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Maintenance costs in the

mining industry




Up to

of total costs are wasted through the
ineffective use of maintenance*

-
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*Prospect Consulting
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Schneider Electric’'s Solution’'s Areas

Safety and
Security

Improve sustainability
by enabling ZERO
incident operations

Social license Operation

to operate Efficiency

Obtain and Maintain Strengthen people

the license to operate effectiveness,

by creating shared optimize use of assets,
value while taking care increase production

of the environment performance

Grow in a sustainable way

Get the most of your production resources
Increase overall efficiency

Maximize
value creation
Unifying the value
chain and business
optimization




Maintenance Programs

Avantis
PRiISM

\.

Requires a comprehensive
maintenance infrastructure

f
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Avantis
Condition
Manager

APR and diagnostics to predict
impending failure
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>

Conditional approach to driving
maintenance activity

D

Planned based on time or
usage statistics

Run to failure

5
APR = Advanced Pattern Recognition




Avantis
PRISM

Real-time Predictive Asset Health and
Performance Monitoring

Schneider




Predictive Asset Analytics

> Advanced pattern recognition for
on-line equipment condition
monitoring

> Utilizes historical data to describe
how a piece of equipment operates
and builds a model

> Monitors equipment behavior
continuously, in real-time

> Alerts when current operation
deviates from the historical norm

> Early warning detection of
equipment problems

> Fault diagnostics capabilities

HISTORICAL DATA

Application learns normal

operation from historical data

PATTERN RECOGNITION 9

Advanced algorithms automatically
create and organize operational profiles

Profile1
Profile 2
Profile 3

PRiS!
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Turbine

Pump Deviations from normal operation identified

and displayed
Fan
o

EARLY WARNING DETECTION




Monitoring without Advanced Analytics

As your fleet continues to expand, how will you manage the additional assets and
data streams?

T

I
1]
—=
|

S—
[
e




Early Warning Prediction

» We use automated alarms for PRiSM to alert us when lines separate
» Set alarms on the residual value, the actual value minus the predicted
» Alarms are received earlier than typical SCADA alarms

Profile: Ro 2D BC
Signal: ROX02_TE-231DA

200 < Actual (PRiSM History) < Predicted
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e First Pattern Recognition Alarm = Residual
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Match Fault Pattern with Known Conditions (Library)

FS U4 Mill 46 Performance |

- B - @ - Pase- Sfety- Too
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[ Get Data
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A Input Value From

(») Actual (PRISM History) () Actual {Source RTS)

4 Output Options

[¥] Show Alarm Threshalds
[¥] show Alarms

[¥] show Time and Date

(] Analysis

l Show All Values | - J

A Time
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Intelligent Alert List — Situational Awareness Screen

Rating/ 1 2 | 3 | 4 | 5

MName

U1 Steam Turbine Mech
U& Mill 6B Performance
U4 Mill 4B Performance
U5 Mill 5C Performance
us Mill 54 Performance
UE Mill 64 Performance
UE Mill 6ETemp

U1 Mill 1D Performance
U1 Mill 1E Performance
U1 Mill 1D Temp

U2 Mill 2A Performance
U1 Mill 1F Performance
U1 Mill 1C Performance
U2 Mill 2B Temp

U1 Steam Turbine Performance
U2 Mill 24 Temp

U2 Mill 2D Performance

Rating

Criticality

Current
Status

Tech Exam
Date

Tech Exam

Status

Earliest Event

03-17-2014 20020018
03-17-2014 15:55:18
04-08-2014 07:25:18
03-17-2014 165018
03-28-2014 131018
03-16-2014 08:35:18
04-15-2014 03:5518
03-19-2014 211518
03-19-2014 05:05:18
04-09-2014 193518
03-18-2014 073018
03-19-2014 052518
03-24-2014 183518
03-26-2014 1005518
03-18-2014 10:40:18
03-28-2014 003018

03-18-2014 15:35:18

Latest Event

04-16-2014 DE0518

04-16-2014 08:20:18

04-15-2014 02:05:18

04-16-2014 081518

04-16-2014 0E:15:18

04-16-2014 02:40:18

04-15-2014 Z1:4518

04-15-2014 040518

04-09-2014 Z1:40:18

04-09-2014 Z0:55:18

04-07-2014 221518

04-15-2014 082018

03-24-2014 184518

04-16-2014 0e:10:18

04-15-2014 08:40:18

04-07-2014 220518

04-11-2014 195518

Alarms

Warnings 14 Day Event History (days)
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Transient Analysis — Event Capture

=

<L, Search History —

Search Time Range
Starting Time

124 52010 -

Ending Time
12/10/2010 ~

12:00:00 AM |2 [15

12:26:00 PM  [-2

Scan Every

| ()

Sample Every
[Secuﬂds - ]

Import Data Description

Buffer Diata By
75 =] [Minutes =

||

Impart Start

20010 6:12 AM
112720010 7:10 AM

End Duration Mame

In Project

D402
01513

11372070 6:26 AM

11272010 7:25 AM SEARC

11/2/2010 11,06 AM

11/2/°2010 11:21 AM SEARC

00:14:35

117252010 2:06 PM

117272010 2220 PM | D0:14:06 SEARC

117272010 723 PM

117252010 744 PM | 00:16:03 SEARC

S| Fesoroat Cansiaion |

Training Sets
[Z] Al Training Sets

MAY 04 csv
MAY 6.csv

——— MAYO4csv  — —— MAYG.csv

MAY 7.csv —
[ MAY 14.cov

11252010 11:04 PM

11252010 11:19 PM | 00:15:09 SEARC

117342010 2:33 AM

OEEEo0n

11732010 2:48 AM | DD:15:16 SEARC

Select Al Clear All

‘Start trend/align when 358
_EI FQG (Gas Fuel Fow) = —
[ cameors] -

Stop trend when: 300

G1:DWATT (Generator Watts Max ~

Poirt for Y-fxds

200

G1:TTRF1 (COMBUSTION REFERENCE|
G1:TTXM {Exhaust Temp Medisn Comec)|

G1:FPG2C (Interstage fuel

150

G1:FSGPM2 (PM2 GCV Posttion Feedb:
G1:FSGPM3 (FM3 GCV Posttion Feedbac|
G1:FSGR (Position fdbok srv (high v)

G1:FSR (Fuel Stroke Refersnce)

Display Options -
Aversge — [ [ '
Tolerance Band  2.00% o 1

Training Data Comparison
GL:FPGIC (Interstage fuel gas press) vs. Elapsed Time
— — — MAY16.csv

MAY 7.csv MAY 27 csv

MAY 21.csv

— — — Average GEEEEES Lower Bound s Upper Bound

3 a
Elapsed Time (minutes)

JUNE 1.csv
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Model templates

=% Open Project
J ﬁ x a5 Template |=|Find:

Select a project to open from the list below, or click “"New " to create a new project .

Aszet

S All Assets

EI {:I Power Generation
- [ Fossil Gemeration
----- D Hydro Generation
----- ~{_] Nuclear Generation
----- {:l Pawer Generation - Cambined Cyele
----- [ Wind Generation
{27 Power Transmission
D Pumps
-3 Water Quality

Project

Combined Cycle - Combustion Turbine

Combined Cycle - Circulation Pumps

Combimed Cyzle - Condensers

Combined Cycle - Generators

Combined Cycle - HRSG Feedpumps

Combined Cycle - HRSGs

Combined Cycle - Steam Turbines

Templats - Fossil Generation - Ar Heater

Template - Fossil Generation - A Boiler

Template - Fossil Generation - A Steam

Template - Fossil Generation - Boiler Feed Fump

Template - Fossil Generation - Condensate Pump

Template - Fossil Generation - FO Fan

Template - Fossil Generation - Feedwater Heater

Show Sub-Projects

=-{_] Feed Water Pump Mechanical Template
=] [:| Template Points
GROSS_LOAD
SPEED

- ] AMBIENT_TEMP
= DE_BRG_1_TEMP
- ) DE_BRG_1_VIB
DE_BRG_2_TEMP
DE_BRG_2_VIB
NDE_BRG_1_TEMP
- ] NDE_BRG_1_VIB
- NDE_BRG_2_TEMP
i ) NDE_BRG_2_VIB
b DE_THRUST_BRG_TEMP
" ) DE_THRUST_BRG_VIB
NDE_THUST_BRG_TEMP
NDE_THRUST_BRG_VIB
DE_THRUST_BRG_POS
NDE_THRUST_BRG_POS
OIL_COOLANT_INLET_TEMP
OIL_COOLANT_OUTLET_TEMP
. ] OIL_COOLANT_RISE

| OIL_COOLANT_INLET_PRESS

OIL_COOLANT_OUTLET_PRESS
C| Training Data

NewTemplate...] [NewF'mjed...] [ Open ] [ Cancel ]
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Calculation Engine

4, Cakeulation Point Editor - ﬁ‘
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Pt Name Diencrption
Language | Semified v|  EmorRem 0
—  beng Ema
EQaLs
IFTHEN
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Date snd Tome ARSOLUTE | AN
sl HARINGE Hm{mﬁ:?@mmuhu
. CELING Cos L
Port Vanaties | Cample Resuts | Test Flonsts s com _
T T—— LOG SIM |
- LOGLD SIMH TAHESR) =]
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Ln1 Col1 Posd UM ) Compied 2t 515 PM. .
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Predictive Analytics — Transformative Technology

>Centralized, Continuous, Real-time Monitoring
>For more informed business decisions
>Reduce Reactive Maintenance
>Move from unplanned to planned maintenance
> Provides situational awareness
>Extend Maintenance Intervals
> Support of Condition-Based Maintenance
> Avoid over servicing
>Knowledge Capture
>Events do not repeat themselves
>Train younger engineers
>Prioritize Maintenance

> Risk assessment of abnormal conditions — can we
stay online?

Studies show that only 18 percent of
asset failure patterns are age
related. (Most require a predictive

component to detect).

- ARC Advisory Group
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Case Studies

Schneider




Equipment Types

>Turbine

>Compressor

> Electric Generator

>Pumps — Centrifugal, Integral
>VFD’s

>Fans, blowers

>Heat Exchanger, Boiler, Oven, Kiln
> Air Heaters

>\Water Heaters

>Pulverizer, Crusher
>Condenser

> Transformers, Breakers, Cape
> Agitators, blender, Mixer

> (Gearbox

> Chillers

>Seal systems




Case Study

> User profile
- 40,000 MW
- 63 coal-fired units (Supercritical, Large & Small Drum)
- 10 combined cycle units (2 on 1)
- 2 cogen units (Steam generators)
- 1 fluidized bed unit
- 2,700 models

> Savings in 2014
- $4M avoided cost

> Real Savings

- User estimates that the real savings is closer to $40M
when considering savings from AGC, repair costs and labor
costs

18



Issue Categorization (Fleet Wide Monitoring)

Ongoing,/ Operational
Previous Issue Find - 9; 2% rformance
8; 2% 24; 6%




BFP Coupling Shim Pack

Tortal Daviatios [(PFlapbach Mods)
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Observation:

> Model is indicating an increase in vibration on
multiple bearings

Result:

> A BFP coupling shim pack that was on the
verge of failure

Estimated $260,000
Savings
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Percent

3-A-AH-MTR-CUR-AMP (AMPS)

-
=l

Case Study: Air Heater

Total Deviation (Playback Mode)

Overall Model Residual
Overall Model Residual Percent High OQut of Range High Alarm High Warning
Low Out of Range Low Alarm Low Warning
Stigh AlarmOversiiMofiel Residust | -
9=
8-
7=
6
4 Z
32
2 -
1
T A e A SO d‘U\A s | A
14 Sat 3JAM GAM 9AM 12PmM IPm B6PM aPM 15 Sun
Jan 2012 Date and Time
Predicted Signal (Operational Profile Model)
January 14, 2012
Lower — — — Actual 3-A-AH-MTR-CUR-AMP Upper . High Out of Range
High Alarm High Warning  Low Out of Range Low Alarm Low Warning

Observation:

> Air heater amps spiked from 14
amps to 18 amps

Result:

> Plant found a leak on the
hydrovactor on the floor above that
saturated the AH insulation,
causing expansion issues with the
shroud

2l



5TEFW140 (5B BFPT LP BRG METAL T) - DEGF

Case Study: Turbine Bearings

Project: Gibson 5 - BFP B - Mech
Signal: STEFW140 (5B BFPT LP BRG METAL T)
Actual (PRiSM History) Predicted

230

220

210

22 Fri 1 Mon 8 Mon 15 Mon
Mar 2013 Date and Time

Observation:

>Bearing metal temperature spikes
seen on low pressure turbine
bearings

Result:

>Site investigation found oil reservoir
filled with half water and half oil

>Experience from site determined
intricate valveln? was supplying too
much pressure to the seals
resulting in water flowing to the
bearings

==



5TEFW140 (5B BFPT LP BRG METAL T) - DEGF

Case Study: Turbine Bearings

Project: Gibson 5 - BFP B - Mech
Signal: STEFW140 (5B BFPT LP BRG METAL T)
Actual (PRiSM History) Predicted

230

220

210

22 Fri 1 Mon 8 Mon 15 Mon
Mar 2013 Date and Time

Observation:

>Bearing metal temperature spikes
seen on low pressure turbine
bearings

Result:

>Site investigation found oil reservoir
filled with half water and half oil

>Experience from site determined
intricate valveln? was supplying too
much pressure to the seals
resulting in water flowing to the
bearings
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Case Study: Turbine Vibration

Observation: Result:

e Unit started after an outage, & there was  eUpper half of flow sleeve was no longer
a vibration step change on a LP turbine supported by lower half
(well below alarm level) eMinor damage to the LP blades, but

e Engineering & the plant were notified avoided damaging multiple stages of

e Vibration data was collected & unit was blades, packing, and diaphragms if there
retired for inspection was a severe blade liberation

e Bolts on lower half of flow sleeve had eEstimated Cost Avoided: $4.1 million

broke & flow sleeve contacted L-0 blades
)

Project: MAYO01: TURBY
Actual (PRiSM History) redi

ZZZZZ
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Benefits

Strategic
(increased asset utilization, improved
performance and better maintenance
planning)

Financial
(reduced operational and maintenance
costs)

Operational
(reduce downtime, asset utilization,
improved quality, production
performance)

Safety
(reduced risk, early warning of impending
catastrophic equipment failures)

Engineering
(decision support, less-time analyzing
and more time acting, mobile solutions)

IT

(data quality, utilization, improved
models, real-time and predictive insights)
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