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PPCL Example of Early Abnormal Event Detection
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« Real-time model (sped up here) of an ethylene compressor

Alerts start two hours before a historic surge event
Alerts point to the variables that are key in understanding the event

« Opportunity for operator to avoid or mitigate the process impacts



PPCL Benefits of Early Event Detection

“The method successfully identified a
historical significant furnace event almost
two and one half days before the event
occurred, flagging the exact instrument
that was failing. The application has
identified 3 significant events during its
first 8 months of operation.

“CPM has been actively notifying the
console operator of any abnormal
process conditions to the furnace with an
on stream time of 99.9%.”

2023 © Process Plant Computing Limited www.ppcl.com



PPCL The Geometric Process Control Framework

Real-time Interpretation of Multi- Alarm & Operating Limits Other Process
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Geometric Modeling

Building and Evaluating a Model
of Fault-free Process Operation

2023 © Process Plant Computing Limited - g 7‘ g www.ppcl.com



(== Demo System: Turbine and Generator

Compressor Turbine Gearbox Generator

Combustion
Zone

02
Tfuel mgz
Feed CO
GasT CO?
H20in)1 - - Stator Temps
H20inj2 Vibration Vibration Vibration
Power
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PPCL

DateTime

01/04,/2012 00:00
01/04,/2012 00:05
01/04,/2012 00:10
01/04/2012 00:15
01/04,/2012 00:20
01/04/2012 00:25
01/04,/2012 00:30
01/04/2012 00:35
01/04,/2012 00:40
01/04/2012 00:45
01/04,/2012 00:50
01/04/2012 00:55
01/04,/2012 01:00
01/04/2012 01:05
01/04/2012 01:10
01/04/2012 01:15
01/04,/2012 01:20
01/04/2012 01:25
01/04,/2012 01:30
01/04/2012 01:35
01/04/2012 01:40
01/04/2012 01:45
01/04,/2012 01:50
01/04/2012 01:55
01/04,/2012 02:00
01/04/2012 02:05
01/04/2012 02:10
01/04/2012 02:15
01/04,/2012 02:20
01/04/2012 02:25
01/04,/2012 02:30
01/04/2012 02:35
01/04,/2012 02:40
01/04/2012 02:45
01/04,/2012 02:50
01/04/2012 02:55
01/04,/2012 03:00
01/04/2012 03:05
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Speed

RPM

14567.75
14564.62
14572.71
14580.79
14588.87
14596.95
14605.03
14606.56
14602.43
14607.12
14619.13
14631.15
14621.59
14610.66
14599.72
14592.28
14591.65
14591.01
14590.38
14589.74
14589.11
14588.47
14587.83

14587.2
14586.56
14585.93
14585.29
14586.01
14587.89
14589.76
14591.64
14591.05
14588.38

14585.7
14583.02
14580.34
14577.66
14575.34

TIT

TIT

1053.407
1053.317
1053.226
1053.135
1053.044
1052.908
1052.681
1052.454
1052.227

1052
1052.029
1052.112
1052.195
1052.279
1052.362
1052.445
1052.528
1052.612
1052.695
1052.778
1052.861
1052.945
1052.984
1052.984
1052.984
1052.984
1052.984
1052.984
1052.984
1052.984
1052.984
1052.984
1052.984
1052.984
1052.832
1052.378
1051.984
1052.072

D

TOT

TOT

514.9902
514.9902
514.9902
514.9902
514.9143
514.8329
514.7515
514.6702
514.5887
514.5074

514.426
514.3446
514.2632
514.1819
514.1005
514.0191
514.0896

514.171
514.2524
514.3337
514.4152
514.4965
514.5779
514.6593
514.7407

514.822
514.9034
514.9848
515.1459
515.3127
515.4796
515.6464
515.8132
515.9801
516.1469
516.3137
516.4806
516.6474

E

SunT

24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312
24.00312

E

Tin

14.69922
14.98047
15.03281
15.40078
15.45078
15.15279
15.00882
15.06641
14.74922
14.86172
14.71172
14.74922
14.66048
14.5332
14.38333
14.375
14.2125
14.19763
14.12648
14.05533
14.11699
14.11699
14.03399
14.1668
14.07383
13.96912
13.91911
13.86911
13.81911
13.76911
13.71911
13.69773
13.60611
13.51445
13.66719
13.49335
13.33606
13.39922

G

Tfuel

66.83145

68.0735
66.95279
66.47232
67.36462
67.57135
66.53442
66.51011

68.0677
66.83126
65.59129
67.27635
67.51975
65.01845
65.59766

67.9761

66.2356

65.0083
66.63404
67.80235
66.00052
65.63086
67.54256
67.36462
65.43208
66.34657
68.17828
66.71372
65.53236
67.28382
67.67263
66.16432
66.48813
68.10117
67.61238
65.94143
67.02612
68.06797

The Beginning: Process Data

H

Tcomp

o o 0o 0 0 00 0000 0000000000 0000000000000 0000

1

TgDE

71.30195
71.30195
7112763
71.00312
71.00312
71.00312
71.00312
71.00312
71.00312
71.00312
71.00312
71.00312
71.00312
71.00312
71.00312
70.96583
70.92107
70.87633
70.83157
70.79145
70.76655
70.74165
70.71674
70.69184
70.66694
70.64204
70.61713
70.59223
70.56733
70.54243
70.51752
70.45844
70.45844
70.45844
70.45844
70.45844
70.45844
70.45844

J

TENDE

55.91924
55.84933
55.80273
55.80273
55.80273
55.80273
55.80273
55.80273
55.80273
55.80273
55.80273
55.80273
55.80273
55.77645
55.69759
55.61873
55.53988
55.46102
55.38216

55.3033
55.27358
55.24736
55.22115
55.19494
55.16872
55.14251

55.1163
55.09008
55.06387
55.03766
55.01145
54.99921
54.99921
54.99921
54.98538
54.94387
54.90237
54.86087

K

TsRed

84.08183
83.95514
83.82407
83.69301
83.56194
83.50078
83.52845
83.73597
83.94349
83.95428
83.89355
83.83281
83.77207
83.71133

83.6500
83.58986
83.52912
83.50078
83.50078
83.33476

83.1883

82.8535
82.81364
82.97364
82.75545
82.78654
83.05438
83.32222
83.37627
83.18298

83.1474
83.11182
83.07626
83.04068

83.0051
83.00273
82.86845
83.03732

L

TsYel

89.81506

90.1355
89.69279
89.39765
89.39765
89.39765
89.47591
89.58264
89.68936
89.69648
89.69648
89.69648
89.69648
89.69648
89.69648
89.69648
89.69648
89.69648
89.29804
89.09882
89.09882

89.0751
88.89723
88.71936
88.63466

88.7363
88.83794
88.93958
89.04123
89.08084
89.03934
88.99783
88.95633
88.91433

88.8996

88.8996

88.8996
88.92381

M

TsBlu

87.1
86.95206
86.80413

86.6562
86.30437
86.34172
86.37907
86.41643
86.45378
86.49113
86.52849
86.56584
86.55215
86.56958
86.49437
86.42017
86.34546
86.27769
86.21901
86.16032
86.10164
86.04235
85.98427
85.92558

85.8669
85.80821
85.87625
85.96964
86.06302
86.06769

86.021

85.9743
85.92761
85.88092
85.83423
85.79843
85.79843

85.8018

N

TairX

42.44119
42.40195
42.40195
42.40195
42.40195
42.40195
42.40195
42.36282
42.30946

42.2561
42.20273
42.14937
42.09037
41.99471
41.89906

41.8034
41.70774
41.61208
41.51643
41.42077
41.32512
41.28528
41.26575
41.24622
41.22669
41.20716
41.18763
41.16809
41.14856
41.12903

41.1095
41.10033
41.10033
41.10033
41.10033
41.10033
41.10033
41.10033

o]

Viurb

15.00244
14.93341
14.16829
14.16829
14.66878
14.55756

14.78
14.89122
14.13493
14.33512
14.33512
14.89122
14.83561
14.58537
14.89122
14.33512
14.83561
14.33512
14.11268
14.58537
14.33512
14.66878
14.33512
14.16829
14.16829
14.66878
14.16829
14.81708
14.26098
14.66878

14.78
14.33512
14.33512
14.54366
14.66878
14.70586
14.14576
14.62112

p

VgDE

16.99829
15.93099
16.16414
16.16414
16.66463
16.46444
16.18798
16.08073
16.00138
17.41537
16.58122
17.14935
17.60434
16.66463
16.80512
16.54171
16.27829
16.01438
16.83146
16.83146
16.21975
16.61697
16.66463
16.55341
16.08073
16.16414
17.25024
16.46444
17.33195
16.83146
16.33097
16.83146
16.72024
16.66463
16.33097
16.66463
16.88707
16.83146

Q

30.99976
31.06879
31.11098
32.66805
31.66707
31.04146
31.41683
31.66707

32.4178
31.66707
31.66707
32.51976
32.33439
32.66805
32.33439
32.91829
32.91829

32.4178
32.33439
32.16756
32.33439
32.73478
32.83438
32.55683
31.66707
32.35293
32.90903
32.83438

31.8339
32.83438
31.63927
32.91829
32.16756
32.16756
32.72366
32.16756
31.16659
32.22317

R

KW

4700.125
4689.19
4679.393
4688.349
4674.223
4681.9
4689.19
4683.863
4699.284
4691.713
4697.321
4698.443
46590.873
4700.941
4708.289
4718.333
4703.44
4712.277
4710.482
4712.866
4704.207
4718.333
4707.636
4705.84
4706.607
4710.258
4718.333
4713.046
4719.174
4718.333
4714.548
4721.342
4723.38
4736.591
4733.276
4726.745
4731.742
4731.742

5

Kwrea

2159
2170.278
2158.75
2151.25
2152.083
2199.444
2166.167
2187.333
2151.417
2188.667
2189.542
2170.167
2150.5
2183
2150.222
2193.278
2184.111
2178.5
2180
2162.667
2187
2170.381
2173.417
2159.667
2147.19
2178.619
2186.083
2184.833
2173.333
2181.8
2192.667
2208
2189.741
2183.63
2177.519
2171.407
2177.5
2157.444

T

v

11334.4
11404.14
11413.88
11423.62
11433.35
11399.15

11366.6

11366.6

11366.6

11366.6

11366.6
11367.96
11369.82
11371.67
11373.53
11375.38
11377.24
11379.09
11380.95
11382.81
11384.66
11386.52
11388.37

11397.7
11409.74
11315.98
11320.55
11325.13

11323.7
11334.28
11338.85
11343.42

11348
11352.57
11357.15
11361.72

11366.3
11352.29

u

261
259
259
258.9722
258.1389
260.8333
261.3667
262.5833
262.8889
262.4445
261.2143
260.7222
262.3889
263
263
261.3333
262.6042
262
262
262
262
262
262
261.1667
260.1667
264.8333
263
263
263
263
263
263
263
263
263
263.0833
263.0833
264.7778

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

W

KWSP

5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883
5589.883

X

Vebox

2.399902
2.221951
2.293132
2.394341
2.372097

2.40808
2.4178%4
2427707
2437521
2447334
2457148
2.466961
2476775
2.486588
2.456402
2.414361
2447727
2.481093
2.458293

2.44161
2.437818
2.483317
2.430885
2.483317
2.452037
2.408244
2419619
2465117
2.416585
2.483317
2.400737
2.425761
2.450785

2.47581
2.483317
2.455434
2.392604
2.361323
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Y

Sunwheel Combust s Gas Fuel TComp Gas Gen DE br Gen NDE k Red stator Yellow stz Blue stato Gen exit a Turbine vi Gen DE vil Gen NDE\ Turbine pi1 Gen reacti Gen voltaj Gen curre Temp ssei Power set Gearbox v Exhaus
EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYFS5. EUWYF

VgNDE 02

19.95&
20.041
20.092
19.885
15.91¢
20.09%
19.95&
15.975
15.986
20.00&
15.791
159.966
19.77%
19.95&
19.833
15.975
19.895
15.975
19.95&
15.902
19.888
15.854
19.95&
20.058
15.934
20.113
19.833

20.06
19.95&
19.888
20.09%
19.861
20.041
15.91¢
15.986
15.944
20.041



Visualizing High Dimensional Data

« CVE - C\Users\alan.mahoney\Documents\cve-tests\Gas Turbinelmodelbuilding 20170118.ves.csv

File Edit Graph |Scale | Edges Query Variables Screen Help

2013 55 7 0 146444  533.426  35.7667 755084  92.5564  96.6142 _ 19.3339  36.3322 2437 279 20.6389  160.723  246.714 _ 3156.91 __ 17.0955
6 16.4583 1061.24  348.465  71.5908  70.287  99.6729 55298  37.6658 486494 115365  12.1671 277031  268.608  10.2961  30.7737

- T—-- T T TT"TTT_ | T T 7

i £ £ £ L L L L L L £ £ £ £ £ £ L L L L L £ £ £ £
4 1 0 -17.9346  -186.368 -19.9764 -19.9794 -19.9713 -19.9802 -31.5605 0 -3.19901 0 1.12852 0.0335937 6.60862
821 2011 1 ] 1 -16.4583 0 -249.843  -19.9793 -19.9705  -19.9733  -19.9722  -31.9901 -31.533 0.0286162 0 ] 432.988 -6.25
DateTime DateTime_day DateTime_weekday RPM Tin TsRed Viurb oz co H20Inj2
DateTime_Elapsed DateTime_hour n TIT THuel Ts¥el VgDE H20 coz2
DateTime_vyear DateTime_minute IC1 TOT TgDE TsBlu YgNDE NO Feed
DateTime_month DateTime_second mode SunT TgNDE TairxX KW Vgbox GasT

Total size: 1 Undisplayed edges: No Impossible query: No Focus level: 3

Query q o A
— —————  Number of Variables: 41 Visible + 5 Hidden
Pointer setting:|Select ~ Comhiner:|And v| Permutation Name:  AutoPerm?

Graph with one point in time showing the entire process

2023 © Process Plant Computing Limited www.ppcl.com




Two Months of Operation in One Graph

14644.14 533.428 35.7667 75.5984 92.655064 96.6142 19.3333 36.3322 2437
1061.24 346.465 71.5908 70.287 99.6729 55.298 37.66508 4664.94

20.6389

279
11536.5 12.1671 27.7031

1} 4 1} -1 1} 0 -17.9348 -188.368 -19.9764 -19.9794 -19.9713 -19.9802 -31.5605 1} 1}
821 2011 1 0 1 -16.4583 0 -249.843 -19.9793 -19.9705 -19.9733 -19.9722 -31.9901 -31.533 0.0236162 0

DateTime DateTime_month DateTime_minute 11 RPM SunT Vturb H20
DateTime_Elapsed DateTime_day DateTime_second IC1 TIT Tin VgDE Vgbox NO
DateTime_year DateTime_hour DateTime_weekdaymode TOT i v 02
Total size: 17482 Impossible query: No
Query

Number of Yariables: 41 Visible + 5 Hidden
Pointer setting:|Select | Combiner: |And "| | Permutation Name:  Not saved

-3.19901

Undisplayed edges: No Focus level: 2

 Lots of patterns conveying process information
« Multiple modes of operation
» Process excursions

2023 © Process Plant Computing Limited

160.723

248.714 31568.91 17.0955
268.608 10.2961 307737

1.12852 0.0335937 6.60862
1] 132.988

-6.25

GasT
H20Inj2

www.ppcl.com




Single Event Investigation

CVE - C:\Users\alan.mahoney\Documents\cve-tests\Gas Turbine\modelbuilding 20170118.ves.csw

Variables

Quen

883 2013 3 55 7 0 14644.4  533.428 357667  75.5984 925564  96.6142  19.3339  36.3322 2437 279 20.6389 _ 160.723  248.714  3158.91 _ 17.0955
T 62 6 23 1 164583 1 1061.24  '348.465  71.5908  70.287  99.6729 55298  37.6658  4864.94 115365 12,1671  27.7031  268.608  10.2961  30.7737

." ;I / I
\ ‘I b

i

1
Jp i
ot
1]

File Edit Graph Scale Edges Screen  Help

1

{8 DateTime and KW - Scatter plot - 2d2

3

P —

0 4 - 0 17.9348  -188.368 19.9764 -19.9794 19.9713 19.9802 31.5605 0 P T 4864.94
821 2011 1 0 1 -16.4563 1} -249.843 -19.9793  -19.9705  -19.9733  -19.9722  -31.9901 -31.533 0 ‘KW v|
DateTime DateTime_day DateTime_weekday RPM Tin TsRed Vturbh Kwrea —_— | |
DateTime_Elapsed DateTime_hour n TIT Tfuel TsYel YgDE ¥ % Variable |
DateTime_year DateTime_minute Ic1 TOT —_—
DateTime_month DateTime_second mode ‘DNET"“E '|
Total size: 17482 Undisplayed edges: Yes  Impossible query: No Focus levg =
Que — S — =< Query Control List Box 7| Point Plot
L} q . o
= = — = Number of Variables: 41 Visible +5 7 Line Plot
'ointer setting:|Select ~| Combiner: |An - q . = = = 821 883
9 Per Name:  Not saved | Add/Delete Manage Query Applications Import/Export Time Trend | [) 4 |

Color  Qutline Size Percent  Visible Name

1 0% one_event
10020 L% full_lew

« ldentify behaviour leading to one event
« Combustion conditions - NO, NO2, water injection differ from normal operation
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Envelope of Normal Operation

14644.4 b33.428 35.7667 755984 92.5b64 96.6142 19.3333 36.3322 2437 279 20.6389 160.723 248.714 J156.91 17.0955
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s ol e i
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& . M f]
.- ] Rl _
!
Y Variable T -
L oo , 4864.94, F
KW - ] T
. X Variable
y
! DateTime ~
Az
4 e A ¥ Point Plot
0 4 1} -1 [1] 0 -17.9348 -188.368 -19.9764 -19.9794 -19.9713 -19.9802 -31.5605 i} .
821 2011 1 0 1 -16.4583 E - - - - - - ¥ Line Plot g4y 883
DateTime DateTime_month DateTime_minute 11 . : [~ Time Trend
DateTime_Elapsed DateTime_day DateTime_second IC1 Colar Size Percent Visible Name (" Show One Q
DateTime_year DateTime_hour DateTime_weekdaymod
8650 49% ¥ full_kw_minus_precursor_recovery |
10020 57% [ full_few I
bh7 1% | precursor 1
[ 722 9298 ¥ recovery N !

Remove “precursor” behaviour (yellow): leading to any event
Remove “recovery” behaviour (blue): transients after startup
Remove unusual transients: cluster tool

Remaining (orange) is a normal operating envelope
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Single-Variable Limit Operating Window

File Edit Graph ©5cale Edges Query Variables Screen  Help

2013 31 55 7 0 146444  533.4
6 23 ~ 16.4583 i

28 357667 755984  92.5564  96.6142 _ 19.3339  36.3322 2437 279 206389 _ 160.723  248.714 _ 3158.91 __ 17.0955
348.465 715533 < A.2 <B9.6R%F 75298 37.6658 < 864.94 533 121671  27.7031  268.608 <A.254  30.7

T -
£ _ -

/ T i

_’ - o

17.9348  -188.368 -19.9764 -19.9794 -19.9713 -19.9802 -31.5605 O 319901 11282 0.0335937 6.60862
0

4 0 0
821 2011 1 -16.4583 0 -249.843  -19.9793 -19.970%  -19.9733  -19.9722 -31.99M -31.533 0.0286162 0 432.988 -6.25
DateTime DateTime_day DateTime_weekday RPM Tin TsRed Viturb 0z H20Inj2
DateTime_Elapsed DateTime_hour n TIT Tfuel Tsel VgDE H20
DateTime_year DateTime_minute 1C1 TOT TgDE TsBlu VgNDE NO
DateTime_month DateTime_second mode SunT TgNDE TairX KW VYgbox

* Individual variable limits pick up most disruputions only
minutes away from trip




PPCL Could an Operating Envelope Do Better?

 |f power Feed and GasT are imbalanced, yellow at bottom left/top right, could indicate
precursor to a trip!

 Can't capture this with limits on single variables.
5
Variable ST .. [ 27.1825
» Wariable
Feed

Point Plot
[ILine Plot

2610.71 . o 3158.91

- 7.67015
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Real-Time Geometric Models
for

Early Warning
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== 2-D Schematic of Operating Envelope

Constraints
Q>f(PV1,PV2,PV3,..)

What happens when PV3, PV4, ..
change?

Good Operating Envelope

Process
variable

PV1

~ s

= [ Nearly redundant Inactive }

constraint constraints

Process variable PV2



== 2-D Schematic of Operating Envelope

Constraints
Q>f(PV1,PV2,PV3,..)

What happens when PV3, PV4, ...
change?

Good Operating Envelope

Process
variable

PV1

~

=

Still a inactive
constrait but less
SO

Was nearly an inactive constraint
but now important

Process variable PV2



PPCL Intersections Progress with Time

Time

Process
variable

PV1

Process variable PV2



Operating Limits - Operating Windows - Operating Envelopes
PPCL

PV1 F

Process
variable

PV1

li Operating Lingit

Envelope/
Window
Mismatch

Operating
Envelope

PV2 Lo
Operating
Limit

PV2 Hi Operating Limit

PV1 Lo Operating Limit .
g J Operating

Window

Process variable PV2



PPCL CPM: Dynamic Ranges from Operating Envelope

Current
Process PV1 Value
variable
PV1
Available
PV2 Range
} \

Process variable PV2



Process
variable

PV1

CPM: Dynamic Ranges from Operating Envelope

Current
PV1 Value

Available
PV2 Range

:

Process variable PV2
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PPCL

CPM Operator Display

1.5E+04 FI8TF E70.Y a1 5843 436.0 B0.88 7390 521.8 Rz 1236 180.9 1532 200.4 2237 2732 3408 3A0.5 3480 3414
*»
. Stationary Operating L
This operator can Limits for single
see he is at the variable Alarms
lowest possible
values even
though he is well
inside operating
limits
Dynamic Alert
Limits for multi-
variable violations
1.2E+04 E21.5 B9z BES.4 4965 346.9 324 4750 4199 4937 98,90 1288 1299 1749 2020 256.4 330 3349 A 324.4
Kemn Feed KinF. OwhF LinF BotF KT K.Stm L5tm StmEF RifxinT FifsaT FinT FouT LinT LouT HouT FdT FdTr BotT
.
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57667 755004 925564 G612 193333 363322 2437 0723 240714 3150.3]  17.0955
62 23 1 71.5908  70.287 40728 55.298 I7.6658  ABEAS4 115363 JEB606 102061 307737

1. Using Visual Explorer, decide with hindsight | " /8 ‘
where the plant should have operated by | o\ SR
applying objectives (e.g. normal operation) as
a query.

Ly

19,8764 794 188713 18 a1 ERELT (Kt ! 7 B
LT 9 5971 9.900; SO0, [ L T 2087 DI RSNEE
W 1 HzZO €o GasT

Vgbox NO co2 HOIj2

Tin
22.3 3.7 795 3.63942 150104  49.0074  64.5352  37588.5 37589 162.387 __ 53.3038_ 573042 Sibiates o et fofled T

52.5 222 75 4.69948 39.619 79.0467 73.6017 9366824 6.55073 44.7349 239266 22.3563

M/ 2. ‘Focus’ on the selected points, remove
m unwanted variables and save the points.
These represent best past experience to be

81.7 22 58.2 0.000173569 _ 19.8623 10.2601 55.2162 0.111122  0.00157929 27.6628 90336.5  "0.16738!
21.4 2.9 789 0.118172 110.386 23.1673 32.1652 37588.4 37588.9 143.454 34.8187 98611.5
TFlx Twat Powr CFDDo LenDo hEkDo WidlDo tAOBu +0Bu LenBu hFkBu VOLBu a r e e i n e u u re
QFlr Quat Wdou EES1Do hifeaDo CtopDo Wid2Do CFDEu EES1Eu hMeaBu VOLDo Ctor t g t d th f t
.

|Tula| size: 130 Undisplayed edges: No Imp ible query: No Focus level: 4 ‘

Query _ T 1 T T ) 1T 1 11771 i N .
Creation Mode o y | = ‘ soss| oz saeee| sasad| seses| sase) reswr] sased sesw| dses e veems zvaso) zssess| zozee| znrey venval ameer| smun rozsel  aes| sssed temor| azeaoo] zeaoo
Painter setting:|geject j Color Size Percent Visible Name | .

«~ i al I\
Combiner: m Show one j 1] 0% ‘QIThe Best Operating_Zone 1 /

3. Open the file in Process Modeller. In real time, N ]
the current operation and envelope limits are
shown to the operator
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PPCL

Operators view - Gas Turbine/Generator Condition Monitoring

14844 1057| 527.70| €7.973| 29.248| 69.257| 75.598| 70.287| 92.556| 98.524| 95999 55298 14.947| 20.854| 34.915 4865 2381 11523| 279.00| 2.99988| 20.292| 27.703| 16€0.72| 2€8.61| 222.32| 10.296 3159 29.861| 16.707| -0.25000 26.000
F— !
/ 1 \
/\/J /
L
L L ; .
(~— .
|
[ \. ¢ .
.
) '\
L
/ |
/ \ \ \
/ e
/ .
//
L
\ s
L
/
14494/ 1049 514,99 24003 9.088| 58414 70299 53.299) 79.885 86801 83999 37.516/ 10.000| 11.019] 23.081 4232 1705 10878| 238.00| 1.90837| 14.858 0.000 0.00 1.13) 0.00 0.228 1398 7870 14.158| -9.28819 0.000
RPM| TIT} TOoT| SunT| Tin| Thusl TgDE| TgNDE TsRed TsYal TsBlu TaieX! Viurd VQDE| VQNDE! L Kwrea v I Vgbox| oz H20 NO NOZ| €0 co2 Feed| GasT| H20Inj2| = [ |
UpLim || UpLim || UpLim UpLim | UpLim || UpLim || UpLim || UpLim || UpLim || upLim |[ UpLim | UpLim [ UpLim [ UpLim || UpLim H UpLim l UpLim H UpLim | UpLim || UpLim || UpLim || UpLim || UpLim || UpLim || UpLim || UpLim (| UpLim || UpLim || UpLim || UpLim
14627 || 1086 || 522.64 20.155 || e7.88¢ || 73.760 || e3.025 || 89.480 || 95.718 || 93079 || 4s.078 || 12578 || 18810 || 21.325 | 4879 11440 || 26485 || 2.80500|| 18.799 || 21.99e || 49.18 [| 51.20 3518 23.957 || 18.588 ||-0.25350| 20.489
Actual Actual || Actual Actual Actual || Actual Actusl || Actusl || Actual Actusl || Actual \' Actusl! ‘ Actual H Actusl ‘ Actusl H Actual || Actual “ Actual | Actual [ Actual || Actusl || Actual Actual Actual || Actual Actusl || Actual Actusl || Actusl
14578 1053 520.95 (|| 63.316 || 19.155 || ©4.627 || 71.800 || 62.902 || 88.999 || 95.190 || 92.575 || 47.857 || 12.487 || 16.331 || 29.943 4852 2231 11332 || 261.38 ||2-76893|| 16.333 || 4.881 16.62 38.46 102.44 2658 1536 17.554 || 16.383 |-0.24853(| 14.000
LoLim LoLim || LoLim LoLim || LoLim LoLim || LoLim LoLim || LoLim || LoLim LoLim | LoLim LoLim || LoLim H LoLim ‘ LoLim H LoLim || LoLim H LoLim | LoLim || LoLim || LoLim || LoLim LoLim || LoLim LoLim || LoLim LoLim || LoLim LoLim || LoLim
14520 1050 518.95 || €0.078 || 17.676 || 61.321 || 71.773 || 57.797 || 88.373 || 94.282 || 91.800 ‘ 46.223 |l 11.098 || 14019 |§ 25.034 1998 11079 ||| 249.93 2745301 14937 0784 11.01 2028 11.89 1.071 1480 15.601 || 15.158 |(-5.99472(] 12.013
| | | |
1T ] Recording..
657
Start 220 Current 221 End 252

« Operators’ display compressed: six hours in 10 seconds

« Warning 5 hours before upcoming event; individual variables give only 5-10 minutes
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Early Event Warning:
Multi-Stage Compressor

Warning of impending surge event
in an ethylene refrigeration compressor

www.ppcl.com



PPCL Ethylene Process

Operation near surge offers best efficiency

Process and external disturbances have potential to push compressor toward surge

JT valves near compressor protect from surge but process can take hours to recover following
activation

Operators manage process demand and false load to balance these

Cryogenic
Reaction Fractionation
Propylene

Ethyl
Gas mixture ————> Etthylene
L L L7 —> Ethane, etc.

Refrigerant
loop

-

Compressor
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PPCL Compressor surge

« Ethylene refrigeration system

« Long settling time because of
interaction with the process

« Avoid conditions where surge is likely

6 Stage Compressor

A 0 False Loads

A A A

www.ppcl.com
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== Building the Geometric Model

« Create an envelope from past operation far from fault conditions (yellow)

 Avoid entering the fault condition black space

« Violations of the envelope in real-time increase in the turquoise space when approaching the
fault condition

« Operations model, need warning times of many minutes so operator can act
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PPCL Model Criteria

Action of anti-surge valves is the onset of event

« Precursor period extends twelve hours before event

Scatter plot of Delta_EventNo and P1 - Cvedd2 E=EEa X
S

“ Variable T q
371.85
P1 - ;
—— \__ A o
X Variable e UL e Aty e
- ES

Delta Evenfig

x

[ Line Plot )

3
. ™ I
[4.04515 B 2.24513
|
Scatter plot of BaseDate and Delta_EventMo - Cve_ E=RECIR
Y Variable T
2.24513
Delta Ewven v
e TN LD LICEERE
BaseDate - | -L 733.6433
[116.646 895.402,
[~ Line Plot 108732 63% = model_12_hours_before_surge
| 17304 10% = questionable_12_0_before_surge
~4.04815
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== Model and Test Data

« Model lies within precursor data

- Single variable excursions provide little warning time

File Edit Graph Scale Edges Query Variables Screen  Help

Y45, 43172.6002 97.5323 53.6598 b7.6566 77.0841 79.4325 2 102.9 h o 183.863 106.951 37

§ /

3.0396 "0.125251 0.198143_ "0.267494 "5 10 "10 “37.9817 1.74567 7 0

~22.8273 "0.640025 2.9 "2.57395 5 “10 ~46.4552 ~46.7483
£l 11d) 3
P4 P5 P8 c1 P11 P14
P3 PG P9 c2 P12 =
3 Pa p7 P10 c3 P13 108732 63% ' model_12_hours_before_surge
17304 10% -y questionable_12_0_before_surge
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Early Surge Warning
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4
R
i
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| | |
[ I ] Recording.
17304

lll [RowD | [1x  ~] i' Start l-:.9000 Current 9001 | End 9373  |Hour
« Operator alerts begin two hours before event
 Alerts point to the variables that are key in understanding the event

« Opportunity for operator to avoid or mitigate the process impacts

www.ppcl.com
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PPCL Compressor Event Performance

Model run on 30 historic events

40% of surge events seen at least 15 minutes in advance

80% of surge events seen over 5 minutes in advance

Extra time for operators to understand situation and make corrections
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Fault Detection

Ethylene Cracker Case Study

o

L g
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(== Ethylene Cracker Digital Twin

« 2 days 12 hours before event: Normal Operation

HJ RS \WFClients\bellmi$iMy Documents\AIChE\2015 Conference Paper\Hl()9_0nImE\MudEID\HlOQD_AIChE.cs_ = | B S
File Plot ShowRanges Log View Onlinelnterface Settings About
9291 99,90 5,39 1065 306.9 2783 5973 49,78 57.05 1069
-
*
» -
*
» *
L ]
L !
*
o
8713 7481 1057 7456 2566 186 6 2918 1368 4243 5 670
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| g1 525 : : 104 2 730A ORA 1R B9 4 24779 R AR £ FRA

| al im nl im | alim Inl im | ol im I al im Il im I alim Il im I nlim

AR RS> ol o R4 1A 24137 4480 N 23TAT R1122 AN 7R

Reproduced courtesy of the author from “A Novel Approach to the Event Prediction and
Mitigation Problem in an ethylene plant”, Bell, M., Paper 098D, Proceedings of the AIChE Spring
Conference 2015
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(== Ethylene Cracker Digital Twin

« 2 days 11 hours before event: first deviation detected

BJ RS \WFClients\bellmi$iMy Documents\AIChE\2015 Conference Paper\H109_onlinetModelDYH109D_AIChE.csv S | B [
File Plot ShowRanges Log View Onlinelnterface Settings About
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Reproduced courtesy of the author from “A Novel Approach to the Event Prediction and
Mitigation Problem in an ethylene plant”, Bell, M., Paper 098D, Proceedings of the AIChE Spring
Conference 2015
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(== Ethylene Cracker Digital Twin

» 1 day before event: large deviation

BJ RS \WFClients\bellmi$iMy Documents\AIChE\2015 Conference Paper\H109_onlinetModelDYH109D_AIChE.csv - S | B [
File Plot ShowRanges Log View Onlinelnterface Settings About
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Reproduced courtesy of the author from “A Novel Approach to the Event Prediction and
Mitigation Problem in an ethylene plant”, Bell, M., Paper 098D, Proceedings of the AIChE Spring
Conference 2015

2023 © Process Plant Computing Limited www.ppcl.com



(== Ethylene Cracker Digital Twin

« 2 minutes before event: large deviations on three tags

BJ RS \WFClients\bellmi$iMy Documents\AIChE\2015 Conference Paper\H109_onlinetModelDYH109D_AIChE.csv S | B [
File Plot ShowRanges Log View Onlinelnterface Settings About
L
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Reproduced courtesy of the author from “A Novel Approach to the Event Prediction and
Mitigation Problem in an ethylene plant”, Bell, M., Paper 098D, Proceedings of the AIChE Spring

Conference 2015
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(== Ethylene Cracker Digital Twin

« During event: multiple alerts as operator brings furnace down

BJ RS \WFClients\bellmi$iMy Documents\AIChE\2015 Conference Paper\H109_onlinetModelDYH109D_AIChE.csv S | B [
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Reproduced courtesy of the author from “A Novel Approach to the Event Prediction and
Mitigation Problem in an ethylene plant”, Bell, M., Paper 098D, Proceedings of the AIChE Spring
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PPCL Benefits of Early Event Detection

“The method successfully identified a
historical significant furnace event almost
two and one half days before the event
occurred, flagging the exact instrument
that was failing. The application has
identified 3 significant events during its
first 8 months of operation.

“CPM has been actively notifying the
console operator of any abnormal
process conditions to the furnace with an
on stream time of 99.9%.”
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== Benefits of Geometric Process Control Models

« Affordable

» No specialist math skills needed,;
« Models built & maintained by unit engineers in hours/days

« Extends condition monitoring to smaller equipment
 Trip of a pump causes process disturbance that can take hours of costly settling out
« Data to build models already present in historian

 Early indication of developing faults gives operators time to think and act
 Better performance than PCA and PLS models
» Indication of key variables in developing situation
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PPCL The Geometric Process Control Framework
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THANK YOU FOR YOUR TIME TODAY

Email: Alan_Mahoney@ppcl.com
Tel: +44 1753 893090
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