I*I Innovation, Sciences et Innovation, Science and CA 2858978 C 2019/10/29

Développement economique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (11)(21) 2 858 978
(12 BREVET CANADIEN
CANADIAN PATENT
13) G
(86) Date de depot PCT/PCT Filing Date: 2012/12/19 (51 Cl.Int./Int.Cl. £E278 79/22(2006.01)
(87) Date publication PCT/PCT Publication Date: 2013/06/27 | (72) Inventeurs/Inventors:
1 . ARMSTRONG, KENNY, NO;
(45) Date de délivrance/lssue Date: 2019/10/29 AARSLAND. TORE. NO:
(85) Entree phase nationale/National Entry: 2014/06/11 BJORNENAK, MATS, NO
(86) N° demande PCT/PCT Application No.: NO 2012/050251| (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2013/095157 C6 TECHNOLOGIES AS, NO
(30) Priorités/Priorities: 2011/12/23 (NO20111775); (74) Agent: FETHERSTONHAUGH & CO.
2011/12/23 (US61/580,098)

(54) Titre : DISPOSITIF D')ACHEMINEMENT FLEXIBLE POUR INTERVENTION DANS PUITS
(54) Title: FLEXIBLE ROUTING DEVICE FOR WELL INTERVENTION

102

103

/3

105(at drum
Frame (102)

(57) Abréegée/Abstract:

The invention Is a conduit device (7) for a petroleum well intervention string (0) with - a first end (72) connected to an intervention
string drum unit (100) with a drum (101), - a second end (73) connected to an Injector head (202) of a wellhead assembly (200)
characterised by - sald conduit device (/) at any point between said first end (72) and said second end (/3) having a radius of
curvature (R) larger than or equal to a given smallest allowable radius of curvature (RO) for said intervention string (0); - said condulit
device (/) forming a substantially iIncompressible fixed length path for the portion of said intervention string (0) at any time present
between said first end (72) and said second end (/3); - sald conduit device (/) constituting a tubular path for said intervention string

(0).

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



woO 2013/095157 A3 | {0 NP SO0 DL )01

(43) International Publication Date

CA 028589578 2014-06-11

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burecau

WIPOIPCT

27 June 2013 (27.06.2013)

(10) International Publication Number

WO 2013/095157 A3

(1)

(21)

(22)

(25)

(26)
(30)

(71)

(72)

(74)

(81)

International Patent Classification:
E21IB 19/22 (2006.01)

International Application Number:
PCT/NO2012/050251

International Filing Date:
19 December 2012 (19.12.2012)

Filing Language: English
Publication Language: English
Priority Data:

61/580,098 23 December 2011 (23.12.2011) US
20111775 23 December 2011 (23.12.2011) NO

Applicant: C6 TECHNOLOGIES AS [/NO]; Fabrikk-
veien 3, Forus, N-4066 Stavanger (NO).

Inventors: ARMSTRONG, Kenny; Breiviksveien 17, N-
4019 Stavanger (NO). AARSLAND, Tore; Kvibakken 70,
N-4365 Narbeo (NO). BJORNENAK, Mats; Tjuvhelleren
48 E, N-4628 Kristiansand S (NO).

Agent: FLUGES PATENT AS; Postboks 27, N-1629
(Gamle Fredrikstad (NO).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

(83)

with international search report (Art. 21(3))

before the expiration of the time [imit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

Date of publication of the international search report:
3 January 2014

(534) Title: FLEXIBLE ROUTING DEVICE FOR WELL INTERVENTION

Fig. 6a

102

103

(57) Abstract: The invention 1s a conduit device (7) for a petroleum well intervention string (0) with - a first end (72) connected to

an intervention string drum unit (100) with a d:

rum (101), - a second end (73) connected to an injector head (202) of a wellhead as-

sembly (200) characterised by - said conduit device (7) at any point between said first end (72) and said second end (73) having a ra -
dius of curvature (R) larger than or equal to a given smallest allowable radius of curvature (RO) for said intervention string (0); - said
conduit device (7) forming a substantially incompressible fixed length path for the portion of said intervention string (0) at any time
present between said first end (72) and said second end (73); - said conduit device (7) constituting a tubular path for said interven -
tion string (0).
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Flexible routing device for well intervention

Introduction

The present i1invention relates to a conduit device for a

petroleum well intervention string for guiding the

intervention string, such as a carbon fibre reinforced rod

contalining electrical conductors and / or signal fibres,
between a drum unit on deck and an 1ntervention string

injector on a wellhead.
Prior art and problems related thereto

Traditionally wireline drum units are placed near the wellhead

unit and aligned with the gooseneck on the wellhead unit and

must have cleared a free straight path, also along the deck

below, for the intervention string to hang 1n a catenary line

between the drum and the gooseneck on the wellhead unit.

—
—

Temporary differences 1n speed between the drum and the

1injector head are taken up 1n the slack catenary line. This

slack line and the fixed spatial reguirements excludes other

operations 1n the area, and further poses a risk to personal

1njury and damage to the intervention string.

W02011/096820 describes a series of ball-and-socket bending

restrictor element plpe sectlons comprisling pipe sections with

ball-only ends for being linked using longiltudinally split
socket-only sleeves with locking elements. That bending

restrictor 1s used over goosenecks.

Brief summary of the invention

A solutlion to the above problem 1s a conduit device (7) for a

petroleum well 1ntervention string (0), comprising a first end
(72) connected to an intervention string drum unit (100) with

a drum (101), a second end (73) connected to an 1njector head

(202) of a wellhead assembly (200), wherein said conduilt

device (7) at any polnt between said first end (72) and said



10

15

20

25

81779694

F

second end (73) has a radius of curvature (R) larger than or

equal to a given smallest allowable radius of curvature (RO)
for said intervention string (0); said conduit device (7)
forming a substantially incompressible fixed length path for
the portion of said intervention string (0) at any time present
between said first end (72) and said second end (/73); said

condult device (7) constituting a tubular path for said

intervention string (0).

In some aspects, embodiments disclosed herein relate to a
flexible routing system for a petroleum well intervention
string, comprising: a conduit device comprising a first end and
a second end; an intervention string drum unit comprising a

drum, a drum frame and a tension compensator arch, wherein the

first end of the conduit device is connected to the
intervention string drum unit and arranged at a terminal point
0L the drum frame of the intervention string drum unit, and the
second end of the conduit device is connected to an injector
head of a wellhead assembly, wherein said conduit device at any
point between said first end and said second end has a radius
of curvature larger than or equal to a given smallest allowable

radius of curvature for said petroleum well intervention

string, and forms a substantially incompressible fixed length
path for a portion of said petroleum well intervention string

at any time present between said first end and said second end,

sald conduit device constituting a tubular path for said

petroleum well intervention string, and wherein the petroleum
well intervention string extends along a running path from the
drum to the terminal point of the drum frame, and the tension

compensator arch 1s arranged along the running path of the

CA 2858978 2018-11-30
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petroleum well intervention string at a point between the

terminal point of the drum frame and the drum.

Advantages of the invention

Advantages of the invention are mentioned under the heading

"Embodiments of the invention" below.

Figure captions

Fig. 1 shows a bend restrictor (1) of the invention bent into

an arch, a semi-circle with a minimum allowed bending radius of

F

RO shown in side view and in end view of the arch. The plpe

sections (2) are generally rotational symmetric about their
local longitudinal axis and are provided with ball-and-socket
connectors so the bend restrictor arch is not limited to any

fixed plane.

Fig. 2 is a perspective (isometric) illustration of an
intervention drum unit (100) which may be used with the
invention. The drum unit (100) comprises an intervention string
drum (101) arranged laterally translatable within a steel frame
(102) and provided with a string tension compensator (103)
arranged for taking up temporary differences between the
injector head (202) and the drum (101) now as the length of the
intervention string (0) part residing between the entry point

(105) of the frame (102) and the injector head (202) 1is

constant. Part of the conduit device (7) of the invention is

seen attached to the entry point (105).

CA 2858978 2018-11-30
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gr—

FF1g. 3 1s a section view 0f a bend restrictor of the i1nvention

g—

comprising a serles of generally 1dentical plpe sections with

a ball-and socket type connectors, the ball at a first end and
the spherical zone socket at the opposite end. In the

embodiment 1llustrated there 18 1nserted a low friction

prolymer tube through the bend restrictor so as for guiding the

intervention string and reducing friction and wear.

gr—

Fig. 4 1s a side view of the same.

Jrvens yrrre.

FF1gs. 5a to 5f are 1llustrations of a single pilipe section ()

(za, 2b, 2c ...) forming elements from which the bend

prren

restrictor of the i1nvention 1s assembled.

p—

F1g. 5a 1s a side view 0f a single pipe section of the

invention, the left part showing a locking ring at the

receptacle or socket end, and the right part showing a

correspondlng ball-part end for belng inserted 1nto a socket

- -

end of a next pipe section. An end view of the locking ring

and the socket end 1s shown.

Fig. 5b 1s a section view of the same, showling the locking

h

ring 1n the locking position about the socket end. A sphere of

gr—

the internal radius of the socket end 1s shown, please see

FFig. 7 for principal details.

gr—

FFig. 5Cc 1s an 1sometric "perspective" view of the same pipe

gr—

section of the i1nvention.
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FF'i1gs. 5d, be, 5f correspond to Fig. ba, 5b, and 5c, with the

p—

difference of the locking ring being moved

position which allows the resilient segment sectors (26) of

the socket to flex outward and release the

gr—

FFig. 6a 1s a perspective 1llustration of a

to the unlock

)

ball part (21)

wellhead with an

injector head in a steel frame, the conduit device (7) here

constituted by a flexible bend restrictor (1) laid over a

gooseneck attached to the steel frame, the

bend restrictor (1)

forming a closed, fixed length path between the i1injector head

(202) and the steel frame (102) of the motorized drum unit

(100) with a large-diameter drum (101) and

a Lension

compensator arch (103). The push-through threading dilirection

for the i1intervention string for the particular unidirectional

g—

bending restrictor type i1llustrated 1in Figs. 1 and ba-f 1s

11lustrated by a broken line arrow.

gr—
pr—

FFig. 6b 1s a side elevation view of the same, and Fig. 6c 1s a

top view of the same.

gr—

FFig. 7 1s a principle 1llustration of a spherical segment: a

solid defined by cutting a sphere with a palr of parallel

gr—

prlanes. The surface of the spherical segment 1s called the

spherical zone, excluding the planar bases. In the present

invention the spherilical zone 1s specifled to have the two

g—

parallel planes arranged at eilther sides o0:

- the sphere's

centre (¢). This limitation 1s simply to arrange the spherical

gr—

zone of the ball connector (21) to be retained within the

simllarly shaped correspondiling spherical zone of socket

gr—

connector (22) of substantially the same radius, of which the

inner surface 1s 1llustrated with an exaggerated radius.

gr—

F'ig. 8 1s an example 1llustration of the present invention

I

wherein the drum unit 1s arranged at a first deck level of &
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~orm and the conduit device 18 led via a second

deck level to a wellhead unit (200).

Fig. 9 1s an

g—

1llustration of a termination connector unit with

a ball type joint and a flange heading towards the drum's end,

here the entry point

(105) at the drum frame (102), and a

spherical socket-type connector with a flange for being

connected towards the 1njector head's end. Flange connections

may be replaced by weld joints, threaded joints, according to

the designer's desire.

Embodiments of the invention

The present i1invention 1s a condult device (7) for a petroleum

well 1nterven

string drum unit

~10nNn S

first end (72)

cring (0). The conduit device comprises a

arranged for being connected to an intervention

(100) with a drum (101), and a second end

(73) connected to an injector head (202) of a wellhead

assembly (200).

gr—

Please see Fi1g. 6a for a general setup of the

g—
p—

invention. The conduit device (7) of the invention, at any

polnt between said

first end (72) and said second end (73),

has a radius of curvature (R) larger than or equal to a given

gr—
pr—

smallest allowable radius of curvature (R0O) for said

intervention string

g—

(0). Further, the conduit device (7) of

the invention fors a substantially i1ncompressible fixed length

gr—

path for the portion of said intervention string (0) at any

(73) . Further,

~1me present between said first end (72) and said second end

()

the condult device (7) of the invention

constitutes a tubular path for the intervention string (0). In

~his context, any s

craight pipe will satisfy, and any pipe

bend or bending restrictor used, must satisfy the requirement

"having a radius o:

allowable radius o:

curvature (R) larger than the smallest

curvature (R0O). Please see Fig. 8 showing

gr—

places where the radius of curvature satisfies this

regqulrement.
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The term "tubular" used here means pipe-shaped, pilpe bend,

hose-shaped, tunnel or hole, 1.e. any closed channel adapted

for and wherein the intervention string runs. The notion

gr—
—

"incompressible” 1s exemplified by such as a metal pipe, fibre

g—

reinforced tubes, a chailn of ball-and-socket type bending

restrictor elements made 1n metal or a hardened polymer

Il

material, please see an example 1in Figs. 1, 3, 4, and bSa—f.

e

An advantage of the present i1nvention 1s that the conduilt

device (7) 1s 1ncompressible results 1n that the i1ntervention

string tension 1s substantially maintained (except for

friction loss) at all times along all the path between the

injector head (204) and the drum unit (100).

An advantage by the i1invention by the feature that the conduit
device (7) being tubular prevents mechanical contact between

the string (0) and anything external to the conduit device (7)

and also protects the string (0) from wear and crushing

damage. This feature further protects personnel's health by
preventing persocnal 1njury by mechanical contact with the
running string (0) or chemical contact with the possibly

polluted string (0).

e

In an embodiment of the i1invention 1t comprises one or more

Jreen y e

sections of straight pipe (75) of extensive length. An example

1s 1llustrated 1n Fig. 8 wherein the drum unit 1s placed at a

e

Tirst deck level of a petroleum rig or vessel, and the conduilt

device with the Intervention string running within 1s extended

via a second deck level through bends and a fixed straight

plpe section to a flexible bend restrictor to a gooseneck

(204) on an 1njector head (202) at a wellhead assembly (200).

Beyvond the wellhead assembly the i1ntervention string extends

according to desire into the well.
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gr—

In an embodiment of the invention, at any point between said

g—
p—

first end (72) and said second end (73) has a radius of

curvature (R) larger than or equal to a given smallest

gr—

allowable radius of curvature (R0O) for said 1ntervention

string (0). This 1s 1n practice not optional but 1s a

grasan

requlirement regardless of how the conduit 1s made. It limits

prsan

the amount of bending that the member can be subjected to.

Elements are specified below, but include straight pipes,

g gp—
e ——

bends, stiff hoses, bend restrictor elements.

g

In an embodiment of the i1invention, the conduit device (7)

e
p—

comprises one or more plpe bend (76) otf

fixed curvature.

g —
p—

In an embodiment of the 1nvention the conduit device (7) of

the 1nvention 1s laterally flexible along at least a portion

g

of 1ts path between the first end (72) and the second end

N

(73) . Examples of this 1s shown 1in Figs. 6a, 6b, and 6c, and

1in Fig. 8 for the section between a terminal point (105) on

the drum frame (102Z) and the clamp (79) for the fixed pilipe

bend, and between the fixed pipe bend near the second deck

level at the clamp (79) where the bend restrictor 1s allowed

to flex laterally (but not longitudinally) until 1t runs over

the gooseneck (204).

yyvr.

An advantage of the present 1nvention 1s that one may place

the i1intervention drum at a significant distance from the

wellhead unit, more than 80 metres 1n total distance as

counted along the conduit device has been tested, and the

yrrer.

requlirement of alignment and a free straight path for the

intervention string hanglng 1n a catenary line between the

drum and the wellhead unit may be disposed with.

The condult device (7) comprises 1n an embodiment of the

invention one or more ball—-and-socket type bend restrictor
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elements (2), please see Fig. 1, 2, 3, 4, ba-f, 6a, 06b, o6c, 7,

3, 9, forming flexible bend restrictor sections along the path

between said first end (72) and said second end (73). These

—
p—

ball—-and socket connections may be comprised 1n a series of

non-fixed bend restrictor pipes (2), so-called "knuckle

Jjolinted" pipe connections, which allows to flex the path

according to space requilrements, and to move part of the

P — P —
p—

conduit device 1f refurnishing of other egquipment along the

rath on the petroleum rig 1s reguired.

g

In an embodiment of the 1nvention the conduit device (7)

—

comprises one or more extensive sections of semli—-stit:

Il
1

e g

(77). Practical tests of more than 30 metres of stiff hose has

been tried with success.

I

The conduit device (7) of the i1invention may have the first end

(72) attached at a terminal point (105) of a drum frame (10Z)

of said drum unit (100). Preferably and advantageously, said

drum frame (102) 1s provided with a tension compensator arch

(103) arranged between said terminal point (105) and said drum

e
p—

ferences due to

(101). Advantageously, any temporary Speed di-

grever

different i1inertia of the string (0), the injector head (204)

and the drum (101) are taken up by the tension compensator

arch (103).

yrrer.

Preferably also, the conduit device of the i1invention not only

forms an 1ncompressible length path, but also forms a

substantially 1nextendable fixed length path for said portion

of said intervention string running or residing between said

first end (72) and said second end (73), 1.e. that all the

tubular components may not be extended nor pulled apart 1n
their longitudinal direction. This 1s achieved by the lockable

but rotatable ball- and socket connectors 1llustrated 1n Fig.

ba—-f and the corresponding end pieces with a flange and a ball
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connector or a socket connector. Pilpes may also have ordilinary

flange or screw connections. An advantage of this feature 1s
that the conduit device (7) 1s not torn apart by an

incompressible, semi-rigild composite rod or tubing

intervention string (0) which 1s subject to compressive forces

elther due to beling pushed through the conduit device (7) or

P
p—

due to temporary speed differences between the injector head

(204) and the drum (100).

g

In an embodiment of the 1nvention the conduit device 1s laid

over or attached to a gooseneck (204) arranged at said second

end (73) at the wellhead.

P N
p— p—

The conduit device of may comprise a comblnation of

components. It may comprise flange connections (78) with

elither a ball connector (21) or a socket type connector (22)

1n the opposite end. The flange connections may be used as end

or 1ntermittent connections so as for allowing connection of

g

any of: the drum frame (102), the bend restrictor element

pilpes (2), the pilipe bends (76), the straight pipe sections

p—

f hoses (77), and an entry polnt of

]

(75), possible semi-sti:

sald injector head (202).
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CLAIMS:

1. A flexible routing system for a petroleum well

1ntervention string, comprising:

a conduit device comprising a first end and a second

end;

an intervention string drum unit comprising a drum, a

drum frame and a tension compensator arch,

wherein the first end of the conduit device 1is
connected to the intervention string drum unit and arranged at
a terminal point of the drum frame of the intervention string
drum unit, and the second end of the conduit device 1is

connected to an i1njector head of a wellhead assembly,

wherein sailid conduit device at any point between said
first end and said second end has a radius of curvature larger

than or equal to a given smallest allowable radius of curvature

for sald petroleum well intervention string, and forms a
substantially incompressible fixed length path for a portion of

sald petroleum well intervention string at any time present

between said first end and said second end, said conduit device
constituting a tubular path for said petroleum well

intervention string, and

wherein the petroleum well intervention string

extends along a running path from the drum to the terminal

point of the drum frame, and the tension compensator arch is
arranged along the running path of the petroleum well
intervention string at a point between the terminal point of

the drum frame and the drum.

CA 2858978 2018-11-30
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2. The flexible routing system of claim 1, wherein the
condult device further comprises one or more sections of

straight pipe of extensive length.

3. The flexible routing system of claim 2, wherein the

-
prrer

conduilt device further comprises one or more pipe bend of fixed

curvature.

4, The flexible routing system of claim 2, wherein said
conduit device is laterally flexible along at least a portion

of a path of the conduit device between said first end and said

second end.

5. The flexible routing system of claim 2, wherein the

condulit device further comprises one or more ball-and-socket
type bend restrictor elements forming flexible bend restrictor

sections along the path between said first end and said second

end.

o . The flexible routing system of claim 1, wherein the
conduit device further comprises one or more pipe bend of fixed

curvature.

7. The flexible routing system of claim 6, wherein said

condult device 1s laterally flexible along at least a portion

of a path of the conduit device between said first end and said

second end.

3 . The flexible routing system of claim 1, wherein said
condult device is laterally flexible along at least a portion
of a path of the conduit device between said first end and said

second end.

CA 2858978 2018-11-30
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9. The flexible routing system of claim 1, wherein the
conduit device further comprises one or more ball-and-socket
type bend restrictor elements forming flexible bend restrictor

sections along the path between said first end and said second

end.

10. The flexible routing system of claim 1, wherein the

condult device further comprises one or more sections of semi-

stiff hose.

11. The flexible routing system of claim 1, wherein said

condult device forms a substantially inextendable fixed length

path for saild portion of said intervention string running or

residing between said first end and said second end.

12. The flexible routing system of claim 1, wherein said

second end of the conduit device is arranged at a gooseneck of

the 1njector head of the wellhead assembly.

13. The flexible routing system of claim 1, wherein the
conduit device further comprising bend restrictor element

plpes, pipe bends, straight pipe sections, semi-stiff hoses,

and said conduit device further comprises flange connections

with either a ball connector or a socket type connector so as

for allowing connection of any of:
sald drum frame,

sald bend restrictor element pipes,

sald pipe bends,

sald straight pipe sections,

CA 2858978 2018-11-30
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sald semi-stiff hoses,

and an entry point of said injector head.

14 . The flexible routing system of claim 1, wherein the
conduit device further comprises low friction polymer tube
O through the conduit device so as for guiding the intervention

string and reducing friction and wear.

CA 2858978 2018-11-30
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