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Group Profile

EUR 11,625 m Sales 2008/2009
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Bohler Welding Group Profile

BOHLER WELDING Group

2008/2009: EUR 533 m Sales & 1,875 Employees

6 Production
Sites in
Europe

4 Production
Sites
Overseas

21 Sales

Companies
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Global Production and Sales Network

@ BWG Production Company
@ BWG Sales Company
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Offshore Landscape — BWG Locations
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Market

World Energy Outlook

* The world's 800-plus oil fields will decline faster in the coming years
* Major project spending in oil & gas exploration and production are being
delayed

Even with the short-term global slowdown, the IEA s ays energy demand
would continue to

grow 1.6% a year on average from 2006 to 2030,
an estimated increase of 45%.

Even if oil demand was to remain flat to 2030

45 million barrels per day of gross capacity (rough ly four times the
current capacity of Saudi Arabia)

would need to be built by 2030 just to offset the e  ffect of oil-field decline.

When demand starts to pick up, say in 2010, if the  current investment plans
are postponed we may experience a supply crunchtha  tis much stronger
than we saw last year, and prices that are much hig  her.
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Deepwater Capex to reach new highs
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* Deepwater production: to grow 99%
(shallow water 20%)

® Future deepwater investment:

$137 billion over the next five years
* Most Brazil sub-salt spend likely to be

Source: “The World Deepwater Market Report
2008-2012" Douglas-Westwood b eyo n d 2 0 1 3
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Challenges

No more easy Oil & Gas

* Access to ‘easy’oil and gas is getting
more difficult

* Feasibility of projects in ‘difficult’ areas
depend on oil prices

Challenges

* More H2S 4 N

* Higher corrosive environments Specialized

e More extreme temperatures requirements

* Higher pressure for HS_‘LA
materials

Examples: Tight Gas Acid / Sour Arctic NS /

Deepwater Heavy oil
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Sub Sea Equipments

Process Units/Components HSLA Materials used
* Wellheads * AISI1 4130
* X-mas Trees * AISI 8620
* Blowout Preventers * F22
* Manifolds
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Sub Sea Equipments

Riser Systems HSLA Materials used
* Drilling risers * API 5L Grade X80
* Steel catenary risers * AISI 4130
* Production risers * AISI 8620 Mod
e Connectors * F22
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Sub Sea Equipments

Specification requirements for High Strength Low Al loy Steels:
American Petroleum Institute, NACE, DNV

* Mechanical Properties
— UTS: 655 MPa (95 ksi) minimum ; YS: 520 MPA (75 ksi) minimum
— CVN: 20 J (15 ft-lbs) @ -60C (-75F)
— Hardness: Rc 22 maximum
* Chemical composition
— 1% Nickel maximum
* Engineering specifications
— CTOD, Fatigue, Corrosion, ....
* As welded and/or Post Weld Heat Treated
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Subsea Equipment - Filler Metal Selection

AlSI AlSI

T-PUT Bohler AWS X80 F22 4130 8620
Phoenix NiMo 100 Fox NiMo 100 AWS A5.5 E10018-D2 Mod
Union | 52 Ni | 52 Ni AWS A5.18 ER70S-6
Union K Nova AWS A5.18 ER70S-G
Union K Nova Ni K Nova Ni AWS A5.28 ER80S-G
Union | Mo DMO-IG AWS A5.28 ER80S-D2 Mod
Union NiMo 80 NiMo1-1G AWS A5.28 ER90S-G
Union | Ni 1 MoCr AWS A5.28 ER100S-G
Union S 3 NiMo 1 + UV 418 TT AWS A5.23 FOAS-EF3-E3
Union S 3 NiMo 1 + UV 420 TTR SNiMol-UP +BB | \\y/5 A5.23 FOAG-EF3-F3

420TTR
. . 3NiMo1-UP + BB
Union S 3 NiMo 1+ UV 420 TTR-C | ,oo2o - AWS A5.23 F10A6-EF3-F3
Root Pass All Welds
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Subsea Equipment - Filler Metal Test Results

SAW - All Weld Metal:

Weld Metal Chemical Composition
C Si | Mn | Mo | Ni P S

S3NiMo1 0.12 | 0.10 | 1.60 | 0.60 | 0.95 | <0.012 | <0.010

w/ UV 418 TT 0.07 | 0.20 | 1.45 | 0.55 | 0.90 | <0.012 | <0.010

w/ UV 420 TTR 0.09 | 0.37 | 1.48 | 0.52 | 0.87 | <0.012 | <0.010

w/ UV 420 TTR-C | 0.12 | 0.25 | 1.65 | 0.53 | 0.92 | <0.012 | <0.010

Weld Metal Mechanical Properties
. PWHT YS UTS CVN J (ft-Ibs)
T (F) MPa (ksi) | MPa (ksi) |-20C (-4F) |-40C (-40F) |-60C (-76F)

w/ UV 418 TT none 586 (85.0) | 688 (99.8) | 139 (103) 85 (63) 48 (35)
w/ UV 418 TT 1 hr @ 621 (1150) | 563 (81.7) | 655 (95.0) | 164 (121) 116 (86) 62 (46)
w/ UV 420 TTR | 8 hrs @ 621 (1150) | 570 (82.6) | 693 (100.5) 75 (56)
w/ UV 420 TTR-C | 2 hrs @ 621 (1150) | 642 (93.1) | 717 (104.0) | 146 (108) 58 (43)
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Subsea Equipments — Further Application Examples

Valves and Flanges for X-mas Trees

Customer: FMC TECHNOLOGIES
DO BRASIL LTDA.
Rio de Janeiro, Brazil

Base materials: AISI 8630 low-alloyed steel

Filler metal: UTP 6222 Mo — 4 mm
Engineering: FMC Energy Systems
Owner: PETROBRAS

Courtesy of FMC TECHNOLOGIES DO BRASIL LTDA.
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Subsea Equipment — Further Application Examples

Subsea Separator
Cylinder, bottom / head

Customer CMP Arles 13, France

Base materials: P500 QL2
» weight 190 tonnes
e Qutside diameter 3600 mm
e thickness 96 mm

e length 15 m
Filler metal: » Soudotape 625 / 60x0,5 mm
* Flux record EST625
Engineering: FMC — Norvege
Owner: TOTAL

e 19082000
T

e
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Subsea Equipments — Further Application Examples

Strip cladding solution for pipes
subject to high corrosion

Cladding nozzle ES20

diameter 150mm

120mm
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Drilling Rigs

Le Tourneau SUPER 116E
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Drilling Rigs — Chords to Rack welding

Leg assembly Chords to Racks

Welding Consumables:

SAW: Union S3 NiMoCr / Flux TT420
SMAW: Phoenix SH NI 2 K 100
GMAW: Union NiMo Cr

FCAW: Union RV Ni Mo Cr

Chords
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Drilling Rigs — Welding Consumables for Chords to Rac k welding:
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Drilling Rigs — Welding Consumables for Chords to Rac k welding:

Characteristics Medium alloyed seamless copper coated rutile flux cored wire.
and field of use Suitable for welding in all positions

20



Drilling Rigs — Applications

Pipe materials: ASTM A 517, Gr. Q and 5L X85

Filler metal: SMAW: BOHLER (welding in position)
FOX EV 85 HY E11018-G

Basic coated, high strength steel electrodes with optimized
coating (Hydrogen content, Moisture pick up)
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Top Side Process Units

There is many different welding applications on var lous top side
process units.

Example application - Heavy oil with high chloride concentration the
process needs temperatures of 1107 for the oil tre atment (e.g. in
Brazil).

In these severe process conditions Super Duplex Materials are used in
Separators and Oil Treater Systems,

* Material: UNS S32750 Super Duplex
* Welding Consumables: THERMANIT 25/09 CUT [
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Chemical composition and mechanical properties of a SDSS 2507
Chemical composition [wt-%o]
Base metal C Si Mn Cr Mo Ni N Cu T PRE\*
1.4462 /2205 | 0,021 0,20 1,61 | 22,46| 3,27 5,96 | 0,173| 0,14 --- 36
1.4501 /2507 | 0,019 0,27| 0,49 24,68 3,77 7,32 0,239 0,55 0,62 42
* PREy = Cr + 3.3 (Mo + 0.5 W) + 16 N
Mechanical properties (minimum values)
Base metal YS TS Elongation CVN, ISO-V [J] at
[MPa] [MPa] [%0] + 20 [C] - 40 [C]
1.4462 / 2205 445 660 - 950 25 100 40
1.4501 / 2507 515 730 - 930 25 100 40
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Top Side Process Units — Application Examples

Heat Exchangers for Oil Platforms

Project: P-51,P52 & P-54 Oil Platforms

Customer: JARAGUA EQUIPAMENTOS LTDA.,
Brazil

Heating crude oil for easier pipe transportation,
weight 53 tons

Base Material: UNS S32750 Super Duplex Stainless Courtesy of JARAGUA EQUIPAMENTOS LTDA., Brazil

steel
Engineering: JURONG and FELS SETAL TECHNIP

Welding Consumables:
— THERMANIT 25/09 CUT (SMAW)

— THERMANIT 25/09 CUT — 2.40 mm (SAW) +
Flux MARATHON 431

— THERMANIT 25/09 CUT - 2.40 mm (GTAW)
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Top Side Process Units — Application Examples

Petrobras FPSO P-54, Oil/Water/Gas Separation

MAUA JURONG, Niterdi — RJ - Brazil

Oil/Water/Gas Separation Unit of FPSO
P-54 Platform

e Production Heater: UNS S32750

e QOil Treater Vessel: ASTM A516 Gr.70
+ Clad UNS S32750

* Testing Separator: ASTM A516 Gr.70

Filler metal:

e THERMANIT 25/09 CUT
2,4+3,2mm(rods), 3,2mm(electr.),

e BOHLER Ti52 FD-B 1,2mm,

* E71T-1 flux cored wire with special
Charpy requirements (>47J at -20°C),
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Top Side Process Units — Application Examples

Petrobras FPSO P-54 — Desulphurization Unit

MAUA JURONG, Niterdi — RJ - Brazil
* Unit Prefilters, Filters and Pipelines

* Base Metals: Super Duplex Stainless
Steel UNS S32750

* Filler Metals: THERMANIT 25/09 CUT
2,4Amm(rods) 3,25mm (electr.),

— GTAW process was used in order to
weld 7,0 to 10mm thickness

— Super Duplex pipe-to-pipe and pipe-
to-flange typical joints.

— Welders were trained to keep heat
input within the advisable range
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Offshore Pipeline Welding

Market demands towards
more hostile environments
and aggressive gases lead to
more specialized linepipe
requirements:

e More CS sour in stead of CS

sweet

* More CRA in stead of CS
e Higher CRA alloy grades Welding: Off- & Onshore
* Higher CS grades Plpe_Laylng See

_ welding consumables for
* Higher WT various processes on

following pages
y
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Offshore Pipeline Welding

Application: vertical down electrodes

Pipe grade

Cellulosic vertical down / root-fill-cap

Basic vertical down / ...-fill-cap

FOX CEL

FOX CEL 85

FOX CEL 90

FOX BVD 85

FOX BVD 90

FOX BVD 100

FOX BVD 110

FOX BVD 120

X42 [ L290MB

X46 / L320M

X52 / L360MB

X56 / L385M

X60 / L415MB

X65 / L450MB

X70/ L485MB

X80/ L555MB

X100 / (L690)

E6010 *

E8010 *

E9010 *

E8045-P2 *

E9018-G

E10018-G

E11018-G

E12012-G

Several possibilities

for root pass

(X110)

* Contains <1% Ni
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Offshore Pipeline Welding

Solid wire - narrow gap - vertical down

29




Offshore Pipeline Welding

Solid wire - narrow gap - vertical down: wire types

Most of our pipeline wires are micro alloyed and designed for high quality automatic
welding of pipelines. An optimum balanced alloying concept ensures good weld metal
properties to fulfill the high requirements in the on- & offshore pipeline industry

* UnionK 52 S up to X 65

Union K56 S up to X 70

Union K Nova up to X 70 — designed for pure CQOz2 shielding gas

Union K Nova Ni up to X 80 — 0,9% Ni for high toughness properties

Union NiMo 80 X 80 pipe material

The wire selection is depending on several aspects - as

— base material, bevel preparation, welding process and overmatching requirements

Main Welding Aspects

e Suitable for automatic welding * Fast process for girth welding
* Small bevel (narrow gap) * No moisture pick up from environment
* High traveling (welding) speed * Main disadvantage is possible lack of fusion

* DC polarity or pulse
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Offshore Pipeline Welding

Flux cored wires for higher strength materials

Bohler T1 70 PIPE-FD

Bohler T1 80 PIPE-FD

* Tubular wire, micro alloyed

* Pipe steels:
— L415MB - L485 MB (L555 MB)
— X 60-X70 (X 80)

* Mechanical properties — all weld metal
— Yield >550 N/mm?2
— Tensile 640-820 N/mm?
— Elongation >18%
— Impact values >47 Joule (-40C)

* Tubular wire, micro alloyed.

* Pipe steels:
— L485 MB - L555 MB
— X70 - X80

* Mechanical properties — all weld metal
— Yield >690 N/mm?2
— Tensile 770-940 N/mm?
— Elongation >17%
— Impact values >47 Joule (-40C)
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Offshore Pipeline Welding

Submerged arc wires and fluxes

Base material Submerged Arc - SAW
Wire Flux
API EN
51-92 10208-2 DIN 17172 AWS A5.17 /5.23 AWS A5.17 /5.23
Union S2 EM 12 UV 421 TT F7A6-EM12
e e StE 360.7 (TM) Union S3 Si EH 12K UV 421 TT F7A8-EH12K
X56 L385MB StE 385.7 (TM) Union S3 Si EH 12K UV 421 TT F7A8-EH12K
Union S3 Si EH 12K UV 421 TT F7A8-EH12K
X60 Ll 2 sy () Union S2 NiMo 1 ENil UV 421 TT F8AS-ENil1-Nil
Union S2 NiMo 1 ENil . .
. . UV 421 TT FBAS8-ENIil1-Nil
X65 L450MB StE 445.7 (TM) Union S3 NiMo 1
EG (EF 3 mod.) UV 421 TT F9A8-EG-F3
Union S3 NiMo 1
X80 L555MB StE 550.7 (TM) EG (EF 3 mod.) UV 421 TT F9A8-EG-F3
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Offshore Pipeline Welding

Submerged welding
Prefab/double joint applications:

* Only horizontal position

* Deep penetration and fusion with
base material*

* High deposit rate*
* Tandem process (2 wires)
* Higher wall thickness

* Excellent mechanical properties

* Due to relative high parameters
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The future?

Materials developments

* X100, X120, .... for increased strength

* Superalloys for strength / corrosion resistance /
high temperatures

Welding challenges

* Weld metal properties to meet or exceed that of
the base metal

* Joining without degradation in the HAZ

* Process developments to increase productivity
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Summary

Demands of the offshore industry increasing
e Deeper water, more aggressive environments

Welding technology in step with current

demand
* State-of-the-art filler metal development
* Process and procedure optimization

Continuous cooperative development efforts
with the industry, steel producer and institutes

Owner/Engineering Companies

Fabrication/Construction
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Company Contact
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WELDING

Bohler Welding Holding GmbH Bohler Welding Group GmbH

Hansallee 321 / Building 30 Modecenterstrasse 14
40549 Dusseldorf 1030 Vienna
Germany Austria

For industry specific questions:
Gunter Hammer
Modecenterstrasse 14

1030 Vienna

Austria
gunter.hammer@bwg-holding.com
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Disclaimer

»1he present information that Bohler Welding Group makes available to you herewith has been compiled with the greatest
possible diligence and is updated regularly, nevertheless there may be unintentional or accidental errors. We exclude any
liability, warranty or guarantee with respect to the accuracy, completeness or correctness of said information or for any
consequences that result or may result from or occur or may occur in connection with the use of this information. Any
decisions by you that are based on such information exclusively lie within your own responsibility.

We appreciate your interest in our group and its products. Please contact us at (info@bwg-holding.com) if you are
interested in receiving further information or support.”
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