006/115754 A2 | 0001 0 00 A

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

(19) World Intellectual Property Organization [ mj

525 | O 00

International Bureau

(43) International Publication Date
2 November 2006 (02.11.2006)

(10) International Publication Number

WO 2006/115754 A2

(51) International Patent Classification:
B32B 15/02 (2006.01)

(21) International Application Number:
PCT/US2006/013303

(22) International Filing Date: 10 April 2006 (10.04.2006)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

60/675,055 26 April 2005 (26.04.2005) US

(71) Applicant (for all designated States except US): EXXON-
MOBIL UPSTREAM RESEARCH COMPANY
[US/US]; CORP-URC-SW3438, P.O. Box 2189, Houston,
Texas 77252-2189 (US).

(72)
(75)

Inventors; and

Inventors/Applicants (for US only): HOYT, Douglas, S.
[US/US]; 166 April Rain Court, The Woodlands, Texas
77382 (US). WEIR, Michael, S. [US/US]; 11 Misted Lilac
Place, The Woodlands, Texas 77381 (US). KAN, Wan, C.
[US/US]; 14823 Cindywood, Houston, Texas 77079 (US).

(74) Agents: MALPASS, Gerald, D., Jr. et al.; ExxonMobil
Upstream Research Company, CORP-URC-SW348, P.O.

Box 2189, Houston, Texas 77252-2189 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, HI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: APPARATUS AND METHODS OF IMPROVING RISER WELD FATIGUE

c15

10

o (57) Abstract: In one embodiment, a tubular assembly is provided comprising a first iron-based tubular having a first non-cladded
inner surface; and a second iron-based tubular having a second non-cladded inner surface, wherein the first tubular is connected to
the second tubular using a non-iron based bonding material. The non-iron based bonding material has a lower crack growth rate than

e
=

the iron-based tubulars.



WO 2006/115754 PCT/US2006/013303

APPARATUS AND METHODS OF IMPROVING RISER WELD FATIGUE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
60/675,055, filed 26 April, 2005.

BACKGROUND

Field of Inventions

[0002] Embodiments of the present inventions relate to apparatus and methods of
forming a riser. Particularly, embodiments of the present invention relate to apparatus

and methods of improving fatigue performance of a riser weld.
Description of Related Art

[0003] Risers are used in deepwater projects to convey fluids from pipelines on
the seabed to floating or fixed facilities on the surface. In one riser configuration, the
steel catenary riser (SCR) is composed of a number of pipe joints connected together
by girth welds. The term catenary describes the shape the riser takes when it is
suspended from a platform or floating production vessel (hang-off point), and extends
to the ocean floor (touchdown point). Steel catenary risers are subjected to
hydrodynamic loads during their service life, and the fatigue performance of the entire
riser will rely on the fatigue strength of the welds. Accordingly, improvement of
fatigue performance of the riser girth welds will improve the fatigue performance of

the entire riser.
SUMMARY

[0004] In one embodiment, a tubular assembly is provided, comprising
(including) a first tubular having a first inner surface; a second tubular having a
second inner surface; and a metallic bond connecting the first tubular to the second
tubular, wherein the metallic bond comprises a material that has a lower crack growth

rate than at least that of the first tubular and the second tubular. In another
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embodiment, the tubular assembly further comprises metallic cladding disposed on

each of the first inner surface and the second inner surface.

[0005]  In another embodiment, a tubular assembly is provided, comprising a first
iron based tubular having a first non-cladded inner surface; and a second iron based
tubular having a second non-cladded inner surface, wherein the first tubular is

connected to the second tubular using a non-iron based bonding material.

[0006] In yet another embodiment, a tubular assembly is provided, comprising a
first tubular; a second tubular; a metallic bond connecting the first tubular to the
second tubular; and a metallic cladding disposed on a bonding surface of the first

tubular and the second tubular, wherein the bonding surface is substantially smooth.

[0007] In yet another embodiment, a method of connecting a first tubular to a
second tubular is provided, comprising bonding an end of the first tubular to an end of
the second tubular; and disposing a metallic cladding on a bonding surface of at least
one of the first tubular and the second tubular; wherein the bonding surface is

substantially smooth.

[0008] In yet another embodiment, a riser assembly is provided, comprising a
riser assembly comprising a first riser joint having a first inner surface and a second
riser having a second inner surface. A non-iron based weld material is used to
connect the first tubular to the second tubular, and a non-iron based cladding is
disposed on each of the first inner surface and the second inner surface, wherein the
cladding extends along a length of the first tubular and the second tubular and wherein
each of the non-iron based weld material and the non-iron based cladding has a lower

crack growth rate than the first tubular.

[0009]  Inone embodiment, a tubular assembly is provided, comprising
(including) a first tubular having a first inner surface; a second tubular having a
second inner surface; a metallic bond connecting the first tubular to the second
tubular; and a metallic cladding disposed on the first inner surface and the second
inner surface, wherein the metallic cladding extends along a partial length of the first

tubular and the second tubular.
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BRIEF DESCRIPTION OF DRAWINGS
[0010] Figure 1 shows an SCR in use.

[0011] Figure 2 is an enlarged cross-sectional view of an SCR.

[0012] Figure 3 shows fatigue crack growth curves for Inconel 625 and carbon

steel in two different environments.

[0013] Figure 4 shows a cross-sectional view of another embodiment of forming a
SCR.

[0014] Figure 5 is an enlarged partial view of the SCR in Figure 4.

DETAILED DESCRIPTION

Introduction and Definitions

[0015] A detailed description will now be provided. Each of the appended claims
defines a separate invention, which for infringement purposes is recognized as
including equivalents to the various elements or limitations specified in the claims.
Depending on the context, all references below to the “invention” may in some cases
refer to certain specific embodiments only. In other cases it will be recognized that
references to the “invention” will refer to subject matter recited in one or more, but
not necessarily all, of the claims. Each of the inventions will now be described in
greater detail below, including specific embodiments, versions and examples, but the
inventions are not limited to these embodiments, versions or examples, which are
included to enable a person having ordinary skill in the art to make and use the
inventions, when the information in this patent is combinéd with available
information and technology. Various terms as used herein are defined below. To the
extent a term used in a claim is not defined below, it should be given the broadest
definition persons in the pertinent art have given that term as reflected in one or more

printed publications (including dictionaries) or issued patents.
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[0016]  The term "tubular" means a fluid conduit having an axial bore, and
includes, but is not limited to, a riser, a casing, a production tubing, a liner, and any

other type of wellbore tubular known to a person of ordinary skill in the art.

[0017] As used herein, the term “bond” refers to any type of connection that is

used to connect two metals, and includes, but is not limited to, a weld.

[0018] The term “cladding” means a layer of material, and includes, but is not

Jimited to, a tubular sleeve, an arcuate sheath, and a deposited layer of material.

[0019] The term “iron based” means a material whose characteristics are
determined by its iron content. An exemplary iron based material includes a material

having an iron content of at least about 50%.

[0020] The term “non-iron based” means a material whose characteristics are
determined by an element other than iron. An exemplary non-iron based material
includes a material having an iron content of less than about 50%. Another

exemplary non-iron based material includes nickel based alloy.

[0021]  The term “nickel based alloy” means an alloy having at least about 40%

nickel content; more preferably, at least about 50% nickel content.

[0022] The term “riser” means a pipe that connects a subsea pipeline to a floating

surface structure.

[0023] The term “crack growth rate” means crack extension per cycle, i.e., da/dN,

where “a” is the crack length and “N” is the number of load cycles.
Specific Embodiments of the Tubular Assembly

[0024]  Various specific embodiments of a tubular assembly and methods of
forming or using a tubular assembly are described below, at least some of which are

also recited in the claims.

[0025]  In at least one specific embodiment, a tubular assembly is provided. The

tubular assembly includes a first tubular having a first inner surface and a second
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tubular having a second inner surface. The tubular assembly also includes a metallic
bond connecting the first tubular to the second tubular, wherein the metallic bond
comprises a material that has a lower crack growth rate than at least that of the first
tubular and the second tubular. The tubular assembly further includes a metallic

cladding disposed on each of the first inner surface and the second inner surface.

[0026] One or more other specific embodiments include a tubular assembly
comprising a first iron based tubular having a first non-cladded inner surface and a
second iron based tubular having a second non-cladded inner surface, wherein the
first tubular is connected to the second tubular using a non-iron based bonding

material.

[0027] One or more other specific embodiments include a riser assembly
comprising a first riser joint having a first inner surface and a second riser having a
second inner surface. A non-iron based weld material is used to connect the first
tubular to the second tubular, and a non-iron based cladding is disposed on each of the
first inner surface and the second inner surface, wherein the cladding extends along a
length of the first tubular and the second tubular and wherein the non-iron based weld
material and the non-iron based cladding have a lower crack growth rate than the first

tubular.

[0028] In at least one specific embodiment, a method of connecting a first tubular
to a second tubular is provided. The method comprises bonding an end of the first
tubular to an end of the second tubular. The method also includes depositing a
metallic cladding on a bonding surface of at least one of the first tubular and the

second tubular, wherein the bonding surface is substantially smooth.

[0029] In one or more of the embodiments described above or elsewhere herein,
depositing the metallic cladding comprises welding the metallic cladding to the inner

surface.

[0030] In one or more of the embodiments described above or elsewhere herein,

the metallic cladding is deposited on the bonding surface using a plasma arc welding
(PAW) process.
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[0031] In one or more of the embodiments described above or elsewhere herein,
the first tubular is connected to the second tubular at least partially using a gas

tungsten arc welding (GTAW) process.

[0032] In one or more of the embodiments described above or elsewhere herein,
the metallic cladding and the metallic bond comprise substantially the same metallic

material.

[0033] In one or more of the embodiments described above or elsewhere herein,

the metallic material comprises a nickel-based alloy.

[0034] In one or more of the embodiments described above or elsewhere herein,

the metallic material comprises a nickel-chromium-molybdenum dlloy.

[0035] In one or more of the embodiments described above or elsewhere herein,

the metallic material has a lower crack growth rate than the first tubular.

[0036] ° In one or more of the embodiments described above or elsewhere herein,

the metallic bond material has a lower crack growth rate than the first tubular.

[0037] In one or more of the embodiments described above or elsewhere herein,

the first and second tubulars include a riser.

[0038] In one or more of the embodiments described above or elsewhere herein,
at least one of the first inner surface and the second inner surface is substantially

smooth.

[0039] In one or more of the embodiments described above or elsewhere herein,

the metallic cladding is corrosion resistant.

[0040] In one or more of the embodiments described above or elsewhere herein,

the metallic cladding has a length of less than 24 inches.

[0041] In one or more of the embodiments described above or elsewhere herein,

the metallic cladding comprises a non-iron based material.
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[0042] In one or more of the embodiments described above or elsewhere herein, a
recess is formed on the inner surface of at least one of the first tubular and the second

tubular.

[0043] In one or more of the embodiments described above or elsewhere herein,

an ultrasonic inspection is performed on the connected tubulars.

[0044] In one or more of the embodiments described above or elsewhere herein,
the first tubular is connected to the second tubular at least partially using a gas metal
arc welding (GMAW) process.

[0045] In one or more of the embodiments described above or elsewhere herein,
the first tubular is connected to the second tubular using a combination a of a gas

tungsten arc welding (GTAW) process and a gas metal arc welding (GMAW) process.

[0046] In one or more of the embodiments described above or elsewhere herein,

an adhesion layer is deposited on at least one of the tubular before connection.
Specific Embodiments In Drawings
[0047] Specific embodiments shown in the drawings will now be described.

[0048] Figure 1 shows a typical SCR application wherein the water surface 3
supports a floating structure 15 located above the seabed 20. The SCR 10 is used to
connect the floating structure 15 to a seabed pipeline. The SCR 10 is made up of a
plurality of riser joints 11, 12 connected together using a metallic bond 13 such as a

weld process.

[0049]  Figure 2 is an enlarged view of a section of the SCR. In one embodiment,
the riser joints 11, 12 are welded together using a weld material 18 that is dissimilar to
the material of the riser joints 11, 12. Preferably, one of the dissimilarities is that the
weld material 18 has a lower crack growth rate than the iron based material of the
riser joints 11, 12. Because fatigue tends to initiate through discontinuities in the

weld or stress concentrations caused by the weld, a weld material having a lower
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crack growth rate may reduce the potential for the cracks to form or propagate,

thereby extending the life of the weld.

[0050] In another embodiment, the base alloy of the riser material is dissimilar to
the base alloy of the weld material. For example, the riser joint may comprise an
iron-based material such as steel, while the dissimilar weld material comprises a non-
iron based material. In the embodiment shown in Figure 2, the iron based steel riser
joints 11, 12 are bonded together using a nickel based alloy. An exemplary nickel
based alloy comprises a nickel-chromium-molybdenum alloy having at least about
18% to about 25%; more preferably, at least about 20% to about 23% chromium. In
one embodiment, the weld material 18 comprises a nickel based alloy marketed under
the trademark Iconel 625. It has been found that a weld material 18 comprising a

nickel based alloy delivers good fatigue performance in non-corrosive environments.

[0051] Figure 3 shows the fatigue crack growth curves for nickel alloy 625 and
carbon steel in two surrounding environments. It can be seen that, for the same stress-
intensity-factor range, nickel 625 (23) has a slower crack growth rate than either
carbon steel surrounded by sea water (21) or carbon steel surrounded by air (22). In
other words, weld material made of nickel alloy 625 has a higher resistance to crack
growth than weld material made of carbon steel. As such, use of a nickel based alloy
as the weld material may reduce the potential for cracks to form or propagate. In this

manner, a nickel based alloy weld material may extend the life of the weld.

[0052] In a “sweet” (non-corrosive) environment, two steel risers may be welded
together using nickel-chromium alloy as the weld material to increase the fatigue
performance of the connection. The two steel risers may be joined using a single “U”
groove joint. However, other types of joints, such as a “V” groove, may also be used.
Preferably, two different weld methods are used to fill the U groove. First, the gas
tungsten arc welding process (“GTAW™) is used to perform the initial weld passes
such as the root and hot passes. Thereafter, gas metal arc welding (“GMAW?) is used
to perform the fill and cap passes to complete the weld. GMAW is preferred for the
fill and cap passes because it has a higher metal deposit rate than GTAW. Although

two different weld processes are preferred, the weld may also be performed using
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only either the GTAW or the GMAW. It is further contemplated that any suitable
welding process known to a person of ordinary skill in the art may be used to connect

the risers.

[0053] In another embodiment, an “adhesion” layer may optionally be applied to
the joining face of at least one of the joining pipes before the pipes are welded
together. It is believed that the adhesion layer will aid in the ultrasonic inspection of
the welded joint. The adhesion layer is applied by depositing a thin layer of the weld
material on the joining face of one of the pipes using GTAW. The adhesion layer
should substantially cover from inner diameter edge to the outer diameter edge.
When the pipes are held in a vertical position for joining and if only one pipe has an
adhesion layer, that pipe is preferably placed on the bottom when it is joined with the
other pipe.

[0054] Figure 4 shows a cross-sectional view of another embodiment of forming a
SCR. Figure 5 is an enlarged view of the cross section of that SCR. As shown, the
riser joints 111, 112 are bonded together using a dissimilar weld material 118. Also,
the riser joints 111, 112 are provided with a cladding 121, 122 along a partial length
of the joints 111, 112 before the riser joints 111, 112 are bonded together. The partial
cladding 121, 122 increases the fatigue performance of the weld by preventing cracks
from forming near the weld and thereafter propagating toward the weld. In this
respect, only a limited section of the riser joints 111, 112 is cladded, as illustrated in
Figures 4 and 5. Preferably, the cladding 121, 122 has a length of less than about 24
inches; more preferably, less than about 18 inches; and most preferably, less than
about 12 inches. A recess 125 may be formed on the inside of each riser joint 111,
112 to accommodate the placement of the claddings 121, 122. Preferably, the
cladding 121, 122 comprise a corrosion resistant alloy that has a lower crack growth
rate than the material of the riser joints 111, 112. Exemplary alloys include nickel
based alloy, and more preferably, a nickel-chromium based alloy. Riser joints 111,
112 having corrosion resistant alloy cladding are most beneficial in “sour” (corrosive)
environment applications. The corrosion resistant property of the claddings 121, 122
protects the fatigue prone areas of the SCR from corrosive components flowing

through the SCR. As shown in Figures 4 and 5, the riser joints 111, 112 may be
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bonded together using any suitable weld technique known to a person of ordinary skill
in the art. In the preferred embodiment, the cladding 121, 122 and the weld material
118 comprise the same metallic material. However, the cladding and the weld
material may comprise different metallic materials so long as they each have a lower

crack growth rate than the riser joint material.

[0055] In another embodiment, the cladding overlay 121, 122 is deposited as a
continuous layer using a plasma arc welding process (“PAW™). It is believed the
PAW process provides lower penetration of the weld material on the inside surface of
the riser joint 111, 112. Because inside surface is less affected by the weld material, a
smoother fusion line/boundary is generated between the joints 111, 112 and the
claddings 121, 122. The smoother fusion boundary may be referred to as “straight
line fusion”. During inspection of the riser joints 111, 112, the bonding surface
formed has less ultrasound wave attenuation and/or reflection. Thus, a more accurate
inspection of the riser jbints 111, 112 is achieved. It is contemplated that GTAW may

also be used to deposit the cladding overlay.

[0056] In yet another embodiment, the cladding may be deposited on a connector
for connecting the two riser joints. Each end of the connector may be welded to a
riser joint. In this respect, the connector may be made of the same or similar metal as
the riser joints. The length of the connector may be about 6 inches to about 10 feet;
more preferably, about 12 inches to about 7 feet; and most preferably, about 2 feet to
5 feet. The entire length of the connector inner diameter surface may be cladded with
a nicke] alloy such as Inconel 625. Using PAW, the cladding is deposited as a
continuous layer on the inside surface of the connector by rotating the connector
about a horizontally positioned welding torch. After the cladding has been deposited
on the connector, the connector is used to connect two separate riser joints. The
connector may be welded to the riser joints using a dissimilar weld material as
discussed above. In another embodiment, the two riser joints connecting to the
connector may be partially cladded to protect against fatigue. In yet another
embodiment, the cladding material and the weld material may comprise substantially

the same alloy.
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EXAMPLE 1

[0057] Example 1 relates to connection of two steel catenary risers using Inconel
625 as the weld material. The steel risers were joined using a single “U” groove joint.
To join the riser, gas tungsten arc welding (“GTAW”) was used to perform the root
and hot passes. Thereafter, gas metal arc welding (“GMAW?) was used to perform
the fill and cap passes to complete the weld. The connection formed using Inconel
625 has improved fatigue performance over the conventional connection using a

material that has similar crack growth characteristics as the riser.

Base Material

Base Material API 5L, Grade X52
Diameter 20"
Wall Thickness 1"

Welding Procedure

Welding Process GTAW/GMAW

Tungsten Type and Size (GTAW) | EWTh-2 & 1/8 in.

Filler Metal ERNiCrMo-3 (Inconel 625)
Preheat Temperature 21°C

Interpass Temperature (max) 370°C

Joint design
I Groove design

Single U groove

Welding Parameters

Pass Root & Hot Pass Fill & Cap Passes
Welding Process GTAW GMAW
Welding Polarity DCEN DCEP
Welding Position 2G - Horiz. 2G - Horiz.
Filler Metal Diameter 0.035 in . 0.035 in
Current Range (A) 144-171 125-146
Voltage Range (V) 11-12.1 26.9-32
Travel Speed Range (in/min) 4.5-7.7 14.4-18
Shielding Gas 100% Ar 90% He, 9.8% Ar, 0.2%CO,
Shielding Gas Flow Rate (CFH) 35 40
Backing Gas 100% Ar -
Backing Gas Flow Rate (CFH) 25 -
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EXAMPLE 2
[0058]  Example 2 relates to cladding of an entire length of a connector. The

cladding material was Inconel 625 and the connector was a steel pipe. Using PAW,
the cladding was deposited as a continuous layer on the inside surface of the
connector by rotating the connector about a horizontally positioned welding torch.

The connector cladded with Inconel 625 improved fatigue performance over an

uncladded connector.

Base Metal

Base Metal API 5L X60 Pipe
Pipe Diameter 10"

Pipe Thickness 1" (25.4 mm)
Filler Metal

Filler Metal Alloy 625

AWS Designation ERNiCrMo-3

Process Parameters

Cladded Surface Inside diameter of pipe
Welding Position Horizontal

Welding Process PAW

Filler Metal Diameter 0.062" (1.6mm)

Plama Power Arc Source DCEN

Plasma Arc Current 400 - 500 A

Plasma Arc Voltage 34-40V

Hot-wire power source AC

Hot-wire current 165-185 A

Hot-wire voltage 22-26 V

Orifice gas and flow rate

75% He, 25% Ar; 55 ft*/hr (26 L/min)

Shielding gas and flow rate

100% Argon; 40 ft*/hr (19 L/min)

Trailing shielding gas and flow rate

100% Argon; 45 ft*/hr (21 L/min)

Standoff distance

0.8 in (21 mm)

Travel Speed

7.5 in/min (190 mm/min) via pipe rotation

Bead Width 0.7 in (18 mm)

Bead thickness 0.25-0.3 in (6 - 8§ mm)
Weave Width 13 mm

Preheat temperature 250 °F (120 °C)
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We claim:

1. A tubular assembly comprising:

a first iron-based tubular having a non-cladded inner surface; and

a second iron-based tubular having a non-cladded inner surface; wherein the
first tubular is connected to the second tubular using a non-iron based bonding

material.

2. The tubular assembly of claim 1 wherein said first iron-based tubular is
connected to said second iron-based tubular at least partially using a gas tungsten arc

welding process.

3. The tubular assembly of claim 1 wherein said first iron-based tubular is
connected to said second iron-based tubular at least partially using a gas metal arc

welding process.

4. The tubular assembly of'claim 1 wherein said non-iron based bonding material

has a lower crack growth rate than said first iron-based tubular.

5. The tubular assémbly of claim 4 wherein said non-iron based bonding material

has a lower crack growth rate than said first and second iron-based tubulars.

6. The tubular assembly of claim 1 wherein said non-iron based bonding material

comprises a nickel based alloy.

7. The tubular assembly of claim 6 wherein said nickel based alloy comprises

nickel-chromium-molybdenum alloy.

8. The tubular assembly of claim 1 wherein said first iron-based tubular is
connected to said second iron-based tubular at least partially using a combination of a

gas tungsten arc welding process and a gas metal arc welding process.
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9. The tubular assembly of claim 1 wherein said first and second iron-based

tubulars comprise a riser.

10.  The tubular assembly of claim 1 wherein said bonding material has a higher

nickel content than said first or second iron-based tubular.

11.  The tubular assembly of claim 1 wherein said bonding material has a lower

iron content than said first or second iron-based tubulars.

12. A method of connecting a first iron-based tubular having a non-cladded inner
surface, to a second iron-based tubular having a non-cladded inner surface,
comprising:

bonding an end of said first iron-based tubular to an end of said second

iron-based tubular using a non-iron based bonding material.

13. The method of claim 12 wherein a gas tungsten arc welding process is used to

at least partially bond said first iron-based tubular to said second iron-based tubular.

14.  The method of claim 12 wherein a gas metal arc welding process is used to at

least partially bond said first iron-based tubular to said second iron-based tubular.

15.  The method of claim 12 further comprising depositing an adhesion layer on at

least one of said first iron-based tubular and said second iron-based tubular.

16.  The method of claim 12 wherein said non-iron based bonding material

comprises a nickel-based alloy.

17.  The method of claim 16 wherein said nickel-based alloy comprises a nickel-

chromium-molybdenum alloy.

18.  The method of claim 12 wherein said non-iron based bonding material has a

lower crack growth rate than said first iron-based tubular.
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19. The method of claim 12 wherein said first and second iron-based tubulars

comprise a riser.

20.  The method of claim 12 further comprising inspecting the connected tubulars.
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