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Flint Hills Resources - Who Are We? [

Flint Hills Resources is a refining
company with operations primarily
in the Midwest and Texas

Based in Wichita, Kansas
Subsidiary of Koch Industries

We produce fuels & aromatics
Gasoline, Jet Fuel, and Diesel
Asphalt

~3,000 employees

NORTH AMERICA CORPUS C
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Flint Hills Resources:
FLINT HILLS
Monitoring Capability Overview E

Utilize automated anomaly

detection for early
identification of process and

equipment anomalies to
enable profitable action

Our vision is to monitor all
equipment & processes, not
just specific assets
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Challenge #1:
Widescale Pump
Vibration Monitoring
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CI]allenge #l: . . S E FLINT HILLS
Widescale Pump Vibration Monitoring resources:

Executed plant-wide pump wireless
vibration projects, resulting in thousands
of vibration sensors being installed

Wanted to implement an automated
solution to monitor all of the readings with

similar univariate techniques

Attempted solutions in Excel, ML, and Seeq
(Tree Maps), but was slow and still
required a lot of manual review
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Widescale Pump Vibration Monitoring

Y  Deploy univariate monitoring on thousands
cmenee O New wireless pump vibration sensors

- Develop a monitoring solution in
g partnership with Seeq that harnesses asset
SOUTON — oroups for scaled deployment

_ Quick implementation of thousands of
vibration monitoring models, and a new
RESUTS — monitoring solution integrated into Seeq!

E FLINT HILLS
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Solution #1:
. . FLINT HILLS
Automated Anomaly Detection Solution E

Partnered with Seeq to develop three
custom add-ons:

* Asset Group Builder to build asset data
groupings for large amounts of equipment

* Test Manager to quickly mass implement
univariate models on data in asset groups

 Alert Manager as the user interface for
screening of model alerts
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Solution #1 - Asset Group Builder FLINT HILLS

re sources?®e

By CSV File

» Help
/*(Run Status)$|((X|Y|Z)-(Velocity|Acceleration))$/ Any Type
PINE_BEND == Pine Bend Root == Equipment == Pumps == 19 Unit == *

Select a Datasource

Search

Run Status (Stored Signal on PINE_BEND == Pine Bend Root == Equipment == Pumps == 19 Unit == 19P14A => 19P14A Bearing2)
Y-Velocity (Stored Signal on PINE_BEND == Pine Bend Root == Equipment == Pumps => 19 Unit == 19P14A == 19P14A Bearing2)
X-Velocity (Stored Signal on PINE_BEND == Pine Bend Root == Equipment == Pumps == 19 Unit »= 19P14A == 19P14A Bearing2)
Z-Velocity (Stored Signal on PINE_BEND == Pine Bend Root == Equipment == Pumps == 19 Unit == 19P14A == 19P14A Bearing2)
Run Status (Stored Signal on PINE_BEND == Pine Bend Root == Equipment == Pumps == 19 Unit »> 19P14A)
Y-Acceleration (Stored Signal on PINE_BEND => Pine Bend Root >> Equipment == Pumps == 19 Unit == 19P14A == 19P14A Bearing2)
Z-Acceleration (Stored Signal on PINE_BEND == Pine Bend Root => Equipment == Pumps == 19 Unit => 19P14A == 19P14A Bearing2)
X-Acceleration (Stored Signal on PINE_BEND == Pine Bend Root >> Equipment == Pumps >> 19 Unit == 19P14A == 19P14A Bearing2)
Z-Acceleration (Stored Signal on PINE_BEND == Pine Bend Root == Equipment == Pumps => 19 Unit >> 19P14B == 19P14B Bearing2)
Run Status (Calculated Scalar on PINE_BEND == Pine Bend Root => Equipment == Pumps => 19 Unit >> 19P14B)
Z-Velocity (Stored Signal on PINE_BEND >> Pine Bend Root == Equipment == Pumps == 19 Unit »= 19P14B == 19P14B Bearing2)
Y-Velocity (Stored Signal on PINE_BEND == Pine Bend Root => Equipment => Pumps => 19 Unit >> 19P14B == 19P14B Bearing2)
Y-Acceleration (Stored Signal on PINE_BEND == Pine Bend Root >> Equipment == Pumps == 19 Unit == 19P14B => 19P14B Bearing2)
eleration (Stored Signal on PINE_BEND >> Pine Bend Root == Equipment >> Pump: 19 Uni 140 0D 4D O -
s o unit => 19P14B == 19P14B Bearing2)

v add selected g or select: | PB_Machinery v @ Load

column: | Path change to: Rande column to add:

Add Row Remove Row

Y | Path Y Asset Y Name Y Descriptiolf | Site Y TechnologY  Unit Y Unit NameY System Y  AssetlD Y | Original Pl Display Ut PlPath Y AFPath Y  Instrumen®{l Type Y UniquelD Y | ID Y
PB_Machi... 19P14AB Run Status  NaN FHR-PB Machinery ~ PB-019-00  01111-#1 19 Unit Ma... 19P14A PB_Machi... STATUS nan 19P14A PINE_BEN... Calculated... 36D541D6... 1621E4B3-
PB_Machi... 19P14BB... Run Status NaN FHR-PB Machinery ~ PB-019-00  01111-#1 19 Unit Ma... 19P14B PB_Machi... STATUS nan 19P14B PINE_BEN... Calculated... 481047F4-... D8ED7827
PB_Machi... 19P15AB... Run Status NaN FHR-PB Machinery ~ PB-019-00  01111-#1 19 Unit Ma... 19P15A PB_Machi STATUS \\father\19 19P15A PINE_BEN... Calculated... 0C34B8E3... D38E66F7
PB_Machi... 19P15BB... Run Status NaN FHR-PB Machinery ~ PB-019-00 01111-#1 19 Unit Ma... 19P15B PB_Machi... STATUS nan 19P15B PINE_BEN... Calculated... A02A027A... F88B9F22-
PB_Machi... 19P16 Bea... Run Status  NaN FHR-PB Machinery ~ PB-019-00 01111-#1 19 Unit Ma... 19P16 PB_Machi... STATUS nan 19P16 PINE_BEN... Calculated... AC01BBF 398BD20C.
PB_Machi... 19P17AB Run Status  NaN FHR-PB Machinery ~ PB-019-00 01111-#1 19 Unit Ma... 19P17A PB_Machi... STATUS \father\19... 19P17A PINE_BEN... Calculated... 39630539-... 3C540C ‘
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Solution #1 - Test Manager FLINT HILLS

re sources?®e

Univariate Test Manage PB_Machinery 4/32 columns shown . & ©

Velocity
Forecast

to Fixed
Limit TrainingDuration ForecastDuration Deadband RunStatusCondition

Y. Y. Y. Y.

19P17B , . ) ) . {Run Status} ~=
Bearing3 ’ ! o ' RUNNING"
19P14A i {Run Status
Bearing2 y ‘ o ' RUNNING'
19P8B 3 . {Run Status} ~=
Bearing2 ) ‘ ot ‘ RUNNING'
19P8A - . {Run Status} ~=
Bearing2 i ‘ T RUNNING'
19P7B . ~ . {Run Status} ~=
Bearing3 i ’ RUNNING"
19P17A , ; . {Run Status} ~=
ring3 ) U ; RUNNING'
19P16 , . ) ) . {Run Status} ~=
Bearing2 ’ ! T ' RUNNING"
19P15B . {Run Status} ~=
Bearing2  Velocity ‘ o ' RUNNING'
19P15A z- v . 000 {Run Status} ~=
Bearing2 Velocity o - RUNNING"
19P14B Z- . {Run Status} ~=
Bearing2  Velocity ‘ ’ RUNNING'

g
g
g
a
a
a
g
g
g
a

Rows per page 1-10 0of 176
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FLINT HILLS

re sources?®e

Solution #1 - Alert Manager

Alert Manager FLINT HILLS

resources®*

Updated: Mar 31, 2023 03:38 AM

New Excursions Repeat Excursions

From: To:

le3/30/2023 e3:00 an 0] 04/14/2023 04:00 AM 0]

e —— T —

onanmne
Y_Velocity_ZScoreLii
Z-VelocityHR_ForecastLimit_FixelLimit_
AfElocity_ZScoreLimit_
Z_Velocity_ZScoreLimit_
Z_Velocity_ZScoreLimit_
Y_Velocity_FHR_ForecastLimit_Fixclll imit_
Z_Velocity_zScoreLimit_
X_Velocity_ZScoreLimit_
Z_Velocity_ZScoreLimit_
X-Velocity_zZScoreLimit_
elocity_FHR_ForecastLimit_Fixed§linit_
coreLimit_

7= ri. Manager

dd to existing

Asset
07GBM780_Outboard_Bearing-RP
11P34B Bearing4
E0310P1018_Inboard_Bearing-RP
07GBM780_Outboard_Bearing-RP
08GA851_Outboard_Bearing-RP
40GA158A_Inboard_Bearing-RP
E23P114B_Outboard_Bearing-RP
E41FM1A_Inboard_Bearing-RP
26GA2621B_Inboard_Bearing-RP
61P96 Bearing4

11P34B Bearing3

11P34 Bearing3

Duration
23:10:36
01:00:12
06:47:07
20:23:43
06:37:50
24:24:59
08:36:57
10:06:56
19:08:26
11:15:15
09:39:03
13:01:58

Start Of First

2023-03-30 04:14:00 AM
2023-03-31 02:31:13 AM
2023-03-30 07:56:52 AM
2023-03-30 07:00:59 AM
2023-03-30 03:57:08 PM
2023-03-30 03:00:00 AM
2023-03-30 06:44:00 PM
2023-03-30 05:14:00 PM
2023-03-30 08:14:00 AM
2023-03-30 06:57:55 AM
2023-03-30 02:59:05 PM
2023-03-30 11:25:11 AM

ao
2023-03-31 03:24:36'M
2023-03-31 03:31:25 AM
2023-03-30 02:44:00 PM
2023-03-31 03:24:43 AM
2023-03-30 10:34:58 PM
2023-03-31 03:24:59 AM
2023-03-31 03:20:57 AM
2023-03-31 03:20:56 AM
2023-03-31 03:22:26 AM
2023-03-30 06:13:10 PM
2023-03-31 12:38:09 AM
2023-03-31 12:27:10 AM

Most Recent Com
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Results #1 - Monitoring at Scale!

Able to quickly deploy and monitor a large
number of models on assets with similar
monitoring strategies

Visualize findings for documentation and
communication

The development of Asset Group Builder
informed the first release of Seeq “Asset Groups”

11
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Challenge #2:
Improved User
Experience
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Challenge #2: Improved User Experience | SJEES0ETIEY

Solution quickly expanded to be used for other
more complex models outside of pump vibration

Large growth in usage led to recognition of
opportunities to improve the Alert Manager
* Slow loading times
* Notes were difficult to access and update O
e Suppression on or off only, no reset criteria
* |nefficient when screening many alerts

Seeq DATA LAB

Initializing Project ...

Partnered our solution superusers together with
Seeq developers to improve the experience
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Improved User Experience

CHALLENGE

SOLUTION

14

5

RESULTS

Improve the speed and capability of the
monitoring solution’s alerting interface

Partner with Seeq to improve through user
learnings, feedback, and usability testing

Easy-to-use interface that is more efficient
and comprehensive for screening alerts!

E FLINT HILLS
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Solution #2: Prototypes & Usability Testing

Groupings

Description
Compressor High
Compressor Low

Unit shutdown

Alert Management

Attribute
Test Name
Parent asset
Formula

Parameters

15

Value
Compressor High
Cooling Tower 1
signal == "High

signal: compres.

(]

Custom 1

Status

Start

Mar 9 0:00

Mar 9 0:00

Mar 9 0:00

Mar 9 0:00

Mar 9 0:00

+ Save Current

FLINT HILLS

re sources?®e

Date Filter = Mar 3, 2022 Mar 23, 2022

Desc, Type, Status.. = X

Count 4 =

5

3

Stop

Mar 9 10:00
Mar 9 10:00
Mar 9 10:00
Mar 9 10:00

Mar 9 10:00

Start End
Mar 9 0:00 Mar 9 16:22
Mar 8 15:33 Mar 9 06:24

Mar 2, 2022

Duration
00:10:00
00:10:00
00:10:00 e o= .

S - b c.C@BREAQIBAWEH

00:10:00
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Solution #2 - Evidence Manager

Brian Johnson's View  ~ @ &

l

X_Acceleration_FHR_ForecastLimit (42GA2B_Inboard_Bearing-Emerson) — Run_Status (42GA2B_Inboard_Bearing-Emerson)

Apply

y @ - Unil i Condition* €@ Filter tat

Technology Condition*

> CC- *multiple values* FHR-PB

> ForecastAPRLab... (10) 26 FHR-PB

v Machinery (858) *multiple values* *multiple values*
> CW-015-TF(164) *multiple values* FHR-CC
> CW-001-01(29) “multiple values* FHR-CC
v CW-042-00(16) *multiple values* FHR-CC
42GA2B_Inboard_Bearing-Emerson FHR-CC
> X_Acceleration_F... (1) 42GA23A_Outboard_Bearing-RP FHR-CC
> X_Velocity_FHR_F... (1) 42GABA_Inboard_Bearing-RP FHR-CC

> X_Velocity_FHR_F... (1) 42GBM12B_Inboard_Bearing-RP FHR-CC

16

QuickTrend ~

FLINT HILLS

res

‘ Brian E

CURRENTLY SELECTED : 1 CONDITION

Capsule ' Condition

Capsule

Wrote case 16537 for operations and the MAT to

inspect pump. possible issues with the level control

on the vessel causing vibrations to increase.

Capsule

Condition

(EONNEQT



Results #2: Greatly Improved interface

Fast!

Enhanced note taking capability

Logic-Based Suppression (time-based

and condition-based)

Model categorization options

Enhanced table functionality and

customization

QuickTrend for more efficient screening

Currently monitoring 38,000+ unique
variables on 4000+ assets!
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Brian Johnson's View

- oOf

3/30/2023 3:00 AM v to 4/13/2023 3:00 AM v Apply

X_Acceleration_FHR_ForecastLimit (42GA2B_Inboard_Bearing-Emerson) =~ — Run_Status (42GA2B_Inboard_Bearing-Emerson)

v CW-042-00(16)

30. Ma: 1. Apr

Condition* @

Condition*

*multiple values*
26Ve1

*multiple values*

3_Inboard_Bearing-Emerson
d_Bearing-RP

ing-RP

Inboard_Bearing-RP

QuickTrend  ~

z

FLINT HILLS

re sources?®e

CURRENTLY SELECTED : 1 CONDITION

Capsule | Condition

Capsule

Wrote case 16 operations and the MAT to
inspect pum) iss ith the level control
on the vessel causing vi increase.

Capsule

Condition

Flag was applied
[soton].

Enter a Label

™ Unflag
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Project Team

Seeq
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Chris Orr

Seth Gilchrist

Ehsan Shahidi

Ryan Dolan

Kayla Looney

Janisa Simmons

Karla Cristina Barraza Lopez

Stefanie Moses
Chris D’Angelo
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Flint Hills Resources
Chris Chrisman
Jason Heier
Brian Johnson
Chad Lane
Lindsey Sheffert
Lee Donelson
Ben Bernal
Nick Walker
James Clark
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Thank you
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