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't’s RAD: Operating by priority using
anomaly detection

Leveraging the AVEVA PI System for rapid anomaly detection (RAD) in a hybrid cloud architecture

Steven Kociuba — Lead, Production Operations Digital Data

Hung Ngo — Senior Production Operations Digital Data Analyst
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* Qvintiv Overview

* Qvintiv Pl System Overview

* Initial Challenge

* Evolution of Rapid Anomaly Detection
* Rapid Anomaly Detection in Depth

* (Cost Savings

* Lessons Learned

* Future Plans

* Q&A
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Ovintiv Overview

High quality balance multi-production and basin portfolio

573 production (MBOE/d) V[ Premium Portfolio

+ Each asset generates substantial Free Cash Flow*
» Provides risk mitigation against single basin headwinds

5211 Total Net Productive Wells V[ Multi-Basin Advantage

» Cross-basin learnings reinforce innovative culture
» Operational best practices distributed across the portfolio

48% Gas, 52% Liquids [ Multi-Product Commodity Exposure

+ Balanced production across oil & condensate and gas
» Maximized price realizations through market diversification

E&P Focused

Production Mix Premium Inventory!'

)1 OYears

Oil & Condensate

* ~1700 employees across multiple
_p Y _ P 48% | 52% >20vears
geographic locations l ko
PN
T Non-GAAP measures defined in advisories. For additional information regarding non-GAAP measures see the Company's website under the Investors tab. 5

1) Premium defined as >35% at $55 WTl and $2.75 NYMEX

L |
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Ovintiv Pl System Journey

From a “historian” to an OT integration, applications and streaming analytics infrastructure
* 1997 initial Pl System install

* 600,000 PI tag system

* 50 interfaces

* 200+ automated scheduled reports
* 100 PI AF templates

* ~50,000 elements

* ~1,000,000 PI AF analyses/streaming calculations and analytics

* High availability, PI Data Archive collective

L |
—
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Pl System Tag Growth Since 2014

Enabling business value and a data centric decision-making culture

Pl Tag Count
600000

500000
400000
300000
200000

100000

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

SCADA
Network

SCADA

SCADA

DCS

Data Sources
Meters
Valves

Tanks
Compressors
Gauges
Sensors

SCADA Control
stem

E

Cygnet
DeltaV
GeoSCADA
XSPOC

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

Power Bl

Pl Datalink
TIBC® Spotfire

Pl Vision

=

Reports
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Notifications

User

Gateway Corporate
Network Network
Pl System 1
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Pl Data Archive Pl AF

Data Export and Imports

Applications

Quorum
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Big Data Ecosystem

Connected Data Model

SCADA

(CygNet, etc.)

On Premise

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

Streaming Analytics
& Decision Support

(PI System)

Advanced Analytics
& Cloud Infrastructure

(MS Azure)
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Each has its own strengths and
weaknesses

Together they make up a near perfect
solution

Work as a cross functional team on how
to deliver your data product

Analytics implemented in “layers” with
the Pl System/Pl AF being foundational

AV=VA
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Rapid Anomaly Detection (RAD)

AV=VA
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Initial Challenge ‘

* ldentify leaking tanks as quickly as possible to
reduce spill volumes

Challenge >> Idea >

* Tank leaks are difficult to detect and can go Using Pl AF Analytics, develop an algorithm to
unnoticed until a site visit by operations. monitor the tank level and slow rate of decline

* Faster identification of possible leaks will reduce outside the normal of a pump rate or truck haul to
the volume of a spill. have suspected leaks identified quickly and use PI

Notifications to alert operations of a potential leak.

L |
—
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Tank Leak Early Identification

Solution

* Tanks were modeled in Pl AF as an element
template

* Algorithm required multiple iterations to
become effective — leveraged powerful
backfilling capabilities

* New template analysis to create event frames
when a possible leak would occur

* Emails were sent using Pl Notifications to USA
Integrated Operations Center (I0C) identifying
possible leaks

* |0OC would review the data and notify
operations to investigate

* Previous tank leaks were used to create and
test algorithm

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

File View Go Tools Help
@ Database [ QueryDate + © & | Q) Back

Checkln ¥} « [2]Refresh | i@ New Template -
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Search Element Templates 0 ¥

Library

&8 covpiaroe
(= ) Templates
- [y Element Templates
Compressor Fadlity
Equipment
Equipment_USA
- [ Compressor_USA

-~ [ Compressor-Performance_USA-New
-~ [ Compressor-Performancelite_USA
- (G Compressor-SCADA_USA
- [ Pump_USA

- [ Pump-Chemical_USA

- [ Redoser_USA

- )
- [ Tank-Chemical_USA
Equipment-Runtime
aclity_USA
Fadlity-CHOP_USA
aclity-Tank_USA
Flare_USA

- (f Flare-Calc_USA
acPit_USA

Hierarchy

wigana Liquid Gas Ratia
Lease_USA
lanifold-Building_USA
leter

leter_USA

[ MeterRollup_USA

- [ Notes_USA

=n.a

>

(5 Elements

[==| Event Frames

i Unit of Measure

a

Tank_USA
General  Attribute Templates  Ports  Analysis Templates  Notification Rule Templates
I!E Name: Tank_Leak
B @ Name Description:
H Tank Leak Categaries:
foy Tank_Leak Calc Analysis Type: () Expression () Rollup (@) Event Frame Generation () 5QC
H Tank Leak-TEST [[] Enable analyses when created from template
L1 Tank | sual Nran ROC Create a new notification rule template for Tank Leak
Example Hement:  EnCana\Anadarko\STACK\Equipment\TKWT EDGARTH14 01
Generation Mode: | Explicit Trigger v Event Frame Template: | Tank-Leak USA v  Functions
Add v Insert functions into the expression
All v
Name Exprassion True for Severity
B Variables Abs
Acas
TLVal ‘Tank Level’
® And
TLValPrev Prevval('Tank Level','*") ® ArraylLength
Ascii
TLValPrevPrev Prevval('Tank Level',PrevEvent('Tan ® | asin
TLVaLT e ® Atn
AtnZ2
TLValPrevT PrevEvent( ' Tank Level®,'*") ® g
Dot
TLValPrevPrevT PrevEvent('Tank Level®,PrevEvent('T ® Absfnumber )
TLValDiff TLValPrev - TLVal ® Return the absolute value of an integer or real number,
Example: Abs(-2.2) [Retums 2.2]
TLTimeDiff Int(TLValT - TLValPrevT) / 3600 ®
Advanced Event Frame Settings..  Attributes
Scheduling: (@) Event-Triggered (7 Periodic
Trigger on | Any Input W

Tank_USA Modified:13-Oct-22 01:36:12 PM Owner:system

AV=VA
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Tank Level Anomaly

AVEVA™ Pl Vision™

©  owame e
R esu I t S % Ovintiv- ST93670 PAD_STUTEVILLE 1

~ Water Route 03
Water STACK South

* Tank leaks were identified, and the I0C would
notify operations

* Working to reduce false positivity rates as much
as possible

» After a few weeks, the algorithm would not
only identify tank leaks, but other process
anomalies (plugged strainers, underpowered
LACTs, leaking check valves, plugged filters,
calibration issues, degraded pumps, etc.)

H1W2022 12:00:00 AM 422022 12:00:00 AM

* Realization looking for tank leaks lead to early fank Level

detection of process anomalies Ape 10 Apr 20
Tank Level Anomaly

Megative rate change in level of tank indicating a possible leak, clogged filters and/or faulty pump.

* Questions started about ‘What other anomalies e of chens o boen concitontor 2 o
Can We |dent|fy before ISSUGS OCCU r?" 3 consecutive SCADA polls in 3 hours

Megative clope in the last two hours
Tank level declining (mo more than am increase of one inch from last poll)
The level rate of change must be less than 10 inches / hour

Conditions must hold true for 2 hours

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




Rapid Anomaly Detection Begins with
Collaboration Ideation

* Multiple team collaboration to create process anomaly ideas and algorithms

* Anomalies would be identified for users, instead of users manually looking for them
* Multiple systems could generate anomalies

* Results to be displayed in a dashboard

* Trending data

* Have people, process and technology in place to rapidly develop anomaly algorithms

* Hybrid technology and "layers of analytics” approach using
o Collaboration platforms (SharePoint)
o ETL tools (Azure Data Factory)
o AVEVA Pl System
o Data engineering (Databricks)
o Cloud Databases (SQL Server, Synapse)
o BI/dashboard tools (Power Bl)

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

Proactive

'MANAGEMENT

BY EXCEPTION
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Team Collaboration

Optimization
Machine Learning
Automation and Measurement

Data Engineering

Integrated Operations Center
Production Operations Digital Data

Operations Data Projects
Operations Control Center
Information_Technology
Production Engineering

Field Operations
SCADA

~ i= SunlLead
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RAD Data and Process

SCADA and
Control System

Wi

CygNet

M-\ &M
g

XSPOC

(&4

DeltaV

Flow

PI System
Dashboard
\\Q
[}
Power BI
Pl Data Archlve Pl AF
Pl Vision
== Event Frames

Azure Synapse
Analytics

ﬁ Mmli Server
dqtcbrlcks

A SharePoint

© 2023 AVEVA Group plc and its subsidiaries. All rights reserved.
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Defining an Anomaly ‘

SharePoint p —— _

Edit in grid view Share N

Automate nteg

&7 Editall @ Copy link

Tank Level Anomaly
US Process Anomaly Tracker

[= Anomaly Code
Anomaly name Anomaly Code Algorithm WIN Criteria

USARADO10

= Algorithm

3 consecutive SCADA polls in 3 hours

Negative slope in the last two hours

Tank level declining (no mare than an increase of one inch from
last poll}...

Tank Level Anomaly

See more
Net Gas Volume Declining = WIN Criteria

- Operator finds leak on tank or auxiliary equipment tied to the
tank in question

- Operator finds partially blocked filter or sub optimal
pump/LACT conditions...

ESD Valve Event See more

2 Anomaly Owner

= Asset

Anadarko

= Anomaly name *

VRU Runtime

Tank Level Anomaly

& Category

Production performance

Loss of Inflow / Circulating

= Subcategory

L |
—
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Building Anomaly Algorithms

File View Go Tools Help

@ Database FE QueryDate + ® G | @ Back H, Checkin =3 « [£] Refresh | @@ New Template =
Library Well-SCADA
[ Manifold-Building_UsA ~ || General Attribute Templates Ports  Analysis Templates  Notification Rule Templates
= G Meter & Name: WELLADO0S
B = Neme Description: | WellOrificeDPLow
- [ Meter_USA WELLADOO3 Categories: ~
[ Meter-Gas_USA H §
- H  WELLADOOS Analysis Type: () Expression () Rollup Event Frame Generation
~ [ MeterRollup_USA H  WELLADOOS [] Enable analyses when created from template
Notes_USA o
=) P:d s H  WELLADOOS Create a new notification rule template for WELLADD0S
- [y Plant-Revenue H  WELLADD1O
- [ PlungerCycle_USA H  WELLADOT1
8 Report foa :
£ Restrictive-Orifice (=] ULILIE ft Azure databricks
- By RPC_USA H_ WELLADD14

- [ Scrubber_USA

(F Separator_USA

(R SWD_USA
-~ () Tank_Battery_USA
- [ Template53

(@ User Query

( Water-Pipeline_USA

Generation Mode: | Explicit Trigger v Event Frame Template: | ProcessAnomaly

Expression True for  Severity

- i well Name
ell-AllocationCharted
FiltergsD if ArrayLength(ESDOpenArray)>@ then FilterData(ESDO]
£ (@ wel_Usa
= (3 Well_UsA Datzlog ChokeOpenarray if ArrayLength(FilterESD)>@ then MapData(FilterEsD,:
2 Well_USA-SCADA
| Event Frame Templates FilterChoke If ArrayLength(ChokeOpenArray)>@ then FilterData(Che
Model Templates
Y Transfer Templates DPValues if ArrayLength(FilterChoke)>® then MapData(FilterCh
- @ Enumeration Sets -
-, Refersnce Types AVGDP if ArrayLength(DPValues)>@ then Avg(DPValues) else !
[ Tables ) TR
5 Table Connectons Vex7DayDP Taghax('Gas DP','*-7d","*")
- [ Categories . . . B W " -
@) Analysic Categories Triglogic if AVGDP<3.5 and 'Operator Run'<>"3RDPARTY" and Max:
Attribute Cate - . . — .
@E‘Em'e:ma‘;gi:’\:s NoOutputCheck if Badval('Gas Flowrate') or BadVal('ESDV Status')

(] Motification Rule Categories
Reference Type Categories

Bl Start triggers

o [Waming -

Table Categories v WELLADBBS -1 if NoOutputCheck=true then NoOutput() else if Actiwe
5 Elements
= Event Frames Advanced Event Frame Sett
wm Unit of Measure Scheduling: () Event-Triggered

™ Run every day at 07:55 AM

Well-5CADA Modified:17-Oct-22 09:48:38 AM Owner:system

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

Example Element: EnCana\Northern\Cutbank Ridge\Dawson South\Wells\200/A-097-4A/093-P-09/00 D-B0O09-H =
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DilRateDecline  FPython ~
File  Edit View PRun Help  Lastedituwas 2 minutes aqo Give feedback

25 self.anomaly_query = f"u0

26 zelect dd.device_id asz device_id from (

27 select

28 th.zource_schema, th.queuskey,

25 yest . yest_aveg,two_days_ago.two_davs_ago_avg,last_seven.last_seven_avg,

Ed { west.yest_avg / last_seven.last_seven_awg) = 186 as yest_pet_diff,

21 { two_days_ago.two_days_ago_avg / last_sewven.last_seven_avg ) » 108 as two_days_ago_peot_diff
22 from spos_cygnet_usa.fac_header fh

E=2 inner join spos_cygnet_usa.pnt_header_record ph on ph.facility_tag = fh.facility_tag
24 inner join

Z5 select tag,awvg_num as yest_avg from spoe_cygnet_usa.hv_agg 1d agg

Za whare agg.dim_date_id = cast('{s_date}' as date)

AT and uniformdatacode = 'QTLIGYD' and site in {sites}

28 1 as yest on west.fag = ph.tag

et inner join

4@ select tag,awvg_num as two_davs_ago_avg from spoe_cygnet_usa.hv_agg_1d agg

41 whare agg.dim_date_id = (cast('{s_date}' as date) - dinterval 1 days)

42 and uniformdatacode = 'QTLIGYD' and site in {sites}

43 1 as fwo_days_ago on two_days_ago.fag = ph.tag

44 inner join

45 select tag,avg(avg_num) as last_seven_awg

45 from spoe_sygnet _usa.hv_agg 1d

47 where (dim_date_-id == caszt('{s_date}' as date) - interval T days) and dim date_dd < casti('{s
48 and uniformdatacode = 'QTLIGVD' and szite in {sifes}

44 group by tag

AV=VA



RAD Dashboard (Canada

COA Rapid Anomaly Detection Dashboard

© 2023 AVEVA G

PROVINCE OPERATING AREA OPERATOR RUN SEVERITY ASSET PRIORITY STATUS ACK
All All All All All
OCC OPTI OPS DATA TEST
FILTER BY LOCATION: Search 3 -4 anomaues: 44,079
ANOMALY | OPERATING AREA | PAD LOCATION START TIME CYGNETFAC | PRIORITY TRD | ACTIVE | ACK
Las urt Logic inacuve ‘ UAWDUN NUKIH 1UW Us~UY :UAA‘ U~ 14 VBV BidISGEI_rLwi FRIUKIIY | e AL lIVE V
Gas Lift Logic Inactive | PIPESTONE | PIP 06-06 | 2022-10-140810 | SEX3019_FLW1 | PRIORITY 1 ® |ACTIVE |
Well Not Reaching Buildup .. | DAWSON SOUTH | BIS A-085-B | 2022-10-140725 | BIS0272_FLW1 | PRIORITY 1 = |ACTIVE |
Flowing Well Meter Run Blo.. | PIPESTONE | PIP15-02 | 2022-10-1406:00 | SEX3083_FLWI | PRIORITY 1 > |ACTVE | W
Optimization Status Chan_ | PIPESTONE | PP 04-02 | 2022-10-14 06:00 | SEXO38I_FLW2 | PRIORITY1 @ |[ACTVE | W
Optimization Status Chan. | TUMBLER | CUT B-05H| | 2022-10-1406:00 | CUTI37S_FLW1 | PRIORITY 1 ® [acTve | W
Optimization Status Chan.. | TUMBLER | cut B-097-4 | 2022-10-1406:00 | CUTI308_FLW1 | PRIORITY 1 ® |acTvE | W
Well Not Reaching Buildup .. | DAWSON SOUTH | BIS A-017-G | 2022-10-1405:25 | BISO148_FLW4 | PRIORITY 1 ® |INACT.. | Y
Possible Highline Restriction | PIPESTONE | PIP15-26 | 2022-10-1404:08 | SEX3070_FLW1 | PRIORITY S [ACTVE |
Well Not Reaching Buildup . | DAWSONSOUTH | BIS B-005-G | 2022-10-1403:26 | BISOE_FLW3 | PRIORITY ] © | INACTL. | ¢/
New Gos Lift Usage | DAWSONNORTH | TOW 02-12 2022-10-140245 | BISMO_FLWI | PRIORITY ] ® |acve |
New Gas Lift Usage | DAWSONNORTH | TOW 03-09 2022-10-1402:45 | BISI82_FLW1 | PRIORTY1 INACTL. | o/
Well Not Reaching Buildup... | DAWSONSOUTH | BIS A-088-A | 2022-10-140225 | BISOI38_FLW3 | PRIORITY 1 |acive |
Gas Lift Choke Closed with.. | PIPESTONE | Pip 06-06 | 2022-10-140220 | sexzol_Fiw1 | PRIORITYT > [aCcTVE | W
Dual Meter Run Well Vol Dif.. | DAWSONNORTH | SAT13-33 | 2022-10-140204 | BISISIO_FLWI | PRIORITY | @ [acTvE |
Dual Meter Run Well Vol Dif.. | DAWSON NORTH | SAT 04-24 2022-10-140203 | BISISS9_FLWI | PRIORITY 1 D |ACTIVE |
Excessive ChokeTravel | PIPESTONE | PIP 04-31 | 2022-10-132355 | SEX3I26_FLW1 | PRIORITY1 ® |INACTI. |
Excessive Choke Travel | PIPESTONE | PIP 04-31 | 2022-10-1323555 | SEX3053_FLW1 | PRIORITY 1 ® | INACTL. | o
Check Gas Lift MVT | DAWSONSOUTH | BIS 06-22 | 2022-10-132350 | BISI236_FLW1 | PRIORITY 1 D [INaCTI. |
New Gas Lift Usage | PIPESTONE PIP16-27 2022-10-1323:45 | SEX3N4_FLWI | PRIORITY @ [INACTI. |
Gas Lift E?dkgc;%n no Flo.. | PIPESTONE IPP15-26 1202210132310 | SEX3065_FLWI | PRIORITY1 @ [ACTVE |
‘Check Comp Capacity Co.. | PEACE RIVER ARCH | | 2022-10-132228 | HYTB005 [ PRIORITY 1 ® [INACTL. |
Check Gas Lift MVT | PIPESTONE | PiP 06-06 | 2022-10-1320:50 | SEX3091_FLW1 | PRIORITY 1 = |ACTVE |
Check Gas Lift MVT | PIPESTONE | PIP14-27 | 2022-10-1320:50 | SEX3IG0_FLWI | PRIORITY 1 > | INACTL. |
Possible Highline Restriction | DAWSON NORTH | TOW 01-05 | 202210132008 | BISI335_FLWI | PRIORITY 1 = [ACTVE |
Check Comp Capacity Co... | PEACE RIVER ARCH 2022-10-131928 | HYTB005 PRIORITY 1 ® |[INACTL. | ¢

* Click to sign-in to PowerApps, if required

SELECT ANOMALY

H m N (N E (e

Well Meter Below Cutoff
Optimization Status Change
Gas Lift Choke Closed with ...
Passing Choke

Loaded Well - Not Flowing

Meter Run Needs Blowdown

Flowing Well Meter Run Blo...

RTU Voltage

Well Not Reaching Buildup ...
Check Pad Flows

Possible Highline Restriction

Gas Lift Choke Open no Flow

4188
3,347
2,962
2,955
2,645
2,517
2,192
2,028
1,928
1451
1,445
1381

=VA
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RAD Dashboard (USA

r

Prod Last data load 325: Ovintiv
Version 212.0 ‘ ‘ 10/14/2022 2:0815 PM Ko
Basin Aroa Route Rank Severity Ack Group Anomatios Acknowledged User
Al v All v All v All 7 All 7 Al v lo]e} v 3351 Search e
I 721
| Activeand Unacknowledged Inactive or Acknowledged Tracked New [ — L
OO0 e o e =
Basin Area Route Device Rnk | Anomaly Trd | Start Time Grp | Ack | Trk | Sta ,
P
Critical Bakken | Westberg | Route O1 | 'Na | sustained ProductionFiare | © | 9/15/2022400MPM | 10C | o | |
[SU=- I cokken | Westberg Route 02 NA ined Production Fl ® |ohs/2022400mPm | 10C | | | @
Warning Permian East Route 03 NA | High Frequency Alarm Ano.. 915/2022 4:03:49PM | 10C
warning ey :Wotford | Route 02 | A | sustained Qil Rate Decline | ® | 9/15/202240351PM | 10C | o | |
(M Permian | South | Route 02 A | Separator-Tubing Different. | © | 9/15/202250005PM | IoC | Y | | @
UEL I Anadarko | StackSouth | Route 02 | ¢ | Punger Well No Fiow < | ofisj202250022em |loc | Y ||
Warning Permian South Route 08 NA | Level Transmitter Spiking @ | 9/15/20226:0001PM | 10C | W @
[SCC=< Il Ancdorko | StackNorth | Zone 03 | 'NA | Flare Pilot Outage ~ | @ |ofisj202260010PM | 1OC | o/ | |
Critical Bakken | LostBear | Route 02 | NA | Sustained ProductionFlare | © | 9/15/20226:0011PM | 10C | T
(ST ==l Permion | North | Route 05 | NA | Sustoined ProductionFlare | © | 915/20226:0011PM | 1I0C | o | | @
Warning Permian £ast Route 02 NA | High Frequency Alarm Ano.. 9/15/2022 6:0520PM | IOC |
U permian | East | Route 05 | A | High Frequency Alarm Ano.. ['0fi5/20226:0520PM | 10C | o | |
Warning  [GEGTLD North Route 07 A | ESPOffline @ | 915/20226:09:00PM | 10C | W ©
Critical Anadarko | Scoop South | Route 01 | 'NA | Tanklevel Anomaly ® | ofi5/202262728PM | 10C | | | @
Critical Anadarko | ScoopSouth | Route 01 NA | Tanklevel Anomaly © |ofi5/20226:4218PM | 10C | o | |
Warning Anadarko | Stack South Route 04 8 | Plungerlift- ArrivaiTimed.. | © | 9/15/20226:5200PM | I10C | \ Search &
SUCCI Anccorko | StackSouth | Route 04 NA | Sustained ProductionFiare | © | 9/15/2022700mPM | 10C | o/ | | @
Critical permian | North | Route 04 NA | ined Productionfigre | © | 9fi52022700mPM | 10C | o/ | | @ LIihePocone ol
U0 Pormian | South | Route 08 A | Plunger Well No Fiow | = | ohs/202270022PM | IOC [ ] L xened s uckon e 3
UG I Bokken | Lost Bear | Route 02 A | sustained OilRateDecline | @ | 9/15/20227.0419PM | 10C | o | | (] Tank Level Anomaly 241
Warning Permian East Route 03 B | ESP Pump Intake | @ |ofisf20227.0800PM | 10C | K ' [] Gaslift - Casing Pressure Dev... 202 +»
© 2023 AVEV aming Permian | East Route 02 A | ESP Well No Fiow | ® | 9/15/20228:0020PM | I0C | W } >." ] Plunger Well No Flow 104 :VA

Anomaly definition list Task tracker list

@ Iconlegend
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Separator Health

Problem

* Anomaly targets upsets in our separation equipment to help avoid allocation

issues and the additional cost associated with removing incorrect liquid O piVision
phase from our dedicated tanks .y
. . ) & Ovintiv 4232944633 Windham 14 F14P Hz CDP
* Cost associated with incorrect allocation can be recaptured through R DAVIDSON 23D 4HD Route 02

ESP South

allocation correction and sundry approval but requires dedicated time from
production accounting and engineering

o Most commodity cost lost to outside third-party disposal companies is not
recovered

* Cost associated with potential skimming, chem treatment (demulsification
agent) and truck hauling listed below and will be what wins are associated
with

* Cost estimate to recover upset volumes varied from ~ $1.00-52.00/bbl.

* Previous time estimates for upset to be noticed varied between ~6 hours-3 —

days

,‘.Am*_.wguw,u_ilu_ﬂﬂ_lfh J L — LMMJ*LLLMJL»

1 & ' L L N 1 1
212812022 9:47:34 PM 2 32/2022 10:00:12 PM

* Average time to notify and resolve issue will be calculated at 6 hours

L |
—
© 2023 AVEVA Group plc and its subsidiaries. All rights reserved. [r—
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Separator Health Analytics

Separator_ US4

. .
A | go r I t h m I Og I C General  Attribute Templates  Ports | Analysis Templates  patification Rule Templates

3 Name: USARADO49

Description: | Qil Separator Health

T & | Name
H K ; 9 Categories; "
° 1 2 h O u rS CO m p a re d to p revl 0 u S 48 h 0 u rs Analysis Lype Analysis Type:  (() Expression (O Rollup @ Event Frame Generation () SQC
[[] Enable analyses when created from template
Create 5 new notification rule template for USARADO49

b G a S rate is Ste a d y (40%) Example Element:  EnCana\Southern'\Permian Basin\Equipment\SEP AL F304A BULK 01

Generation Mode: | Explicit Trigger v Event Frame Template: | ProcessAnomaly_USA v
¢ 20% increase in oil with 20% decrease in water OR i
. . . . . MName Expression True for Severity
20% increase in water with 20% decrease in oil 2 Vi
EXE If Len{'SCADA Gas Meter') = @ OR Len('SCADA 0il Meter') = @ OR Len("SCADA Gas Meter') = @ OR BadVal(TagVal('0Oil Act

GasFlowdd IF EXE THEMN RecordedValues('Gas Flowrate','*-4d','*') ELSE NoOutput()

* Exclude test separators

GashoFlow IF EXE AND ArrayLength(GasFlowdd) > @ THEN FilterData(GasFlowdd, (NOT BadVal($val) AND $val < @.1)) ELSE MoOutput(

SteadyFlow |IF EXE THEN (Arraylength(GasFlow4d) > @ AND (ArraylLength(GasNoFlow) /[ Arraylength(GasFlowd4d)) < @.85) ELSE WoOutpul

* Gas flow rate must not be 0 for 95% of the polled stzhvg |1 EXE THEN Toghug(-Gas Flowrate’, -12h-i3m’, =-15a") ELSE Noouiput()
ValueS in the |aSt 4 days Gas36Avg IF EXE THEN TaghAvg('Gas Flowrate', '*-96h-15m', "*-12h-15m') ELSE NoOutput()

GasVar IF EXE THEN ((Gasl2Avg - Gas36Avg) / Gas36Avg) ELSE NoOutput()

GasSteady IF EXE THEN SteadyFlow AND Abs(GasVar) < 0.48 ELSE NoOutput()

* No communication outages when using accumulators
to Ca |cu|ate VOI u mes/rate 0i1Vol12h15m|if EXE AND GasSteady then TagVal('0il Accumulative Volume','#-12h-15m') else NoOutput()

0ilVol48h15m|if EXE AMND GasSteady then TagVal('0il Accumulative Volume','*-96h-15m') else MoQutput()

011124vg if EXE AND GasSteady then (0ilvollSm - 0ilvollzhiSm )/12 else NoOutput()

* Sustained for more than 6 hours

0il136Avg if EXE AND GasSteady then (0ilVoll2hlS5m - 0ilVol48hlS5m )/84 else MoOutput()

0ilvar IF EXE AND GasSteady THEN ((0ill2avg - 0il36Avg) / 0il36Avg) Else NoOutput()

* Running every 30 minutes on every separator asset v [r o

=]

GasSteady then TagVal('Water Accumulative Volume','*-15m") else NoOutput()

R RNNRNRNRNMRXNR RN

Advanced Event Frame Settings...

Scheduling: () Event-Triggered (@) Periodic

Period: 00h 30m 00s, Offset: 00h 12m O0s

L |
—
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Anomaly List

180+ anomalies currently monitored in Canada and USA

10 Consecutive Missed Plunger Arrivals
15-30 PLH Inlet Velocity Monitor

Acid Gas Comp Regycle Valve Passing
Acid Gas Pump OQutput Reduction
Amine Filter DP Not Increasing

Arrival 5ensor Failed

Building Heat Out

Buyback Meter Failed ESD

Casing Pressure Deviation

Check Comp Capacity Controls

Check Gas Lift MVT

Check Pad Flows

Check Plunger Sharepoint Info

Check Stabilizer Setpoints

Check Tubing or Casing Size

Choke Flow LL Disable Possible
Choked Back Jet Pumps

Comp Valve Discharge Temp Deviation
Compressor Lubricator Rate Change
Compressor Qil Pressure Declining
Compressor Vibration Increasing - Long Term

Compressor Vibration Increasing - Short Term - Electric Drive
Compressor Vibration Increasing - Short Term - Gas Drive

CSG FLW Well - Possible Tubing Install

D-064-1/ C-042-G FG Step Change
Decommissioned/Offline LACT

Disable Edge Sour Logic

Dual Meter Choke Variance

Dual Meter Run Well Vol Diff High

Elevated Tank Vapor Pressure

Enzble Edge Sour Logic

Engine Low Jacket Water Warning

Engine Oil Pressure Declining

Engine Pyro Issues

Engine Vibration Increasing - Long Term

Engine Vibration Increasing - Short Term - Electric Drive
Engine Vibration Increasing - Short Term - Gas Drive

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

ESD Valve Fail To Close

ESD Valve Fail To Open

ESP Drive Current

ESP Frequency

ESP Hz Increase

ESP Mator Current

ESP Motor Temperature

ESP Offline

ESP Pump Intake

ESP Total Fluid

ESP Tubing Pressure Increase

ESP Well No Flow

Excessive Choke Travel

Exchanger Contrals Check

Expected Flow Well Not Flowing

Failed ESD

Fast Plunger using Gas Lift

Flare LP Mass Meter Rate Spike

Flare Pilot Qutage

Flow Setpoint Changed

Flow with Choke or ESD Closed

Flowing Well Meter Blowdown Reqg'd - Non GL Wells
Flowing Well Meter Run Blowdown Req'd - GL Wells
Frac Watch

GAPL Well Wrong Mode

Gas lift - Casing Pressure Deviation

Gas Lift Choke Closed with Flow - GL in Use
Gas Lift Choke Closed with Flow - GL Not in Use
Gas Lift Choke Open no Flow

Gas Lift Inactive

Gas Lift Logic Enabled With No GL Made
Gas Lift Logic Inactive

Gas Lift MVT Overrange

Gas lift not on bottom valve

Gas Lift Recycling

Gas Lift Well Over Injecting

Gas Lift Wells Regycling Gas

GL Differential Pressure Spiking

GL Manual Override Enabled

GL Meter Below Cutoff

GL Valve Actuator Failure

GL Valve Rate Limited/Frozen

GL Variable Flow Opportunity

H25 Content Increased

Heater Treater High Sustained Temperature
High Density Potentially Not Setup

High Frequency Alarm Ancmaly

High Rate Well Drawdown Monitoring
Hydrate Shutdown Wells

Ifpexcl Not Dumping

Incorrect ESD Reason Code - Flowing Well
Inlet Sep Hydrate Forming

Jet lift Well No Flow

Jet Pump Power Fluid Rate Decline

Left to Right Bank Manifold Compare

Level Transmitter Spiking

Level Transmitters COM Health

Loading Well - Csg Flow

Loading Well - GL Well

Loading Well - Tbg Flow

Louvres out of Range

Lower Pressure Qverride

Main Bearing Temp Deviation

Max Flow Setpoint Exceeded

Mechanical Auxiliary Issue

Meter Run Needs Blowdown - Cycle Flowing Well
Meter Run Needs Blowdown - Fully Flowing Wells
MNegative DP- Check Meter or Blowdown Meter
Mew Gas Lift Usage

Ma Derived Arrival

Optimization Enabled and Not Running
Optimization Status Change - OCC
Optimization Status Change - OFTI

Passing Choke

Pipeline SWD Underutilization
Plunger Details Need Review
Plunger High Average Velocity
Plunger Lift - Arrival Time deviation
Flunger MFSP High

Plunger Replacement Frequency Missing
Plunger Stopped Freecycling
Plunger Wear

Flunger Well Mo Flow

Plunger Well without Max S0 Enabled
Possible Choke Wear MVT DP
Possible Debris Catcher Plugged
Passible Frozen Well

Possible frozen Wellhead PT
Possible frozen Wellhead FT - High
Possible Highline Restriction
Possible Packing Issue

Possible Under Performing Well
Potential Block Valve Voltage Issue
Pump Barrier Pressure Monitering
Reset Plunger Mileage

Restricted Orifice DP Change

Review Plunger Max 5D's

RPC Well No Flow

RTU Voltage

SCADA Suite Plunger Mode Disabled
SCADA Suite Plunger Mode Enabled
SCADASuite Froze

Separator Health

Separator-Line Differential Pressure
Separator-Tuling Differential Pressure
Setup OFTI

S0R Comm Fail

S0R to MR DP

Stabilizer Reboiler Below Setpoint
Stabilizer Reboiler Fouling
Sustained Gas Rate Decline

Sustained Missed Flunger Arrivals
Sustained Oil Rate Decline [DH)
Sustained Production Flare
Sustained Production Flare Event
Tank Level Anomaly

Tank Level Anomaly (Uinta)

Tank Set Point Health

TGLS Comp Multi Variable Review
Tower Plant - Operating in Hydrate Region
Update Artificial Lift Type- Blank
Update Artificial Lift Type- GLOn
Update Artificial Lift Type- Mismatch
Update C5G FLW to TBG FLW
Update GL Design

Update Lift Detail

VEU Runtime Declining

Well H2S Detection Drifting Up
Well Left in Manual

Well LEL Detection Drifting Up
Well Loading, Casing Pressure Increasing
Well Meter Below Cutoff

Well Near High Temp 5D

Well Near Low Temp 5D

Well Needs Local Reset

Well Mot Flowing - Downhole Issue
Well Mot Reaching Buildup SP
Well Not Reaching Builldup SP-CUT
‘Well O/P Change Required

Well Short Cycling

Well Status Update Req'd

Well Stuck In Builldup

Well Throttling

Well Waxing Off

AV=VA
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Cost Savings ’

2023 YTD (end of September)

COA RAD WIN VALUE ¢ Ovintiv

Canada & USA — millions

. . $10,984,201
* Production increase 2023 ™ Al ™ All ~ All ™
* Production loss avoided
@WIN COUNT @TOTAL_VALUE AREA VALUE PROD VOL (BOE) | FUEL VOL (e3m3)
(cross
. $2M
* Gas lift saved . w4 . SCDN)
=
L s12M E
3 32 S DAWSON NORTH $3,182,004 8874688 4200
M
* Peo p | e h ours Saved 2 . | H | J " [ ll | Y a DAWSON SOUTH 54596234 114.670.46 10
= JST)‘LS " !Gam: By | I D o M Islo ik b ool 4 :h solob] .3 2 PIPESTONE $3,205,963 68539.37 3205
. . 0 . ) o som
L4 Red u Ced eq ul p ment fa | I ures an d re p | acement Jan2023 Feb2023 Mar2023 Apr2023 May2023 Jun2023 Jul2023 Aug2023 Sep 2023 rotal 10,635,208 209567 i)
START_TIME
* Reduced spill volumes
ANOMALY NAME DAWSON DAWSON PIPESTONE Total ANOMALY NAME DAWSON | DAWSON | PIPESTONE | Total
e Static dollar value NORTH SOUTH . NORTH | SOUTH .
Optimization Status Change §100,439 51,304,742 §229,661 $1,634,842 Optimization Status Change 18 3n 16| 345
Notes . Check Pad Flows 5$525,690 5633494 $351,858 $1,511,041 Flowing Well Meter Run Blowdown Req'd - GL Wells 67 245 312
Engine Vibration Increasing - Short Term... $1,200,000 $1,200,000 Well Not Reaching Buildup SP 32 243 275
C . . d Gas Lift Choke Open no Flow $16,604 5498944 $615,637 Gas Lift Logic Inactive 177 83| 260
[ ]
OSt savl ngs are eStI m ate Engine Vibration Increasing - Long Term $500,000 5$500,000 Meter Run Needs Blowdown - Cycle Flowing Well 76 35 81 192
Loading Well - GL wall $180,467 318923 $499,390 Possible frozen Wellhead PT - High 93 42 21| 156
° Cha”enges In estimating true costs Setup OFTI 5237013 S134,801 7,897 sasa,7m Well Left in Manual 18 36 79 188
Loading Well - Csg Flow 5319318 53,555 549436 $372,307 Well Short Cycling 59 58 3 120
H H Gas Lift Choke Closed with Flow - GLin U.. $254,308 $75,739 $330,048 RTU Voltage 33 47 14 89
o Anomalies might be caught manually processes . : ,
) . Passing Choke $81957 5118726 SN6722 $317,405 Gas Lift Well Over Injecting 44 50| 94
Inas [ ower amount Of time CSG FLW Well- Possible Tubing Install 5293490 519,050 $312,540 Passing Choke 34 a 18] o3
Flowing Well Metsr Run Blowdown Reg'd .. $40918 $270,318 $311,236 Setup OPTI 23 55 13 a
o Trueim p actm ay va ry |f Ieft una d d res SEd Total $3182,004  $4,596,234  $3,205,963 $10,984,201 Total n46 nes 913 3257

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



KPIs

RAD Key Performance Indicators

21173

Valid @Win @Invalid

2K (915%)
aQ
(19.47%)

15K (71.38%) —/

0
Jan 2023 Apr 2023

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

Jul 2023

@ Invalid & Valid @Win

“mym

0%

100%
Jan 2023 Apr 2023 Jul 2023

Tank Level Anomaly

T

@®Frod @ Test
33
30 27
20
20 8 7
10
10
0
of 0 - a0
B @°
W
' 1 il Totais § |
$612,000 $680,900
$521,242 $616,642

Sustained Qil Rate Decline

Sustained Production Flare

ESP Offline

GL Valve Rate Limited/Frozen

Flare Pilot OQutage

Plunger Well No Flow

ESD Valve Fail To Open

Separator Health

Separator-Tubing Differential Pressure
Well Loading, Casing Pressure Increasing

§279,282
| ESYRENS
I si87.400
B sis9500
M sis5273

B siss0n

B si30953

B e

B siosa

Sustained Missed Plunger Arrivals - N8,878
espwellNo Flow [l sses0s

@ Invalid @Valid @Win

2

Group
All e
43 29
. 8.320 435,531
|
\‘i\?-
> $3,946,915
@Total § @Total $ ¥YTD
S138K $4.4M
S38M_~  sam
$100K
$3M
o
o =
B ®
2 som 2
2
S50K
|
siok SiM
$8K h
sok | SOOM SOM
Jan 2023 Apr 2023 Jul 2023
date_id

Ovintiv
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RAD Lessons Learned

Learning from our experience

* Tuning and refinement is biggest key to developing a successful anomaly
o Too many anomalies or false positives can lead to missing actual events

* Drive accountability to a small subset of individuals to take ownership of certain anomalies to see the tuning
process all the way through

* Define metrics of what is acceptable for users for daily anomaly counts
* Implement a feedback loop to assist tuning of anomalies
e Strong collaboration with a cross-functional team

e Start small with a few anomalies to establish process and procedures
o Too many anomalies at once can be overwhelming for end users

* Focus on the target user group requirements

L |
—
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Future Plans

The journey continues...

Continual addition of new anomalies and refinement of current anomalies
* Tying in more data sources to create anomalies
* Phase out anomalies where operational effectiveness eliminated the original anomaly (ie. process improvements)

* Expand to different user groups

o Production engineering for surveillance and workflow efficiency
*  Anomaly suppression

*  Further integration of machine learning anomalies

L |
—
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“Rapid Anomaly Detection has allowed Ovintiv’s operations teams to
expedite our digital transformation.

Utilizing the AVEVA PI System, we leverage multivariable event
confirmation in real time eliminating the need for our team to ‘hunt’ these
opportunities. This in turn allows us to focus on the right opportunities as

they emerge reducing overall negative operational impact which drives

value directly to the bottom line!”

-Tanner Messer (former) Ovintiv Manager, Integrated Operations Center

—
—
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Enabling Rapid Anomaly Detection with Layers of Analytics

COA Rapid Anomaly Detection Dashboard ‘g Ovintiv

“Rapid Anomaly Detection has allowed Ovintiv’s operations teams to expedite our
digital transformation.

Utilizing the AVEVA PI System, we leverage multivariable event confirmation in real
time eliminating the need for our team to ‘hunt’ these opportunities. This in turn
allows us to focus on the right opportunities as they emerge reducing overall negative

operational impact which drives value directly to the bottom line!”

-Tanner Messer (Ovintiv) Manager, Integrated Operations Center

Challenge
* Reactive to operational issues
* Significant lost opportunity costs

* Wasted time looking for information and
trying to determine causality

* Challenges in establishing a collaborative
environment

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

Solution

Leveraged the Pl System and PI AF to provide
streaming anomaly detection

Used a multi-technology approach across a hybrid
cloud with “layers of analytics”

Focused on developing a collaborative culture in
defining anomalies and approaches

Evolved and created a “learning” algorithm to refine
RAD and minimize false detection

Facilitated empowering and enabling the SMEs to
continue to develop and evolve RAD

per
e
e
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e
e
e
3w e
Erey s | ¥
1 st |
ped " |
e | v
’ v
vacn |y
ke v
In-.
e

Benefits

* Moved from a reactive to a proactive,
exception-based culture

* Increased the time to focus, identify and
capture higher value opportunities

* YTD savings

o millions in Canadian & USA operations

AV=VA



Steven Kociuba

Lead, Production Operations Digital Data

* Ovintiv

e steven.kociuba@ovintiv.com

Hung Ngo
Senior Production Operations Digital Data Analyst

* QOvintiv

* hung.ngo@ovintiv.com

AV=VA

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


mailto:steven.kociuba@ovintiv.com
mailto:hung.ngo@ovintiv.com

Questions? Please remember to...

Navigate to this se

Please wait for the microphone.

State your name and company. app

Thank you!

—
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 particular action
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 disclose any revision to 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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