KNR — Asset Integrity Management

AGENDA

* Overview of KNR

* Evolution of asset integrity management at KNR
* Piping integrity review

« RMS database

e Structural Integrity at KNR
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OVERVIEW

« Located in Kwinana, the refinery produces high purity nickel
briquettes and powder. Commissioned in 1970, this facility
receives nickel-in-matte (which contains about 68 per cent nickel)
from BHPBIlliton smelter at Kalgoorlie, and refines it to near-pure
nickel. KNR produce approximately 61,000 tonnes of nickel
metal annually. It also produces intermediate products including
nickel-cobalt sulphide, copper sulphide and ammonium sulphate
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KNR - Asset Integrity Management
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KNR — Asset Integrity Management

HISTORY

» Single stand alone database for management of registered
vessels — commenced in the early 1990's

 Single stand alone database for management of tanks —
commenced use in the late 1990’s

* In 2002 kicked off a process to review piping integrity
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KNR — Asset Integrity Management

PIPING INTEGRITY REVIEW (2002)
The Mission

“Ensure pipe failures which impact on Safety,
Environment and Production are eliminated”

The Outcome

A prioritised list and scope, based on risk ranking
o A fully risk ranked list of all piping systems

o A list of low risk piping that does not require testing.
* Resourced and costed scope for testing
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KNR — Asset Integrity Management

—_ o . Operating
Process System Risk ranking. Likelihood Likelihood Consequence | Consequence Operating Temperature GasiLiquor
AB.C.OE Comment 1-5 Comment Pressure kPa Deq C
OMNLY WATER
REDUCTION |FPROCESS WATER b C HAE HAPPEMED z COMNTROLLAELE Yoo 35 L
H2Z AREA INSTRUMEMT &R f C HAE HAPPEMED z MAY STOP PLANT Yoo 2 G
COOLIMNG WATER SUPFLY i C HAE HAPPEMED 2 aoo 2 L
COOLIMNG WATER RETURM b C HAE HAPPEMED z aon 00 L
H&E NOT
FOWDOER ADDITION 4 u] HAPPEMED 3 AERASIVE a00 00 L
H&E NOT AERASIVE
EXTERMAL MUCLEATION FEED 4 u] HAPPEMED 3 CORROEIVE 400 a0 L
MITROGEM MP 13 C COULD HAPFEN 3 zo0n a G
MITROGEM HP 13 cC COULD HAPFEN 3 4200 2 G
AO0LE STEAM 13 C HAE HAPPEMED 3 5 160 G
MH3 FUMEZ. EYEE,
OOSE THICKMER OVERFLOW 13 C HAE HAPPEMED 4 ENWIRD aon 75 L
PLANT DOWHN FOR
FROCESS AR JL) u] NOT LIKELY 4 A DA Ea00 1o G
MEDILM AGILA 14 u] NOT LIKELY 4 MNH3 FUMES. EYES yon 40 L
LIME MO R
SUMF DISCHARGE 17 E OFTEM HAPPENE 3 LIGUORE Yoo 00 L
H&E HAPPEMED
REOUCTION FEED LIGUOR 1z C SAMPLE POINT S 4 CARCINOGENIC 2400 200 L
HF COMDEMSATE 13 C HaE HAPPEMED 4 RAFRID EURMN 360 150 L
TEO0LE STEAM 12 C HAE HAPPEMED 4 G716 260 G
HYDROGEMN 18 C COULD HAPPEN 4 EXPLOZIVE EO00 o G
ETETEME HAVE EXPLOEIVE &
CLAVE MICKEL DISCHARGE 13 C HAD I PAET 4 AERAEIVE 300 zon L
IMETAL FREE LIQUOR 12 C COULD HAPFEN 4 f00 a0 L
SEAL FAILURE.
CLAVE SEAL WATER 1z C HAE HAPPEMED 4 EXPLOSIOMN 4500 40 L
HYDOROGEM VEMT 2 E LINES MOWVE A LOT 4 EXFPLOSIVE 300 zon G
EXPLOZIVE &
MEUCLEATION DISCHARGE 21 E DOEE HAPPEN 4 AERASIVE oo 130 L
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KNR — Asset Integrity Management

PIPING INTEGRITY REVIEW (2002)
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KNR — Asset Integrity Management

PIPING INTEGRITY REVIEW (2002)

Outcomes
» All process and systems identified

Services 169
Leach 227
Reduction 88

Total 486

»“Cut off” of 13 (RR) determined
» Independent review of systems below “Cut Off”
» 194 require scope/testing ie above “Cut Off”
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CONSOLIDATION of Databases

* The outcome of the piping integrity review was a third, single,
stand alone database for management of piping

* Review of commercial databases for integrity management
— Sigpoint (Piping only)
— IONIK consulting (HBI RBI Database, based on API 581 and
applied to pressure vessels and piping)

— RMS MPT Solutions (based on API 581 and AS 3788. Vessels,
Hex, Boilers, Tanks, Piping, Relief Valves, Rotating Equipment
and cranes)
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KNR — Asset Integrity Management

STRUCTURAL INTEGRITY

« Corrosion of CS structures is a major issue at KNR

* Repair of corroded structures is very expensive
— Class 1 Zone 1 areas repaired whilst process still operating
— Habitats, positive ventilation, access (~70%+ of total cost)

 Assessment and repair of structures is a highly specialised discipline

« Developed a program for regular inspection and assessment by independent
structural engineering consultants (~2002/3)
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KNR - Asset Integrity Management

STRUCTURAL INTEGRITY

Flanl Corrosion Surey
Sor field Maintilem MantenancePlan Strategy  Mainillem lex Group Grow Last arder  Cycle Newt [ue
AMMONIA-F2 MER 2gas2 KNRYRN CORROSION SURVEY AMMONIA RECOVERY B2 T |BSOS49423 | Thiee Yearly Apr-07
BORSIG1-5 34621 128468 KNRYRN |CORROSION SURVEY, BORSIG COOLERS 5302 17 |BA0SATT08 Thras Yearly Aug04
COMPRESSORS 34625 28470 KNRYRN |CORROSION SURVEY, FLANT AIR 5302 18 | Four Yeuly dn-05
COOLTOWER-1S 34822 20468 KNRYRN CORROSION SURVEY COOLING TOWER 5302 12 (851009566 |Four Yoady Augls
FACILITIES-17 W56 2645 KNRYRN CORROSION SURVEY PIPERACKS (INTERJGIN) 6302 8 Four Yeary May-05
FACILITIES-2 B 24 KNRYRN CORROSION SURVEY FILTER & SULPHIDES PACK 5302 & 850840889 Two Yearly Fab-05
FACILITIES-2 53T 2B4E0 KNRYRN CORROSION SURVEY BUILDINGS & SUBSTATIONS, Leach 5307 | Ten Yaarly May-11
FACILITIES-32 MEIE  2Ba63 KNRYRN CORROSION SURVEY MATTE HANDLING 5302 |16 BSU9SETAS Three Yearly May-07
FACILITIES-4 530 28466 KMRYRN CORROSION SURVEY, AMBUL & AMSUIL STORAGE E302 |10 AB0ADBTER Two Yearly Oet-04
FACILITIES:S M 28460 KNRYRN CORROSION SURVEY BUILDINGS & SUBSTATIONS, Services 5302 |14 Ten Yearly May-11
FACILMES-G2 3520 2849 KNRYRN  CORROSION SURVEY OXY & EXT NUCLEATION (5302 |2 |BG0845531 Two Yaarly May-05
FACILTES-H2 Mh2E 28418 KMRMNN | CORROSION SURVEY,REDUCTION & WET METALS 5308 1 850984331 Eighbesn Monihly | Mar-05
FACILITIES-H2 M50 20461 KNRYRN (CORROSION SURVEY, BUILDINGS & SUBSTATIONS, Reducton (5300 15 | len Yearly May.11
FURNACE FACILITIES 34530 28420 KNRYRN CORROSION SURVEY, PACKAGING AND FURNACES 5307 3 850915604 Three Yearty Jan07
HZ PLANT-33 MEME AT KNRYRN CORROSION SURVEY, HYDROGEN & PSA PLANT 5302 |19 Faur Yearly Jan05
HZ5-4 M50 28467 KNRYRN CORROSION SURVEY, HYDROGEN SULPHIDE 5302 |11 860915605 Three Yearty Jan-07
LEACH 2-B2 M5 28463 \KNRYRN CORROSION SURVEY, LEACH & THICKNERS 5302 |15 |G50956TBA Three Veary | May07
RO-22 L I KNRYRN (CORROSION SURVEY, STEAM & MFIRC FLANT 5302 13 Fiva yearly Muig-OF
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KNR — Asset Integrity Management

STRUCTURAL INTEGRITY
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Cormded bracing

Laocation
Bracing east of HEC-ED

Mickel reduction floor edge beam nexi to
grid 3K ar EL33 9495

Iheseripition
Corroded bracing

Sevimely carmoded and perforated
placform edge beam

Recommendation

The perfomated edge beam appears 1o be
corrded Beyvond mparr. Replacement of
this heam is recommended,

T corockad bipcing members shoukd be
cleansd and protecied (paimed) o WE
specifications.
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STRUCTURAL INTEGRITY

After a couple of years we have concluded that this approach is ineffective
— Significant corrosion found a couple of months after area survey
— Blast & Paint program was revealing significant issues again after area survey

We have learnt that

Inspection of structures isn't easy (can't see everything from ground / floor level /
walkways)

Tactile inspection (literally at arms length / touch) is often required to detect an issue
before it becomes a major issue

We were focused on repairing and not improving
Prioritising / risk ranking repairs is difficult
Converting the area survey report into a meaningful workpack for repair was difficult

Maintaining continuity of work such that a single work crew could be kept gainfully
employed was also difficult

We had a number of incidents and injuries whilst undertaking structural repairs, indicative
of poor planning and inexperienced people undertaking difficult and hazardous work

I
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STRUCTURAL INTEGRITY - Current approach

* Project Officer — Structural Integrity

Duties include managing safety aspects
Packaging and prioritising work
Making improvements to eliminate corrosion

* Dedicated Integrity Supervisor and crew from Maintenance Contractor
« Mtce contractor Supervisor and crew physically separated from other crews

« Propose that the blast & paint programme be scheduled and proceed the corrosion
inspection
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Scaffold

Hydroblast area

Corrosion / structural inspection

Structural repairs (including improvements, eliminate leaks, new materials)
Blast and paint
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KNR — Asset Integrity Management

STRUCTURAL INTEGRITY — Issues

« Capturing history and reporting

 What is maintenance and what is funded from Integrity

« Eliminating leaks, spills and sources of corrosion (piping integrity)
« Life cycle cost — Carbon steel vs. Stainless at construction
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