Pl System
Fast Implementation & Analytics POC

Pl Asset Framework enables business users to create value through analytics capabilities :
the power to succeed and the right to fail, very quickly, without irreversible consequences

David Chatel - Project Manager — Chevron Oronite
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OPPORTUNITY

* The OSI Pl System has been a Chevron standard solution for more than 15 years with proven success stories.
*  Chevron Downstream & Chemicals stream engaged a Manufacturing Data Foundation project.
* In 2017, Chevron Oronite Gonfreville Plant (France) was selected to run a Pl Proof of Concept

- Gonfreville plant benefits of robust SCADA system but with quite limited analytics capabilities

- Each Oronite manufacturing plant has its own SCADA system without process data aggregation layer

* Execute this proof of concept in a Sprint / Agile approach while letting users practice products
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OBJECTIVES

COMPLIANCE
WITH PURDUE
MODEL

CONSUME
PROCESS DATA
FROM THE
BUSINESS
NETWORK

MINIMUM,
IMPACT ON
PCN/IT
LANDSCAPES

ENABLE GLOBAL
PROCESSES
IMPROVEMENT
AND RELIABILITY

CAPTURE
REALTIME DATA
FROM
HISTORIANS

LEVERAGE PI
ANALYTICS
CAPABILITIES

ALIGNMENT
WITH CHEVRON
IT STANDARDS
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CHEVRON ORONITE GLOBAL MANUFACTURING ORGANIZATION

W World Class Plants
[Z] Regional Plants
@ Joint Venture Plants

Gonfreville Plant
Gonfreville, France
Oak Point Plant

Belle Chasse, Louisiana USA

OPERATING 24/7 - 365 DAYS Wy Y A b XN == OmaezakiPlant
\ - . ‘ \ T 1\ p ¥ '- S U maezaki, Japan
BATCH PROCESSING ‘ : e

HETEROGENOUS SCADA SYSTEMS

Chennai Plant
Chennai, India

Maua Plant

Sao Paulo, Brazil
Singapore Plant
Jurong Island, Singapore
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GONFREVILLE PLANT LAYOUT

TOTAL PROCESS CONTROL TAGS 42 K
PILOT TAGS IN scOPE : 1,5 K

(24 N
BRAFHEH
- il |
S S i ey (g Wonderware
. ' : (in scope)
oD g fr o ¢ Ny Wonderware
‘ v ast Co .-- e a € | - (out of scope)

Blending ' Y A 5 ; = o : Legacy Scada

(out of scope)
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P1LOT ORGANIZATION

GONFREVILLE CHEVRON EXTERNAL
PLANT TEAMS GLOBAL GROUPS PARTNERS
CHEVRON ENERGY
IT/PCN TECHNOLOGY COMPANY VENDOR
(TECHNOLOGY & INTEGRATION) PROCESS AUTOMATION UNIT (OSISOFT)

(PI subject ownership)

rBUSINESS EXPERTISE

*PROCESS ENGINEERING
*MFG OPERATIONS
*SECTOR 3
*SECTOR 4
*RELIABILITY
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STANDARD TECHNICAL ARCHITECTURE - PURDUE MODEL VIEW

j i Pl Asset TG Pl Coresight STANDARD
w Business Framework dtd CHEVRON IT
E Archive (PI Coresight N IRTORNSERUER
—l (Pl AF, Notification ' PI WebAPI)
Network & Analysis) Shared SQL
Server 2012 NON STANDARD
CHEVRON IT
_______________ — o — — s — VIRTUAL SERVER
TCP 5450
Pl Data Archive Pl Data Archive
LN Host #1 Host #2
& DMZ
g (PIto Pl interface) (PIto Pl interface)
i

SQL Server
Express

On the same host we use : Pl Interfaces
Host #1

Pl Interfaces
Host #2

Build time

10 weeks

* |CU OPC (PI Client interface)

*  Wonderware FS Gateway w‘°Zc DA,
onaerware,

Honeywell, HART,

(OPCDA,
Wonderware,
Honeywell, HART,

DBIM

(OPC DA Server)
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PROOF OF CONCEPT - GENERAL SCHEDULE

March April l May June July August Sept. October

! Pilot design

Workshop

Technical Readiness

Realtime
Data Readiness

History Data Data
ET Accessibility

Use Cases Additional

Uses Cases

Workshop

» Technical integration went very well and smoothly with zero impact on PCN / IT infrastructure and application landscapes.
+ Chevron Process Automation Unit high expertise on PI made products implementation quite efficient.

+ 11 K tags were loaded from our Wonderware platform instead of the initial 1,5K with fewer effort (thanks to PI Builder)

+ We met our major milestone which was the held of a workshop

 Efforts : Business (180 hours) — IT Ops / PCN — (40 hours) — PM (350 hours)
! OSlsoft.
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AF TAGS & HIERARCHY BUILDOUT [ -
.-)h Sulfonation [ Sulfonation ] ¥SHE
=] Secteurd 10000
. . . . rj)z C:rrboxy‘iahes [ Carboxylates ] 158
Wonderware comes with data visualization tools (Trend, Query "ﬁ HoB [HOB ] H
e . . HOB2 [HOB2
and Workbook), familiar to business users, that enable crawling Tod 095, et (HOR2,Confgaion
within a logical hierarchy to retrieve time series values. | B-d ros2.er2s00a [ros2 crasmoa]
Each tag is associated to a hierarchical node -Choix_Biac_Alm_
: i @ CT2900_Chaix_Bac_Alm_T504
i~ @ CT2900_Choix_Bac_alim_T505
i @ CT2900_Chaix_P2923A8
1. First goal was to export tags “flat” list for registration in Pl e
Data Archive(s) and population with PI ICU (OPC) — 'P _ﬁm:::::
H H . . . . - | _Choix_Pompe_Jlim | 0
2. Second objective was to recreate this entire hierarchy in ipatoen . el
. i ) CT2900A_Acceleration llssse FALSE
Asset Framework and, by extension, in PI Coresight Ci— FALSEL_— e
i . : i CT2900A Conso Elevee Azote 1 3’1:31- 05:08:31
3. Third goal was to create element templates with & x
appropriate attributes serveurs ETE | HISTOREP C
. . . . . . Variable: | ‘ Vanable Description
4. Third objective was to map tags with hierarchical structure Desipton: | \ (B CT2900AR... Retourétat de marche
Adresse EfS: | ‘ gCTZ)DDAH Retour discordance
' CT23004 Temps de marche
. . 1I_CT2500... Valeur analogique mesur...
Data export and load phases were successfully achieved using : e - )

* Wonderware client tools

+ Extensive use of PI Builder

* Some Excel formulas make data consistency easier

* SQL queries and VBA to export and modelize hierarchy

El- (§ Secteurd
- (3 Carboxylates

A
| B [ HOB2_CT2900A
o - (5 ANA_CT2900A

- (§ CT2900_Choix_P2323AB

- (§ CT2900_Choix_P344_P345

- (§ CT2900A

- [ CT2900A_Acceleration_Basse

ELAPSE TIME : 2 WEEKS
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AF ELEMENTS TEMPLATES

Wonderware is an object-oriented SCADA development and
deployment platform

It uses templates of objects that be can derived to create a new
element/ assets like in Pl AF. Each template can come with multiple
attributes

This best practice makes the creation of new equipment / attributes
consistently managed.

Every individual Wonderware templates

1. Has been exported

2. Has been created in Pl Explorer using PI Builder

Ultimately, mapping between templates and hierarchical node has

been exported as well.

ELAPSE TIME : 1 WEEK
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() Template Toolbox

- g COSA_Galaxy
(3 Application

E- (5] COsA

(53] Objets_Dérivés

- (53] Objets_Spécifiques

B- Eﬂ Objets_Standards
(3] Analogigues
() Booléens

B- Eﬂ Capacites

oy SBac

B- Eﬂ Organes

[* Y sMoteur

@ SVanne_ ANA
@ SVanne_TOR
- [57] Séquenceurs

- 0 X

@ SMoteur

tries 0

®

Inherited [ User exter

[BY vListe_alarmes_Acquit

Liste_Alarmes_EnAlarme

Engine Tags
- ~

[Bf R_01_Etat

Retour état de marche

R_02_Discordance
Retour discordance

R_03_Auto_Manu

Pl AF Template

i (G GONFR-Mateur

GONFR-Param_Seul
GONFR Phase
- (@ GONFR-Plant

F= W ala A = W !

| & R_D1 Etat

&7 R_02_Discordance

R_03_Auto_Manu
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AF ELEMENTS & TEMPLATES MAPPING

- [ GONFR-Dilution_Bac.Dilution_Niv_Consigne || General Attribute Templates ports  Analysis Templa

- [ GONFR-ERP
E

- @ GONFR-ERP_CPT

- @ GOMFR-Fadlity

- [ GONFR-Mesure

- [ GONFR-Moteur G
- [ GONFR-Moteur-Extended

- [ GONFR-Param_Seuil

- [ GONFR-Phase

- @ GONFR-Plant

- [ GONFR-Process

- @ GONFR-Recette_K1400

One of the objective was NOT to create all tags in Pl AF. Template Attributes
Every template comes with the tag address named in a generic way

|G R_01Etat

\\%Server%\%Element%.%Attribute%

65 R_02_Discordance

R_03_Auto_Manu
Last step consisted in mapping every Pl AF element with the corresponding R0 pute,

PI AF template which was achieved as well with PI Builder.

[ <= e R R e R R T G

ELAPSE TIME : 1 WEEK

Find Derived Elements for 'GONFR-Moteur'

Filter .
Lwuwa p4 1l Template Mapping
| Name < Description

= ; General Mlyses  Motific:
= s i

AR2904A Mame:

B AR29048 . N
Mass Mapplng Description:
| ARS5S Template:
B ARS60
Categories:
H| ARTS0A E
B ART7508

mlanTen

LUWA_P341

General ChildElements Attributes  ports  Analyses  Motification Rul

< R_01_Etat ]

7 R_02_Discordance 1

| &% R_03_Auto_Manu it Created

0 W_D&8_Temps_Marche 48,602737017322264
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PumMP USE CASE (ANALYSIS)

Requirement
* Reliability engineers have identified a key pump in a particular Manufacturing unit

* This pump operates well but is unique and is a key component in the process

* Engineers wish to be notified of an abnormal situation before reaching a critical state.
This situation is the combination of :
1. The pump flow rate must exceed a configurable value
2. This excessive situation must persist during a configurable amount of time
3. Once those conditions are met a notification email will be sent to a list of recipients

Process Data

* A PIPoint exists in PI AF and hosts Wonderware Historian pump flow rate tag
» A configuration item is required to store minimum flow rate limit

» A configuration item is required to store minimum duration (excess persistence)
* A new PI Point will be used to store analysis calculation results

Conditions
* Pump has to be in an active state

ELAPSE TIME : 2 DAYS
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PumMP USE CASE (ANALYSIS)

Logical Built
1. An expression was built to detect excess cumulated time and store duration (expressed in seconds) in a dedicated PI Point

2. An Event Frame triggers a natification to a list of recipients, only once after having exceeded the configurable duration

Pl Point created to store
analysis result

¥ A_Excess_Time_Above

Configuration Items used to store thresholds =1 C_Lower Limit
(flow rate ratio and minimum duration) =] ¢ Minimum Cycle

Pl Element — Attributes Content

<? R_01_Valeur_Mesure 44,468864440917969
¥ R_02_Consigne 50

¥ R_03_Sortie 50

&% R_04_Local_Cascade Pt Created

Pl Points that hosts realtime replicated tags < R_05_Auto 0
from Wonderware Historian & R_06_Manu Bad

<% R_09 Sortie A Pt Created

&% R_10_Sortie B Pt Created

& R_11_Sortie_C Pt Created

¢~ W 01 Val Consigne Pt Created
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P UMP U SE CASE (ANALYS I S) Key Pl Points are stored into variables to ease

evaluation and recall in other sub expression

Value at Evaluation Value at Last Trige  Qutput Attribute

oression

curDisc '..\P2932|R_@2_Discordance’ 1 1 Map
curState |'..\P2032|R_01_Etat’ 0 0 Map
curValue 'R @1 Valeur Mesure' 44 493 44 493 Map
prewalue |PrevVal('R @1 Valeur_Mesure', '*') 44,493 44493 Map
prevTime |PrevEvent('R_@1_Valeur_Mesure’, '*") 04/12/2017 16:00:25 | 04/12/2017 15:50:| Map
prewalue? |Prevval('R_81_Valeur_Mesure', prevTime) 44,493 44,403 Map
prevTime2 |PrevEvent('R_81 Valeur_Mesure', prevTime) 04/12/2017 15:50:25 | 04/12/2017 15:48:| Map
deltaTime |Int(prevTime - prevTime2) 599 30 Map
cumulval |if ('R_81 Valeur_Mesure® > 'C_Lower_ Limit' AND curState = 1 AND curDisc = 1) Then (' 0 1] A Excess Time Above

if ("R_©1_Vvaleur_Mesure' > "C_Lower_Limit' AND curState = 1 AND curDisc = 1) Then ('A_Excess_Time Above' + deltaTime) Else @

Expression is assessed every time
e the pump flow rate changes
Evaluation Time: 04/12/2017 16:03:29 Last Trigger Time: 04/12/2017 16:00:25

Scheduling: e Event-Triggered Periodic

Trigger on |R_01_Valeur_Mesure
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P UMP U SE CASE (ANALYS | S) 3. Special functions are used to retrieve

- Pl Points values and timestamps

- For the last and penultima pump flow rate

Then the difference between the 2 timestamps is converted into an
integer to enable use in formulas

Name Expression

curDisc '..\P2932|R_@2_Discordance’

curstate '..\P2032|R_91_Etat’

prewWalue |PrevVal('R_01_Valeur Mesure', "*') 44,493

prevTime |PrevEvent('R_®1_Valeur Mesure', '*') 04/12/2017 16:00:25

prewalue2 | PrevVal('R_81_Valeur_Mesure', prevTime) 44493

prevTime2 |PrevEvent('R_81 Valeur_Mesure', prevTime) 04/12/2017 13:30:25

Int{prevTime - prevTime2) 599

if ("R_@1_valeur_Mesure’ > "C_Lower_Limit’' AND curState = 1 AND curDisc = 1) Then ('A_Excess_Time /ove’ + deltaTime

4. The result of expression will populate a dedicated output Pl Point
is nothing but a simple IF THEN ELSE

IF Pump flow rate exceeds configurable limit

AND discordance AND pump status are both positive

THEN time difference between past and penultima Pl Points will be added to the aggregated value
ELSE 0 (will be written as an output to reset the counter)
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P UMP U SE CASE (ANALYS | S) 3. Special functions are used to retrieve

- Pl Points values and timestamps

- For the last and penultima pump flow rate

Then the difference between the 2 timestamps is converted into an
integer to enable use in formulas

Name Expression

curDisc '..\P2932|R_@2_Discordance’

curstate '..\P2032|R_91_Etat’

prewalue |Prepi=li'nD o1 wal s, LT L)
mar. 17/04/2018 11:52

C coceamepi@chevron.com

A-PUMP-NOTIFICATION-PEAK-REACH 2018-04-14 23:03:25.079 generated a new notification event.
A @ CHATEL, David

prevTime |Pre|

prevvaluel | Pref

prevTime2 |Pre|

Event: A-PUMP-NOTIFICATION-PEAK-REACH 2018-04-14 23:03:25.079 e
Name: Notification Rule -
Server: GMWCNAPPY00212.gdcO.chevron.net

Database: Oronite

Start Time: 4/14/2018 11:03:25 PM Romance Daylight Time (GMT+02:00:00)
Target: GOMFR-Plant\Secteurd\HOB2\HOB2_Distillation\HOB2_C2930\LIC2932_1
Sewverity: Warning

Send Time: 4/17/2018 11:52:14 AM Romance Daylight Time (GMT+02:00:00)

is nothing but a simple IF THEN ELSE
IF Pump flow rate exceeds configurable limit
AND discordance AND pump status are both positive

THEN time difference between past and penultima Pl Points will be added to the aggregated value
ELSE 0 (will be written as an output to reset the counter)
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CENTRIFUGE USE CASE (ANALYSIS)

Context
+ Centrifuges play a key role in our processes
+ Among multiple parameters, vibration rate is a very reliable indicator of asset health

» Data scale is quite reduced (expressed in millimeters) and makes abnormal state hard to see to

the naked eye on a classic trend screen...and it will be very often after the facts

Objective

* Anticipate progressive negative deviations that are impossible to monitor in real time

Requirement

1. Create a common logic to all centrifuges (embedded in an element template)
2. Provide ability to configure vibration threshold on a per asset basis

3. Notify Reliability team after every reach of maximum limit

! OSlsoft.
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CENTRIFUGE USE CASE (ANALYSIS)

Analysis came with :

Use Case 3 - Centrifuge Hourly Average Vibration (mm/s) 1. The calculation of an hourly vibration average rate

Statistical analysis is generated with Pl Asset Framework... 2. Compared with penultima hourly vibration average rate

3. The calculation of difference between the 2 past averages
4. This delta is compared with a threshold configurable by business experts
5

And the sent of a notification when delta excesses threshold

ELAPSE TIME : 1 DAY
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ZINC PHASES DETECTION (EVENT FRAMES)

M 3 - DISTILLATION
* AF enables detection of events through the Event Frames feature FE
» Chevron had few opportunities to exploit this (recent) feature and Stop FICTT6 F_OT_Valeur_Mesure<S00
Oronite wishes to identify easily batch processes e - FIE 1116 L 1. alevr_ Mesure> 500
. . . . eyein HWTIT_1.R_O1LEtat=TRUE
+ Current situation is a manual processing of thousands of records thﬁs_&uiuj;u}miumﬁm
pulled out from historian that take Produsing AND H4TTT7_2 AL Etat=TRLE
Stop FICi226.R_01_\ aleur_Mesure<500
. . FIC1226. B_01_\aleur_Mesure: 500
Achievements Vs Recyalng AND HV1226_1F_01 Erat=TRLE
« Process engineers documented processes phases and steps in Producing il apeibapy
quite a synthetic document Stop FICT216. AUV shewr_Mesure<500
° 1~1 1 1 1 . FIC1216.F_01_Waleur_Mesure>500
Efficient preparation work made execution simple iZTE Recycling D B
Pradusing FIC1216.F_01_Waleur_Mesure>500
In 2 days business users have been able to create “event frames” AND RVIZT8 2R 0L Brare TRLE

to detect successfully all 5 phases of the process

* 2 sub-phases

1 sequencer 2 asynchronous sub-phases
>N 2 sequencers

Start and stop conditions e dl 2 Sequencers

Start and stop conditions
easy to identify

3 tanks 1 sequencer
+Only one has to be active Start and stop conditions

* Only one has to be active
to confirm process
execution

easy to identify to confirm process easy to identify

execution
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ZINC PHASES DETECTION (SAMPLE OUTPUTS)

AcCID PHASE

/5|2 Al Name |10/04/2018 2... [6.18:13:04.7995598] 17/04/2013 1... |Duration | start Time |End Time

B | = EventFrames[ZINC-1-ACID-PHASE 2018-04-11 18:5... | f Il 140,2 Hours |11,.r04,r2018 18:58:50.053 |1?,|f04,|f2018 15:08:14.866

NEUTRAL PHASE

B & == EventFrames[ZINC-3-DISTILLATION-REPOS 2013-0... 2,4 Hours 12/04/2018 14:08:10.03 12/04/2018 16:30:40.015
5 == EventFrames[ZINC-3-DISTILLATION-PHASE 2018-0... 27,4 Hours 12/04/2018 16:30:40.016 13/04/2018 19:54:10.069
=& = EventFrames[ZINC-3-DISTILLATION-REPOS 2018-0... 0 Hours 13/04/2018 19:54:10.069 13/04/2018 19:54:40.085
=+ == EventFrames[ZINC-3-DISTILLATION-PHASE 2018-0... 0,2 Hours 13/04/2018 19:54:40.085 13/D4/2018 20:05:10.004
B = EventFrames[ZINC-3-DISTILLATION-REPCS 2018-0... _ | (86,6 Hours 13/04/2018 20:05:10.004 | 17/04/2018 10:42:10.008
= = EventFrames[ZINC-3-DISTILLATION-REPOS 2018-0... |-) 4,5 Hours 17/04/2018 10:42:10.008
FILTRATION PHASE

= & = EventFrames[ZINC-4-FILTRATION-PHASE 2018-04-... 7,4 Hours 1104201

= & == EventFrames[ZINC-4-FILTRATION-PHASE 2013-04-... 7,1Hours 12{04/201

= & == EventFrames[ZINC-4-FILTRATION-PHASE 2013-04-... 6,5 Hours 12{04/201

= & == EventFrames[ZINC-4-FILTRATION-PHASE 2013-04-... 5,8 Hours 12/04/201

E & == EventFrames[ZINC-4-FILTRATION-PHASE 2013-04-... 6,3 Hours 13/04/201

K = EventFrames[7INC-4-FIL TRATION-PHASE 2018-04-... 6,7 Hours 13/04/201|

0OSlsoft.
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TAKEAWAY MESSAGES

Pl Asset Framework is an ideal platform to apply Agile methodology principles.

Event Frame feature is by design easy to use and reveals data as they've never been seen
before and reduces drastically effort required to identify batches, durations, etc.

Building an efficient analysis has much greater chances to succeed only if consistent time
Is dedicated with business users to understand data series, what they mean, conditions,
triggers, and expected results.

Leverage extensively the Backfill/Recalculate feature on Analysis and Event Frames to
control analysis consistency against past data before making logic live.

OOOO
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Speaker

e David Chatel
 david.chatel@chevron.com
* IT Project Manager

* Chevron Oronite
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Questions

Please wait for the
microphone before asking
your guestions =

State your :
name & company
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Please remember to...

Complete the Online Survey
for this session

Download the Conference App for
OSilsoft Users Conference 2017

_ Ao iore
* View the latest agenda and create your own

* Meet and connect with other attendees

search OSISOFT in the app store
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Mercli iﬁﬂl iﬁﬂt
Danke

Cnacmbo Gracias
i Thank You
ZAFSEL|C} HOhES
Grazie Obrigado

Optional: Click to add a takeaway you
wish the audience to leave with.

OSlsoft.
PIWOfId SAN FRANCISCO 2018 #OSlIsoftUC  #PIWorld  ©2018 OSisoft, LLC



