Semisubmersible crame

essel is used in laving the
240-ft-long sections of pipe
for the pipeline which
services the Maui A platform.

An onshore pipe welding setup speeded the production of underwater
pipe-laying for a major project off New Zealand

BY PETER BUTLER, J. G. EMMERSON AND RENE VAN DEN BERG

world, in diameters ranging from 76 mm (3 in.) up to
1270 mm (50 in.) or more and in water depths up to 500
m (1600 ft] using the S-lay method — Fig, 1A, This method
is based on holding the pipe at the end of the pipe lay barge,
supporting the overbend by means of a mechanical struc-
ture known as a “stinger,” and lowering the pipe to the sea
hed at a typical inclinalion of 30 deg to harizantal. The
pipe is prevented from buckling by tension maintained by
the lay barge anchors which are periodically moved for-
ward along the route of the pipeline, On the deck of the S-
lay barge, pipe welding, NOT, and pipe joint coating work-
stations are sequentially positioned to allow use of stan
dard 12-m (39-ft) or double-jointed 24-m (79-ft) pipe
lengths. The multiple workstations optimize the produc-
tion rate at the expense of increased vessel length.

Most commercially worthwhile il and gas fields lo-
cated in shallow waters have already been developed. With

Suhmal'im‘. pipelines have been installed all over the
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the increasing cost of production from marginal shallow
water fields, exploration and development have focused
an new sites in increasingly deeper waters, With increas-
ing water depth, the length and weizht of the unsupported
pipe span increase and the anchor tension required to pre-
vent buckling also increases, Due to the catenary of the
anchoring cahles, the ahility to provide the tension de-
creases as the water depth increases, until a limit is reached
beyvand which anchars cannot be used,

In the 1950s, the J-lay concept was developed — Fig,
1B. With the |-lay technique, the pipe is suspended near
vertically from the lay barge, thus reducing the horizontal
force required to prevent pipe buckling. The J-lay tech-
nigue has obvious advantages for deep-water applications
where it is possible to eliminate the use of anchors by using
dynamic positioning. The main drawback of the |-lay tech.
nigue is that the near vertical pipe is difficult to handle and
multiple workstations cannot be used. Only one length of
pipe can be welded onto the pipeline at a time and subse-
quent inspection and coating must be done before the nexl
weld can be made, resulting in low production rates com-
pared to that achieved by 5-lay barges.
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Fig. 1 — Two technigues for laying offshore pipelines. A — S-lay concept; B — JHay conceys.

In 1989, Heerema, a Dutch company, which operates
a fleet of semi-submersible crane vessels (55CV) used for
the installation of offshore oil and gas production plat-
forms, decided to diversify into marine pipe laying. Real
izing direct competition with established pipe lay contrac-
tars using S-lay barges could not be commercially com-
petitive, an innovative J-lay system was designed (Fig. 2)
which took advantage of the unique capabilities of the
SSCV.

Although the J-lay concept was some 30 years old, no
functional system had been constructed as there was no
immediate market for it, especially one which could jus-
tify inferior productivity when compared to S-lay barges.
Heerema's solution to this limitation was to maximize the
length of each piece of pipe added to the pipeline. By fab-
ricating the pipe on shore into lengths up to 72 m (240 ft}
and using the massive crane capacity (4000 tons) of the
SSCV to lift each pipe string into position for welding, they
could compensate for a lower productivity rate.

J-Lay Project

In late 1990, Heerema was awarded a pipe lay contract
from Shell Todd Ol Services (5TOS) of New Zealand and
detail design and construction of the J-lay equipment was
hesun.

New Zealand is supplied with natural gas from the Maui
A platform which was installed in the late 1970s. To in-
crease available supplies, Shell Todd Oil Services decided
Lo invest in a second platform which was to be installed
15 km (9 miles) from Mawi A, A 20-in. (57-cm) diameter

Fig. 2 -

Heerema [lay concepd.
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pipeline was planned to carry untreated gas from this new
platform, Mawi B, to Maui A for treatment before transport
ta shore through the existing pipelines, The raw gas from
the Maui field is extremely corrosive due to the high CO;
content which led to the selection of AP 5LX grade X60
pipe internally clad with Type 3160 stainless steel. The
20-in.- diameter seam welded pipe had a nominal %-in.
(19 mm} wall of APISLX 60 and an internal cladding of
Type 316L stainless steel, % in. (3 mm) thick. It was to be
the longest clad steel pipeline in the world.

lhis was to be no ordinary pipeline project, In addition
to the teething problems of a complex and innovative new
technique, the customer required that pipe welds meet a
specification far more demanding than the traditional stan-
dard for pipelines (AP 1104),

In August 1991, a full-scale trial was conducted on-
board the 55CV Balder off Vancouver Island, Canada, dur-
ing which 1 km (062 mile} of pipe was laid and retrieved.
Subsequently, the Maui A-B pipeline was laid in the Tas-
man Sea off New Zealand during the pericd December
1991 to March 1992,

The selection of welding equipment was influenced by
the requirement for “no defects/no repairs” in the clad layer
and the ability to make an acceptable root pass an pipes
exhibiling the maximum permitted mismatch of 1.6 mm
(0,062 in.). Two fundamentally different approaches were
considered. The first was the use of an orbital CMAYY sys-
tem using a “narrow gap” bevel geometry. With this ap-
proach, the root pass was made from the inside, with hot,
fill, and capping passes made from the outside. This ap-
proach offered substantial speed due to the low weld vol-
ume and high deposition rates. The second alternative was
to use orhital CTAW for the root pass, which required a
wider groove geometry and potentially lower deposition
rates, but offered a better guarantee of weld metal quality.
GTAW or GMAW would be used for fill and capping
passes,

The restrictive welding specification, the complexities
of the clad pipe, combined with the first ime use of an in-
novative pipe lay system, led 1o the decision to place the
emphasis on making good welds the first time around, and
that optimizing the weld deposition rate should be a sec-
ondary consideration. Magnatech orbital welding equip-
ment was chosen for a welding development program
based on the use of GTAW for the root and hol passes. The
purpose of the development program was to establish the
root and hot pass parameters and evaluate both GTAW
and GMAW techniques for the fill and cap passes.

Welding equipment selection, welding procedure de-
velopment and the training of local welders in New
Zealand were conducted concurrently with the required
madification to the SSCY for |-lay operations,
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Fig. 4 fabovel— Magnatech T Model welding heacd.

Fig. 3 flefitl— Magnatech series 500 GTAW sysfern.

Equipment Development

The welding development program was undertaken at
a Heerema associated facility in Zwijndrecht, Holland.
Magnatech provided its Series 500 System (Fig. 3) for the
GTAW development. The system consists of a track-
mounted orbital welding head, a constant current power
source and cantrols which integrate the operation of the
welding head and power source. The T Model welding
head (Fig. 4) incorporates torch rotation, filler wire fead,
torch oscillation, and arc voltage control functions. The
welding head mounts an the pipe using an appropriately
sized guide ring, which consists of a metal band that en-
circles the pipe 0.0, The Series 500 controller provides
speed regulation and servo contral circuitry for the vari-
ous functions of the welding head, as well as control of
welding current, The controller offers the ability 1o pulse
the welding current and allows certain weld head func-
tions {wire feed, torch rotation, oscillation and arc voltage
control operation) to be synchronized with the pulsed cur-
rent, The Cyber-Wave power source from Hobart Bros.,
Inc., Troy, Chio, supplied as part of the system, has suffi-
cient outpul capability (300 A/ 600% duty cycle) and good
arc characteristics required to make welds meeting the de-
manding specification.

The Series 500 System has an established history of use
for marine pipeline projects by a number of contractors,
This has included the welding of duplex stainless steel
pipeline and pipe clad internally with Inconel® 8§25, The
Series 500 system was originally developed for welding
pipe work in the steam generation and chemical indus-
tries. Further refinements were added to optimize it for this
pipeline application.

Magnatech also supplied the orbital GMAW svstem for
the welding trials in Holland, This GMAW system is simi-
lar in construction to the Series 500 and consists of a weld-
ing head, power source, and controls, The welding head
is trrack mounted on an identical guide ring to the GTAW
system. The Pipeliner Model welding head (Fig, 5} also in-
corporates torch rotation, filler wire feed, and torch ascil-
lation. The power source used with the GMAW system

was the Transarc 500 model manufactured by Fronius
Schweissmaschinen KG, Wels-Thalheim, Austria. This iz a
pulsed power source which allows synergic control he-
tween the welding head mounted wire feeder and the
power source oulput. The torch oscillation syslem has the
unique capability of a “power boost” mode of operation.
The torch oscillation system commands a higher power
output level during the dwell period, when the tarch is ad-
jacent to the side walls of the bevel, This feature provides
better side wall fusion and has made orbital GMAW weld-
ing a viable alternative for many applications. Synergic
programming of the Transarc 500 is based on the concept
that the four basic pulse parameters {voltage, current, time
period, and frequency) are factory preset for a given com-
bination of filler wire size, material and shielding gas. The
wire feeder interacts with the factory preset program which
automatically adjusts one or more of the pulse variables
to maintain uniform arc energy. The welder sets the pipe

Fig. 5 — The Magnatech GMAWVY system,
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hase material and wire diameter which leads to the selec-
tion of the appropriate pulse relationships stored on a mem-
ory chip.

Welding Equipment Trials

A program of welding trials was conducted using the
tMagnatech GTAW and GMAW equipment on clad pipe
supplied by the customer, STOS. The purpose of these tri-
als was to select the welding process to be used for the fill
and cap passes, and to optimize equipment design for the
task.

The Maui pipeline was to be welded in the 6G posi-
tion, with the pipe axis at a nominal 37 deg to the hori-
zontal, due to the constraints of the )-lay system. For use
in the single welding station within the stinger, a double-
up welding technique (6 1o 12 o'clock) was selected an
the hasis of maximizing the deposition rate and minimiz-
ing the potential for lack of side wall fusion. The 20-in,
pipe was large enough to permit the simultaneous use of
two welding heads, one traveling clockwise and the other,

counterclockwise,

All controls required during welding operations are lo-
cated on the remaote pendant, and the operator has little

Table 1— Trial Test Results

Root and Mot Pass Process
Wire Type
Wire Size
Shielding Gas
FILL Process
Wire Type
Wire Size
Shielding Gas
CAP Process
Wire Type
Wire Size
Shielding Gas
Al Weld Tensile
02% PS 413 MPa
UTS. 517 MPa
fhong. 20F% min.
Trans Weld Tensile
LTS, 517 MPa
Fracture Position
Impact Test @ =30°C weld cap
min. indrvidual /min. average wedd root
30740 joules fl. cap
fl. root
+2 mm cap
+2 mm root
+5 mm cap

+5 mm root
Wickers Hardness

weld, HAZ, base metal, maximum 275 Hv 10
madcra
Chemical Analysis C <003
all elernents to be reposted as 5
per 316l specification except M
as noted. r
Mo, = 2.5
Mi
I’l
5
Cu

Corrosion test — Pitting

ASTM G311

test i} Mo appreciable pitting {pits << 0.2 mm deep)
test 0} ho pitting

Corrosion Test — Intercrystalline

ASTM A262 Practice D

The ratio of corrosion rate for the sensitized
sample to the corrosion rate for the as-

recejved sample shall not excesd 1.5

Corroston Test — Crevice

ASTM GTH

Ferrite Content

for 30960 or 309Mol between 5 and 13% by volume
"measured by magnegauge”

W2 FAYE FALY:) FAYRE] W7 19
GTAW GTAW CTAW CTAW CTAW
MEMoL 309nol ol MrEdol AL
0.9 mm 0.9 mm 0.9 mm 0.5 mm (1.5 mim
Argon Argon Argaon Argon Argon
ChdAW CMAW FCGMAMWY FOGMAMY FOGHMAW
AL J0AL I09MoL 30aL FOEHL
0.5 mm 0.9 mm 1.2 mm 0.9 mm (1% mm
1 2 3 3 Con
CdAAWY ChAAW FCOMAWY FCOMAW ChiaWw
3090 AL Ao ML 3050
t1}.‘£|' mm 20.9 i ‘!!.2 mm ?.9 mim IL;II.EI i
477 482 S67 541 44
585 627 630 6l 564

10 20 5.4 4.6 157
473
weld
RS04 HAARE LR 52555 315360
105/128 37 32/35 40742 46/499
54758 69,74 24728
54471 S4/62 755193
9726 20750 2477248
0567 90103 285240
4963 77788 247 /248
61572 41557 2517255
269 54 249 302 04
LOIR /SWF LOYSWE LOIR ASWF LOMR ASWE LONR /SwWF
POROSITY
0.013 013
0.29 0.29
1.3 1.31
16.7 6.7
262 262
11,76 1.8
0018 .08
IR 0006
Accept Accept :
Accept S
Accept
Accept Accept
26 — 148
Magnegauge
numkser

1 Protines 5§ {He 25%, CO 2.5%, Ar balance}
2 Ar T5%, COa25%
3 Ar B, 0 2
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Fig. & — Weld preparation detail,

need to make any adjustments on the welding head when
in maotion,

The ease of repositioning and resetting the welding
heads for subsequent passes was important to the overall
speed of operations given the simultaneous use of two
heads on a joint and the double-up weld techniques. Minor
maodifications to the equipment were made such as the in-

Fig. 7 — Macrasection.

tegration of a clutch in the drive system to minimize the
time required to reposition the weld head.

The guide rings which mount the weld head on a pipe
are conventionally sized to minimize radial clearance
around the pipe joint, There is only minimal clearance be-
tween the under surface of the weld head and the pipe
0.0, This created a problem for the Maui application
where the pipe lengths were supplied with a thick coating
of insulating material to within 20 cm (8 in.) of each pipe
end. The solution was to use oversized guide rings
equipped with “stand-off legs” to provide rotational clear-

Table 2 — GTAW Procedure Paramelers

Root

Tungsten type 2% Thoriated
Tungsten size {mmj} 3.2
Tungsten lead angle (deg) ]
Ceramic cup type chisel
Shielding gas type 99.99%

Argon
Shielding gas flow rate (L/min) n
Backing gas type 99.99%

Argon
Backing pas flow rate {L/min} <30
Travel step onsoff On
Head oscillation {cychess) Mone
Dweell period (s) NS A
Orscillation width [mm} M A
Arc travel rate (mm/s) 081
High Pulse, HP, time (s) L7
Low Pulse, LP, time (s) 0.5
Wire diameter (mmj) 0.89
Wire feed rate, HP {mm.<) 20,90
Wire feed rate, LP {mm/s) W06
tdean feed rate (mm.s) 16,46
Valts, HP 13
Vaolts, LP 10
Amps, HP 165
Amps, LP 94
Arc time, HP [5/pass) 119234
Arc time, LP (5/pass) B51.67
Total arc time {s/pass) 2044.01
Volume per pass (mim?) 2HBE3.61
Deposition rate {ccshr) 061
Deposition rate (kg/hr) 0.29
Heat input, HP {k]/mamy) 2.h5
Heat mput, LP (k] /mm) 1.16
Mean heat input (k1/mm) 203

Het Pass Fill Cap

2% Thonated 2% Thoriated 2% Thoriated

32 32 3.2

3-5 3-5 3-5

chisel chisel standard

standard

Oph ot 99.99% G0 90%,

Argon Argon Argon

10 10 10

949.99% Mone Naone
Argon

< 30 MNAA B A

Cn Ol Ciff

25 Mone MNaone

None [ MAA

0.8 MAA M A

.82 1.61 1.53

nrs 0.7 0.4

0.5 0.3 0.2

.89 0.69 (B9

3598 1395 2540

16.51 16.51 L

3074 3014 16.93

13 18 16

10 12 11

178 267 207

(V] 155 140

1181.76 71098 72017

B844.11 308,56 360.08

2025.88 102854 025

20698 36 19241,62 1135433

061 1.12 (.63

0.29 053 .30

2 A3 299 215

1.26 1.6 148

2.18 244 1.77
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