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FLINT HILLS

Flint Hills Resources

Flint Hills Resources is a leading refining company
e Operations primarily in the Midwest and Texas

* Based in Wichita, KS ]
 Subsidiary of Koch Industries . LOCATIONS

* We produce fuels and aromatics -
* Gasoline, Jet Fuel, and Diesel X Croma i

Crude, Products
or Asphalt Terminal

* Chemical Intermediates
* Asphalt, Base Oils, Liquid Fertilizer

* Key facts e
e ~3,000 employees
* 3 refineries in MN and TX

% Base Oil
Joint Venture Plant

EULESS O

e 700,000 bbl/day refining capacity =]
* 4,000 miles of pipeline >( EEEEEEEE
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I Monitoring POV FLINTHILLS,

* Transformation is necessary

* Data must be continuously
collected

* Good models + good data =
detect defects + predict °
failures earlier & more
effectively

e Goal: extend the P-F interval




IAnalytics & Monitoring Partners FLINTHILLS.

AMP is a trusted business partner that improves
utilization, yields and costs by providing:

Earlier detection of operating

. . Automated data analysis
issues and opportunities

Clear communication of Collaborative problem solving
actionable information across disciplines and sites




FLINT HILLS

IAnalytics & Monitoring Partners

.|
* 2 monitoring centers, 1 team LOCATIONS

* Monitoring Analysts o
* Process Engineers
* Mechanical Engineers
* Operations

* Modeling/Analytics Engineers
* Process Engineers
* Data Engineers

* Ownership by technology vs location

rrrrrrrrrrrrrr
or Asphalt Terminal

Joint Venture Plant

NORTH AMERICA




IAutomated Anomaly Detection

FLINT HILLS
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Immediate response — Process Control capability

Automated response — SIS, State Based Control, etc.

Alarm - On-shift response required — Control system notification

Modeling and anomaly screening — Monitoring capability

Alert - Automated anomaly detection (AAD)

Variable (Vibration, Temp, Pressure, etc.)
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Our Transformation Journey
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I How did we get here? FLINT HILLS

Timeline

2017
* Process Data focus: contextualization, models

* 2018
* AMP Vision creation and alignment

e 2019
« ASSET360 pilot + 3™ party services (other Koch customers: KAES & GP)

* 2020-2022

e 13,500 models for 6 business lines
* Reduced 3 party dependency for config
* Tag Backfill capability via API

* Today
e 15,000 models for 3 business lines 10
S A S A L G TR i




I Manage The Chaos via the Funnel J/fHS,

* Sensor Deployment
 ~100K-200K measured data points e

* Model Prediction

* ~15,000 models w
N 4
-
L

* Alert Screening & Diagnosis
e ~1,200 active alerts
» ~700 alerts not in Watch/Ignore state

10-20 Actionable Issues

* |ssue Escalation
* ~10-20 escalations/week
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I Model Deployment

How

* Cover as much of the process
and equipment as possible

* What model types to use?
* APR
* Fixed Limit
* Forecast
* Moving/Rolling Average
* Rate of Change
* External

FLINT HILLS

resources®

Who
* Asset Experts

* Monitoring Analyst/Engineer
e 3" party service provider
* Data scientists

12



IWhy Prometheus APM? (Part 1) FLINT HILLS.

 Alerts user interface is built for Screening
e Save time & effort with Filter, Watch, and Views
» Saved Trends — Prebuilt and Custom
* Add Notes to an Alarm or Model
* Quickly move to Op Mode / Model Configuration / Issues Management

* Advanced modeling techniques
 APR — takes more work, but worth the effort
* Fixed Limit — easy to use
* Forecast — very useful but Context view is necessary vs the Trend view
* Multivariate & Univariate

13




IAlerts Display FLINT HILLS

Navigetor C ¥ 7 (ken @ (Weich @ ligeoe @ Total Models: 5 = 04/10/23 0231PM D) ~ AlerisActions

® # Model Name Upper Units Last Note Current Status

ID Fan A Axial Brg Temp -1 3 DEGF ' In Alert

T
HF Turbine NO.11 Bearing Vib X 2.343 08797 i MIL Baaring vibration spildi ST LT -

Q

a
Hotwell Pump Strainer A DP i 0.03157 ] ] PSID Looks strainer is p @ Watch

AQC System

Ash Handling System
Auwndliary Steam System BB

Boller Alr & Gas System

Calculation Timestamps

Condensate System Maodel Configuration
Feedwater System

Fuel Handling System OP Mode Configuration
Heat Rejection System

Losses PA Fan 2A OB Bearing Vib X-Dir (MEAS_2:2CBVT007A_M20)
Steam Turbine Generator

GSU Tran; er Top Ol Te 0 £ DEGF 6Hours 2dHows 7Days  Custom

Model Diagnostics

»

¥ Data Explorer

puail

Transformer
» MNatural Gas Plants
w Industrial Plants
Fertilizer Plant
» Pulp & Paper Company
¥ Mine Sites
= Ol & Gas Facilities

Disgnostic Drilldown

Show Related Models

T
g
3

Show Related Issues

[T ]

« Ammaonia Plant

¢ Feed Gas Desulfurization 5

» Primary Reformer System
Secondary Reformer Syster
High Temp Shift Converter !
Low Temp Shift Converter £
CO2Z Removal System
Methanation System
Syn Gas Compressor AZ-10
103-J Short Loop - Actual -+ Expected & Evem

BUIY

09276 735 PM 1/01/16 7:35 PM

Q @




IWhy Prometheus APM? (Part 2) FLINT HILLS.

* Self-service configuration
* Assets & Tags — “Greatest Addition Ever!”
* Models — Build, Train, Re-train

* |[ssues management
* |nitial — great tool to communicate with other 37 party monitoring services
* Current — not using in favor of CMMS
* Future — possible integration with CMMS

15
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I Model Configuration

Marie

QD_WT1 Actual spinner temperature - Steady St APR (Advanced Fattarn Recognition)

« Active & Standard = Modeled Tag: WT1 Actual ¢

0.8709

Root Mean Square Emor
Mean Absolute Ermor

Last Budlt

Last Saved:
Saved By:

Model Name

QD_WT1 Actual spinner temperature - Steady State

1.4397
1.1028

04/11/23 DE-T1AM
04/11/23 08-20AM
ArteberyAR@Dotoniy com

aQD_wT1 ual rotor rpm - Steady State

QD_WT1 Actual power produced - Steady State

QD_WT1 Actual pitch angle - Steady State

aQD_wT ual nacelle Temp. - Steady State

QD_WT1 Actual hydraulic pressure - Steady State

QD_WT1 Actual gear oil temp. - Steady State

QD_wTi ual gear bearing temp. - Steady State

Last Build Status

Build Successful

Build St
Build Successful
Build Successful

Build S

ek

® Actusl  + Expected @ Expected Range

Live Build Status

Model config loaded, begin training data retrieval from 2022-04-12T00:33:50,519624+00:0

Model sent to ML Engine

Muodel sent ta ML Engine.

Model config loaded, begin training data retrieval from 2022-04-17
el config loaded, begin training data retrieval from 2

Muodel sent to ML Engine.

Model sent to ML Engine

Mo xnt 10 ML Engine

i Rii_En

04/70/23 1:42 PM

20
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IIssue Management

somethin

mage: 211 CT Fan Maotor Vibrations

Abart jpg

ulside temperature did not change du

g this event

mage: 211 CT Fan motor and Gearbox

Vibrations 10 days. jpg

mage: All CT Fan Motor Vibrations 10
days jpg

\
|
|

mage: All CT Fan Gearbox | ions 10

days. jpg

Image: 211 CT Fan Motor and Gearbox

Vibrations 1 yearpg

Image: 211

Model Inputs.jpg

Craated By: LauthJGi@bv.com Age: 6 years old

#1023547: Cooling Tower Fan Moter and Gearbax Vibration Elevated u[:(;r: - May 3, 2017 420 PM
Site Reviewing E - b ot E'j High i

P BT A L R LY G A 4 R o R E L 0 MUY SO PN IERSUUE I 1 NI N e
( ) I
\ - b

mage: Vibration Graph.png

Mew Discussion Post - 4/4/17  LauthJG@bv.com S 0O
211 CT Fa iked up to a 365 day highs of 0.48 |k while expecting 0.13 IN/S upon motor startup. The vibration velocity is still elevated at 0.33 IN/S. However it looks like

CT Fan Gearbox Vibrations

FLINT HILLS

resources®

Last Modified: AtteberyARiDatonix.com
Jun 7, 2021 10:39 AM

- £} Following = Send
SHORT SUMMARY (D

211 CT Fan Motor and Gearbox vibrations spiked up 1o
0.48 IN/S on 4/4. Vibeation test measured 1.0 in/sec

DETAIL

Fan Bearing Type Increasing &)

MAD Outage Maintenance
IMPACT

S9158,752.00 $29,376.00
ASSET

ISSUE KEYWORDS

Find of the Week £ Outage £ Demo &)

17



FLINT HILLS

resourcese®

I

Use Cases
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IExample — Flow Control Valve FLINT HILLS.

Flow Control Valve-Flow V-4 NO 2 FO WASH |MBPD

v

\
; \Val | Sodlte
19. Jul 20, Jul __na ue 21, Jul 22, 1ul V‘al_."_'.‘l_.g 23. Ju 24, Ju 25, Ju 26. Ju 27. Ju 28. Jul

% Actual -+ Expected 4 Event

Actual vs. Expected Control Valve Flow Model

Why is the deviation occurring?

Pump switch with unequal pump performance?

Physical hydraulic change (valve/piping/filter/nozzle)?

Change in fluid flows (more/less flow somewhere else, impacting pump pressure)?
Change in process conditions (temperature, composition, etc.)? 19
Something else?




ISteam Pump OB Bearing Temp FLINT HILLS

° D e t e Ct BRG] Model History Model Context
° P rom et h eus A P M ) I e rt | Pump-08 Bearing Temperature | _| DegF

il

* Diaghose

* Bearing skin temp elevated W\W P Ml A
after restart | W et k) |

* Resolve
 Maintenance resource found JD
cooling water blocked in at R R e i o e e e e P e e
header and corrected the | O
problem

* Qutcome -




I Main Air Blower Discharge Flow FLINT HILLS.

* Detect R oo =
* Prometheus APM alert —
* Diagnose N
* Rain event caused wet caked ™ T L A L
dust/dirt to decrease airflow A A N T
* Resolve N
* Daylight board operator
worked with Operations to

walnut hull the blower

e Qutcome



I Furnace Draft Fan IB Bearing Temp } RS

* Detect
* Prometheus APM alert

* Diaghose
* IB bearing temp 20-30°F higher
* Initially not deemed an issue

e Later found cooling water lines | |
to the bearing housing plugged o L
with black sludge

* Resolve

* Maintenance opened the lines
and cleared them

* Qutcome -




IPump Degraded Performance FLINT HILLS

¢ Detect -Pump-nischargePressure_EDE_lWate:PumplFS!_
* Prometheus APM alert

* Diagnose

. : Rﬁ‘w " wow YRS ﬁ =
* Water Pump discharge pressure ﬁ _ 5
was drifting down | *
Discharge pressure is drifting

* |nitial contact with Operations S

e Escalation to Business Team;
Operations found the suction
screen was plugged with grass
and weeds

1]

* Resolve
* Operations cleaned the screen

* OQutcome 53




I Desalter Power Grid FLINT HILLS

| Desalters-Amperage 2 | | FA2 AMPS | AMPS
2

* Detect
* Prometheus APM alert

* Diaghose

AMP/found|anomaly,

] I T e o o communicated, and
* Power blip knocked out | cdboesloreld issue resolved
Desa Ite r G ri d 30. Jun 2. Jul 4, Jul 6. Ju 8. Ju :-D;q:tual 14_.;.EXPE(1::.E: ) ::v:ll‘:t 18. Jul o 22. Ju
* Resolve

* Electric team restored power

e Qutcome
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Modern Technology
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I [T /Technology Perspective ‘ FLINT HILLS

* Preferred Deployment Model Verdor
e SaaS / Cloud
* Multi-Tenant
* Single Sign-On, Role-Based Access

Hosted

Operates on files for a given asset. Used

* Lightweight Integration . @ »
* MDTransfer connects your process data @ - ' ®
* APIs for reporting and tag backfill @ e

ocess data, or timeseries data, is used

r
Y R S t to in trends, calculations, and modeling.
e S p O n S IVe u p p O r This API retrieves the servers and
tagname details, and to get the time
series data. Retrieval of model results is

( Support Portal not supported in this API.
* Knowledge Base

26
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Looking Ahead
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| Next Steps FLNT HILS

Unit Pecformance

Unit Performance

Overview

L] L]
| = Easempcy .
p NS o

s { 1 9569 |
* D a S h b O a rd S “:mf" Btu/kWh Btu/kWh

Water Treatment System
Process Data Upload
» Eastem PC2

Expect nightly turm down through the 25th.

» Natural Gas Plants
Summary Trend NUHR (H/L) vs. Gross MW

= Pulp & Paper Company

* |ssues Management

» Water Treatment
+ Mine Sites
- 011 & Gas Facilties

i . e = Post Outage (Mar-2023) Net Unit Hest Rate Hest Loss Method
» Feed Gas Desulfurtzation'S Pre Outage (Feb-2023 Net UnitHeat Rats Hest Loss Method

* Automated Issue creation —
* Send Issue to CMMS
* Send CMMS status back to Issue e ()= ==_ (.

AQC System
Ash Handling System

Qa a

Mpriac Item Count by Category Item Count by Asset Item Impact

Auxliory Stearn System

Boiler Alr & Gas System

Coleulation Timestamps.

Condensate System

Feadwater Syste

Fuel Handiing System impact &
Heat Rejection System

Category Tree

HP Turbine Restiction Load Limit $1.980000.00 ot Outage Maintenance  HPT Flow Factor LauthJ5@bv.com
Losses
~ CCCW pump discharge seems more restricted since Oct 2. $1.53600000 Medium Plart Operations ooling Capacty 082072018 LauthsG@bv.com

Transformer Diverging SSH inlet temperatures | Unbalanced SH spray fl. $1461,60000 Medium Plan Operations Boier Cleaniness Decre 00872018 LauthsG@bucom

» Notural Gos Plants. BFPT Lube O Tark Level Increasing 9121800000 Resalved g Pl Operatins Lube Ol Tank Leve inre.. s ——
« Industri Plants
Sulfur Rich Gas- Main Gas Slower Demand $30000000 WorkDefin_  High Pl Operations s ——
» Fertizer Plant
s oo ey 1028666 PAFan Vibrations High Dagnosng  High OuageMamtenance  Generic MiD N5 TestaKevncom
~ Pulp & Paper Facilty 109844 WP Turbine Hot Drains B Resolved Madum Plant Oparations Orains Valves Lasking O AnsbenyAR@stonixcon
» Paper Machine 1026628 Condenser Performance vigh [ps— Condenser Al inleskag LauhJG@bvcom
Power Sl s
s e 'MBFP A Suction Strainer
o sy v -3 P e e T R g
e L S ———TS—————] 15875200 vigh Outage Maintenance  Fan Bearing Type ncrea 7 Launs@ucom
v 04 & Gas Fciltes 1029845 10Fan 1 Motor Wincing Temperstures ncreasing $11650500 . vigh [ pe— Fan Mator Temg incre L R e —
= Amoris Plaet 1025463 CT Fan 205 Vibration Steady increase $113,146.07 Resolved Medium Plant Operations Motor Bearing Vibration 01/08/2018 uthJG@bv.com
Feed Gas Desuluization
Primary Reformer System
Secondary Reformes Syster

5535 HP FWH 1 Normal Drain 100% Open $108:306.56 Resolved Medium Plart Operations. water Heater Level 0152008 LauthJG@bucom
»
»
» High Temp Shift Converter FWH7 TTD Performance Issve 811200 Resolved Medium Plan Operations. Feedwater Heater TTD D. NAYDE  LathIG@byoom
5
»

1029683 CRH DSH Spray Flow Leak By with BFP Blook Valves Closed  $103.150.00 Resolved High Plart Operations SproyVake Demand Incr. 121772018 LauthJG@buoom

Low Temp Shit Converter ¢ Power Turbine Generator Winding Temp £ Elevated Diagnosing Low Plart Operations Winding Termperatuse in. 012572019 AteberyAR@atontx con
C02 Removal System

4A T Pump Motor Outboard Birg Temp High 2 Medium t Operations Motor Bearing Temperat, 0B LavhaGEb.
Methanation System
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Thank you
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Questions?
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