
Feb. 8, 1966 B. J. WATKINS ETAL 3,233,314 
REMOTELY CONNECTING FLOWLINES 

Filed Sept. 14, 1962 6 Sheets-Sheet 

N 4. 6 2 4.g 
X se 

re r 

SS 

NS N. 

543. NS. 7 2. 
2 2 

/ 

NVENTORS: 
BRUCE J. WATKNS 
GLENN D. JOHNSON 

BY 24/?2. 
THER AT TORNEY 

  

  

  

  

  

  

    

  

  

  

  

  



Feb. 8, 1966 B. J. WATKNS ETA 3,233,314 
REMOTELY CONNECTING FLOWLINES 

Filed Sept. 4, 1962 6 Sheets-Sheet 2 

INVENTORS: 
BRUCE J. WATKNS 
GLENN D. JOHNSON 

PY 967&z. 
THEIR AT TORNEY 

  



Feb. 8, 1966 B. J. WATKINS ETAL 3,233,314 
REMOTELY CONNECTING FLOWLNES 

Filed Sept. 14, 1962 6 Sheets-Sheet 5 

1 NVENTORS 
BRUCE J. WAT K NS 
GENN D. JOHNSON 

24,124. 
THER AT TORNEY 

  



Feb. 8, 1966 B. J. WATKINS ETAL 3,233,314 
REMOTELY CONNECTING FLOWLINES 

Filed Sept. 14, 1962 6 Sheets-Sheet 4 

NVENTORS: 
BRUCE J. WATKNS 
GLENN D, JOHNSON 

By 924, 1422,-- 
THER AT TORNEY 

  



Feb. 8, 1966 B. J. WATKINS ETAL 3,233,314 
REMOTELY CONNECTING FLOWLINES 

Filed Sept. 14, 1962 6 Sheets-Sheet 5 

NVENTORS: 
BRUCE J. WATKNS 
GLENN D, JOHNSON 

BY; 926-662.-- 
THER AT TORNEY 

  



Feb. 8, 1966 B. J. WATKENS ETA 3,233,314 
REMOTELY CONNECTING FLOWLINES 

Filed Sept. 4, 1962 6 Sheets-Sheet 6 

75- -O7 N O3 
NN SS O4 

O5 . O6 

2- O 

F.G. 6 

NVENTORS: 
BRUCE J. WATKNS 
GLENN D, JOHNSON 

BY 926.1262.-- 
THER AT TORNEY 

  



United States Patent Office 3,233,314 
Patented Feb. 8, 1966 

3,233,314 
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Downey, Caif, assignors to She Oil Company, New 
York, N.Y., a corporation of Delaware 

Filed Sept. 14, 1962, Ser. No. 223,696 
4. Claims. (C. 29-237) 

This invention relates to offshore wells drilled in earth 
formations located below a body of water, wherein the 
wellhead equipment of the well is submerged within the 
body of water. More specifically, this invention is di 
rected to a method and apparatus for remotely coupling 
conduits submerged within a body of water. The inven 
tion has particular application in the replacement of Worn 
and damaged conduits communicating with Wellhead as 
semblies disposed beneath deep bodies of Water. The ap 
paratus includes both the coupling mechanism to establish 
sealed communication between the conduits and a coll 
pling facilitating structure to be used in combination with 
the coupling mechanism. 

For many years offshore wells have been drilled either 
from stationary platforms anchored to the ocean floor, 
movable barges temporarily positioned on the ocean floor, 
or from movable barges floating on the body of Water in 
which drilling operations are being conducted. Regard 
less of the manner in which the wells are drilled, most 
wells have been completed in a manner Such that the 
outermost tubular member of the well extends upwardly 
from the ocean floor to a point above the Surface of the 
body of water where a wellhead assembly or Christmas 
tree is mounted for controlling the production of the 
well. 

Wellheads extending above the Surface of a body of 
water have the disadvantage that they constitute a hazard 
to navigation in the vicinity of the well. In addition, 
when such wellheads are positioned in Salt Water, Such 
as found in the ocean, the structure extending above the 
water is subject to the corrosive action of Salt Water and 
air. Positioning the wellhead and/or casing head above 
the surface of the body cf water has the advantage, how 
ever, that flow handling and controlling components of 
the wellhead may be readily secured thereto and adjusted 
by an operator working from a platform adjacent to the 
wellhead structure above the Surface of the Water. 

Recently, methods and apparatuses have been developed 
for drilling and completing oil and gas Wells in the ocean 
floor in a manner such that after completion of the Well, 
the wellhead assembly, including the various components 
secured thereto, such as flowlines, is positioned beneath 
the surface of the ocean, preferably on the floor thereof. 
In practice, these wellhead assemblies are often positioned 
in depths of water greater than the depth at which a 
diver can safely and readily work. With the Wellhead 
assembly positioned at such water depths, the coupling of 
flow conduits thereto presents a new and difficult opera 
tion which is not readily carried out by presently avail 
able well-working equipment. 

Therefore, a primary object of the present invention 
is to provide a means for coupling conduits submerged 
at considerable depths within a body of water. 
Another object of the invention is to provide a means 

for replacing worn or damaged conduits secured to Well 
head assemblies Submerged within relatively deep bodies 
of water. 
Another object of the invention is to provide a means 

to remotely couple fluid conduits disposed at locations 
inaccessible to human operators. 
A more specific object of the invention is to provide 

an apparatus to remotely guide flowlines into aligned 
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communication with conduits disposed on underwater 
wellheads. 

Still another object of the invention is to provide a 
coupling apparatus adapted to be remotely actuated to 
establish a sealed connection between conduits submerged 
within a deep body of water. 
The above, and other objects of the invention will 

become apparent from the following description and 
accoinpanying illustrations. 

In its broadest aspect, the present invention provides 
a method of remotely connecting a pair of conduits sub 
merged within a body of water. The method includes 
locating an operating station at the surface of the body 
of water and extending a flexible line from said operating 
station into slidable engagement with one of the conduits. 
After the flexible line is slidably engaged with the one 
coinduit, a portion of the flexible line extending beyond 
the location of slidable engagement is fixedly secured 
to a portion of the other conduit desired to be connected 
to said one conduit. Tension is then applied to the 
flexible line from the operating station to pull the con 
duits towards juxtaposed relationship. Upon approach 
ing the juxtaposed relationship, the ends of the conduits 
desired to be coupled are brought into axial alignment 
and continued tension is applied to the flexible line to 
force the conduits into the juxtaposed relationship. With 
the conduits so positioned, the ends are coupled to 
gether, thus establishing communication between the con 
duits. 

Basically, the apparatus of the invention is designed 
to axially align and remotely connect the ends of a pair 
of conduits submerged within a body of water. The 
apparatus includes a coupling secured to the end of at 
least one of the conduits and connectible to the end of 
the other conduit. The apparatus further includes first 
and Second guide elements secured to the conduits ad 
jacent the ends thereof and engageable first and second 
aligning elements carried by said first and second guide 
elements, respectively. Upon engagement of the engage 
able aligning elements, at least one of said aligning 
elements is movable relative to the other about a sub 
stantially common axis to a final mating position at 
which point the ends of the pair of conduits are axially 
aligned and positioned to be connected by the coupling. 
in order to bring the aligning elements into the final 
mating position, a flexible line is fixedly attached to one 
of the guide elements and slidably engages and extends 
past the other of the guide elements to a source of tension, 
such as a winch. 
The utility and operation of this invention will be 

more easily ascertained from the following detailed de 
Scription of preferred embodiments thereof, when taken 
in conjunction with the accompanying drawings, in which: 
FIGURE 1 is an elevational view, diagrammatically 

illustrating the application of an embodiment of the in 
vention to a wellhead assembly submerged within a body 
of water; 
FIGURE 2 is an enlarged vertical section of the FIG 

1 embodiment of the invention, illustrating the apparatus 
of the invention in the act of drawing a pair of conduits 
into coupled relationship; 
FIGURE 3 is a vertical section corresponding to FIG 

URE 2, illustrating the apparatus after it has drawn the 
pair of conduits into coupled relationship; 
FIGURES 4 and 5 are elevational side and end views, 

respectively, of the guide of the FIGURE 1 embodiment 
of the invention; 
FIGURE 6 is an elevational side view of the follower 

of the FIGURE 1 embodiment of the invention; 
FIGURE 7 is a perspective view of a coupling of the 

invention shown in disengaged condition; 
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FIGURE 8 is a sectional view of the coupling illus 
trated in FIGURE 7; showing the components of the 
coupling in engaged condition; 
FIGURES 9 to 12 are elevational views of another 

embodiment of the invention, diagrammatically illus 
trating the embodiment shown therein in sequential steps 
of its application in an environment corresponding to 
that of FIGURE 1; 
FIGURE 13 is an expioded perspective view of a pair 

of conduits adapted to have the FIGURE 9 to 12 embodi 
ment of the invention applied thereto; 
FIGURE 14 is a perspective view illustrating conduits 

corresponding to those of FIGURE 13 having the appara 
tus of the FIGURE 9 to 12 embodiment of the invention 
applied thereto in operative condition; 
FIGURE 15 is an elevational view, diagrammatically 

illustrating an alternative method of utilizing the em 
bodiment of the invention illustrated in FIGURES 9 to 
14; and, 
FIGURE 16 is an enlarged vertical section of an ap 

paratus to be used with the alternative method illustrated 
in FGURE 15. 

Referring now to FIGURE 1, the numeral 10 desig 
nates a body of water having a bottom it with a well 
head assembly 12 extending upwardly therefronn. An 
operating station 13 is disposed on the surface of the 
body of water above the approximate location of the well 
head assembly 2. The operating station may comprise 
a barge-like structure having a derrick 4 mounted on its 
upper surface. A winch 5 is disposed on the surface 
of the operating station 3 and has flexible lines 16 and 
17, such as cable, extending therefrom into the body of 
water 10. The wellhead assembly 2 includes a lateral 
ly extending conduit 18 communicating with the interior 
thereof and a manipulator track S9 extending radially 
outward therearound. The manipulator track 9 is 
adapted to receive a manipulator 20 as described in de 
tail in copending application Serial No. 197,093 filed May 
23, 1962. The manipulator 20 is normally supported 
from the track 19 and with an operating line 21 attached 
thereto, the latter being suspended from the operating 
station. Electromotive and/or hydraulic force is con 
ducted through the operating line from the station to the 
manipulator so as to operate wellhead components, Such 
as valves, and to secure elements to the wellhead assem 
bly through fastening boits or other securing means. 

In operation of the wellhead assembly 12 illustrated in 
FIGURE 1, a conduit or flowline 22 is coupled to the 
conduit 8. FIGURES 2 and 3 show the conduit 3 and 
flowline 22 in uncoupled and coupled conditions, respec 
tively, and further illustrate the details of the coupling 
apparatus of the present invention. 
The coupling apparatus comprises a coupling facilitat 

ing guide means including a guide 23 and follower 24 
secured to the conduit 18 and fowline 22, respectively. 
The guide 23 is secured to the conduit 18 through means 
of an arcuate clamp member 25 engaging a longitudinal 
flange 26 on the conduit. An anchor bolt or set screw 
27 is threadably received in the clamp member 25 and is 
adapted to be screwed against the flange 26, thereby fix 
ing the clamp with respect to the conduit i8. One form 
of a guide member 23, as illustrated in detail in FIG 
URES 4 and 5, includes a tapered aligning aperture 28 
of oval or elliptical shape extending therethrough and 
a drum-like structure 29 disposed directly above the 
tapered aperture. As clearly illustrated in FIGURE 4, 
a sheath 32 extends around the peripheral surface of the 
drum 29 to define a passage 3i. This structure, as will 
be described in detail subsequently, is adapted to guid 
ingly receive the flexible line 16 and direct it through the 
aperture 28. 
The follower 24 of the guide means is secured to the 

flowine 22 through a receiver 33 clamped to the line 22 
in a manner corresponding to the clamping arrangement 
between the guide 23 and the conduit 18, described supra, 
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4. 
This clamping arrangement includes a clamp member 
34, longitudinal flange 35, and anchor bolt or set screw 
36 corresponding to the elements 25 to 27, respectively, 
described with reference to guide 23. It is noted that 
the longitudinal flanges 26 and 35 maintain the elements 
Secured thereto in fixed radial orientation relative to the 
conduit 18 and flowline 22, respectively. The receiver 35 
also includes a stop flange 37 and a radially extending 
finger element or rod 38 terminating in a tapered section 
adapted to fixedly receive the flexible line 17. 
The follower 24 has a passage 41 extending there 

through of a diameter sufficient to slide over the finger 
element 38. A set screw or bolt 30 is threadably re 
ceived in the wall of the passage 41 and is adapted to be 
Screwed against the finger element 38 to secure the fol 
lower in seated engagement therewith. in operative pos:- 
tion, as illustrated in FIGURES 2 and 3, the passage 41 
of the follower is received on the finger element 38, with 
the lower Surface of the follower in seating engagement 
with the stop flange 37 of the receiver. Due to the rela 
tive dimensions of the flexible line 17, finger element 33, 
and passage 41, the follower is adapted to slide down the 
line 7 into seated engagement with the receiver. Thus, 
if desired, the follower may be slid down the line 7 into 
engagement with the receiver 33 from a location remote 
from said receiver, such as the operating station illus 
trated in FIGURE 1. The follower 24 also includes a 
necked-down nose or aligning portion 42 extending lat 
erally from the passage 45. When the follower 24 is 
Seated on the finger element 38, it is necessary, for opera 
tional reasons that will be apparent from the following 
description, that the nose portion 42 be maintained in 
axial alignment with the flowline 22. Therefore, pref 
erably the finger element 38 is provided with a key 39 
to be received in a keyway 49 of the passage 41. The 
nose portion, as illustrated in FIGURE 3, is dimen 
Sioned and formed so as to be adapted to seat and mate 
in an oriented or aligned position in the tapered oval or 
elliptical aperture 28 of the guide 23. The oval or ellip 
tical shape of the aperture 28 and the mating dimensions 
of the nose portion 42 assure that the guide 23 and fol 
lower 24 will assume a fixed radial orientation upon seat 
ing of the nose portion 42 in the aperture 28. The nose 
portion 42 is also provided with a passage 43 extending 
axially therethrough and adapted to fixedly receive the 
line 16, as shown in FIGURES 2 and 3. Through this 
arrangement, tension applied to the line 6 functions to 
pull the nose portion into seated engagement with the 
tapered aperture 28, thus axially aligning the ends of the 
conduit 18 and flowline 22, as illustrated in the afore 
described figures. 
FIGURES 7 and 8 illustrate a coupling structure 

adapted to be used in combination with the above-de 
Scribed coupling facilitating structure. The coupling 
Structure of FIGURES 7 and 8 is also shown in operative 
condition in FIGURES 2 and 3. From the latter figures, 
it is believed apparent that the coupling structure es 
tablishes sealed communication between the conduit 8 
and flowline 22 when the guide and follower assume 
the seated position illustrated in FIGURE 3. Referring 
now to FIGURES 7 and 8, the numeral 44 designates the 
coupling in its entirety. The coupling includes radially 
extending annular flanges 45 and 46 on the ends of the 
circuit 8 and flowline 22, respectively. The flanges 45 
and 46 are formed so as to establish sealed communica 
tion between the conduit 18 and flowline 22 upon juxta 
positioning of the end surfaces of said flanges as illus 
trated in FIGURE 8. To assure such sealed comunica 
tion, the flange 45 has a hydraulic Self-sealing resilient 
ring 47 keyed in the end thereof and eXtending outwardly 
therefrom into engagement with the flange 46. The 
ring 47 is held in keyed engagement with the flange 45 by 
a split expansion ring 48 extending around the grooved 
inner surface thereof. 
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The coupling 44 further includes a hinged pair of 
arcuate clamping or connector members 49 and 50 extend 
ing around the periphery of the flange 45 in aligned rela 
tionship with respect thereto. The inner surfaces of the 
clamping members 49 and 50 are recessed in a concave 
U-shaped configuration and are adapted to clampingly 
engage the outer shoulders of the flanges 45 and 46. The 
free ends of the clamping members 49 and 50 have 
pivotally secured thereto blocks 51 and 52, respectively, 
having threaded openings extending therethrough and 
adapted to assume an aligned relationship. As illus 
trated, the aligned openings in the blocks 51 and 52 
threadably receive the oppositely threaded ends of an 
operating bolt 53. Through this arrangement, turning 
of the bolt 53 functions to force the inner concave sur 
faces of the clamp members into or out of engagement 
with the outer shoulders of the flanges 45 and 46. In 
order to maintain the clamping members 49 and 50 in 
relatively fixed relationship with respect to the conduit 
18, the conduit is provided with an arm 54 to recieve the 
bolt 53 between the oppositely threaded ends thereof. 
Retention of the bolt 53 in the arm 54 is accomplished 
through means of an aperture 55 extending through the 
arm normal to the axis of the conduit i8. As shown in 
FIGURE 8, the aperture 55 receives a non-threaded 
center section of the bolt 53 in rotational engagement 
therewith. In order to prevent lateral movement of the 
bolt 53 within the arm 54 while permitting rotational 
movement therebetween, a set screw 56 extends thread 
ably through the arm into the aperture 55 and into slid 
able engagement with a circumferential groove 57 on the 
unthreaded central section of the bolt. The clamping 
members 49 and 50 are further retained in position with 
respect to the conduit 18 by a forked arm 58 fixed to the 
conduit and extending into slidable engagement with a 
pintle 59 passing through the hinged ends of the clamp 
ing members. As shown in FIGURE 8, the fork in the 
arm 58 is sufficiently large to permit the pintle 59 to 
slide therein during hinged movement of the clamp mem 
bers. 
From the foregoing description, the operation of the 

coupling 44 is believed apparent. With the clamping 
members 49 and 53 in the expanded condition, as illus 
trated in FIGURE 7, the flange 46 of the flowline 22 may 
be taken into or out of engagement with the flange 45 
of the conduit 18. Upon being directed into a juxtaposed 
and aligned relationship as illustrated in FIGURE 8, the 
flanges 45 and 46 may be forced into engagement by 
tightening the clamping members 49 and 50 through 
means of the bolt 53. Turning of the bolt 53 is prefer 
ably accomplished through means of a remotely con 
trolled wrench mechanism on the manipulator 20, as dis 
closed in aforementioned application Serial No. 197,093. 
Thus, the coupling 44 is well suited for renote opera 
tion on underwater Wellhead assemblies as illustrated in 
FIGURE 1. 
The application of the coupling and coupling facilitat 

ing apparatus of the FIGURE 1 to 8 embodiment of the 
invention will now be exemplified with reference to its 
use with underwater wellhead assemblies, as illustrated 
in FIGURE 1. Initially, the conduit 18 of the wellhead 
assembly and the fowline 22 are provided with the cou 
pling apparatus illustrated in detail in FIGURES 7 and 
8. Preferably, the coupling components are secured to 
the conduit and flowline prior to the time they are low 
ered into their underwater location. The longitudinal 
flanges 26 and 35 are also preferably secured in place, 
as by welding, before the conduit 18 and fowline 22 are 
lowered into the body of water 10. 
The guide 23 and receiver 33 may be secured to the 

respective flanges 26 and 35 either before or after the 
well-head assembly 12 and flowline 22 are positioned in 
operative locations at the bottom of the body of water. 
if the guide and receiver are installed before the well 
head assembly and flowline are lowered into the water, the 
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installation procedure may be easily carried out by human 
operators. It is noted, however, that it is often unde 
sirable to install the guide and receiver members at the sur 
face of the water, since the flexible lines 16 and 7 lead 
ing to these members impose a hazard to navigation and 
also require an attendant station above the wellhead 
assembly at all times. For the latter reasons, the guide 
and receiver members of the present invention are adapted 
to be installed in operative position in considerable depths 
of water, even those beyond the reach of human divers. 
Such installations may be accomplished through means 
of the power driven remotely actuated manipulator 20. 

In applying the manipulator 20 to the installation of 
the guide and receiver of the present invention, the set 
Screws 27 and 36 of the guide and receiver, respectively, 
are releasably secured to the power driven wrench heads 
of the manipulator. With the set screws so secured, the 
manipulator, with the guide or receiver and the flexible 
lines secured thereto, is lowered to the wellhead assembly 
or fowline. The manipulator is then activated to install 
the guide or receiver in its operative position. It is noted 
that although the guide and receiver are iliustrated as be 
ing installed on the conduit 18 and flowline 22, respective 
ly, this arrangement may be reversed without departing 
from the invention. Installation on the wellhead assem 
bly 2 is facilitated by the manipulator track 9 there 
around, since this track is adapted to receive the manipu 
lator 20 as illustrated in FIGURE 1. Through means 
of the remote control system on the manipulator, the 
manipulator is also well facilitated to install the receiver 
33 on the flowline 22. It is to be understood that the 
manipulator 20 may also be utilized to remove the guide 
and receiver from the conduit 18 and flowline 22, re 
spectively, or to turn the operating bolt 53 of the cou 
pling 44. 
The operation of the apparatus will now be described 

with reference to a wellhead assembly and flowline sub 
merged within a body of water, as shown in FIGURE 1, 
with the guide, receiver, and coupling of the invention 
secured in their operative positions. For the purpose of 
illustration, the flowline 22 will be assumed to be in a po 
sition removed from the conduit 18 of the wellihead as 
sembly. In such condition, the flexible line 7 secured 
to the receiver 33 on the flowline 22 extends upwardly to 
the operating station 13. Furthermore, in this initial con 
dition, the line 6 is looped around the drum 259 and ex 
tends through the sheath 32. With the line 5 so looped, 
one end thereof is secured to the winch is and the other 
end thereof having the follower 24 secured thereto is 
held on the operating station. In order to pull the flow 
line 22 towards alignment with the conduit 18, as illus 
trated in FIGURE 2, the follower 24 secured on the op 
erating station 3 is slid onto the flexible line 17 extend 
ing to said station. The winch E5 secured to one end 
of the line 6 is then activated to pull the end of the line 
secured thereto upwardly, thus pulling the line 16 around 
the drum 29 and sliding the follower 24 down the line 
17 into engagement with the receiver 33. At this point, 
the follower is secured in seated engagement with the re 
ceiver 33 by tightening the set screw 30 with the manip 
ulator 20. After the follower is secured to the receiver, 
continued tension is applied to the line 6 through the 
Winch 15, thus pulling the line 22 towards the conduit 18 
as illustrated in FIGURE 2. The continued tension on 
the flexible line i6 functions to pull the nose of the fol 
lower 24 into engagement with the guide as illustrated in 
FIGURE 3. With the guide and follower so positioned, 
the flanged ends of the conduit 18 and flowline 22 are in 
juxtaposed and axially aligned relationship, and the clamp 
ing members 49 and 50 are disposed around the periph 
eries of the flanges. At this point, the manipulator 20 
may be lowered onto the manipulating track 9 and ac 
tivated to drive the operating bolt 53, thus coupling the 
conduit and flowline in sealed communication as illus 
trated in FIGURE 3. 
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With the conduit 18 and flowline 22 coupled, as illus 
trated in FIGURE 3, the guide 23 and receiver 33 may 
be removed therefrom. Removal is accomplished by 
activating the manipulator 20 to loosen the set screws 27 
and 36 and remove the respective guide and receiver. 
Upon removal, the guide and receiver may be applied to 
subsequent conduits to facilitate their coupling, or they 
may be pulled up to the operating station 13 through 
means of the flexible lines 6 and 7. 

Referring now to FIGURES 9 to 14 of the drawings, 
therein is illustrated an embodiment of the invention in 
corporating an alternative guide and coupling structure 
to facilitate conduit coupling corresponding to that de 
scribed with reference to FIGURES 1 to 8. The em 
bodiment of FIGURES 9 to 14 particularly adapted for 
use in the replacement of damaged or worn flowlines 
coupled to underwater installations. As is obvious from 
FIGURES 9 to 12, the embodiment of the invention 
illustrated therein is designed to be used in combination 
with an operating station and wellhead assembly corre 
sponding substantially to that described with reference 
to FIGURE 1. Therefore, corresponding components in 
the respective figures will be designated by like numerals. 
The wellhead assembly 12 of FIGURES 9 to 12 in 

cludes a laterally extending conduit 62 having a valve 63 
interposed therein. The conduit 62 is similar to the afore 
described conduit 28, in that it communicates with the 
interior of the wellhead assembly. During normal opera 
tion of the wellhead assembly 12 and the conduit 62 
communicating therewith, a conduit cr flowline 64 is 
coupled to the conduit 62 as illustrated in FIGURE 9. 
FIGURES 9 to 12 illustrate the flowiine 64 in sequential 
positions it assumes during the application of the em 
bodiment of the invention shown therein in the removal 
and installation of the flowline. 
URES 9 and 11, the flowline 64 extends upwardly to a 
winch 65 located on a barge 66. The barge 66 may be in 
close proximity to the barge 13 or may possibly be lo 
cated several miles therefrom. It is to be understood, 
that although FEGURES 10 and 12 omit the barge 66 
for purposes of simplification, the combination shown in 
these figures would include a barge 66 positioned as 
illustrated in FIGURES 9 and 11. Furthermore, al 
though the fowline 64 is shown extending only to the 
barge 66, it is anticipated that the end of the flowline com 
municating with the winch 65 could communicate with 
a flowline extending downwardly from the barge 66 to 
an underwater "trap farm' or producing station. 
The coupling and coupling facilitating apparatus of the 

FIGURE 9 to 14 embodiment is shown in detail in FG 
URES 13 and 14. The coupling apparatus, as clearly 
illustrated in the latter figures, includes a female mem 
ber 67 secured to the free end of the conduit 62 and a 
male member 68 secured to the flowline 64 and adapted 
to be received within the female member 67. A detailed 
description of the structure and operation of this cou 
pling apparatus is found in application Serial No. 72,064, 
filed November 28, 1960. As described in that applica 
tion, the female coupling member 67 of the instant appli 
cation includes locking pins 69 and 70 threadably re 
ceived therein to secure the member 68 in engagement 
therewith. The locking pins 69 and 70 are provided with 
heads adapted to be driven by the aforedescribed manipu 
lator 20. 
The coupling facilitating apparatus of the FIGURE 9 

through 14 embodiment of the invention comprises 
guide means including a guide sleeve 73 and a guide bar 
or follower 74. In operative condition, as illustrated in 
detail in FIGURE 14, the guide sleeve 73 and guide bar 
74 are secured to the coupling members 67 and 68, re 
spectively. From FIGURE 14, it is also apparent that 
the coupling facilitating guide means includes a flexible 
line 75 secured to the free end of the guide bar 74 and 
adapted to be threadably received through the guide 

As illustrated in FIG 

5 

IO 

20 

40 

50 

5 5 

60 

65 

70 

3 
coupling member 67 through means of a tapered lug 76 
fixed to the member 67 by welding, or the like, and a 
socket member 77 fixed to the sleeve and adapted to be 
slidably received on the lug 76. An anchor bolt or set 
screw 78 is threadably received in the socket member 77 
and is adapted to be screwed into clamping engagement 
with the lug 76 upon receipt of the socket member there 
on, thus securing the female member 67 and the guide 
sleeve 73 in fixed relationship with respect to each other. 
The guide bar 74 is secured to the male coupling mem 
iber 68 through means of a tapered lug 79 fixed to the 
member 68 and a socket member 80 secured to the guide 
bar. The lug 79 and socket member 80 are adapted to 
engage each other in a manner corresponding to that 
described with the reference to elements 76 and 77 and 
are adapted to be clamped in fixed engagement through 
means of an anchor bolt of set screw 83 corresponding 
to the anchor bolt 78. 
Upon securing of the coupling facilitating apparatus 

to the male and female coupling members, as described 
with reference to FIGURE 14, the coupling facilitating 
apparatus may be utilized to pull the coupling elements 
into engagement. In order to facilitate this operation, 
the guide sleeve 73 is provided with an upper end 84 of 
cone-shaped configuration terminating in an opening 85 
slidably receiving the flexible line 75. The operation is 
also facilitated through means of a tapered shoulder 86 
formed at the lower end of the guide sleeve 73. A key 
way 87 having diverging lower edge portions is formed 
through the guide sleeve 73 and shoulder 86 and opens 
through the lower edge of said sleeve and shoulder. 
The guide bar 74 is also provided with operation fa 

cilitating elements adapted to cooperate with the afore 
described structure of the guide sleeve 73. These ele 
ments include an enlarged cylindrical portion 88 having 
a key 89 extending laterally therefrom and a narrowed 
rod section 92 secured to the cylindrical section 88 in 
axial alignment therewith through a tapered portion 93. 
The upper end of the rod section 92 terminates in a 
rounded head portion 94 adapted to fixedly receive an 
end of the flexible line 75. 
FIGURE 14 illustrates the operation of the coupling 

facilitating apparatus during pulling of the coupling mem 
bers 67 and 68 into coupled engagement. As illustrated, 
the coupling members 67 and 68 having the sleeve 73 
and guide 74, respectively, secured thereto, are initially 
in separated condition. In order to pull the elements 
of the coupling into engaged relationship, tension is ap 
plied to the upper end of the flexible line 75, thus pulling 
the head portion 94 of the rod section 92 into the lower 
end of the sleeve 73 as illustrated in FIGURE 14. It is 
noted that the relative dimensions of the rod section 
92 and the sleeve 73 and shoulder 86 formed therein 
facilitate entry of the rod section into the sleeve, even 
though a considerable angle of misalignment may exist 
between the sleeve and rod section. Continued tension 
applied to the flexible line 75 functions to pull the rod 
section 92 up within the sleeve 73, thus bringing the 
guide bar 74 towards alignment with the sleeve 73. 
Upon pulling the flexible line 75 to a point where the 
head portion 94 enters the cone-shaped upper end 84 of 
the cylinder, and the cylindrical section 88 enters the 
lower end of the sleeve, the guide sleeve 73 and guide 
bar 74 will assume an axially aligned relationship. At 
this point, if the keyway 87 and key 89 are in aligned 
relationship, continued tension will function to pull the 
key into engagement with the keyway. With the keyway 
87 and key 89 in aligned relationship, the female mem 
ber 67 and male member 68 of the coupling will be in 
axially aligned relationship. This aligned relationship 
is assured by arrangement and relative dimensions of 
the coupling members and the coupling facilitating struc 
ture Secured thereto. Thus, pulling of the key 89 into 
the keyway 87 will pull the aligned coupling members 

sleeve 73. The guide sleeve 73 is secured to the female 75 into engaged relationship. 
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Although the foregoing description of the operation 
referred to a situation where the keyway 87 and key 89 
assume an aligned relationship upon pulling of the guide 
bar into the guide sleeve, it is believed apparent that 
this situation would not necessarily occur. In the situa 
tion where the keyway and key do not assume an aligned 
relationship upon pulling of the guide bar into the guide 
sleeve, external forces may be applied to the guide bar 
to facilitate this alignment. In underwater installations, 
as illustrated in FIGURES 9 to 12, such forces may be 
imparted through means of the manipulator 20. As will 
be developed in the subsequent description, the manipul 
lator 29 may also be utilized to drive the pins 69 and 70 
and the bolts 78 and 83. 
The application and operation of the coupling and 

coupling facilitating apparatuses described with refer 
ence to FIGURES 13 and 14 will now be developed 
with reference to its application to underwater wellhead 
assemblies, as illustrated in FIGURES 9 to 12. The 
latter figures show the apparatus in sequential positions 
of its application and operation. Specifically, the Se 
quence shown in these figures illustrates the embodiment 
of the invention shown therein during its application in 
replacing a worn or damaged fowline connected to an 
underwater wellhead assembly. 

Referring now to FIGURE 9, the wellhead assembly 
12 is shown having a flowline 64 connected to the later 
ally extending conduit 62. The conduit and flowline are 
connected through means of coupling members 67 and 
68 as described in detail with reference to FiGURE 13. 
In order to provide for flexibility between the conduit 
62 and flowline 64, the coupling members 67 and 68 
are preferably secured to the conduit 62 and flowline 
64 through swivels 95 and 96, respectively. These 
swivels are of conventional commercially available char 
acter and function to facilitate alignment of the coupling 
members while minimizing the amount of strain on the 
conduit 62 and flowline 64 resulting from twisting and 
bending forces. The coupling members 67 and 68 illus 
trated in FIGURE 11 are also provided with lugs 76 and 
79, as described in detail supra. Preferably, the lugs 
76 and 79 are welded to the coupling elements 67 and 
6S, respectively, prior to the time these coupling mem 
bers are installed in the underwater location illustrated 
in FIGURE 11. 
With the workover station 3 positioned above the 

wellhead asserably 12, as illustrated in FIGURE 9, the 
apparatus of the invention illustrated therein is in condi 
tion to be applied to the wellhead assembly. Initially, the 
manipulator 29 and coupling facilitating apparatus are 
lowered into the illustrated positions through means of 
lines 2 and 75, respectively. It is anticipated that the 
lines 21 and 75 and the components secured thereto may 
be lowered either separately or concurrently. If the lines 
are lowered concurrently, it is desirable to couple the 
manipulator to the elements 73 and 74, since the manip 
ulator is provided with control means that would facilitate 
the positioning of the elements 73 and 74 in the desired 
location. It is noted, that in the condition shown in 
FIGURE 9, the guide bar 74 is suspended on the line 75 
and the guide sleeve 73 is supported on the guide bar in 
seated engagement therewith. In order to maintain this 
seated engagement, the guide sleeve 73 is preferably pro 
vided with a set screw 97 adapted to be screwed through 
the wall thereof into releasable engagement with the 
guide bar 74. 

After the sleeve 73 and bar 74 have been lowered to a 
position adjacent the wellhead assembly 12, as illustrated 
in FIGURE 9, the socket members 77 and 80 are directed 
into engagement with the lugs 76 and 79, as illustrated in 
FIGURE 10. It is noted that when the guide sleeve 73 is 
seated on the guide bar 74, as illustrated in FIGURES 9 
and 10, the socket members 77 and 80 carried by the 
sleeve and guide bar, respectively, are spaced apart a dis 
tance corresponding to the distance between the lugs 76 
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10 
and 79 on the coupled coupling member 67 and 68. The 
latter arrangement facilitates simultaneous seating of the 
socket members on the lug members as, illustrated in 
FIGURE 10. After the socket members 77 and 80 are 
seated on the lugs 76 and 79, the anchor bolts 78 and 
83 are tightened through means of the manipulator 20 
and, thus the guide sleeve 73 is secured to the coupling 
member 67 and the guide bar 74 is secured to the cou 
pling member 68. 

With the guide sleeve and guide bar secured in position, 
the apparatus is in condition to facilitate removal of the 
flowline 64. To commence the latter operation, the set 
screw 97 is backed off through means of the manipulator 
26, thereby releasing the guide bar and guide sleeve from 
locked engagement. After the set screw 97 has been 
acked off, the manipulator 20 is activated to back out 

the locking pins 69 and 70 and thus release the coupling 
members from locked engagement. At this point, the 
flowline 64 is released from the conduit 62 and is free 
to fall to the position illustrated in FIGURE 11. With 
the flowline so released, the winch 65 on the barge 66 may 
be activated to pull the flowline with the guide bar 74 
and flexible line 75 secured thereto up to the barge 66. 
As is apparent from FIGURE 11, the flexible line 75 is 
paid out through the guide sleeve 73 during the time the 
flowline is being pulled up the barge 66. 

After the flowline 64, guide bar 74 and flexible line 
75 have been pulled up to the barge 66, the apparatus is 
in condition to commence installation of a new fowline 
on the wellhead assembly. As a first step in this installa 
tion, the guide bar 74 is removed from the damaged or 
Worn flowline 64 and is applied to a new flowline 98 hav 
ing a coupling member 68 secured to the end thereof. 
With the guide bar 74 and fiexible line 75 secured to the 
new flowline 98, the new flowline may be brought into 
engagement with the conduit 62 in a manner correspond 
ing substantially to a reversal of the operations used to 
remove the flowline 64, as described above. During the 
latter operation, the flexible line 75 is pulled upward to 
Ward the workover station 13 and the new fowline 98 is 
paid out from the barge 65. Continued upward pulling 
on the line 75 acts to draw the guide bar 74 into the guide 
73, as illustrated in FIGURE 12. Upon being pulled into 
the guide 73, the guide bar 74 functions to facilitate en 
gagement of the coupling members 67 and 68, as described 
in detail Supra with reference to FIGURE 14. After the 
coupling members are engaged, the manipulator 20 is 
activated to tighten the locking pins 69 and 70, and if 
desired the manipulator may also be used to loosen the 
anchor bolts 78 and 83 and remove the coupling facilitat 
ing apparatus. It is noted that the manipulator 20 may 
'be utilized to assist in aligning of the keyway 87 and key 
89 during the time the guide bar is being pulled into the 
guide sleeve. 

Referring now to FIGURES 15 and 16, therein is illus 
trated an apparatus to facilitate operation of the FIGURE 
9 to 14 embodiment of the invention in situations where 
the damaged or worn flowline 64 may not be retrieved on 
a barge 66, as described supra. The latter situations may 
occur under varied cirmumstances, for example, where a 
barge 66 is unavailable, or where the damaged or worn 
flowline 64 has insufficient strength to permit its pulling 
to the barge 66. In such situations, after the guide sleeve 
and guide bar have been installed, as illustrated in FIG 
URE 10, it is impossible to transfer the guide bar to a 
new flowline by the method described supra. Therefore, 
the end of the flexible line 75 extending below the guide 
sleeve 73, and the guide bar 74 fixed thereto, must be 
Secured to a new flowline by an alternative procedure. 
As a first step in this alternative securing procedure, the 
guide sleeve 73 secured to the conduit 62 must be removed 
from the conduit, for reasons to be developed subse 
quently, and preferably retrieved. A preferred form of 
retriever design for this use is illustrated in FIGURE 16. 
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Referring now to FIGURE 16, the numeral 101 desig 
nates the retriever in its entirety. The retriever includes a 
cylindrical member 102 having a passage 103 of a diam 
eter slightly greater than the rod section 92 extending 
therethrough. The lower end of the passage 103 is pro 
vided with an enlarged conical section 104 to facilitate 
guidance of the rod section 92 into the passage 103. The 
retriever 101 further includes resilient hooked fingers 105 
extending longitudinally from the outer surface of the 
cylindrical member 102 at spaced intervals therearound. 
As illustrated in FIGURES 15 and 16, the retriever 01 
is adapted to be slidably received on the line 75 and to 
be lowered thereon into an engaged position on the guide 
sleeve 73. Upon being lowered into an engaged position 
on the guide sleeve 73, the fingers 195 engage a flange 
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106 extending therearound. In order to control the rate 
at which the retriever 101 slides down the flexible line 
75, and to impart upward movement to the retriever, a 
flexible line 107 is secured to the retriever through a 
pivotal connection 108. The upper end of the flexible 
line 187 extends to the workover station 13 and is pref 
erably secured to a winch thereon. 
At the commencement of the alternative procedure, it 

is assumed that the guide sleeve 73 is installed as illus 
trated in FIGURE 15. It is noted, that in the case being 
described, it is not possible to recover the damage or 
worn flowline 64 through means of the barge 66 and the 
Winch thereon. Thus, it can be seen that it would be 
desirable to be able to pull the flowline 64 to the sur 
face of the body of water 10 through means of the flexible 
line 75. However, upon observation, it can also be seen 
that the guide sleeve 73 secured as illustrated in FIGURE 
15 would prevent the use of the flexible line 75 for this 
purpose. In order to remove the obstacle presented by 
the guide sleeve 73, the retriever 101 is lowered down the 3 
flexible line 75 and into engagement with the sleeve as 
illustrated in FIGURES 15 and 16. After the retriever 
101 has engaged the sleeve 73, the manipulator 20 is 
activated to loosen the anchor bolt 78 and thereby release 
the sleeve from the lug 76. At this point, the flexible line 
107 may be pulled upwardly, thus pulling the retriever 
and the sleeve secured thereto to the operating station 13. 
With the sleeve 73 thus removed, the winch 15 may be 
activated to pull the flexible line 107 and the guide bar 
and flowline 64 secured thereto to the operating station. 
The flexible line 75 may then be threaded through the 
sleeve 73 and connected to a new flowline through means 
of the guide bar 74. With the line 75 so secured to a 
new flowline, sufficient slack may be paid out to the flex 
ible line 75 to permit the sleeve 73 to be lowered and 
installed in position on the wellhead assembly through 
means of the lug 76. Tension may then be applied to the 
flexible line 75 to pull the new flowline into engagement 
with the coupling member 67 in the manner described 
with reference to FIGURES 12 and 14. 

If, after the sleeve 73 has been removed from the well 
head assembly through means of the retriever 101, it is 
found that the flexible line 75 cannot be used to retrieve 
the worn or damaged flowline 64, the guide bar 74 and 
guide sleeve 73 may still be utilized to install a new flow 
line on the Wellhead assembly. In the latter case, the 
damaged or worn flowline 64 may be discarded on the 
ocean bottom 11 by either removing the guide bar 74 
therefrom or cutting the flexible line 75 above its con 
nection to the guide bar. With the flexible line 75 so dis 
connected from the worn or used flowline 64, the line 
may be pulled to the operating station 13 and threaded 
through the guide sleeve 73 into secured engagement with 
a new flowline through a guide bar 74. The guide sleeve 
.73 may then be installed on the wellhead assembly and 
utilized to pull the new flowline into coupled engage 
ment with the Wellhead assembly in the manner described 
Supra. . . . . -- 

From the foregoing description, it is believed apparent 
, that the present invention provides an effective means of 
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12 
remotely replacing and coupling underwater conduits 
while minimizing the amount and complexity of coupling 
apparatus, and the hazard to navigation. The descrip 
tion is, however, merely intended to be explanatory of 
the invention. Various changes in the details of the de 
scribed method and illustrated construction may be made, 
within the scope of the appended claims, without depart 
ing from the spirit of the invention. 
We claim as our invention: 
1. Apparatus for axially aligning and remotely cou 

pling the ends of a pair of conduits with conduit coupling 
means secured to the end of at least one of said conduits 
and connectable to the end of the other conduit and Sub 
merged within a body of water, said apparatus compris 
1ng: 

first guide means adapted to be secured to one of Said 
conduits adjacent the end thereof; 

second guide means adapted to be secured to the other 
- of said conduits adjacent the end thereof; 
engageable first and second aligning means carried by 

said first and second guide means, respectively, at 
least one of said aligning means being movable rela 
tive to the other about a substantially common axis 
to a final mating position at which point the pair of 
conduits are axially aligned and the ends thereof are 
positioned within said conduit coupling means; and, 

a flexible line fixedly attached to one of said guide 
means and slidably engaging and extending past the 
other of said guide means to a source of tension for 
pulling the first and second guide means together into 
the final mating position. 

2. Apparatus for axially aligning and remotely coul 
pling the ends of a pair of conduits with conduit coupling 
means secured to the end of at least one of Said conduits 
and connectable to the end of the other conduit and Sub 
merged within a body of water, said apparatus com 
prising: 

first guide means adapted to be secured to one of Said 
conduits adjacent the end thereof; 

second guide means adapted to be secured to the other 
of said conduits adjacent the end thereof; 

engageable first and second aligning means carried by 
said first and second guide means, respectively, at 
least one of said aligning means being movable rela 
tive to the other about a substantially common axis 
to a final mating position at which point the pair of 
conduits are axially aligned and the ends thereof 
are positioned within said conduit coupling means; 

a first flexible line fixedly attached to one of Said guide 
means and slidably engaging and extending past the 
other of said guide means to a source of tension for 
pulling the first and second guide means together to 
the final mating position; 

a retrieving means adapted to slide down said first flex 
ible line into engagement with the guide means slid 
ably engaged by said first flexible line; and, 

a second flexible line secured to said retrieving means 
for pulling said retrieving means and the guide means 
engaged therein along the first flexible line. 

3. Apparatus for remotely coupling a pair of conduits 
submerged within a body of water, said apparatus com 
prising: - 

first guide means adapted to be secured to one of Said 
conduits adjacent a coupling means thereon; 

a receiver adapted to be secured to the other of said 
conduits adjacent a coupling means thereon, Said 
receiver having a first flexible line secured thereto 
and extending to an operating station; 

second guide means adapted to slide down said first 
flexible line into engagement with said receiver; 

engageable first and second aligning means carried by 
said first and second guide means, respectively, at 
least one of said aligning means being movable rela 
tive to the other about a substantially common axis 
to a final mating position at which point the coupling 
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means on the conduits are in axially aligned and 
engaged position; and, 
second flexible line fixedly attached to said second 
guide means and slidably engaging and extending 
past said first guide means to a source of tension for 
pulling the second guide means down said first flex 
ible line into engagement with the receiver and seat 
ing the first and second guide means in the final mat 
ing position. 

4. Apparatus for axially aligning and remotely cou 
pling the ends of a pair of conduits submerged within a 
body of water, said conduits having annular flanges ex 
tending radially around the peripheries of the ends of 
said pair of conduits, said apparatus comprising: 
clamp means operatively associated with said annular 

flanges, said clamp means being adapted to force the 
flanges into coupled engagement upon juxtaposition 
ing of said flanges in aligned relationship; 

first guide means adapted to be secured to one of said 
conduits adjacent the flange thereon; 

second guide means adapted to be secured to the other 
of said conduits adjacent the flange thereon; 

engageable first and second aligning means carried by 
said first and second guide means, respectively, at 
least one of said aligning means being movable rela 
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tive to the other about a substantially common axis 
to a final mating position at which point the flanges 
on the pair of conduits are in axially aligned and 
juxtapositioned relationship; and 
flexible line fixedly attached to one of said guide 
means and slidably engaging and extending past the 
other of said guide means to a source of tension for 
pulling the first and second guide means together 
into the final mating position. 
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