Part 1. Program Logistics

Presenter: Ron Tangen, CMRP
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Dakota Gasification

Company
A subsidiary of Basin Electric

Successfully Pioneering
Clean Synfuels from Coal

SYNFUELS

About Dakota Gasification Gompany:

« Plant Capital Cost $2.1 Billion

« Began Commercial Operation 1984

« 2014 Plant Availability 92%

« Maintenance Expense $90MM / Year

» Total Employees 725




» Synthetic Natural Gas

» Ammonium Sulfate-agricultural fertilizer

» Anhydrous Ammonia-agricultural fertilizer

» Carbon Dioxide-enhanced oil recovery

» Cresylic Acid-pesticides, resins

» Krypton and Xenon gas-laser, lighting, windows
» Liquid Nitrogen-food processing refrigeration

» Naptha-gasoline blend stock, solvents

» Phenol-plywood resin

» Urea/ DEF-2017




Ultrasound

* Leak Detection

» Slow Speed Bearing Monitoring
 Electrical Inspections

 Electric Motor Re-lubrication
Infrared

e Thermal IR

e GaslIR

« Flare Monitoring

 Critical Vessel Monitoring
Vibration Analysis

Oil Analysis

Motor Current Analysis / PAMA Testing
Compressor Performance Monitoring
Precision Alignment

RBI (Risk Based Maintenance)

Predictive Maintenance Strategies




ULTRASOUND BEARING MONITORING

Some background information.......




-Head
-Snub
-Bend(s)
-Take-up

Tynical
Goal Belt Conveyor 1




» 400 Main Pulley Bearings
» 2 -4 catastrophic failures / year
« Cost of Failure
» Bearing
« Manpower
* Production Loss
» Collateral Damage
» Belt
» Gearbox
* Fire
» Safety

« Operations: Visual inspection every 7 days, added by an IR spot
radiometer.

Recognized Reliability Issue s




 Reduce the catastrophic bearing failure rate in Coal
Handling in order to:

Increase personnel and equipment safety.

Increase equipment reliability.

Decrease equipment maintenance cost.

Decrease production loss.




* Operational Reality: All bearings will fail

« Mitigation Strategy:
 \erify bearing reliability
« Monitor bearing health

« Optimize operational bearing life
« Remove bearing prior to catastrophic failure

The Goal: Mitigate
Catastrophic Failures




« Optimizing Bearing Life (Reliability)
 Correct Bearing
 Correct Operation
 Correct Maintenance

» Reducing Catastrophic Failure
e Correct Pdm Technology(s)
» Correct Frequency

Moving Forward 1




LUBRICATION DOMAIN

OPTIMIZING BEARING LIFE!
(DMS & GREASE CADDY)

Ultrasound

[ Vibration

Infrared

Oil analysis

Start Fail

Audible noise

P1 P2

Contact heat

EARLY WARNING OF
BEARING FAILURE

Proactive Predictive
Domain Domain
<«

<>

Max time for planning

Finding the right technology:
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PROGRAM LOGISTICS

Group Name Location Name  Point Name Date dB_ Sensitivity Test Result Info
2500 FINES SCREENING JD2801A E HEAD 05/04;2014 18 IMP-MOD SPALLING
2500 FINES SCREENING JO2501A WTUP 05/04/2014 22 IMP-SIG SPALLING
2600 SECONDARY SAMPLING JOZE01A NE BEND 02/26/2013 17 WyHI IMP-MOD
2600 SECONDARY SAMPLING JO2601A NW BEND 02/26/2013 is] W HI IMP-MOD
e = .




« Bearing Mfg / Model:
« Dodge Imperial Bearings
* 3-5inch diameter
e 7/0-80rpm

« Data collection cycle
* 400 bearings
e [ routes
* 5 week interval

« Beganin 2010
* Prior: 2 - 4 failures / year
* 1 failure in 2011
* No failures in 2012 / 2013
o 2 failuresin 2014
* No failures in 2015

14




« Data Collection
» Operations personnel
« UE 10,000 Ultraprobe (RAS sensor)
» \Wavefile and Record Data collection
« Data Management System (DMS)
» Wavefile, Record Data, and Images
« Storage
» Trending (Analysis)
* Reporting
» Spectralyzer
» Wavefile Analysis
* Reports
 E-mail
e Summary
« 12 Month Projection

10
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Figure 2: Dodge Imperial Bearing

Data Gollection 1
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e IMP - Impacting — Minor / Moderate / Significant / Severe
 WHN -Whitenoise

« RUB - Rub

 ROU - Rough

 LOS - Loose

 DRY - Dry

e CUS - Competing Ultrasound

 GBOX - Gearbox

e OTH - Other (See Comments)

Test Result/ Info (Fields) =




« Sensor / Connection problem
* Low Sensitivity / Over Ranged
 Not consistent with history
« Bad Idler
 Classification notes

« Hi DB

e Watch

« Consider / Recommend For Repair
* Work Order Information
 Analysis Results
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Bearing

Electrical
Leak

COAL ASH FGD SOLIDS - | Record Infarmation | Images | History | Chart | Alarms | Reparts |Versions |

2200 SECONDARY CRUSH LS

ID2301A Bearing

JD2301B Alarm Report
ID240LA Bearing Lube Route
ID2401B IMaster Route Report
ID2301A Four Pic Report

- JD230LB Everything Report
2400 LIVE STORAGE LS

2500 FINES SCREENING LS
2600 SECONDARY SAMP LS
2600 TRANSFER TOWER 2 LS
2600 TRIPPER FLOOR LS
2700 FINES SILOS LS

Generate
ted Repart

Create

2720 FINES TRANSFER LS

Custom Report... SOL Repe

i Export Wizard

Select Fields

Data fields to be included in spreadsheet

Available Columns

Language -
Units

Baseline Recard?
Serial Mumber
Instrument
Record/Paint
Scale Type

WAV File Path
WAV File Valid?
Alarm Status -

m

Please select the fields you would like to be included in your exported file:

Group Mame
Location Mame
Paint Mame
Date

dB

Sensitivity

Test Result
Info
Comments

< Back ” [Mext = I I Cancel
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SUMMARY REPORT_2600 TRANSFER TOWER 2_051514

Group Name
2600 TRANSFER TOWER 2 LS
2600 TRANSFER TOWER 2 LS
2600 TRAMSFER TOWER 2 1S
2600 TRANSFER TOWER 2 LS
2600 TRAMSFER TOWER 2 LS
2600 TRANSFER TOWER 2 LS
2600 TRANSFER TOWER 2 LS
2600 TRANSFER TOWER 2 LS
2600 TRANSFER TOWER 2 LS
2600 TRAMSFER TOWER 2 LS
2600 TRANSFER TOWER 2 LS
TRANSFER TOWER 2 LS

2500 TRANSFER TOWER 2 LS
2 TRANSFER TOWER 2 LS
2600 TRANSFER TOW

2

2

2

2

2500 TRANSFER TOWER 2 LS
2600 TRANSFER TOWER Z LS
2600 TRANSFER TOWER 2 LS
2500 TRANSFER TOWER 2 LS
2 TRANSFER TOWER 2 LS
2500 TRANSFER TOWER 2 LS
2600 TRANSFER TOWER Z LS
2600 TRANSFER TOWER 2 LS

2600 TRANSFER TOWER 2 LS
2600 TRANSFER TOWER 2 LS
2600 TRANSFER TOWER 2 LS
2600 TRANSFER TOWER 2 LS
2500 TRANSFER TOWER 2 LS
2600 TRANSFER TOWER 2 LS
2600 TRANSFER TOWER 2 LS

2600 TRANSFER TOWER 2 LS

Location Name Paint Name

ID2607A MEBEND
JDZGOTA MW BEND
ID2607A M HEAD
JDZGOTA 5 GEAR
JD2E07A M GEAR
ID2607A 5 HEAD
JDZGOTA SW BEND
ID2607A SEBEND
ID2607B MNE BEND
JD2E0TE MW BEMD
JD2607E M HEAD
JD2E0TE S GEAR
1026076 M GEAR
JDZGOTE 3 HEAD
1026076 SW BEND
JD2607E SEBEND
JD2E08A SW BEND
ID2E05A MW BEND
JDZG0BA W TAIL
ID2E05A ETAIL
JDZGOEA ME BEND
JD2ZE0EA SEBEND
ID260EE SW BEND
JD2E0EE MW BEND
ID260EE WTAIL
JDZGOEE ETAIL
10260356 ME BEND
JD260EE SEBEND
ID2607A N TUP
ID2B0TA 5TUP
JD2ZGOTE NTUP
1026076 5 TUP
IDZG0EA WTUP
JD2E0EA ETUP
JD2608E ETUP

dB
12
11
17
34
35
14
12
12

67
]
62
-

DT

=

&
3
3
8
8

3

ANALYSIS RESULTS:
1- JD26078 NE BEND: BEARING HAS RECOVERED FROM APPARENT FAILURE TREND. (SEE TREND BELOW] REMOVING FROM REPAIR DURING T4 LIST.
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2- JDZEOSA TUP- RECOMMEND FOR REPAIR DURING T/A. (SEE TREND BELOW)
3- JD2ZE0EE E TUP. RECOMMEND FOR REPAIR DURING T/A. (SEE TREND BELOW
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From: Fresd Wikon

Sent: Wednseley, Septamber 10, 2014 525 &8
Ta: Ron Tangan: Keith Detvoung: Jeff el
Subject: acoustc roufs
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Bearing Repair List for September 2014 Turnaround

Gasifier Feed System

Location Name P\:lm Nume

Senesithity Tatllsljt

Lasl Replaced

Last Rglasnd

G500 0

2600 TRANSFER TOWER 2
2600 TRANSFER TOWER 2

D1ME2014 14:31

011E/2014 14:32

2600 SECONDARY SAMPLING JO2601A ME BEND 2262013 17 WHN IMP-MCO SPALLI N% SLOW UPWARD TREMD D2r7ra004
2500 SECONDARY SAMPLING JO2E01A HW BEMD D2r262013 26 WHHN IMP-MCD L 2073) BEMIAN0S | 01/17/2007
2600 TRANSFER TOWER 2 QANE2014 1430 20

021073014 3:00

TRENDIMG UP, CONSIDER FOR REPAIR DURING T/A (27D8 MAX) [canceled In 2013)

2500 TRIFPER FLOOR 05122014000 | 18 ROUGH TDEZYR TRENDING UP, CONSIDER FOR REPAIR DURING T/A (24D8 MAX) In 2013 7
2600 TRIPPER FLOOR. 012273014 23:42] 15 a4 ROUGH SDEGYR TRENDING UP, CONSIDER FOR REPAIR DURING T/A, (27DB MAX) A2z 7
2600 TRIFPER FLOOR 1 23:42] 18 [F] IMP EDEZYR TREMDING UP, CONSIDER FOR REPAIR DURING TIA_ {2408 MAX) [T
2500 TRIFPER FLO-OR 2345] 15 53 ROUGH DBZYR TRENDING LIP, CONSIDER FOR REPAIR DLIRING TIA {2308 MAX) 2022007
2500 TRIPPER FLOOR D220 [ WHN A P-IN e 7
2500 TRIPPER FLOOR CSM22014 11 WHHN MP-MIN MONITCR [APPEARS TO BE TRENDHNG DO'WHN) 7
2500 TRIFPER FLOOR JO2E09A STUR [ 122014 B WHN KON TOR [TREND HOT CLEAR) 77
2600 TRIPPER FLOOR B H HEAD 0122014 2 WHH IMP-MIN MONITOR, POSS FAILURE TREND AR 12000
2500 TRIPPER FLO:OR JOZE0SC MW BEMD [ 1272014 3 WHH IMP-MCD STEADY BUT COMNSISTANT ISSUES. RUB IN PAST OBI0T004

Fines Feed System

7700 FINES SILOS

L4 D62014

2720 FINES TRANSFER
2720 FINES TRANSFER

2720 FINES TRANSFER
2720 FINES TRANSFER

Fil WHH TME-MCO | CYCLICAL SPALLING [SLOW DOWNWARD TREND) FHiFIiF]

22 WHN IMP-GIZ___|SPALLING, HI OB, [SLOW DOWNWARD TREND) TTATRe2

TSH02014 MA-MOO | HI D8 [VERY SLOW DOWNWARD TREND] G012
O30/2014 1:24 TME-MINGR HI 05, CONSIDER FOR REPAIR 3014 TIA DE7I2004

RECOMMEND FOR REPAIR

TPULLEYS | 11 BEARINGS
3 SENSORS OFF
11 BEARINGS BEEING MONITORED

CONTINUE TO MONITOR

SENSOR OFF
PART OF BEARING SET (2]

12 Month Projection
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A SUCGESS STORY:
PLANNED BEARING REPLAGEMENT

JD2401A East Snub Pulley Bearing
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IDLER BEARING MONITORING

Using the UE3000

32




 Available for Operations.
 Tool for early detection of Idler Bearing failure.
* No formal program.

Conditon Monitoring Form for Conveyor Idlers
Eelt No. Date pESI:] F0-aa dB 3540 AM-I5 d8 A5-50 dB = o0 do WHWritten___|

JD2201A
JD2201B
JD2301A
JD2301B
JD2401A
JD2401B
JD2501A
JD2501B
JD2E01A
JD2E01B
JD2602A
JD2602B
JD2E06
JD260TA
JD2ZE07TB
JD2608A
JD2608B
JD2603A
JD2609B
JD2609C
JD2609D
JD2T01A
JD2701B
JD2702

JD2T20A
JD2720B
JD2TOEA
JD2708B
JD2708C
JD2708D










Part 2: Bearing Analysis /y/

?//




FET | Time Series | Dual I Waterfall | Patameters

2= PEIEUY)

Frequency (Hz) 0 ||

[FRp AR R

Bearing Fault Calculator

Cursor 1 Cursor 2

I 55.6646  Hz
I 11,5667 Hz

I ! ! 1 0 ] =
16k 18k 20k 22k 24k 2Bk Y4

Frequency (Hz)

& FFT Overlay Control

o Point | To Baseline To Fle | ‘

FFT: Doesn't work on 3SB'S




Spectralyzer DMS
 Time Series Chart  Trend Chart

* Frictional force over  Decibel reading over
(short) timeframe. (long) timeframe.

« Health at specific moment. < Past, Current, Future Health.
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Impacting Whitenoise
 Short duration frictional « Constant frictional forces.
forces. « Tight (new) bearing
» Contamination * Worn (old) bearing
- Pitting, Spalling, Fretting * High bearing load
« Broken parts (i.e. cracked race) * Low lubrication
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 Impacting
« DB increases with rate of occurrence, amplitude, width

* Whitenoise
« DB increases with amplitude

e Short Timeline = 100msec

* Long Timeline = 10sec
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e Current DB Value
e Current risk of failure

Historical Trend Values

e Change In bearing health (other conditions remaining constant)
 Slope is rate of failure

« Extended becomes the future / predicted risk of failure

Marker for bearing replacements
Replaced bearings have a wear-in period
View 24 to 36 months i

Trend Chart
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New Bearing Wear-In
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e Data Collection

« Competing Ultrasound
 Coal (product), Gearboxes, Idlers, Other

e Hardware Issues
e Collection Issues

* Analysis
« Every Bearing / Every Time
« End Of Life failures (EOL)

Challenges o




 Ultrasound Is more sensitive than anticipated.
 Fault is not equal to a Failure

Bearings can recover from certain levels of failure.
Bearing failure is a (generally) slow process.
Thermal failure cycle can be very short.

Is not a 100% predictive tool.

For a program to succeed:

« Need management support

e Need a committed champion

« Need to maintain communication with participants
« Have a continuous improvement cycle in place

Lessons Learned




« Ultrasound is an effective tool for:

« Monitoring slow speed bearing health.
» Helping reduce catastrophic bearing failures.

« Helping evaluate the future risk of failure.
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