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Gas and Electric Partnership Conference
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Williams’ Journey of Digital Transformation

System Monitoring Transitional Period

Developed exception-
based reporting using
dynamic thresholds to
prevent  catastrophic
breakdowns

Laying the foundations
for more advanced "Big
Data” platform and
looking beyond basic
monitoring.

Enterprise Historian

Advanced Analytics Ai Machine Learning

Established Pl System to build
foundations of advanced
analytics and provide a
common access platform to
operational data.

© 2018 The Williams Companies, Inc. All rights reserved.

Increased  sophistication
of system monitoring and
developed gathering
system optimization tools.
Continue  to  deploy
strategies  across  the
enterprise

Tools to predict
reliability issues and
gathering system
holdups leading to
smart maintenance
activities while
building a better
understanding of all
factors that lead to
safer operations
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Reliability Programs

> Downtime tracking

— Utilization, Reliability, Availability

* Reporting, Power BI, Custom Application for event Coding

> Equipment Dashboards

— Access to Equipment visualization and trending Graphics, Reports, Custom Trends

> Data Mining

— Deviation from defined Normal operations Reports and Analysis

> Turbine Specific Analysis

— T5 Spread, T5 Vector, Performance Calculations

> Equipment Comparisons

— Like equipment under like operations, Looking for statistical anomalies

> Custom Notifications

—  for deviations from define limits

> Integration with Maintenance Management

— Operating Run Hours and Automatic work request generation
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Downtime
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Dashboards

Recip Dashboard

Last Refreshed at: 2/3/2020 7:40:03 AM Last Refreshed at:

Willia%l Turbine Dashboard
=

* Click on any unit, and links to additional views will be available on the right side of the screen
* Units that are highlighted are not currently running
* Report data refreshes every five minutes

* Click on zny unit, and links to additional views will be availzble on the right side of the screen
* Units that are highlightad are net currently running
* Report data refreshes every five minutes
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Data Mining

Baseline Maintenance Report

Franchise:

Start Date: 8/7/2019 12:00:00 AM

End Date: 8/15/2019 12:00:00 AM
Last Refreshed at: 2/3/2020 7:11:47 AM

Excursions / Status:

Process Value Status Tracker |Low
Excursions
(Hours)

Comp Vib Cyl 1
Siig 2 Comp Cyl Discharge Temp Spread
Stg 2 Cyl 4 Discharge Temp

Stg 2 Cyl 6 Discharge Temp
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High
Excursions

Low Threshold |Min Value
During
Excursions

High Threshold

Max Value
During
Excursions

Number of
Events

Last Excursion Time
(Click to view in BLM D
Orange indicates. still i

of report

Display: Click Save lcon* Asset. | Stg 2 Cyl 2 Discharge Temp+ ¥
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Comparison Reports

Caterpillar G3600 Driver Comparison

Time: * Interval: 1h Report Execution Time: 2/3/2020 7:23:06 AM

0 - 1000 RPM and Selected Load Range: 90 - 100%

t Aggregates all the available data records that meet the RPM and Load Criteria for the time period and interval selected and displays 1 Average record for each unit
ent Data values below 1 25 StdDev and Red backfil represent values greater than 1.25% StdDev

2 Left Golumn {(Franchise\Station\Unit) will link to the Overview display if active

underfined and shown in Blue Links o Goresight for data trending

]
F Exhaust |Catalyst [Catalyst |

Flow | Fuel Qut Bal

Load D, Offski | Temp ¥ V]

G3616LE 97 1is - 809 694 319 55 23
G3616LE 985 91 181 R 813 4.97 299 49 1000 967 25
G3616LE 997 93 180 R 802 478 29.0 40 1000 958 24
G3616LE 997 92 180 R 80.1 777 268 38 997 931 24
G3616LE 998 100 181 , 751 492 347 [EENN 1000 918 . 23 .
G3616LE 999 a1 181 7.0 821 7.99 pEEEy v 1002 955 316 1327 24

viation | | 17 | a4 | 12 | | 250 151 | 379 | 14 | 02 | 24 |138]| 13 | | o
verage | | s88 | 939 [1802 | 70 | 799 [ 1754 | 623 | 315 | 43 [1000] 940 [3234] 1301 | 1980 | a21 | | 24

Caterpillar G3500 Driver Comparison

Aw  End Time:* Interval: 1h Report Execution Time: 2/3/2020 7:25:59 AM

Salected Spead Range: 1350 - 1400 RPM and Selected Load Range: 90 - 100%  StdDev Threshold: 1.25

vl st all thes nvalable it rioords that et the RPM and Load Crita ia for th
iU 40, Centaarsd, ERClric, Mars 100, Marseg, Sa a valLass bekonw 1267 SifDe and R0 ackSll efrese i ualles grester than 1,25
Selutin (FranchiseiStatoetLinit] wil ink 1o the Overview display i active
ined and shown in Blug Links i Coresight for data trending

ime period and insenval salected and displays 1 vesage record for each unit
StelDey
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T5 Monitoring

®  Markham TXPLRecompression C140 Analeg.T5 TC17 | © Markham TXPLRecompression C140 Analog.TS TCO01 | ® Markham TXPLRecompression C140 Analog.T5 TC02 | @ Markham TXPLRecompression C140 Analog.T3 T
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1,260
11/26/2013 9:15:00 PM 23h 57m 11/27/2013 9:12:00 PM I

11/27/2013 9:12:00 PM

T5 temperature plot as it is shown in a Pi Vision trend. This
actual graph of a step change in a Turbine temperature spread
associated with further degradation of the insulation.

© 2018 The Williams Companies, Inc. All rights reserved.
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These photos are
representative of the
problems that can be
identified by looking more
closely at changes that
occur within Manufacturer
safe operating limits.
Loosened insulation can
lodge in fuel nozzles causing
uneven burn.
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Performance
sy N maﬂ;g Centrifugal Compressor Map

Elgvation o
Compreseion Stages 1

Driver Setup 2/1/2020 6:55:29 AM - 2/3/2020 7:55:29 AM

Fuel Gas

Gas Component Mole Percant
Mol Fraction Tatal 100 % Methane 88.05
Molscular Weight 1633 gimel Etmans 138
- oot i st + Hover over speed and efficiency lines to see labels
Spacific Gravlty .56 nButans 0.0 = Darker operafing points are more recent than lighter points [CentriperfRt Calculst=d Paints - Grey to Black) (PLC Points - light Orangs to Red)
IPentane 000
nPentane 0.00
HexanaPlus 0. 50000 —
Carnon Diexios o.ar
Hitrogen 0.45
Driver Data 43000+
Process Data Values Calculated Values Parformance
Inist Temperature E3T shaft Powsr 4576 pp Parameter wvawe Prediction  Dev [Pct) 40000 -
GF Spesd 880 5 Fuel Conaumption 10,615 BTUMp-hr Inlst Temperature B2.70 =F
PT Spasd TET m Fuel Standard Flow ST.74 MSCFH Ar Inlet dP 2.57 InHIO
T5 Average 1355 °F Fusl Maza Flow 2.455 Ibmihr PT Speed 75.55 %*
Alr Inist P 257 Inhz0 Fusl Ensrgy Rats 5262 MMETURr GF Spesd 57.9¢ 100.00 20 %
Exhaust Back Prassurs 000 InHIO TS Averags 1,355 1,400 32 °F 35000 —
pcD 1457 palg Snart Fowar 4378 3,334 -a3s  np
Fuel Mass Flow Mo Data Ibminr PCD 14574 2281 350 paig

Head (R-Ib i)

Fuel Energy Rate 5282 TEA4 326 MMBTWhr
30000
Compressor Setup
Thru-put Gas Gas Componant Mole Percant Gas rties 250004 I
Mole Fraction Total 100 % Methang 98.05 guction Gae Denalty 1.65 Ibmrts s
Molacular Walght 1635 gimol Ethans 138 Dischargs Gas Denalty 235 IDmite3
LHV 515 BTWsecl Propana 0.05 Suction Gas Enthalpy 381 ETUNDmM
Specific Gravity 0.58 IButans 0.00 Diachargs Gas Enthalpy 400 ETUABM 20000 -
Critical Pressura €85  pela nButane 0.00 Zuction Gss Compreseibliity 0.53
critical Temparsturs 345 °R Pantana 0.00 Discharge Gas Compreasibliity 0.34
nPentang 0.00
HexanaPlus 0.00 _
Carbon Dioxide 007 1 5'] UU
Mitrogen 0.45

HP Compressor Data 10000 — ’,’ ,
Process Data Values Calculated Values /

velue  Predicion  Dev (Pct)

Flow dP 135.6  InHZO Izentropic Head 26821 ft-infiibm 5000

Suction Pressura 5088 pslg Actusl Flow 3.285 aCFM

Discharge Preasurs 3648 paig Isentropic EMclensy 8475 54.37 04 %

Suction Temp. €05 °F Mzgs Flow 323,280 Ibme

Dizcharge Temp 1406 F standard Fiow 173.57 MM SCFD 0 | ; | |

A5V Position 100 %CL Shatt Pawer 4878 np
Comprassor 3pssd o sas s Rem 1634 2634 3634 4634 3634
Pressure Ratio 155

Flow (ACFM)
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Custom Analysis

> Event Frames to Capture and report Key Events

urbine Startup and Shutdown and Out of SoloNox Duration

Mee: Repar Times Central Time Last Refreshed at: 2/3/2020 7:16:59
AM

Start Time End Time On-Loa
U RL

November 11142010 10:50:17 AM | 11/4/2018 110428 AM  D0:05:11 \Cocldownstop  Trends
Duration On-oad!Solonox OFF: 0. 11142019 326:04 PM | 11742018 3:30:44 P 00:04:40 0 _ Trends

152019 80332 AM | 11/52019 B:08:41 AW 00:05:00 0 [Cooldownstsp  Trends
1102010 3000 AM | 1NDZ012 3500 AM 000500 o Stading 0 Trends
1182018 6:45:20 PM | 11/0/2018 B:50:40 P 00:05:12 0 |Cooldownstsp  Trends
1ZE2019 T:A1:30 M| 11/2012018 15550 PM. 000411 0[Steming 0 Trends
111202018 337:14 AM | 11302010 33714 AM D0:00:00 o R =
Month HOURS n.4n
December | 121252019 12:39:25 PM 12252018 12:42:41 PM D0:04:16 0 [Ststing I Trends
December 12262010 2:42:42Z AM | 12/2612018 2:42:42 M 00:00:00 o A
Dscember 12362010 44056 AM | 122812018 45357 AM D0:03:50 o Stding 0 Trends
December | 121782019 11:04:16 AM 122612018 11:0416 AM  00:00:00 o EREEEEE =
December 12262019 3:18:23 FM | 12/26/2018 320115 FM . 00:03:52 0[StEring 0 Trends
December 120362018 221:41 FM | 122812019 32041 PM D0:00:00 o R -
December 12262019 B:30:14 PM | 122012018 8:35:04 PM | D0:04:50 0[Steding 0 Trends
December 1227209 T1415AM 122712018 T:18:24 AM . D0:05:10 0 |Cooldownstsp  Trends
December 12202010 10:03:15 AM 12202018 100725 AM D0:04:10 0 [Staring ] Trends
Dacember 121282019 1:50:20 PM | 12/2012018 1:55:31 PM D0:05:11 0 |Cooldownstsp  Trends
Month HOURS 0.52

January 1162020 12:30:25 PM | 1/812020 12:35:31 P 00:05:05 0 [Stsing I Trends
January 12020 TAS02ZAM | VD020 T201AM DD0500 0 Cooldownstop  Trends
January 11012020 25%:51 PM | 1102020 3:04:52 FM 00:05:01 0[Stamting " Trends

Month HOURS 025
Total HOURS 1.26
I s s e
URL
Mavernber 11102019 2:40:06 AM | 11/10/2019 253:57 AM | DD:04:562 0[Stading | Trends
Duration On-oad!Salonox OFF: 0. Movember | 111252019 11:45:28 PM 11/25/2018 11:50:35 FM 00:05:10 0 |Cooldownstsp  Trends
Novernber 11262019 B:43:30 AM | 112872019 B:52:34 AM . DD:04:55 0 [Staring ] Trends
Movember 282019 T:57:30 P 11/2012018 8:02:45 M D0:05:07 0 |Cooldownstsp  Trends
Movember 1302010 3:53:06 AM  11/302018 357:07 AM . D0:04:02 0 [Sterting 0 Trends
P ne
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Equipment Performance Monitoring
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/7 T5 TC Temp Profile Comparison
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Time 3: 511212017 10:00:00 AM
Time 4: 5122017 12:00:00 PM

O Temp Timel [ Temp Time2 [ Temp Time3 Temp Time4 5/8/2017
6:00:00 AM

L | 1

51212017 i1:51:¢9 AM

1 1 1

L .
51202017 11:51:49 AM

TCOG

5/8/2017
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Mote: Time 1 will populate to Last
Exchange date if available or default to
current Time

51212017 51212017

5:00:00 AM 10:00:00 AM 12:00:00 PM

1

1244 z y
1305

Spread

NGP
L 1

L .
51202017 11:51:49 AM

1323
1188
135
101.80
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