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Obituaries

Terry Adams

Moly Market Guru

Terry Adams, who died aged 61 in a
car crash in Sweden on 22 May, was the
statistical guru of the moly industry.

After training periods with Rolls-Royce,
British Steel and the Danish Atomic
Energy Commission (DAEC), Terry
Adams graduated in metallurgy in
England in 1969. He returned to the
DAEC as a research metallurgist for the
next three years, primarily working on
the development of zirconium alloys used
for containment of enriched uranium
pellets. After a brief period lecturing in
metallurgy in the UK, he joined Noranda
Sales Corporation of Canada, becoming
involved with the commercial aspects of
the company’s production of
molybdenum, fluorspar and uranium.

In 1980, he left a senior management
post at Noranda to set up Adams Metals
in Germany and England, to act as a
molybdenum sales agent in central
Europe for Codelco Chile, an
appointment that continued until 1994.
Since 1989, Adams Metals has also acted
as the sales agents for Molymet, Chile for
a variety of their molybdenum and

i
rhenium products in several markets on
both sides of the North Atlantic.

Over the years, Terry compiled a large
molybdenum industry database which
enabled Adams Metals to become a
leading consultant in the industry. The
company was a founder member in 1989
of the International Molybdenum
Association.

Terry was unique as a speaker at IMOA
AGMs and other conferences, in not only
filling the conference room but also
keeping the audience awake with his
analyses of supply and demand and his
mind-blowing graphs and arrays of figures.
His expertise will be greatly missed by the
Association.

Terry is survived by his daughter, Nicole,
and his son Paul. They will continue to
run the family business of Adams Metals.

Luis Casali

Rising Star at Molymet

T oo young yet to have become a guru,
but already having made his mark on the
industry, Luis Casali was travelling with
Terry and died at the age of 35 in the
same tragic accident.

Luis received a degree in Economics and
Administration (Commercial Engineering
in Chile) from the Universidad Finis
Terra in Santiago. He joined Molymet in
1998, where he began a successful
executive career in different areas, such
as Logistics, Finance and Sales.

He moved from Santiago to London with
his family in February 2006, as a member
of the team which set up Molymet
Services, an affiliate Company to
Molymet. Highly regarded, he was

appointed Sales Manager of Molymet
Services and was responsible for sales of
Molymet products in the European and
Asian markets.

Luis had a great sense of humour and
liked sports, having distinguished himself
both in rugby and football. He had many
friends in Chile and in England.

Luis is survived by his wife, Alejandra,
and their young children, Franco and
Augusta.




Lean Duplex Stainless Steel Flexible Flowlines

for the Kikeh Offshore Oil Field

This is a condensed version of the paper “AL 2003 (293°F), design pressures from 345 to 690 bar (5,000
($32003) Lean Duplex Case Study: Flexible to 10,000 psi), sour production fluids, water depths
Flowlines for an Offshore Oil Field Development”, exceeding 2,000 m (6,561 ft), and severe ocean wave
presented by John Dunn at Stainless Steel World and current conditions."* Flexible pipe typically
2007, Maastricht, The Netherlands, November 8, employs polymer and carbon steel materials, extruded
2007, edited by Dr. Gary Carinci, TMR Stainless, and helically wound around the inner stainless steel
Pittsburgh, PA, Consultant to IMOA carcass, to give axial, hoop and tensile stress

reinforcement (Figure 2).

As flexible pipes are used in deeper water, pipe weight
increases, resulting in higher deck and installation
loads. Hydrostatic pressure from the external weight
of water must also be resisted to prevent collapse of
the pipe structure. The carcass supports the polymer
fluid barrier, preventing collapse, so higher strength
material is therefore required in the carcass for
deep-water applications. Duplex stainless steels have
been employed for carcass material to reduce pipe
weight and improve collapse resistance, due to their
high strength, compared with conventional 300 series
austenitic stainless steels (Table 1).

Figure 1: Kikeh subsea production system consisting of 16
“ christmas trees”, 5 manifolds, 21km of flowliness and
umbilicals. Image courtesy of Aker Kvaerner.

Introduction

Unbonded flexible pipe has been successfully used
throughout the world to transport produced fluids
from subsea oil and gas fields. Flexible pipe is
extremely well suited for use in conjunction with
Floating Production Storage Offloading (FPSO) vessels
due to its ability to accommodate the dynamic nature
of their positioning systems. FPSO has emerged as
one of the leading topside technologies and is being
used for new fields such as Kikeh, offshore of Sabah,
Malaysia (Figure 1).

Figure 2: Flexible pipe cross section showing inner carcass layer:

For flexible pipe carcass, the corrosion performance image courtesy of Wellstream International Ltd.

of the stainless steel is critical to the

performance of the pipe as a whole. Table 1.

It must be carefully characterized in order Mechanical properties, chemical composition (wt%), and PREN comparisons.

to allow an accurate and confident

material selection during pipe design. Group  Grade Yield Tensle C Ni Mo N  PREN

Recent and future applications of floating UNS (MPa)  (MPa)

production systems are increasingly in Austenific 31603 170 485 182 10 22 - 24

more severe environments. They include o pyie s30003 450 620 215 35 1.8 016 0
design temperatures up to 145°C Dplex  $32205 450 655 225 55 33 016 36

PREN = %(r + 3.3%Mo + 16%N




Figures 3 and 4: Strip forming into pipe with cross profile of s-interlock.

At 1,400 m (4,600 ft) water depth, the Kikeh field was
too deep for Type 316L carcass material, and the
molybdenum-bearing Lean Duplex Stainless Steel
(LDSS) 2003 (UNS S32003) was of particular interest as
a replacement candidate for Type 316L (UNS S31603).
The S32003 LDSS is a lower cost alternative to 2205
(UNS S32205), a standard 22% Cr Duplex Stainless
Steel (DSS). J. Dunn et al® discuss the Kikeh Field
application using S32003 in detail, and this article
summarizes their published work.

Extensive qualification in accordance with American
Petroleum Institute (API) 17] was completed by
Wellstream International Ltd. to confidently and cost
effectively design with S32003 instead of using 316L or
2205 stainless steel*. The qualification program and
the Kikeh field conditions are discussed below.

Kikeh Field Conditions

Kikeh is considered the first deepwater development of
its kind in the Asia — Pacific region, utilizing a floating
drilling platform and production in conjunction with an
FPSO.® Recoverable reserves are put at more than 400
million barrels of 0il.> The field was discovered in
August 2003, started production in August, 2007 and
will ramp up to 120,000 barrels of oil per day through
2008. Total project capital expenditure was estimated
at $1.4 billion (U.S.). ¢

The subsea production system involved 21 km

(13 miles) of flowlines and umbilicals, and more than
15 km (9.3 miles) or 545 metric tons utilized lean
duplex S32003 for the carcass material. The flowlines
consisted of oil production, gas export and seawater
injection lines.

Material and Manufacturing Considerations

Carcass material considerations include strength,
corrosion resistance of the formed strip and welds,
erosion resistance, and collapse resistance. Figure 2
illustrates the inner carcass layer encased by additional
layers of carbon steel and polymer. To manufacture the
carcass, flat strip is formed into an S-profile, which is
then interlocked to form a flexible pipe as illustrated in
Figure 3 and 4. The carcass tube is reeled before the
remaining layers of carbon steel and plastic are
constructed over the carcass. The finished pipe is
packaged and shipped to the field for installation where
it is unreeled on the vessel and then laid in position on
the seabed.

For the Kikeh project, carcass material comparisons
were performed as follows:

Corrosion Resistance

Table 1 shows the alloy comparisons for 316L, $32003,
and 2205 stainless steel. The Kikeh field required a
level of corrosion resistance at least equal to 316L
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Figure 5: Modified ASTM G150 Critical Pitting Temperature
comparison

in the as-welded condition (strip to strip welds are
required in order to form long lengths of pipe). Based
on the chemical composition, the Pitting Resistance
Equivalence Number (PREN) predicts that $32003 has
higher pitting resistance, calculated at 30, compared
with 316L at 24. The higher pitting resistance of
§32003 was confirmed by corrosion testing Gas Metal
Arc Welds (GMAW), produced with 2209 wire on plate
samples by Allegheny Ludlum, through ferric chloride
testing in accordance with ASTM G48A.

The as-welded S32003 had a Critical Pitting
Temperature (CPT) in excess of 10°C, compared to
316L at 0°C.”® Formed S32003 strip and strip-weld
samples were also tested using ASTM G48A and in
accordance with ASTM G150, modified with CO:

in an autoclave, and little difference was found in CPT
up to 100,000 ppm chlorides when compared to 2205
(Figure 5)°.

Strength

Weld properties were also examined for impact strength
at low temperatures. In comparison to the acceptance
criteria established by ASTM A923 and Norsok M-630,
$32003 GMAW, welds in plate samples exceeded the
requirement as shown in Table 2.'%!'"'> These results are
worst case values for testing of the weld zone (2209
filler), fusion line and heat affected zone.

Table 2. Impact properties comparison of 316L and $32003 stainless steel.

The ASME allowable design strength (Figure 6)

Collapse Resistance

Collapse tests were performed on the unbonded flexible
pipe prototype with various carcass materials and
representative installation crushing loads were
simulated. At a depth of 1400 m, the Kikeh field was
too deep for 316L carcass consideration as illustrated in
Figure 7. This figure shows predictions for straight
collapse, and indicates that even pipes with a duplex
stainless steel carcass are challenged at this water depth
with increasing pipe diameters. However, large
diameter water injection lines have the benefit of having
internal water pressure to combat the external
hydrostatic head of seawater. In reality they, therefore,
have to withstand only the pressure difference between
the outside and the inside. The predicted collapse
results clearly show the benefit from the selection of
$32003 compared to 316L pipe. The predicted collapse
resistance falls between that of 316L and 2205 stainless
steel.
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Figure 6: ASME design strength comparisons.

also shows a distinct advantage for S32003 and Sample/Criteria -46°C (-51°F) -40°C (-40°F) Room Temp.
2205 compared to 316L.** This advantage could
contributepto wall reductions for pressufe vessels 316l Bose WA 210J (155 ft-bs) 1901 (140 ft-ls)
or pipe, and improvement in collapse resistance 316L Weld I 100 (75 f-bs) 110J (80 ft-bs)
for deep-water applications. $32003 Base 110 J (80 ft-Ibs) 1351 (100 ft-Ibs) 245 ) (180 ft-Ibs)
$32003 Weld 70 J (50 ft-Ibs) 80 J (60 ft-Ibs) 200 J (150 ft-Ibs)
Norsok/ASTM 45 J average 55 J min.
Criteria 35 J individual
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Figure 7: Collapse resistance of unbonded flexible pipe with
different carcass materials.

Erosion Resistance

Erosion and erosion-corrosion can be a concern for
flowlines in fields where there is high sand intake or
high flow velocities. This can be compounded by some
of the elements being transported with the production
fluids (oil, water, and corrosive gasses). Several
carcass-only prototypes with 316L, S32003 and 2205
were manufactured by Wellstream in order to compare
their erosion-corrosion resistance in simulated flow
conditions. At high fluid velocities and high Gas/Liquid
Ratios (GLR) (Figure 8), results showed similar
performance for S32003 and 2205, but 316L samples
had substantially higher erosion rates. However, at
lower gas velocities and/or reduced GLR or increased
temperatures, no significant differences in erosion-
corrosion rates were apparent between the three grades.

Conclusions

A new Lean Duplex Stainless Steel $32003 was used in
the flexible flowlines for the Kikeh deepwater subsea oil
and gas project. The S32003 carcass was selected due
to its combination of corrosion resistance and strength.
More than 15 km of unbonded flexible pipe with
§32003 carcass has already been installed.

This material met or exceeded 316L stainless steel
properties in all qualification testing. $32003 is
considered an improved alternative to 316L carcass in
unbonded flexible pipe, and an economic alternative to
2205 unbonded flexible pipe in some field conditions.

Erosion rate (mg material loss

Ikg sand)

Comparison of erosion rates (N,) - 30m/s gas velocity,
350 GLR, 20 degC

20 40 60 80 100
Position around 1m radius, 90 degree bend

Figure 8: Comparison of erosion rates for 316L, $32003 alloy and
22%Cr DSS.
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Super Duplex Stainless Steel for Extended

Service Life

SUMMARY

CalEnergy has been operating in the Salton Sea
geothermal area since 1971 and generating
geothermal electric power since 1980. At present
CalEnergy has nine multi-loop flash/steam power
plants generating 380 MW. It plans to add three
additional plants (approximately 50 MW each) to
reach 540 MW by 2015.

A test program utilizing 2507 (532750) pipe, fees
and elbows was started in 2005. After several
evaluation periods, it was determined that this
material would provide an approximate 15-year life
at a significant savings when compared to the nickel
alloy. An initial order for 800 metric tons of 2507
pipe and fittings was placed in 2006. A second

Figure 1: CalEnergy Leathers Plant, Calipatria, CA

CalEnergy has had an ongoing brine delivery pipe
development program since the early 1980s.
Originally carbon steel was used for the pipeline
delivering the hot brine from the wellhead to the
plant. The carbon steel pipe had a life of one to two
years and, by mortar lining the steel pipe, the life
could be extended to two to five years. In the late
1980s CalEnergy installed nickel alloy 625 pipe
and that provided service life in excess of 18 years.
Because the cost of the nickel alloy pipe was
prohibitive when considering the extent of the
planned rebuild and new build projects, an alternate
material with a reasonable life expectancy was
required. Alloy 2205 (532205) was tried first as
liner material and later as a solid pipe material.

The 2205 gave mixed results and stress corrosion
cracking and localized corrosion was a concern.

order of similar size was placed in 2007. The
combined requirements amount to approximately
5800m (19000) of 610mm (24”) diameter pipe
and 9150m (30000°) of 760mm (30”) diameter
pipe. Additional orders are planned to complete the
updating projects by 2011 and to support the
additional new plants whose construction will start
in 2011.

THE PROCESS

The delivery pipeline brings the geothermal brine
from the wellhead to the plant where it is flashed to
vapors, (Figure 2) which are used fo drive a
turbine, which in turn drives a generator and
produces energy. Generally, the brine is delivered at
260°C (500°F), 42bar (600 PSIG), contains 130 to
160,000 ppm of chlorides, 800 to 5000 ppm (0s,
80 10120 ppm H2S and has a total dissolved solids
confent of 250 to 310,000 ppm. In today's process,
the brine is acidified inside the plant from its normal
pH 6.0 to a pH of 4.8 10 5.0.

THE CORROSION

Considering the high chloride levels coupled with the
high temperature and moderately acid pH, it is
obvious that pitting corrosion must be considered for
both the base material and more particularly the
weld zones. With the high solids confent, scale
formation and other deposits in any flow-affected
areas provide the potential for aggressive crevice
corrosion. In addition, any stressed areas such as
weld zones, movement restricted locations or heavily
cold-formed areas could be considered sites for
chloride stress corrosion cracking (SCC.

THE TEST PROGRAM

In 2003, a test pipeline over 2205 was installed to
handle acidified brine at 205°C (400° F) and 8.5bar
(125 PSIG). In December 2005, the 2205 pipeline

. Flash Steam Power Plant

Figure 2. Flash Load
tank Turbine Generator
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was evaluated. While there seemed to be no
localized corrosion occurring on the base metal wall
thickness, readings showed values down to
10.9mm (.429in) from the original 12.7mm
(.500in). In addition, 7 of 48 weld joints showed
ID crack indications and one weld was actually
leaking. (Figure 3).

In April 2005, a test spool of 2507 pipe (welded
with Inconel 686 CPT filler metal), tees and elbows
was installed to handle the 260°C (500°F), 42bar
(600 PSIG) non-acidified brine. The initial
evaluation after 13 months of service, and a second
evaluation after 20 months, showed no degradation
of either the base metal or the weld zones. The last
evaluation after 24 months revealed some minor
pitting and possible CSCC in one weld zone. The
pitting occurred at two locations geometrically
opposed in the elbow and it is probable that the
pits are the result of surface damage occurring
during fabrication or transportation. The CSCC
occurred parallel to the weld and no abnormal
metallurgical conditions were observed in that area.
Excessively high stresses resulfing from the weld
procedure are certainly a contributing factor. Weld
procedures for joining pipeline segments will be
specifically developed and implemented in a way to
minimize resultant stresses and, therefore, the
potential for CSCC.

Figure 4:

The field welding is carried out in a controlled environment in a tent.

Figure 3:
Salt buildup from the evaporated brine at leak
sites in 2205 duplex stainless steel pipes.

THE SOLUTION

Based on these evaluations it was defermined that
the highly alloyed duplex stainless steel 2507
(25Cr 7Ni 3.5Mo) has adequate corrosion
resistance in geothermal brine fo provide an
approximate 15 year service life with the potential
for minimal required maintenance. In addition to

Table 1: Nominal Chemistry of Materials

Trade name Standard Chemical composition (weight %)
UNS EN C | G Ni | Mo N W Fe
2507 $32750 | 1.4410 ]<0,03 | 25 6,5 36 | 026 | - bal
2205 $31083 22 5 28 | 016
$32205 14462 1=<003 25 6 3,3 0,18 il
686 N06686 | 2.4606 |<0,03 | 21 58 16,3 - 38 | 15
625 N06625| 2.4856 |<0,03 | 22 60 9

Table 2: Supplier References:

UNS $32750 plate - ArcelorMittal Industeel, Belgium

Pipe Products - Butting GmbH, Germany

Fittings - EZEFlow, Inc., Canada

Filler Metal - Special Metals Corp., USA

Field Welding - Carolina Energy Solutions, USA
Inspections - Stork Metallurgical Testing & Inspection, USA

developing specific field welding procedures, the
over alloyed Inconel 686CPT (58.5Ni 20.5Cr
16.25Mo 4W) filler metal was chosen to ensure
corrosion resistant pipe section joinfs.
(Figure 4).

THE COST SAVINGS

The 15 year life with minimal maintenance can
cerfainly be seen as a cost effective measure when
compared fo replacing carbon steel, even mortar
lined, every 2+ years.Further, the initial cost
difference of the duplex stainless steel pipeline is
expected fo be approximately 25% to 35% less
than that for a similar pipeline constructed from the
nickel alloy tested.
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Web: www.shriramalloys.com

ISRAEL

Commodity Resources Inc

Dor Dor V'Dorshav 4, Jerusalem 93117, ISRAEL
Tel: 49722 561 0658; Fax: +972 2 561 0660
Email: [dm@attglobal.net

Metal-Tech Ltd

Ramat Hovav, PO Box 2412, Beer-Sheva 84874, ISRAEL
Tel: +972 8 657 2333; Fax: +972 8 657 2334
Email: general@metaHechcoil - Web: www.metal-fech.co.l

KOREA

KTC Korea Co Ltd

KTC Youngsang Building 567-49, Yeonnam-Dong,
Mapo-Gu, Seoul, KOREA

Tel: 482 2 2068 6555; Fax. +82 2 2068 7076
Email: moly@*kickorea.com Web: www.kickorea.com

JAPAN

Advanced Material Japan Cor

9-13, Akasoka 1-chome, Minato-, Tokyo 107-0052, JAPAN
Tel: 481 3 3560 5181; Fux. + +81 3 3560 5182
Email:sh-nakamura@amiccojp - Web: www.amic.cojp

Kohsei Co Ltd

Kohsei Building, 2-11 Kobunacho Nihonbashi Chuo
ku, 103-0024 Tokyo, JAPAN

Tel: +81 3 5652 0901; Fax: 481 3 5652 0905
Email: itibu@kohsei.co.jp Web:www.kohsei.co.jp

Mitsubishi Corp

16-3 Konan 2-chome, Minato-ku, Tokyo 108-8228, JAPAN
Tel: 481 3 6405 3273; Fax: +81 3 64058871
Email: yuji.fukumoto@nmitsubishicorp.com

Web: www.mitsubishicorp.com

Sojitz Corg)

Ferroalloys Section 1,Iron Ore and Ferroalloys Dept
1-20 Akasaka é-chome, Minato-ku, Tokyo 107-8655, JAPAN
Tel: 481 3 5520 3529; Fax. +81 3 5520 3517
Email: matsumura.hiroshi@sojitz.com

Web: www.sojitz.com

Taiyo Koko Co Ltd

31,3 dome Marunoud, (hyodaku, Tokyo 100 0005, JAPAN
Tel: +813 3216 6041; Fax: +81 3 3216 6045
Email: trade@taiyokoko.co.jp

Taenaka Kogyo Co Ltd

452 Oshiba, Mobara-shi, Chiba 297-0033, JAPAN
Tel: +81 475 240 140; Fax. +81 475 236 405
Email: makita@taenaka.co.jp

Website: http//www.taenaka.co.jp

KAZAKHSTAN
Dala Mining LLC

050043, Koshek Batyr, 5, Almaty, KAZAKHSTAN
Tel: +7 327 226 6820; Fax: +7 327 226 6823
Email: info@dalamining.kz

LUXEMBOURG.
ArcelorMittal Sourcing

Avenue de la Liberté 19, -2930 LUXEMBOURG
Tel: +352 4792 3768

Email: corl.londuydt@arcelormittal.com
Website : www.arcelormittal.com

Traxys Europe SA

3 rue Pletzer, Centre Helfent, L-8080 Bertrange,
LUXEMBOURG

Tel: 4352 4599 991; Fox: +352 45 999 9223
Email: heinz.duechting@traxys.com

MEXICO

Mexicana de Cobre SA de CV
Av Ba&u California 200, Col. Roma Sur

Mexico DF, MEXI
Tel:+52 555 264 7775; Fax.+52 555 264 7769
Email: archibaldo.deneken@mm.gmexico.com
Web: www.gmexico.com

Molymex SA de CV

Tehuamef)ec No 90 Col. Centenario

Hermosillo, Sonora 83260, MEXI

Tel:+52 662 289 3640; Fax:+52 662 289 3650
Email: administracion@molymex.com.mx

Web: www.molymex.com.mx

PERU

Southern Copper Corporation

Av Caminos del Inca 171

Chacarilla del Estanque, Surco, Lima 33, PERU
Tel: 51 1512 0440; Fox: +51 12{7 1351
Email: jdiheros@southernperu.com.pe

Web: www.southernperu.com

RUSSIA

Baltic Enterprise Ltd

40, The 17th Line, VIO, Saint-Pefersburg, 199178, RUSSIA
Tel- +7 812 325 8688: Fax: +7/ 812 325 8487
Email: bm@soli.1y; Web: www.soli.ru

JSC Polema Corp

Przhevalskogo Str 3, Tula, 300016, RUSSIA

Tel: +7 095 633 1177; Fax: +7 095 633 1527
Email: polema@metholding.com  Web: www.polema.u

SWEDEN

AB Ferrolegeringar

PO Box 71 63, Sveavagen 9, 103 88 Stockhalm, SWEDEN
Tel: -+46 8 454 6560; Fox: +46 8 796 0636
Emailinfo(@ferrolegeringar.se Web: www ferrolegeringar.se

Outokumpu Stainless AB

PO Box 74, S-774 22 Avesta, SWEDEN

Tel: +46226 810 00; Fox: +46 226 813 05
Email: info.stainless@outokumpu.com

Scandinavian Steel AB

BilgerJurls%mun 15, SE 111 45 Stockholm, SWEDEN
Tel: +468 614 2850; Fax. +46 8 611 6434
Email: metals@scandinaviansteel.se

SWITZERLAND

Cronimet Suisse AG

Almendstrasse 11, CH-6312 Steinhausen, SWITZERLAND
Tel: +41 41 748 5040; Fax: +41 41 748 4201
Email: tendoomnkatt.fritz@cronimet.ch

Glencore International AG
Baarermattstrasse 3, (H-6341 Baar, SWITZERLAND
Tel: 41 41 709 2000; Fax.+-41 41 709 3000
Email: info@glencore.com Web: www.glencore.com

UK

Adams Metals Lid

1 Milkhouse Gate, Guildford, Surrey, GU1 3EZ, UK
Tel: 44 1483 577 900; Fax.+44 1483 578 008
Toll Free: 41800 473 8427; Fax-+1 800 473 8428
Email: info@adomsmetals.com Web: wwww.adomsmetals.com

Alfred H Knight International Ltd
Eccleston Gmng]e Prescot Road, St Helens,
Merseyside WAT0 380, UK

Tel: +44 1744 733757; Fax. 4-44 1744 27062
Email: enquiries@ahkgroup.com  Web:ww.ahkgroup.com

Derek Raphael & Co Ltd

8-10 Casfle Street, Grencester, Gloucestershire GL7 104, UK
Tel: +441285'885 821; Fa: +44 20 7504 8483
Email: araphael@derek-raphael.co.uk

Web: www.derek-raphael.co.u

Alex Stewart (Assayers) Ltd

Caddick Road, Knowsley(lndusmol Estate,
Merseyside L34 9ER, U

Tel:+-44 151 548 7777; Fox.+44 151 548 0714
Email: enquiries@alexstewart.com

Web: www.alexstewart.com

Wogen Resources Ltd

4The Sunduun? Westminster, London, SW1P 3JS, UK
Tel:+4420 7222 2171 Fax: +44 20 7222 5862
Email: Allan kerr@wogen.com Web: www.wogen.com

Wyseway gUK) Ltd

Power Road Studios, 114 Power Road,

Chiswick, London W4 5PY, UK

Tel:+44 20 8742 3420; Fax.+44 20 8742 3421
Email: mail@wyseway.co.uk

USA

Albemarle Corp

451 Florida Street, Baton Rouge, LA 70801, USA
Tel: +1 225 388 8042 Fax: +1225 388 7686
Email: chris_knight@albemarle.com

Web: www.albemarle.com

Barex Resources Inc

1058 Van Houten Avenue, Passaic Park,

NJ 07055-5518, USA

Tel: +1973 778 6470; Fax: +1 413 460 7930
Email: nrs@barexresources.com

Bear Metallurgical Co

679 East Butler Road, Butler, PA 16002, USA

Tel: -+1724 283 6800; Fax: +1 724 283 6078
Email: mike.bourgeois@bearmet.com

The Chem Met Co

P 0 Box 819, Clinton, MD 20735 0819, USA

Tel: +1 301 868 3355; Fax: +1 301 868 8946
Email: afox(@chem-metco.com

Chevron Mining Inc

116 Inverness Drive East, Suite 207, Englewood,
(080112, USA

Tel: +33 4 7863 7936; Fax: +1 281 276 9317
Email: gdebeco@chevron.com Web: www.molycorp.com

Climax Molybdenum Co

One North Central, Phoenix, AZ 85004, USA

Tel: +1 602 366 8100; Fax: +1 602 366 7329
Email: dimax@phelpsdodge.com

Web: www.climaxmolybdenum.com

Commercial Metals Co

2050 Center Avenue, Suite 250, Fort Lee, NJ 07647, USA
Tel: +1201 302 0888; Fax: +1 201 302 9911
Email: jz@cmc.com Web: www.cmc.com

Comsup Commodities Inc

2200 Fletcher Avenue, 7th Floor, Fort Lee, NJ 07024, USA
Tel: +1 201 947 9400; Fax: +1 201 461 7577
Email: comsup@comsupinc.com

Galway Resources Ltd

14 Tuxedo Lane, Congers, NY 10920, USA

Tel: -+1 800 475 2412; Fax: +1 775 748 5223
Email: info@galwayresources.com

Web: www.galwayresources.com

General Moly Inc

1726 Cole Blvd, Suite 115, Lakewood, CO 80401, USA
Tel: +1 303 928 8599; Fax: +1 303 928 8598
Email: info@generalmoly.com
Web:www.generalmoly.com

Gulf Chemical & Metallurgical Corp

PO Box 2290, Freeport, Texas 77542-2290, USA
Tel: +19792337882; Fax: +1979 233 7171
Email: kevin.jones@gulfchem.com

David J Joseph Co

Penn Center West Two, Suite 301, Pittsburgh,

PA 15276, USA

Tel: 1412788 6791; Fax. +1 412 788 6793
Email: kqw@djj.com; Website: www.djj.com

Kennecott Molybdenum Co

8315 West 3595 South, PO Box 6001, Magna,
Utah 84044 6001, USA

Tel:4-44 20 7781 1368; Fax:+44 20 7781 1858
Email: eva.model@riotinto.com

Osram Sylvania Products Inc

Hawes Street, Towanda, PA 18848, USA

Tel: -+1 570 268 5000; Fax: +1 570 268 5113
Email: susan dunn@syvania.com Web: wwsnisyhania.com

Powmet Inc

PO Box 5086, 2625 Sewel Shest, Roddord,IL 61125, USA
Tel: +1 815 398 6900; Fax. +1 815 398 6907
Email: wet@ powmet.com

Shangxiang Minmetals Inc

150 N Santa Anita Avenue, Suite 500, Arcadia,

(A 91006, USA

Tel: + 1626 445 8946; Fax. + 1 626 445 6943
Email: georgesong@emetalmarket.com

Sheng Tong Enterprises (USA) Corp
17870 Castleton Street, Suite 240,

ity of Industry, CA 91748, USA

Tel: +1 626 581 7105; Fax: + 1626 581 7195
Email: jiweijia@risingst.com Web: www.risingst.com

Joe H Smith co Ltd

PO Box 837, Cypress, TX 77410, USA

Tel: +1281 469 7110; Fax: + 1281 890 6541
Email: khsmith@sbcglobal.net

Thompson Creek Metals Co

945 West Kenyon Avenue, Englewood
(080110-3469, USA

Tel: +1 303 761 8801; Fax: +1 303 761 7420
Email: margol@tark.com

Web: www.thompsoncreekmetals.com





