OCTOBER 25, 2023

Pampa Energia: Detection of anomalies in
gas turbine with Pl AF

Jocano Gerardo

giocano@pampaenergia.com

Marcelo Bolantin

marcelo.bolantin@pampaenergia.com

AV=VA


mailto:gjocano@pampaenergia.com
mailto:marcelo.bolantin@pampaenergia.com

Pampa Energia is the

Ieadlng Independent Hydro 938 MW Transener 21,697 km
f high
,and energy Thermal 4,093 MW voolta'leglines
integrated company , J
. . Co-Generation 14 MW
In Argentina.
Wind Power 387 MW
+ Expansions 140 MW
Oil and Gas Midstream Downstream
HoEE 111 o i TGS  9,2220 km of gas pipelines Blocks 11 porductive
+ gxploratory NGL Capacity of + 4 exploratory
11t 1 millionton/year
Gas 106 million m3/d Gas 10.6 million m3/d

iEproduction of production

Crude Oil 5.1 k bbl/d of

oroduction Crude Oil 5.1 k bbl/d of

production
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O U r h iStO ry Wit h AV EVA + Deploying culling-edge predictive

models for gas turbine commissioning
+ Developing Operation predictive
dashboards

+ Started creafing advanced
predictive models for fault
detection with AVEVA experts

* Creation of main assets modelsin
Asset Framework

* Pampa Energia signs Enterprise
Agreement with AVEVA™

* Pl System™ Rollout @ CTLLL
» 27,000 data points
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Completed the combined cycle.
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Built in 1994
3 GE Frame 9E GT
125 MW each

2011

Pampa Energia acquires CTLLL.
Completed the combined cycle.
3 HRSG's

1 Siemens ST

180 MW

Installed first
LMS100
105 MW

2014
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Installed second
LMS100
105 MW

Installed
Capacity
780 MW

2016
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Description of the issue with the LMS100
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Description of the issue with the LMS100

5000 rpm 9000 rpm

5000 rpm

T .

11 Ma Vs

e/
|\ DB SISEAT

HIGH PRESSURE
COMPRESSOR
FRONT FRAME (HPC) COMBUSTOR

TG5: HPC Stall / 4B Bearing Failure

Jan 29,2017 4:00hrs

Catastrophic failure of 4B bearing causing a stall
in the HPC

HPC, Combustor, HPT, IPT and PT hardware go
to scrap.

1 year later, they are installed again.

© 2023 AVEVA Group plc and its subsidiaries. All rights reserved.
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Description of the issue with the LMS100

5000 rpm 9000 rpm 5000 rpm
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HIGH PRESSURE PRESSURE PRESSURE
COMPRESSOR TURBINE TURBINE TURBINE
FRONT FRAME [HPC) COMBUSTOR  [HPT) (1eT) MID FRAME

TG4: Creep Failure IPT Stage 2 Nozzel

Oct 22,2012 17900 h

Catastrophic failure in IPT 29 Stage nozzle
partition.

IPT and PT hardware go to scrap.

Serious damage on the TRF.

L e - A W “ e
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Solution
1. Analyzing LMS100 behavior | NiiCAREES wal T (e

through historical data

Analyzed historical data to
understand the machine behavior
across various downtime
scenarios.

The crifical variables selected to
insight in a LMS100 downtime
were:

|

[
«  Vibrations e
- Power ‘ ‘ .
° Perform Oﬂce m e.I.riCS 200772023 04:34:00 201772023 06:34:00
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Solution

2. Defining Variable Limits for LCS
Quality Control /

Stafistical Quality Control (SQC) /\vw

model, enabling the clear \ | / \ /\ /\
demarcation of acceptable and

unaccepftable levels. \ / / / \ | | |

\ AVG \
Trigger alerts when a variable's / \/ \
value deviates from the

established limits for a specified / v
duration.

Establish variable limits using @ \

\

\

LCI

L |
© 2023 AVEVA Group plc and its subsidiaries. All rights reserved. —



Solution

3. SQC Model Implementation in AF

Incorporated the SQC model into the

Pl Asset Framework, enabling automated
and efficient monitoring and analysis of
vibration data.

denergia

Elements

A LCS VAN

fis

@ LDATGOS
9 TG0 Cojinete de alineacidn J1 BNA 81204
9 TG04 Cojinete de alineacidn J1 Prox X
9 TG04 Cojinete de alineacidn J1 Prox X Gap
& TG04 Cojinete de alineacidn J1 Prox Y
(9 TG0 Cojinete de alineacidn J1 Prox Y Gap
) TGO4 Cojinete de alineacidn J2 BNA 8121A
9 TG04 Cojinete de alineacidn J2 Prox X
9 TG4 Cojinete de alineacidn J2 Prox X Gap
9 TG04 Cojinete de alineacidn J2 Prox Y
9 TG0 Cojinete de alineacidn J2 Prox Y Gap
9 TG4 Cojinete de alineacidn J3 8134A
9 TGO4 Cojinete de alineacidn J3 81348
(9 TG0 Cojinete de alineacidn J3 8134C
& TGO4 Cojinete de alineacidn J3 Prox X
£ TG0 Cojinete de alineacidn J3 Prox X gap
) TG4 Cojinete de alineacidn J3 Prox Y
& TG4 Cojinete de alineacidn J3 Prox Y gap
9 TG0 Cojinete de alineacidn J4 8135;

Cojinete de alineacién 34 Prox Y
TGO4 Cojinete de alineacién 34 Prox Y Gap

// @ TGO4 Cojinete de empuje 1 BNA 8125A

6 TG0 Cojinete de empuje 1 BNA 81258

(9 TGO4 Cojinete de empuje 2 BNA 81404

(9 TG0 Cojinete de empuje 2 BNA 81408

@ TGO4 Estructura Frontal Central BNA 8131 LP
@ TGO4 Estructura Frontal Central BNA 8131 FT
£ TGO Estructura posterior Central BNA 8132 HP
@ TGO4 Estructura posterior Central BNA 8132 LP
@ TGO4 Estructura posterior Central BNA 8132 PT
& TG04 Generador lado acople Prox X

& TG04 Generador lado acople Prox X Gap

9 TG0 Generador lado acople Prox Y

@ 7G04 Generador lado acople Prox Y Gap

£ TG04 Generador lado libre Prox X

(9 TG4 Generador lado libre Prox X Gap

@ TG04 Generador lado libre Prox Y

& TG04 Generador lado libre Prox Y Gap

(9 TGOS IFT BNA 8133 HP

@ TGO4 IPT BNA 8133 P

@ TG4 IPT BNA 8133 PT

@ TG4 Potencia

@ TG04 Rendimiento HPC

@ TGO4 Rendimiento LPC

@ TG4 Rendimiento PT

Event Frames

) Library

TGO4 Cojinete de alineacion J1 Prox Y Gap
General Child Elements Attributes Ports  Analyses Notification Rules _ Version

|[= unit of Measure

8 Contacts

Management

Fiter P -‘
l/z-niname ~ Vake @]
B ) Category: <None>
= ¢ @ Curvadefola -9,6905
54 & Semaforo Normal
=4 | ¢ SQC_Output Normal

0,039379

TGO4 Cofinete de alneacién J1 Prox Y Gap
92,521
-9,6989
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Solution

3. SQC Model Implementation in AF

Integration of the SQC model into Pl Asset
Framework allowing for automated
monitoring and analysis of vibration data.
Implemented the following analyfics:

e Failure Curve

« Power Statistics
« Deviation Event

© 2023 AVEVA Group plc and its subsidiaries. All rights reserved.
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Elements

O WLATG0

9 7604 Cojnete de alineacin 1 BNA 81204
(9 TG04 Cojinete de alineacidn J1 Prox X

9 7G04 Cojnete de alineacidn )1 Prox X Gap
9 7604 Cojnete de alineacién J1 Prox Y

9 7604 Cajinete de alineacién 1 Prox Y Gap
9 7G04 Cojinete de alineacion J2 BNA 8121A
9 7604 Cojnete de alineacién 2 Prox X

9 7604 Cojinete de alineacin 12 Prox X Gap
@ 7G04 Cojinete de alineacidn 12 Prox Y

9 TGO4 Cojinete de aliveacién 12 Prox Y Gap.
9 7604 Cojnete de alineacién 3 81344

(9 7G04 Cojinete de alineacién J3 81348

9 7G04 Cofinete de alineacidn 13 8134C

9 7604 Cojnete de alineacién 3 Prox X

9 7604 Cojinete de alineacién 13 Prox X gap
@ 7G04 Cojinete de alineacidn 13 Prox Y

9 7604 Cajinete de alineacién 33 Prox Y gap

9 7604 Cojinete de alineacidn 4 81354

9 7G04 Cojinete de alineacidn J4 81358

9 TG04 Cojinete de alneacidn 4 8135C

9 7604 Cojnete de alineacidn 4 Prox X

9 7604 Cojnete de alineacin 4 Prox X Gap
@ 7G04 Cojinete de alineacidn 4 Prox Y

9 7604 Cajinete de alineacién 3¢ Prox Y Gap
9 7604 Cojinete de empuje 1 BNA 81254

9 TGOS Cojinete de empuje 1 BNA 81258

9 7604 Cajinete de empuje 2 BNA 81404

9 7604 Cojinete de empue 2 BA 81408

9 T60$ Estructura Frontal Central BNA 8131 LP
TG4 Estructura Frontal Central BNA 8131 PT
9 7G04 Estructura posterior Central BNA 8132 HP
) TG4 Estructura posterior Central BNA 8132 P
9 TG4 Estructura posterior Central BNA 8132 PT
9 7604 Generador lado acople Prox X

9 604 Generador lado acople Prox X Gap

9 7604 Generador lado acople Frox Y

9 7604 Generador lado acople Prox Y Gap

9 7604 Generador lado ibre Prox X

9 7G04 Generador lado libre Prox X Gap

9 TG4 Generador ado libre Prox Y

9 7604 Generador lado ibre Prox Y Gap

@ TGO4 T BNA 8133 HP

© TG0$ PTBNABIII 1P

@ TGO4 IPT BNA 8133 PT

@ TG04 Potencia

9 T60s Rendimiento HPC

@ 7G04 Rendimiento LPC

) TG4 Rendimiento PT

>

1G04 Cojinete de alineacion J1 Prox Y Gap

General Child Elements Attrbutes Ports  Analyses  Notification Rules Version

[ tbrary

| Event Frames

Unit of Measure

8 Contacts

Management

il " Name: Estadisticos
o ®m O & Name Backfiling Deiption:
[/ ] 9 Curvadefalla Categories:
[V f&  Estadisticos. Analysis Type: @ Expression Rollup. Event Frame Generation sac
9 H  Evento desvio (1]
Qs B sac
Expression Output Attribute

IF 'Potencia’ > 'Potencia|Limite potencia' then StDev('Variable','Avg|Fecha Start','Avg|Fecha end') else @

Promedio |IF 'Potencia' > 'Potencia|limite potencia' then TagAvg('Variable','Avg|Fecha Start’,'Avg|Fecha end') else @

is Promedio+3*Signa
u Promedio-3*Signa 1
‘
Scheduling: @ Event-Triggered Periodic

Trigger on | Potencia, Variable

@ Connected to the P Analysis Service.
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SOl ution Y=Cy+ CoXy + CaXy + CyXa + CeXy2+ + CeXo2+ CrXa2+ CgXy Xp + CoXy Xa + C1oXp Xa+ + CryXq3+ + CpoXo3+ CpaXa?

4. Defining Polynomial Regression
for Statistical Analysis

Incorporated polynomial regression,
a powerful statistical method in
data analysis and statistics, to
model the intricate relationship
between an independent variable
(predictor) and a dependent
variable (response).

Pl WEB APl was leveraged to
seamlessly transmit historical data to
Python for in-depth analysis and
modeling.

© 2023 AVEVA Group plc and its subsidiaries. All rights reserved.
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Solution

<°3m Pdenerqgia

Y=C1+ C,X; + C3Xp + CyX3 + CsX12+ + CXp?+ C7X32 + CgXy Xp + CoXy X3 + C1oXp Xz + + Cp1 X3+ + CppXp3+ Cp3X33

5. Implemented polynomial
regressions in AF

Define third-degree polynomidal
regressions, a mathematical model,
to further.

This was done in Python, using data
form Pl System.

Implementing the modelin Pl AF.

© 2023 AVEVA Group plc and its subsidiaries. All rights reserved.

@ TGOS Cojinete de alineacion J2 BNA 8121A
& TGOS Cojinete de alineacion J3 81343
& TGOS Cojinete de alineacion J3 81348
@ TGOS Cojinete de alineacion J3 8134C
& TGOS Cojinete de alineacion 4 81354
& TGOS Cojinete de alineacidn 4 81358
@ TGOS Cojinete de alineacidn J4 8135C
@ TGOS Cojinete de empuje 1 BNA 81254
@ TGOS Cojinete de empuje 1 BNA 81258
@ TGOS Cojinete de empuje 2 BNA 81404
@ TGOS Cojinete de empuje 2 BNA 81408
@ TGOS Estructura Frontal Central BNA 8131 HP
@ TGOS Estructura Frontal Central BNA 8131 LP
@ TGOS Estructura Frontal Central BNA 8131 T
) TGOS Estructura posterior Central BNA 8132 HP
TGOS Estructura posterior Central BNA 8132 LP
@ TGOS Estructura posterior Central BNVA 8132 FT
@ TGOS IPT BNA 8133 HP
TGOS IPT BNA 8133 1P
@ TGOS IPT BNA 8133 PT
& TGOS Potencia
TGOS Presion de descarga HPC(PS3)
9 TGOS Presion de descarga LPC(P23)
& 7605 T48AL
@ TGOS T48A2
& TG0 T481
@ TGS T4882
@ Teos T48C1
@ TGS T48C2
@ 7605 T4801
@ 7605 T4802
@ TG05 T48E1
@ 7605 T4gE2
& TG0 T4gF1
& 7605 T48F2
& TG05 T4861
@ TG0 T4862
@ TG0 T4gH1
@ TG0 T4gK2
) TGOS Temperatura de entrada HPC(T25)
i~ @ sqC

f&  Polinomio
f9  promedio diferencia

Generation Mode: ~ Explicit Trigger Event Frame Template:  Regresion

4
Name Expression

B Start triggers

tort |'!Hfm’enr;a‘ >2

Elements TGOS Potencia
#- @ LDLATGOS General Child Elements Attributes Ports Analyses Notification Rules Version
i @ ML | —
Name: desviacion real vs pred
i1~ @ Modelado de Turbinas LMS100 of u okl bl o
@ Regresiones CTLLL > 8 0 8 Nome Backfling Description:
o Lo ¢ emplate2 Categories:
§ wuas Q n B Analysis Template2 g
@ TGOS Apertura VBVs Q) n & Analysis Template3 Analysis Type: Expression Rollup ‘@ Event Frame Generation sQc
@ TGOS Cojinete de alineacion J1 BA 81204 9 s H desviacionrealvspred @ 0 notification rule for desviacion
(VI |
9

Evaluate

Truefor  Severity

1 days I Warning ‘

I'{)ifﬁren(m' >5

J Elements

|~ Event Frames

§0) Library

<=2 Unit of Measure

4 Contacts
l% Management

Multiple start triggers are configured. Child event frames will be generated when the trigger changes. See documentation for more detais.

Scheduling: (8 Event-Triggered Periodic

| Trigger on ' Any Input v

e ] |

| Advanced Event Frame Setting:

@ Connected to the P! Analysis Servics
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Solution

6. Dashboard Development

Dashboards are developed displays
in Pl Vision with the information
related to vibrations and power
data in a user-friendly and easily
accessible format.

Alert System Implementation:

An alert system is infegrated into the
displays to notify operators in real
time when variables perform outside
of the established limits. These alerts
serve as early warning signs of
potential equioment failures.

© 2023 AVEVA Group plc and its subsidiaries. All rights reserved.

AVEVA™PI Vision™

Monitoreo de condicién TG04 para O....

BYLDLATG04!
48

Activo ¥ Out
TG4 T48H2

Diferencia Tendencia
1609.4 [IEEE bepighatd
15135 [T mengptinid
51087 vttt
15141 [NEEILN to-rolthieh

TGO4 T48H1
TGO4 T43G2
TGO4 T48G1
TGO4 T48F2
TGO4 T48F1
TGO4 T48E2
TGO4 TASE1
TGO4 T43D2
TGO4 T48D1 14772
TGO4 T48C2
TGO4 T48C1
TGO4 T48B2
TGO4 T48B1
TGO4 T48A2

TGO4 T48A1

Proceso
Activo ¥ Out
TG04 Temperatura de entrada HPC(T25)

Diferencia Tendencia

56965 b
53485 P
94149 L]

TGO4 Presion de descarga LPC(P23)

TGO4 Presion de descarga HPC(PS3)
TGO4 Potencia

Vibraciones (SQC)
BOOSTER
TG04 Cojinete de empuje 1 BNA 81258
TGO4 Cojinete de empuje 1 BNA 81254
TG04 Cojinete de alineacion J2 BNA 8121A
TGO4 Cojinete de alineacion J1 BNA 81204
HPC
"TGO4 Estructura Frontal Central BNA 8131 LP
TGO4 Estructura Frontal Central BNA 8131 PT

TG4 Estructura posterior Central BNA 8132 HP.
TG4 Estructura posterior Central BNA 8132 LP

TG4 Estructura posterior Central BNA 8132 PT

TGO4 IPT BNA 8133 HP.

TGO4 IPT BNA 8133 LP.

TGO4 IPT BNA 8133 PT

TGO4 Cojinete de alineacion J3 81344
TGO4 Cojinete de alineacion J3 81348
TGO4 Cojinete de alineacion J3 8134C
TGO4 Cojinete de alineacion 4 81354
TG04 Cojinete de alineacion J4 81358
TGO4 Cojinete de alineacién J4 8135C
TGO4 Cojinete de empuje 2 BNA 31404
TG04 Cojinete de empuje 2 BNA 51408

010681 [T by

0041952 [T iy
0068665 [T Uiy Mgy -y
011626 [T wwygtvet
oososte [T i
017165 [T iy

003147 [T sumdurio

033824 - m M

o.11626 [T st

0,11063

TGO4 Cojinete de alineacion J1 Prox X
TGO4 Cojinete de alineacién J1 Prox Y
TGO4 Cojinete de alineacién J2 Prox X
TGO4 Cojinete de alineacion J2 Prox Y
TGO4 Cojinete de alineacién J3 Prox X
TGO4 Cojinete de alineacion J3 Prox Y
TGO4 Cojinete de alineacién J4 Prox X
TGO4 Cojinete de alineacion J4 Prox Y.
TG4 Generador lado acople Prox X
TG4 Generador lado acople Prox Y.
TG4 Generador lado libre Prox X
TG04 Generador lado libre Prox Y

Proximiters (SQC)
J1
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@ @ Nueva visualizacion | D | pamciocano | @
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20 L] e

En seguimiento

0,10681 -:=I i

BT omo (R0
-13,992 - I S \_.v‘

lh’endencias T48 y Proceso

Tendencias Vibraciones

Pantalla Rendimiento

19/9/2023 09:35:32 30m
Rendimientos
TG04 Rendimient to HPC
TG04 Rendimiento LPC

TG4 Rendimiento PT

19/9/2023 10:05:32
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Summary
Challenges

O

Our current gas turbine control
systems at CTLL lack advanced
analytics.

Operatorsrely on basic alarms,
which offer limited lead time for
proactiveinterventions.

Seeking alternativesto enable

early failure detection in
aeroderiv ative furbines.

© 2023 AVEVA Group plc and its subsidiaries. All rights reserved.

Lev erage historical LMS100 turbine
data combined with real-time
information (Pl Web API)

Build PI AF model with predictive
analytics (SQC / Python) to monitor
performance, pressure, and
vibrations of LMS100 turbine.

Create alerts when LMS100 behavior
deviates from the expected.

Build displays for the operators to
take prev entive actions.

.

9-alMpPaenergia

I

With just three months of operation,
the models detected a deviationin
the turbine'sbehavior.

The following prev entive actions
were taken:

Properly stopped the LMS100
turbine.
Conduct an inspection

A smallcrackin a blade was
detected, preventing a
catastrophic failure and extended
downtime.
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Questions? Please remember to...

Please wait for the microphone.

Navigate to thi

State your name and company. app

Thank you!

L |
A V = V A
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This presentation may include predictions, estimates, intentions, beliefs and other statements that
are or may be construed as being forward-looking. While these forward-looking statements

represent our current judgment on what the future holds, they are subject to risks and uncertainties
that could result in actual outcomes differing materially from those projected in these statements.

No statement contained herein constitutes a commitment by AVEVA to perform any particularaction
or to deliver any particular product or product features. Readers are cautioned not to place undue
reliance on these forward-looking statements, which reflect our opinions only as of the date of this
presentation.

The Company shall not be obliged to discloseany revisionto these forward-looking statements to
reflect events or circumstances occurring after the date on which they are made or to reflect the
occurrence of future events.

© 2023 AVEVA Group plc and its subsidiaries. All rights reserved.
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@ linkedin.com/company/aveva
O @avevagroup

ABOUT AVEVA

AVEVA is a world leader in industrial software, providing engineering and operational solutions across multiple industries,
including oil and gas, chemical, pharmaceutical, power and utilities, marine, renewables, and food and beverage. Our
agnostic and open architecture helps organizations design, build, operate, maintain and optimize the complete lifecycle
of complex industrial assets, from production plants and offshore platforms to manufactured consumer goods.

Over 20,000 enterprises in over 100 countries rely on AVEVA to help them deliver life’s essentials: safe and reliable
energy, food, medicines, infrastructure and more. By connecting people with trusted information and Al-enriched
insights, AVEVA enables teams to engineer efficiently and optimize operations, driving growth and sustainability.

Named as one of the world’s most innovative companies, AVEVA supports customers with open solutions and the
expertise of more than 6,400 employees, 5,000 partners and 5,700 certified developers. The company is headquartered
in Cambridge, UK.

Learn more at www.aveva.com
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