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PIMS Technology Refresh

Rethinking PIMS and Operational Intelligence Delivery in Vale Base Metals

Presented by Norman Doucet
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Mission

To transform natural resources
into prosperity and sustainable
development

To be the number one global
natural resources company in
creating long term value, through
excellence and passion for people
and the planet

Values

1 Life matters most 2 Value our people
3 Prize our planet 4 Do what is right
5 Iimprove together 6 Make it happen
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In 1997, Vale was largely a Brazilian exporter with 10,865
employees, and an aggressive strategy to grow its business.
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Today, Vale is active in over 35 countries around the world with
over 85,000 employees. It is the leader in iron ore production
and one of the top three nickel producers.
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Vale Base Metals

Vale's Base Metals Business consists of nickel, copper, cobalt, aluminum, precious

metals and PGMs. Vale (through the former Inco), has been operating in Sudbury for
more than a century.

« Headquartered in Toronto, Canada

» North Atlantic Operating Regions:
— Manitoba (Thompson)

— Ontario/UK (Sudbury, Port Colborne, Clydach & Acton)
— Newfoundland/Labrador (Voisey’s Bay & Long Harbour) |

» Asia Pacific Regions
— Indonesia
— New Caledonia
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Business Challenge
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PIMS Tech Program
Architecture and Software Refresh

COMPANY and GOAL

In 2012, Vale Base Metals initiated a roadmap
project to identify and scope opportunities to
leverage Operational Intelligence capabilities

Welcome to the Operational Reporting Portal

uuuuuu

v
RESULTS

Aging infrastructure and
software platforms limited

ability to meet business }
needs for advanced reportmg of date. Pl software and PIMS
and analytics Reporting Eco-system

* Improve PIMS Performance, Uptime . i i
st Bl Physical Architecture (PA)

« Simplify PIMS Use, Integration, » Redundant Data Collection (RDC)
support

* Reporting and Analysis

* Reduce Time to Market Framework (RAF)

» Migrate required business reports and
displays

Three projects launched to
address aging hardware, out

New capabilities offered by
Asset Framework, Event
Frames, and SharePoint
have provided insight into
age old report challenges

» Improved performance, Uptime
and reliability

» Shorter time to market through self
serve tools

» Restored user confidence
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Redundant Data
Collection (RDC)
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Redundant Data Collection

COMPANY and GOAL

At the foundation of any PIMS system, is the data
collector (API node). We needed to improve data
collection and reliability

v

CHALLENGE

Aging infrastructure and non
redundant data collection }
threatened PIMS reporting

SOLUTION ©  RESULTS

Implementation of solid state
redundant data collectors,
data sources and network
infrastructure

Increased security and
reliability have virtually
eliminated all data gaps

Stable & Reliable data Collection
Lower cost

PI'IT Monitor — PCN monitoring
3 tier Network architecture
IPKVM for centralized support

* Gaps in Data
e Loss of confidence in PIMS

* Interruptions to Analysis and
troubleshooting
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Physical Architecture(PA)
and

Reporting and Analysis
Framework (RAF)
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Solution Architecture

» Complete Refresh of all servers
« Latest OSlsoft software

* MS SharePoint — ORP
* One “Stop Shop” for reports
» Better Performance
« Shorter “time to market”
» Self serve report publishing
» Sharepoint submission and workflow
» Training sessions covering all plants in
Canada and UK
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Pl Software installation and configuration - OSlsoft Field
Service Engineers Key to success

» Pl System Uptime of 99.99%

« Ensure that the Business impact was small to none
« Thorough Application Testing

« Upgrades done in off shift

» Staggered approach to allow for stabilization

3-Mar-14 - 7-Mar-14 17-Mar-14 - 21-Mar-14 24-Mar-14 - 28-Mar-14
3-Feb-14 - 12-Feb-14 e Phase 2 e Phase 3 e Phase 4
4 M e Decommission old Pl servers . Wto Server2012 ® PIACE Migration
e Three Member Pl Collective e Interface PIBuffss setup e Pl AF installation e Pl Notifications
e Configure HA e Plserver on DMZ e Pl Coresight
e Migrate to DMZ e PIACE installs

- | [
- & mo-

9-Feb-14 16-Feb-14 23-Feb-14 2-Mar-14 9-Mar-14 16-Mar-14 23-Mar-14
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Project Team

* Chris Bertrand-
(Program Manager)

« Khaled Elsharkawi-
(Project Manager)

 Norm Doucet-(Technical Lead)

« Joy Lobo-(Pl Support)

« Alejandro Molano-(OSlsoft)
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Problems Encountered
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Software Related Issues

« |E8 on Vale standard desktop

* No HTMLS support
« |E11 through Citrix (Slow due to aging Citrix architecture)

* In-House applications that were not HA friendly

» Application design assuming non buffered single Pl Server
» Custom SDK applications throwing errors, required code maodification

 Abillity to trend relational data (LIMS) in Pl Coresight

— Legacy in house application had the ability to trend all assays in the LIMS
system

— In PI Coresight we are able to trend defined assays through RDBMS
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Hardware-Solid State Drive Failures

INNSWVS

After two years of service, Solid state
drives began to falil

» Upgrade failed 32GB MLC SSD’s
» Replace with 120GB 3D V-NAND drive

« Extend Drive life to ~10years
Reduce risk of data loss
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Hardware-Ground loop interference

Multiple IPKVM failures

PC’s have external DC Power supply with
“floating” ground and IPKVM has reference ground

Electromagnetic interference in the data signal

Ground all PI Interface nodes to same ground
potential as IPKVM

IPKVM software glitches and lock-ups eliminated
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Process Improvements
Applications and Use Case
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SAP Integration — (SAPIO)

* New Global SAP implementation
* Required PI data to support SAP Maintenance module

* TIBCO middleware (Global Standard)

* PI System 2012
* Pl Asset Framework to structure our information
* Notifications & Asset Analytics
* Custom delivery channel to create Event Frames
* Event Frames to keep track of events
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Smelter - Converter Skimming

« The process of removing slag from the converters.

» This is done to reduce iron (Fe) in the Matte.

« Slag rises to the top of the converters and can be
skimmed (decanted) by rotating the converter.

« Askim cycle (at least 4) in a converter charge
(batch) can either be “Skimming” or “Reverse
Skimming”.

« “Reverse Skimming” increases Cobalt yield.

Skimming Slag
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Smelter - Converter Skimming

* Operator favoring “Skimming” rather than “Reverse
Skimming”
* Significant loss in Cobalt recovery

* Adherence to “Reverse Skimming” tracked manually
* Complexity of rules and multiple control variables

* Too difficult with PIMS technology before PIMS Tech
Program refresh

* (Pl Server, Module Database, ACE)
Skimming Slag
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Smelter - Converter Skimming

* Build AF model and Event Frames to detect “Skims” &
“Reverse Skims” based on several criteria.

« Automatic Compliance tracking
» Successful “Reverse Skim”
» Missed Opportunities to perform a “Reverse Skim”
» No Opportunity to perform a “Reverse Skim”

Skimming Slag
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Smelter Reverse Skimming Report

> SELECT REPORT CRITERIA Start Time 9/29/201513:44
End Time 10/6/2015 13:44

Converter 3 R4 Converter 5 EJ Converter 6 Ed Converter 8 Ed Converter 11 §§ TOTAL

Regular Blows

Missed Opportunities

No Opportunities
Matte During AirBlow
% of Blows with Matte Delivery

Converter comparison

4 =
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Sample Display in Pl Coresight — Event Selection
Zooms on Data

e@| it piserver2012/ Coresight/#/Displays/ | ale-Reve rse- Skimrming-—-Mc O = & H PI Coresight - Vale Reverse ... | |

+ New Display

© PI Coresight

* ‘ Vale Reverse Skimming - Monitoring | "W °
Undo Redo
E Converter 6
n Converter 1 - m'ﬂEfGﬁ'!u&:ulﬁu'!TlT: ° ff);\;;;rﬁ(ydﬂlipg:lﬂ(Eﬁmmime:
1.5 0.034
B Assets ® 05
\WPISERVER2012\Vale
rl [.IvConverter aisle
B Converter 10/28/2014 3:43:51.01501 AM 50m 8s 10/28/2014 433:58.01001 AM

n Converter &
4 [ }\PISERVER2012 ModuleDB\Vale

Events a @
Events from 10/20/2014 2:59 PM - 11/10/:
P (D) Charge.2014-10-28 03:43:51

10/28/2014 2:43:51 AM - 10/28/2014

P (D Charge.2014-10-28 02:29:05
10/28/2014 2:26:05 AM - 10/28/2012

P (D) Charge.2014-10-28 01:29:58
10/28/2014 1:26:58 AM - 10/28/2012

P (O Charge.2014-10-28 00:17:40
10/28/2014 12:17:40 AM - 10/28/201

Search

. st s flow | 0 Corma — © Comvartar GfFumace Mattz D
2100 Nm3‘h 3700 HNmi/h 10
_ T
50,000 30,000 0 10 6
ety g
30,000
20,000
*) 1) 1T l:T I
10/28/2014 3:43:51.01501 AM 10/28/2014 4:33:59.01001 AM
* Comvertar €Charga Trig o Commnar Syt Trig ‘ Comvartar €jhimmiion, Trig
Charge. 2014-10-28 04:33:50 Nitrogan Blow 9 ]
1 91110 [ —
i - -y
0.6
0.4
0 0000 [ !

10/28/2014 3:43:51.01501 AM

50m &8s

10/28/2014 4:33:59.01001 AM
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Mine Backfill Batch Reporting

* Backfilling is a process used to fill voids after
extraction of minerals underground is completed
* Plugging of pipe line
* Pipe line burst due to high pressures
* Pipe line burst due to line deterioration
* Liquefication of the backfill
* Equipment failure

= closing in

& 497 sec.

* Model process with Event Frames
* Provide Sharepoint DatalLink Reports
* Provide visualization through PI Coresight

Sandfill Plant

@ osisoit. USERS CONFERENCE 2016 © Copyright 2016 OSlsoft, LLC 27



Mine Backfill Operator HMI input screen
Bridging the divide on IT/OT convergence

1000L -2040L 601
1040L -1060L 601

2060L -3060L 704

2080L -3060L 701

5000L-6000L 800
Other/Maint

Edit/Delete Selected

System Control
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Mine Backfill Report

Start Time 9/6/2015 0:00

End Time

Bottom sill E ated
stope Number EJ  Pour Type Level Top Sill Level Start time Estimated Body Rock Body Fi Total Cement Total Sand Total Ro
=701
Body 3060 o 26-May-15 12:58 27-May-1511:21 5000 7000 3000 4000 138.2 455.7 o
Cap 3060 o 28-May-1513:37 28-May-1513:38 5000 7000 3000 4000 11 3.5 o
Plug 3060 o 26-May-15 11:08 26-May-15 11:59 5000 7000 3000 4000 57.8 188.2 o
=800
Body 6000 0 26-May-15 10:28 27-May-1512:57 100 175 750 1500 262.1 860.9 o
Cap 6000 o 28-May-15 13:35 28-May-1513:37 100 175 750 1500 18 5.9 o
Plug 6000 o 26-May-1509:41 26-May-1510:27 100 175 730 1500 526 1715 o
Pour Type ~ Pour Type =W
Total Cement  Total Sand | Estimated Body Fill Total Cement + Sand _ Fill Estimate ' Count of Start time
4500 .
Sandfill Performance
4000
3500
2080L-3060L-701
3000
2500 Walues
B Total Cement
2000 5000L-5000L 800
¥ Total Sand Combined Level Stope Number v
1500 = Estimated Body Fill
1000
2080L -3060L 701
500
o
2080L -3060L 701 | 2080L-3060L-701 o0 10000.0 20000.0 30000.0 40000.0 50000.0 60000.0
Walues
Stope Number 3 Combined Level Stope Number v W Count of Start time B FillEstimate W Total Cement + Sand
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Mine Backfill Analysis using Pl Coresight

O PI Coresight
S All Displays (574)

R Finer by Labels

© New Display

— o E—
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e - —
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8346 - ON - Clarabelie Mill
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8355 - ON - Energy and Power p1i% < Fiiy O 1 F1 1% < s SN & %
8310 - ON - Coleman Mine
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8363 - ON - Oxygen and Utilities 2 e
8375 - ON - CC Nickel Refinery )
8572 - VNL- Long Harbour Refinery = =
NorthMine Sandfill Process 8322 - Sandfill Batch Analysis 8338-SUP-MECHL-Backup Diesel Gene  8338-SUP-VENTI-Rar-Network Temper:
ALENET\1 E VALENETWn1douce BUILTINVAAministrators BUILTIN\Administrators
JLI% O F1il O v A o} Fi13 <
E= & —
= H

T EEEE
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Process Mimics

* Business requires access to Process
Graphics without negative impacts on PCN

* Create Pl ProcessBook displays

* Host displays in Operational Reporting l\
Portal and Pl Coresight

* Displays available on Desktops, tablets, Underground wireless access to Pl Coresight
. displ
and smart phones on Wide Area Network, "
and Internet
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Process Mimic Demo

© PI Coresight

Search All D

All Displays (574)
Filter by Labels

ALL DISPLAYS

FAVORITES
MY DISPLAYS
RECENT

FOLDER HOME

8346 - ON - Clarabelle Mill

8322 - ON - Copper CIlff Mine 8338-SUP-VENTI-Rar_VI101_Trend

BUILTIN\Administ BUILTIN\Administrato:

8473 - MB - Thompson Nickel Refinery
8355 - ON - Energy and Power Fiiy ‘C“ P ¢ * 3
8310 - ON - Coleman Mine
8338 - ON - Totten Mine
8361 - ON - CC Smelter
8362 - ON - Matte Processing

8363 - ON - Oxygen and Utiiities
8375 - ON - CC Nickel Refinery
8572 - VNL- Long Harbour Refinery

8338-CCH-MUCIR-WASTE Passes
ors BUILTIN\Administrators

SEAN

e
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[ ttp://coresightcan/Coresight/=/PBDisplays/2218 |
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Mine Crusher KPI Report

* Multiple Crusher failures

Bearings overheating
Hydraulic toggle relief valve actuations

Monitor bearing temp. to ensure operator
adherence.

Monitor Rollback time to indicate
potential premature bearing failure

Monitor Relief valve actuations

Plant Engineers quantified and justified
liner redesign to avoid future failures

Liner changed in May 2014

Realized a drastic decrease in crushing
forces at the hydraulic toggle
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Totten Mine Crusher Relief Valve performance
450

- 400 * ¢ —H
5 350 N\ —H
S L+
< 300 L
'g 250 :77 T [t
2 200 i
< 150 — —t
2 100 H—— —t
> 50— S N
0

Mar Apr May June

==¢==Relief Valve Actuations 425 395 193 22

Crusher Hours 119 182 109 181

95%
Improvement

Before

© Copyright 2016 OSlsoft, LLC

33




Crusher Report Demo — Webparts and Excel DataLink Server

Operational Reporting Portal

Manitoba Operations ¥ Ontario Operati v UK O i ¥ VNLO
VVALE

Operational Reporting Portal

Welcome to the Operational Reporting Portal

Norm Doucetv £¥ 2
) SHARE Yy FOLLOW

Search. Pl
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Closing Remarks

Foundation
Growth and Innovation

Empowerment
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Contact Information

Norman Doucet, C.E.T.

Norm.doucet@vale.com
Sr. Process Systems Analyst

Vale
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Questions

Please wait for the
microphone before asking
your questions

State your
name & company

Please remember to...

Complete the Online Survey
for this session

=~ | DOWNlOad the Conference App for
- = | OSlsoft Users Conference 2016

) [ App Store
* View the latest agenda and create your own

P Google Play

S HTML

* Meet and connect with other attendees

http://ddut.ch/osisoft

@ osisot. USERS CONFERENCE 2016

© Copyright 2016 OSlsoft, LLC 37


http://ddut.ch/osisoft

; ZArgLICH B

Danke |
B Merci Gracias
x Thank You
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