator ports 740. The travel port 
sealing sleeve 600 preferably has a substantially annular 
cross-section. The travel port sealing sleeve 600 may be 
fabricated from any number of conventional commercially 
available materials. In a preferred embodiment, the travel 
port sealing sleeve 600 is fabricated from alloy steel having 
a minimum yield strength of about 75,000 to 140,000 psi in 
order to optimally provide high strength and resistance to 
abrasion and fluid erosion. The travel port sealing sleeve 
preferably includes a plurality of inner sealing members 
1400. The inner sealing members 1400 are preferably 
adapted to seal the dynamic interface between the inside 
surface of the travel port sealing sleeve 600 and the outside 
surface of the third support member 550. The inner sealing 
members 1400 may comprise any number of conventional 
commercially available sealing members. In a preferred 
embodiment, the inner sealing members 1400 are o-rings 
available from Parker Seals in order to optimally provide a 
fluidic seal. In a preferred embodiment, the inner sealing 
members 1400 further provide sufficient frictional force to 
prevent inadvertent movement of the travel port sealing 
sleeve 600. In an alternative embodiment, the travel port 
sealing sleeve 600 is removably coupled to the third support 
member 550 by one or more shear pins. In this manner, 
accidental movement of the travel port sealing sleeve 600 is 
prevented. 

0150. The second coupling 605 is coupled to the third 
support member 550 and the collet mandrel 610. The second 
coupling 605 preferably has a substantially annular cross 
section. The second coupling 605 may be fabricated from 
any number of conventional commercially available mate 
rials. In a preferred embodiment, the second coupling 605 is 
fabricated from alloy steel having a minimum yield strength 
of about 75,000 to 140,000 psi in order to optimally provide 
high strength and resistance to abrasion and fluid erosion. In 
a preferred embodiment, the second coupling 605 further 
includes the fourth passage 700, a first end 1405, a second 
end 1410, a first inner sealing member 1415, a first threaded 
portion 1420, a second inner sealing member 1425, and a 
second threaded portion 1430. 
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0151. The first end 1405 of the second coupling 605 
preferably includes the first inner sealing member 1415 and 
the first threaded portion 1420. The first inner sealing 
member 1415 is preferably adapted to fluidicly seal the 
interface between the first end 1405 of the second coupling 
605 and the second end 1260 of the third support member 
550. The first inner sealing member 1415 may include any 
number of conventional commercially available sealing 
members. In a preferred embodiment, the first inner sealing 
member 1415 is an o-ring available from Parker Seals in 
order to optimally provide a fluidic seal. The first threaded 
portion 1420 of the first end 1415 of the second coupling 605 
is preferably adapted to be removably coupled to the second 
threaded portion 1270 of the second end 1260 of the third 
support member 550. The first threaded portion 1420 may 
comprise any number of conventional commercially avail 
able threaded portions. In a preferred embodiment, the first 
threaded portion 1420 is a stub acme thread available from 
Halliburton Energy Services in order to optimally provide 
high tensile strength. 
0152 The second end 1410 of the second coupling 605 
preferably includes the second inner sealing member 1425 
and the second threaded portion 1430. The second inner 
sealing member 1425 is preferably adapted to fluidicly seal 
the interface between the second end 1410 of the second 
coupling 605 and the collet mandrel 610. The second inner 
sealing member 1425 may include any number of conven 
tional commercially available sealing members. In a pre 
ferred embodiment, the second inner sealing member 1425 
is an o-ring available from Parker Seals in order to optimally 
provide a fluidic seal. The second threaded portion 1430 of 
the second end 1410 of the second coupling 605 is prefer 
ably adapted to be removably coupled to the collet mandrel 
610. The second threaded portion 1430 may comprise any 
number of conventional commercially available threaded 
portions. In a preferred embodiment, the second threaded 
portion 1430 is a stub acme thread available from Hallibur 
ton Energy Services in order to optimally provide high 
tensile strength. 

0153. The collet mandrel 610 is coupled to the second 
coupling 605, the collet retaining adapter 640, and the collet 
retaining sleeve shear pins 665. The collet mandrel 610 is 
releasably coupled to the locking dogs 620, the collet 
assembly 625, and the collet retaining sleeve 635. The collet 
mandrel 610 preferably has a substantially annular cross 
section. The collet mandrel 610 may be fabricated from any 
number of conventional commercially available materials. 
In a preferred embodiment, the collet mandrel 610 is fabri 
cated from alloy Steel having a minimum yield strength of 
about 75,000 to 140,000 psi in order to optimally provide 
high strength and resistance to abrasion and fluid erosion. In 
a preferred embodiment, the collet mandrel 610 further 
includes the fourth passage 700, the collet release ports 745, 
the collet release throat passage 755, the fifth passage 760, 
a first end 1435, a second end 1440, a first shoulder 1445, a 
second shoulder 1450, a recess 1455, a shear pin mounting 
hole 1460, a first threaded portion 1465, a second threaded 
portion 1470, and a sealing member 1475. 
0154) The first end 1435 of the collet mandrel 610 
preferably includes the fourth passage 700, the first shoulder 
1445, and the first threaded portion 1465. The first threaded 
portion 1465 is preferably adapted to be removably coupled 
to the second threaded portion 1430 of the second end 1410 
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of the second coupling 605. The first threaded portion 1465 
may include any number of conventional threaded portions. 
In a preferred embodiment, the first threaded portion 1465 is 
a stub acme thread available from Halliburton Energy Ser 
vices in order to optimally provide high tensile strength. 
O155 The second end 1440 of the collet mandrel 610 
preferably includes the fourth passage 700, the collet release 
ports 745, the collet release throat passage 755, the fifth 
passage 760, the second shoulder 1450, the recess 1455, the 
shear pin mounting hole 1460, the second threaded portion 
1470, and the sealing member 1475. The second shoulder 
1450 is preferably adapted to mate with and provide a 
reference position for the collet retaining sleeve 635. The 
recess 1455 is preferably adapted to define a portion of the 
collet sleeve release chamber 805. The shear pin mounting 
hole 1460 is preferably adapted to receive the collet retain 
ing sleeve shear pins 665. The second threaded portion 1470 
is preferably adapted to be removably coupled to the collet 
retaining adapter 640. The second threaded portion 1470 
may include any number of conventional commercially 
available threaded portions. In a preferred embodiment, the 
second threaded portions 1470 is a stub acme thread avail 
able from Halliburton Energy Services in order to optimally 
provide high tensile strength. The sealing member 1475 is 
preferably adapted to seal the dynamic interface between the 
outside surface of the collet mandrel 610 and the inside 
surface of the collet retaining sleeve 635. The sealing 
member 1475 may include any number of conventional 
commercially available sealing members. In a preferred 
embodiment, the sealing member 1475 is an o-ring available 
from Parker Seals in order to optimally provide a fluidic 
seal. 

0156 The load transfer sleeve 615 is movably coupled to 
the collet mandrel 610, the collet assembly 625, and the 
outer collet support member 645. The load transfer sleeve 
615 preferably has a substantially annular cross-section. The 
load transfer sleeve 615 may be fabricated from any number 
of conventional commercially available materials. In a pre 
ferred embodiment, the load transfer sleeve 615 is fabricated 
from alloy steel having a minimum yield strength of about 
75,000 to 140,000 psi in order to optimally provide high 
strength and resistance to abrasion and fluid erosion. In a 
preferred embodiment, the load transfer sleeve 615 further a 
first end 1480 and a second end 1485. 

O157 The inside diameter of the first end 1480 of the load 
transfer sleeve 615 is preferably greater than the outside 
diameter of the collet mandrel 610 and less than the outside 
diameters of the second coupling 605 and the locking dog 
retainer 622. In this manner, during operation of the appa 
ratus 500, the load transfer sleeve 615 optimally permits the 
flow of fluidic materials from the second annular chamber 
735 to the third annular chamber 750. Furthermore, in this 
manner, during operation of the apparatus 200, the load 
transfer sleeve 615 optimally limits downward movement of 
the second coupling 605 relative to the collet assembly 625. 
0158. The second end 1485 of the load transfer sleeve 
615 is preferably adapted to cooperatively interact with the 
collet 625. In this manner, during operation of the apparatus 
200, the load transfer sleeve 615 optimally limits downward 
movement of the second coupling 605 relative to the collet 
assembly 625. 
0159. The locking dogs 620 are coupled to the locking 
dog retainer 622 and the collet assembly 625. The locking 
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dogs 620 are releasably coupled to the collet mandrel 610. 
The locking dogs 620 are preferably adapted to lock onto the 
outside surface of the collet mandrel 610 when the collet 
mandrel 610 is displaced in the downward direction relative 
to the locking dogs 620. The locking dogs 620 may comprise 
any number of conventional commercially available locking 
dogs. In a preferred embodiment, the locking dogs 620 
include a plurality of locking dog elements 1490 and a 
plurality of locking dog springs 1495. 

0160 In a preferred embodiment, each of the locking dog 
elements 1490 include an arcuate segment including a pair 
of external grooves for receiving the locking dog springs. 
1495. In a preferred embodiment, each of the locking dog 
springs 1495 are garter springs. During operation of the 
apparatus 500, the locking dog elements 1490 are preferably 
radially inwardly displaced by the locking dog springs 1495 
when the locking dogs 620 are relatively axially displaced 
past the first shoulder 1445 of the collet mandrel 610. As a 
result, the locking dogs 620 are then engaged by the first 
shoulder 1445 of the collet mandrel 610. 

0161 The locking dog retainer 622 is coupled to the 
locking dogs 620 and the collet assembly 625. The locking 
dog retainer 622 preferably has a substantially annular 
cross-section. The locking dog retainer 622 may be fabri 
cated from any number of conventional commercially avail 
able materials. In a preferred embodiment, the locking dog 
retainer 622 is fabricated from alloy steel having a minimum 
yield strength of about 75,000 to 140,000 psi in order to 
optimally provide high strength and resistance to abrasion 
and fluid erosion. In a preferred embodiment, the locking 
dog retainer 622 further includes a first end 1500, a second 
end 1505, and a threaded portion 1510. 
0162 The first end 1500 of the locking dog retainer 622 

is preferably adapted to capture the locking dogs 620. In this 
manner, when the locking dogs 620 latch onto the first 
shoulder 1445 of the collet mandrel 610, the locking dog 
retainer 622 transmits the axial force to the collet assembly 
625. 

0163 The second end 1505 of the locking dog retainer 
preferably includes the threaded portion 1510. The threaded 
portion 1510 is preferably adapted to be removably coupled 
to the collet assembly 625. The threaded portion 1510 may 
comprise any number of conventional commercially avail 
able threaded portions. In a preferred embodiment, the 
threaded portions 1510 is a stub acme thread available from 
Halliburton Energy Services in order to optimally provide 
high tensile strength. 
0164. The collet assembly 625 is coupled to the locking 
dogs 620 and the locking dog retainer 622. The collet 
assembly 625 is releasably coupled to the collet mandrel 
610, the outer collet support member 645, the collet retain 
ing sleeve 635, the load transfer sleeve 615, and the collet 
retaining adapter 640. 

0165. The collet assembly 625 preferably has a substan 
tially annular cross-section. The collet assembly 625 may be 
fabricated from any number of conventional commercially 
available materials. In a preferred embodiment, the collet 
assembly 625 is fabricated from alloy steel having a mini 
mum yield strength of about 75,000 to 140,000 psi in order 
to optimally provide high strength and resistance to abrasion 
and fluid erosion. In a preferred embodiment, the collet 
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assembly 625 includes a collet body 1515, a plurality of 
collet arms 1520, a plurality of collet upsets 1525, flow 
passages 1530, and a threaded portion 1535. 
0166 The collet body 1515 preferably includes the flow 
passages 1530 and the threaded portion 1535. The flow 
passages 1530 are preferably adapted to convey fluidic 
materials between the second annular chamber 735 and the 
third annular chamber 750. The threaded portion 1535 is 
preferably adapted to be removably coupled to the threaded 
portion 1510 of the second end 1505 of the locking dog 
retainer 622. The threaded portion 1535 may include any 
number of conventional commercially available threaded 
portions. In a preferred embodiment, the threaded portion 
1535 is a stub acme thread available from Halliburton 
Energy Services in order to optimally provide high tensile 
strength. 

0167. The collet arms 1520 extend from the collet body 
1515 in a substantially axial direction. The collet upsets 
1525 extend from the ends of corresponding collet arms 
1520 in a substantially radial direction. The collet upsets 
1525 are preferably adapted to mate with and cooperatively 
interact with corresponding slots provided in the collet 
retaining adapter 640 and the liner hanger setting sleeve 650. 
In this manner, the collet upsets 1525 preferably controllably 
couple the collet retaining adapter 640 to the outer collet 
support member 645 and the liner hanger setting sleeve 650. 
In this manner, axial and radial forces are optimally coupled 
between the collet retaining adapter 640, the outer collet 
support member 645 and the liner hanger setting sleeve 650. 
The collet upsets 1525 preferably include a flat outer surface 
1540 and an angled outer surface 1545. In this manner, the 
collet upsets 1525 are optimally adapted to be removably 
coupled to the slots provided in the collet retaining adapter 
640 and the liner hanger setting sleeve 650. 
0.168. The collet retaining sleeve 635 is coupled to the 
collet retaining sleeve shear pins 665. The collet retaining 
sleeve 635 is movably coupled to the collet mandrel 610 and 
the collet assembly 625. The collet retaining sleeve 635 
preferably has a Substantially annular cross-section. The 
collet retaining sleeve 635 may be fabricated from any 
number of conventional commercially available materials. 
In a preferred embodiment, the collet retaining sleeve 635 is 
fabricated from alloy steel having a minimum yield strength 
of about 75,000 to 140,000 psi in order to optimally provide 
high strength and resistance to abrasion and fluid erosion. In 
a preferred embodiment, the collet retaining sleeve 635 
includes the collet sleeve passages 775, a first end 1550, a 
second end 1555, one or more shear pin mounting holes 
1560, a first shoulder 1570, a second shoulder 1575, and a 
sealing member 1580. 
0169. The first end 1550 of the collet retaining sleeve 635 
preferably includes the collet sleeve passages 775, the shear 
pin mounting holes 1560, and the first shoulder 1570. The 
collet sleeve passages 775 are preferably adapted to convey 
fluidic materials between the second annular chamber 735 
and the third annular chamber 750. The shear pin mounting 
holes 1560 are preferable adapted to receive corresponding 
shear pins 665. The first shoulder 1570 is preferably adapted 
to mate with the second shoulder 1450 of the collet mandrel 
610. 

0170 The second end 1555 of the collet retaining sleeve 
635 preferably includes the collet sleeve passages 775, the 
































