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Science-Based Alarm Rationalization
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What We Do at PPCL
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Why have Operator Alarms - a LOPA view

« Alarms are requests from level 2 for the

9. Community

Emergency Response operator to intervene
8. Plant Emergency

Response » Levels 2 and 3 attempt to COITECt a

problem that began in Level 1

6. Physical "

Containment (Bunds) - Levels 4 and above attempt to Mitigate the
i consequences of not correcting the problem
sty » Cost penalty for failure rises very steeply with
" 3mA|m : - each level
o et * Level 3 is the highest level with human
e intelligence available - and has the highest

1. Process P FO D




Why have Alarms?

« Alarm Limit values are the single
biggest factor determining alarm
system performance

« Put your alarm limits at the ’ o
boundary of where you normally A shtdoun

\ System
operate NOR el

Oyeration

Bursting
Discs

Properly positioned Operator Alarms
iIncrease safety, efficiency and A S

. : : : W%
throughput while reducing operating Inrervem,en Ao
costs $ Expensive ¥




Current Alarm Reality

* Alarms in the orange zone
cause delay and require
bigger corrections

« Alarm limits in the green
space are false alarms

requesting operator action
when none Is heeded. | No ez
G - ” V- Ooeration
* Are "always-silent” alarms
monitored?

¢
° Interyention AVO®
Expensive




Effect of Bad-Actor Reviews

* Traditional rationalization and
bad-actor reviews drive limits
outwards

» Resulting alarm performance
not known until weeks later

O)yaration

Rationalization projects are repeated
every 5 -/ years

4"

o e
Intervention ANOY
Expensive



PPCL

Geometric Process Control:
|dentifying the Boundary of Normal Operation
Positioning Alarm Limits on the Boundary

Predicting Alarm Performance



2-D Schematic of Operating Envelope

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

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

Good Operating Envelope

Process ‘
variable

,
‘,éﬂ
—

= Nearly redundant Redundant quality
quality parameter parameters

Process variable PV2



Process
variable

PV1

2-D Schematic of Operating Envelope

y

Good Operating Envelope

Was nearly a redundant quality
parameter but now important

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

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

Still a redundant
quality parameter
but less so

Process variable PV2



Problem - you cannot see more than three process variables
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Operating Limits - Operating Windows - Operating Envelopes

PV1 Equipment Hi Operating Limit

N
Envelope/

Window
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HDS Schematic
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Where does it start?

Process History Data import (csv, Excel, PI, PHD) .....

IZH TAMU ves. csy = = 3
W X ¥ z AR AB AC AD AE AF AG AH Al Al AK AL AM AN ‘T
1 M3/HR KNM3/HR M3/HR M3/HR M3/HR M3/HR L/HR NM3/HR M3/HR  KNM3/HR TONNE/HIM3/HR  KNM3/HR KNM3/HR KNM3/HR M3/HR  DEGC KNM3/(5|
2 |GAS OIL FIH2 M/U G/ PUMP 030 REBLR FUF REBLR FUF LCCO PUN HDS LUBRI 0300 Exch: Raw HCN SCRUBBEFR LP SEPRTRSTRIPPER FUEL GAS FUEL GAS FUEL GAS LCCO PUN REACTR 2 RECYCL
3 |NO3FC379 NO3FC380 NO3FC506 NO3FC516 NO3FCS517 NO3FC540 MO3FC552 NO3FC565 NO3FCS82 NO3FI095 NO3FI098_ NO3FI122_ NO3FI1533 MO3FI162_ NO3FI164 NO3FI540 NO3FI95_F MO3FRO
4 | 194365 3.39589  6.2016 0 -4.38871 37.7543 0.068464 2841.42 0.00807 -6.81E-06 0.246832 172.348 3.59E-06 1.12695 0.890049 37.8094 506.497 28.57
5 | 2.05572 3.56238 6.05197 0 -4.38871 37.5725 0.068464 2844.35 0.00134 -6.81F-06 0.249863 179.596 3.59E-06 1.12304 0.890181 37.4313 506.002 28.68
6 2.5549  3.64624 6.15486 0 -4.38871 36.4718 0.068464 2842.36 0.00807 -6.81E-06 0.249955 175.057 3.59E-06 1.11545 0.878297 36.5844 505.892 28.68
7 | 2.05572 3.67029 6.21854 0 -4.38871 36.5357 0.068464 2844.22 0.00807 -6.81E-06 0.251828 179.174 3.59E-06 1.11669 0.868948 36.7217 506.356 28.76
8 | 244284 3.7123 6.06865 0 -4.38871 36.4884 0.068464 2840.14 0.00807 -6.81E-06 0.25245 177.366 3.59E-06  1.1079 0.867556  36.634 506.171 28.57
9 | 2.66696 3.67363 6.00893 0 -4.3887 A " = D £ " G
10 34412 3.61907 6.02294 0 -4.3887 4 DateTime Bulk Density (kg/L} = Coating Agent (%w/w)  Friability (%w/w)  Moisture (%w/w) Qil Absorption (%w/w)  Product Less Imm (%w/w)
11 2.44284  3.6598 5.96589 0 -4.3887 2 01/07/2005 00:00 0.773 0.08 1.05 0.119999997 7.2 0.119999997
12 | 294202 3.65797 6.07973 0 -4.3887 3 01/07/2005 06:00 0.79 0.08 1.84 0.140000001 6 0.439999998
13 34417 3.64307 6.08674 0 -a3ggy 4 01/07/2005 21:00 0.765 0.08 2.01 0.209999993 73 0.189999998
| 741751 361035 6.12912 o —1.355 8 |02/07/2005 03:00 0.738 0.08] 1.2 0.119999997 7.4 0.209999993
6 02/07/2005 06:00 0.76 0.08 1.3 0.119999997 7.9 0.170000002
B 3.05408| 3.58685| 6.18657 0 -4.3887 5 2/07/2005 09:00 0.728 0.08 1.2 0.119999997 8.7 0.159999996
16 244284 3.52842 6.13525 0 -4.3887 5 02/07/2005 12:00 0.765 0.19 135 0.119999997 8 0.05
17| 244284 340353 6.09514 0 -4.3887 9 (2/07/2005 18:00 0.762 0.08 1.57 0.109999999 7.6 0.05
18 2.5549  3.1653 6.08954 0 -4.3887 10 02/07/2005 21:00 0.774 0.08 1.09 0.100000001 6.5 0.07
19 244284 2.91333  £.11997 0 -A.3387 11 03/07/2005 00:00 0.774 0.09 1.15 0.109999999 7.5 0.05
20| 244784 2.71963 6.05197 0 -a.3gg7 12 03/07/2005 03:00 0.773 0.09 1.42 0.109999999 7.6 0.09
21| 2.66696] 277103 6.16785 0 .a.3ggy |3 03/07/200509:00 0.754 0.07 1.82 0.159999996 8 0.170000002
14 03/07/2005 12:00 0.767 0.08 0.94 0.109999999 8 0.100000001
22| 244284 2.83438| 6.10552 0 -4.3887 15 03/07/2005 15:00 0763 0.08 1.02 0.119999997 8 0.109999999
23| 405244 236717 6.12314 0 -4.3887 45 03/07/2005 18:00 0.77 0.08 1.52 0.119999997 8 0.07
24 2.94202 3.12387 6.17208 0 -4.3887 17 03/07/2005 21:00 0.771 0.08 1.17 0.119999997 8 0.05
18 04/07/2005 00:00 0.768 0.07 1 0.119999997 8.1 0.03
; 19 04/07/2005 03:00 0.77 0.08 1.05 0.119999997 8.1 0.04
La boratory Quallty RGSUltS, 20 04/07/2005 06:00 0.771 0.07 117 0.119999997 8.1 0.07

04/07/2005 12:00 0.765 0.08 1.44 0.129999995 0.08

. . . 21
Laggmg and Leadmg KPI H|story 3~ Tn ina ivnne 1600 R n o A 12000000 0 A na



Finding the Normal Operating Envelope from Process History data

CVE - L\Webinars\,2020-10-14-alarms\Demonstration\start of alarms demo.ves.csv

- 0o x

File Edit Graph Scale Edges Query Variables Screen  Help

92 2009 31 50 10 10.4909 232.075 217.322 181.894 103.395 83.7619 75.901 112.016 -3.38871 73.8845 0

- 92,0017 12 23 7 - 1000 1000 24.4564 18.6764 '974.465 '5.24678 245251 10.4162 1 ) ‘42,0116 71683
B 0 B B - 0 B 1 B 49,1188 50 240717 3.09519 930.716 0.271073 2.94332 1.44509 K B 8.21527 14,3435

0 2008 1 0 0.5 -0.524544 1.82845 321192 175.609 11.8755 4.21467 “4.36509 -4.66962 5.38871 -3.69231 X
£

Timestamp

>
Timestamp_minute REACTOR FURN CHARGE FLOW

REACT BY'PASS FLOWCONTRL
Timestamp_weekday AMINE FLOW TO SCRUBBER ANTI-STATIC DOSING FLOW
03 STRIPPER REBLR 0305%-02 0XYGEN 03 STRIPPER FEED ANTI-OXIDANT DOSING FLOW
03 STRIPPER REBLR 0305-02 CO

Timestamp_Elapsed
Timestamp_year
Timestamp_month

PUMP 0308-22 SPILLBACK
REBLR FURN FEED PASS-1

REBLR FURN FEED PASS-2
STRIPPER OYHD REFLUX COLD LCCO FROM STORAGE LCCO PUMP DISCH
Timestamp_day 0305-01 CHARGE FURNACE FLUE OXYGEN STRIPPER REBLR FURN GAS OIL FROM STORAGE HDS LUBRICITY A
Timestamp_hour 0305-01 CHARGE FURNACE FLUE CO REGEN AIR TO REACTOR H2 MU GAS FROM 0306-02 0300 Excl
Total size: 10262 Undisplayed edges: No Impossible query: No Focus level: 2
Query

. L L Number of Variables: 117 Visible + 45 Hidden
Pointer setting: Select ~| Combiner: And ¥ Permutation Name:  AutoPerml

» Graph axes are the vertical pink lines - one variable per axis
» Poly-line represents one row of an excel sheet or one moment in time or one process operating point

Coordinate transformation between n-space and 2-space (n=117 in this example)



Find the Normal Operating Envelope from Process History data

CVE - L\Webinars\2020-10-14-alarms\Demonstration'start of alarms demo.ves.csv - O

File Edit Graph 5Scale Edges Query Variables Screen  Help

| 328.754 21.1918 -9.2896 27.6838 64.7156 392.082 405.302 401.615 404.27 411.405 400.65 -45.5 30 93
-61.3268 311.908 28.0361 -9.2896 27.5997 385.34 407.044 404.877 404.808 141.76 111.27 0.9298 33.3 1165
i
mmp—— —
i S —— — — |
——] m— ] / \
— —— - :
_‘———__________ _\_\_\_\_‘_H"‘-—_
— 1) N~
L 4 L L — = == == == — == o —
-83.3268 -22.5677 -9.82445 -11.2896 -1.28625 16.9208 20.8536 22.1311 22.6681 1.77375 23.4794 0.7891 15.1 1
-22.3535 -26.7953 -11.2896 -9.90986 30,2277 19.4919 20.766 22.502 22.7258 23.3326 19.0034 -60.5 -16 3
<
FURN CHARGE PASS-3 TEMP NO.2 REBLR INLET TEMP REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP sayb_col
FURN CHARGE PASS-4 TEMP LEAN AMINE R-GAS SCRUB REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP 03 Prod Sulphur PPM XRFICOUL
T NO.1 REBLR. OUTLET TEMP CFPP TANK TEMP REACTR & REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP Flash point Abel
JUTLET TEMP NO.2 REBLR QUTLET TEMP REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP Density @ 15C
"ROD COOLER OUTLET NO.2 REBLR COIL OUTLET REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP Freeze point
NO.1 REBLR FLUE GAS TEMP NO.2 REBLR COIL OUTLET REACTR b REACTOR BEDTEMP REACTR b REACTOR BEDTEMP 0300 Product Aromatics
Total size: 10262 Undisplayed edges: No Impossible query: No Focus level: 2
Query

Mumber of Yariables: 117 Visible + 45 Hidden

Pointer setting:| Select ~ Combiner: And Permutation Name:  AutoPerm]

« Each polyline line still represents one point in time but here there are 10,262 polylines
» Links data from left (process causes and leading KPI’s) to right (performance results and lagging KPI’s in pink)
« Patterns and density capture process behaviour and variable relationships



Lagging KPI Operating Envelope

CVE - L'\Webinars'2020-10-14-alarms\Demonstration\start of alarms demo.ves.csv - O
File Edit Graph Scale Edges Cuery Variables Screen  Help

1 328.754 21.1918 -9.2896 27.6838 64.7156 392.082 405.302 401.615 404.27 411.405 400.65
-81.3268 311.908 28.0361 -9.2896 27.5997 385.34 407.044 404.877 404.506 141.76 111.2
- 2 1 £ __ = - £ _ = - - - _ _ _ _

= w: A = — —

Wi
1

:

-
-
ey

—_33.3253 -22.5677 -9.682445 -11.2896 -1.28625 16.9208 _20.3535_ 22.1311 22.6681 1.77375 23.4794 0.789
4 -22.3535 -26.7953 -11.2896 -9.90986 30.2277 19.4919 20.766 22.502 22.7258 23.3326 19.0034
<

FURN CHARGE PASS-3 TEMP NO.2 REBLR INLET TEMP REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP sayb_col
FURN CHARGE PASS-4 TEMP LEAN AMINE B-GAS SCRUB REACTR & REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP 03 Prod Sulphur PPM XRFCOUL
=T NO.1 REBLR OUTLET TEMP CFPP TANK TEMP REACTR & REACTOR BEDTEMP REACTR 6 REACTOR. BEDTEMP Flash point Abel
OUTLET TEMP NO.2 REBLR OUTLET TEMP REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP Density @ 15C
JROD COOLER OUTLET NO.2 REBLR COIL OUTLET REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP Freeze point
NO.1 REBLR FLUE GAS TEMP NO.2 REBLR COIL OUTLET REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP 0300 Product Aromatics

Total size: 10262 Undisplayed edges: No Impossible query: No Focus lewvel: 2
Query
Pointer setting: Select | Combiner: |And

Number of Variables: 117 Yisible + 45 Hidden
Permutation Name:  AutoPerml

— — = T O

« HDS Unit showing part of an envelope for achievement of the lagging KPI of in-specification kerosene
in blue and out of spec in black. 82% was in specification



Alarms and Operating Modes

CVE - L\Webinars'2019-02-13-alarms\Demohstart of alarms demo.ves.csv = B 22
File Edit Graph Scale Edges Query Variables Screen Help
§9.9901 29.9411 2.60005 4.27743 5.43733 0.158414  1.05e-05 33.9993 50.4999 228.334 360.002 1 349.994 392.589 76.6432 70.00(
25357 <799 7.262% 20357 ~_Z00 701 6 0997058 89957 _S.0087 _29.9983 38.1 0006  ~_A9.9%7 A9 4.713 .0
= — P 5-;.? Bt -
; RN
N / IR v N A
BN\ AY L AN Pal
\Q\ S 5 // : \ :
1S 1 S et | e 1 | A | Pa | — Y 1 i y
1,990 4}3201 0.189978  -0.0148448 9137036 £3.99%5% 12785 0.0749813 0.330799  -1.22688 0 Z°5.00059 -75.7227 -22.4053 -28.2794 -6.47223
9.99967 0.526953 0.895275  0.11702 0500139 -2 -2 0.149975  -0.0421235 -14.1581 202.398 1 22,5644 -28.459 8.79319 6.262
4 I 3
ANTI-0XY ADDITIVE TANK FUEL GAS REBLR FURN ULTFIN REACTR. OLET PRESS LEAN AMINE COOLER BYPASS HP SEPRTR OUTLET
CFPP Storage Tank Level [metres) RUNDOWN BACK-PRESSURE OUTLET PRESS PREHT EXCHR STRIPPER REBLR FURN TEMP RECYCLE SC
HP SEPRTR PRESS 030501 DAMPER INLET PRESS PREHT EXCHGR CHARGE FURN FLUE GAS HZ TO
3 LEVEL LP SEPRTR EX REACTR 030501 FURNACE HP SEPRTR DIFF TEMP FURN CHARGE PASS-1 TEMP
P SEP BOOT PROD STRIPPER OVHD DRUM 0305-02 DAMPER REBOILER SETPOINT CONTRL FURN CHARGE PASS-2 TEMP
JOT INTERFCE LEVEL FUEL GAS TO CHARGE FURN 0305-02 FURNACE REACTOR FURN CHARGE REACTR INLET TEMP
P SEP LEVEL FUEL GAS REBLR FURN ULTFIN REACTR INLET PRES STRIPPER REBLR OUTLET REACTR OUTLET TEMP

Total size: 10262
Query

Undisplayed edges: No

Impossible query: No

Number of Yariahles: 1

Combiner: | And

Focus level: 2

20 Yisible + 45 Hidden

Pointer setting:| Select ~

Permutation Name: MNot saved

Current Alarm limits added as yellow triangles. Those inside the blue area will give False Alarms.
Those outside may never annunciate and don’t help the operator

Yellow shows 3% of operation was inside all alarm limits. That’s the Clean Board Rate.




Hi Lo Alarm Limits consistent with the Lagging KPI Operating Envelope

CVE - L\Webinars\2019-02-13-alarms\Demo'\start of alarms demo.ves.csv =RE. P
File Edit Graph 5cale Edges Query Variables Screen Help
89.9901 29.9411 2.60005 A.27743 5.43733 0.156414 1.05e-05 33.9993 50.49499 228.334 360.002 1 349.994 392.889 76.6432 F0.001
UK \?999'%7 7.26 203%7 00 701 b 39 .9 .0 0983 Woi.1 0006 99. Q.W 4.713 .0
Y| 2es T <
N| ¥Aa N\

2w 1 &) )~y .
1.9 3201 0.189479 99853 2T 0.0749813 .330799 -1.22688 0 £ %.00059 -fh.7227 -22.4053 -28.2794 -6.47223
9.99967 0.526953 0.895275 0.11702 -0.500139 -2 -2 0.149975 -0.0421235 -14.1581 202.398 -1 -22.5644 -28.459 8.79319 -6.262
Fl 1 3
ANTIFOXY ADDITIVE TANK FUEL GAS REBLR FURN ULTFIN REACTR OLET PRESS LEAN AMINE COOLER BYPASS HP SEPRTR OUTLET
CFPP Storage Tank Level [metres) RUNDOWN BACK-PRESSURE OUTLET PRESS PREHT EXCHR STRIPPER REBLR. FURN TEMP RECYCLE 5C
HP SEPRTR PRESS 030501 DAMPER INLET PRESS PREHT EXCHGR CHARGE FURN FLUE GAS HZ TO
i LEVEL LP SEPRTR EX REACTR 030501 FURNACE HP SEPRTR DIFF TEMP FURN CHARGE PASS-1 TEMP
1P SEP BOOT PROD STRIPPER OVHD DRUM 0305-02 DAMPER REBOILER SETPOINT CONTRL FURN CHARGE PASS-Z TEMP
JOT INTERFCE LEVEL FUEL GAS TO CHARGE FURN 0305-02 FURNACE REACTOR FURN CHARGE REACTR INLET TEMP
P SEP LEVEL FUEL GAS REBLR FURN ULTFIN REACTR INLET PRES STRIPPER REBLR. OUTLET REACTR OUTLET TEMP
Total size: 10262 Undisplayed edges: No Impossible query: No Focus level: 2
Query — ———— Number of Variables: 120 Visible + 45 Hidden

Pointer setting:|SeIet:l v| Combiner: |And v| Permutation Name:  Not saved

« Magenta are the alarm limits repositioned to the extreme boundary of the Lagging KPI operating envelope. Notice
those that were outside have moved in and those that were inside have moved out.

» The pink envelope is underneath the blue. Where pink can be seen would be out-of-specification kerosene.
Operating in the pink envelope raises the yield of in-spec kerosene from 82% to 86%



Alarm Performance Prediction

@ cve - Pareto Plot AlarmCount - Timestamp

I = | B |-
Plot Management Bar Order
76.22 % of active time range in alam [7] Show Order  [] Show Values @ Largest First () Smallest First
Lin Scale [] Show Percentage rows ) Parallel Plet ") Lock Order
8 Visible Query PP Var % Clean  Query Name
Log Scal Color  Color Board
g Scale
- [=_1 213 HiLo_Alarm_Limits_unrestricted 1
Sym Time N [==_] 83.40 HiLo_Alarm_Limits_on_Kero_Op_Envelope_copy_unre
]
| | H H H H B s = . o ——
4 1 b
SCRUBBER OFF GAS FLOW ANTI-STATIC DOSING FLOW STRIPPER REBLR OUTLET CFPP Storage Tank Level [metres] REACTR INLET TEMP R
ANTI-OXIDANT DOSING FLOW REACTOR EFF LP SEPRTR STRIPPER TOWER OYHD TEMP REACTOR EFF HP SEP BOOT REACTR 6 REACTOR BEDTEMP
OUTLET PRESS PREHT EXCHR INLET PRESS PREHT EXCHGR H2 TO FG EX SCRUBBER OVHD BOOT INTERFCE LEVEL REACTR 6 REACTOR BEDTEMP
RECYCLE SCRUBBER OUTLET REACTH OUTLET TEMP BTMS PROD COOLER OUTLET ULTFIN REACTR OLET PRESS REACTR 6 REACTOR BEDTE
STRIPPER O¥HD DRUM LEVEL REACTOR EFF HP SEPRTR REACTR 6 REACTOR BEDTEMP HP SEPRTR PRESS REACTR 6 REACTOI
CFPP TANK TEMP STRIPPER BTMS TO STORAGE HP SEPRTR DIFF TEMP REACTOR FURN CHARGE REACTR &
BaseTime [»] T4
01-Oct-2008 00:00 30-Dec-2008 09:50
01-0ct-2008 00-00 active datetime range 30-Dec-2008 09:50
Order 1 2 3 4 b 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
6N 2N ST (WSS (WEEN WSO ST NN NN SIS e s AT o (TN W20 (We2 NSNS SN WSsh WSEW AN e DEe Wi s meaw meow |
Values: 76.22 52.09 4691 19.43 19.22 14.43 1275 11.28 9.79 9.70 9.61 9.61 9.34 6.64 6.59 5.28 4,16 3.95 3.42 2.93 Z2.60 1.61 0.72 0.52 0.46 0.42 0.42 0.41 0.41 0.41
(004 000 026 000 000 000 001 971 949 971 972 961 012 018 020 000 037 000 025 05 271 026 026 061 044 045 043 042 042 043
% of active time range in alam
« Alarm performance improves dramatically. Original alarms in yellow, proposed new alarms in magenta.
114 1}] L] L] [l - o 830 f L] [l
« “Clean Board” percent (ie. no alarms present in alarm list) rises from 3% to 83% of time. The span of the data is 3
months.
[

Scroll right to see the “always silent” alarms



Alarms Before and After - Alarm Count in the Alarm List Display

5 Timestamp and AC_HilLo_Alarm_Limits - Scatter plot - Cveddd = | =] X

Y Variable T 138
|AC_HiLo_Al ~ |
X Variable

|Timf:5tamp v| Iﬂ

Y| Point Plot
J| Line Plot
Time Trend

A

=

i§: Timestamp and AC_Hilo_Alarm_Limits_on_Kero_Op_Envelope_copy - Scatter plot - Cve2d3 | = | = |-'EE-]

Y Variable T 38
|AC_HiLo_al ~ |

X Variable

|Timf:5tamp v| Iﬂ 92

¥| Point Plot
¥| Line Plot

fime Trend L | L] h ‘1‘ L 1 LI L, | LL] I] L] h * = TE"‘- L] i_'_,.:—"q L. LL] 'T

 Number of alarms in the alarm list display before (top) and after (bottom). The data spans 92 days so there are
long periods with no alarms present. Fewer alarms will get more attention and earlier action.



Alarms Before and After - Annunciations per hour

5 Timestamp and AR_Hilo_Alarm_Limits - Scatter plot - Cve2db

Y Yariable
|AR_HiLo_al ~|

X Variable

28

92

|Timf:stamp v| Iﬂ

| Point Plot
| Line Plot
Time Trend

|_|:||IEI|.-"EL.]

5 Timestamp and AR_HiLo_Alarm_Limits_on_Kero_Op_Envelope_copy - Scatter plot -

CveZds

Y Yariable
|AR_HiLo_Al ~|

X Variable

92

|Timestamp v| Iﬂ

¥| Point Plot
+|Line Plot
Time Trend

L.

N

L

i

Lo

- PERL. T |

;TH T 1

!Hi

Alarm Annunciations/hour before (top) and after (bottom). The data spans 92 days so there are long
periods with no alarms present. Fewer alarms will get more attention and earlier action.



Alarms in Relation to KPlIs
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Turquoise - the Operating Envelope for in-specification Kerosene
Pink - the No-Alarms Operating Envelope for the new alarm limits
Should Pink be larger than Turquoise?

Why don’t we operate inside the in-spec Envelope now?

Is it because we couldn’t see it until now?



Many Sets of Limits
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Improved Alarm Performance

« Alarms repositioned to boundaries of no-trips envelope

» Operators presented with tighter limits in some cases, but relevant alarms
* Process went from 98% uptime to 99.9% uptime after rationalization
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PPCL

Restructuring the Rationalization Project
to Improve Efficiency



Traditional Rationalization

( R
A i ( ) \ P
(&) phitosophy Stage | Title Activities
- l— s A Philosophy Define processes for alarm management
s e ' and alarm system requirements
AE]  Identification O) ; specification
; B Identification Determine potential alarms.
; ! /\ C Rationalization Rationalization, classification, prioritization,
@ Rationalization \\/ : and documentation,
i : D Detailed Design Basic alarm design, HMI design, and

! jf"gg:;"qeem ' advanced alarming design
7 '
@ Detailed Design ! E Implementation Install alarms, initial testing, and initial

- i Audit training.
aster Alarm : -

l F Operation Operator responds to alarms refresher
s - Database MAD AR
\E) Implementation training.

G Maintenance Maintenance repair and replacement, and
periodic testing.
g o tietoinas Eaistaidicinial el e il e ottt \ s H Monitoring & Assessment | Menitoring alarm data and report
@ Operation _’® performance.
- | Management of Change Process to authorize additions,

1 Mo modifications, and deletions of alarms.

@ Maintenance | J Audit Periodic audit of alarm management
N S e processes.

Review each alarmed variable top-to-bottom one at a time
All experts in one room - 7-15 people for several weeks @ 15mw/week

Mind-numbingly boring because each expert is under-utilised much of the time so decision
quality is inconsistent and it is difficult to capture the rationale of decisions for the MAD

Participants (esp. process engineers) often too busy to attend, leading to stalled projects




Process History in Alarm Management
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Process input is normally only used in the form of the event log: determining the performance of an alarm system
by “Try-and-see”

With CVE, we can easily bring this into the Rationalization limit review step, and know before we try!



Modern Alarm Management - Who does what?
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Traditional vs Modern Alarm Rationalization

Traditional Rationalization

Each alarmed variable top-to-bottom one at a time
All discipline experts in one room - 7-15 people
Takes weeks supposedly with 15 people full-time

— Excessive demands for time, esp. from busy
operations personnel, makes staffing difficult
and projects likely to stall

Inconsistent decision rationale and documentation
Alarm log driven

Modern Rationalization

Recognizing that alarms are inter-related
rationalize in horizontal slices by engineering
disciplines

2 largely independent Teams of 2 people
Alarm Limits team - Red

— Unit process engineer and assistant process
engineer, sometimes a PPCL consultant

Alarm Actions team - Blue
— Operations engineer, Senior operator
Efficient full-team review of recommendations
— Easy overview

— Ability to answer what-ifs with performance
prediction

Weeks rather than months
Process history driven

MAD Updated after Review and forms a
Functional Specification for the Detailed Design
step leading to further reduction in man-hours



Red and Blue Sub-Team activities

Red Team - Alarm Limits

Unit Process Engineer (20%) and Assistant Process
Engineer or PPCL Consultant (80%)

— For multiple units there may be multiple teams
Assistant Engineers can move from Team to Team

Establish Operating Objectives and feed-to-product
Operating Envelope. Re-identify only where necessary

Set alarm limits for all alarms.
Deliverables

Alarm Performance / operator workload predictions for
immediate issue identification and correction

Analysis of past alarm floods for changed performance
Alarm priority tuning

Process sampling interval optimisation

On-line analyser recalibration interval optimisation
Effect of change to operating objectives
Identification of controllability issues

Blue Team - Alarm Actions and Priorities
Unit Operations Engineer and Senior Operator

For each alarmed variable validate alarm action
for appropriateness and practicality

Deliverables

If No action not an alarm, HAZOP to remove
Is Action suitable for automation?

Time needed to perform Action

Condition protected against

Consequence of condition occurring

Alarm Priority initial configuration

Weekly review with Red Team

Alarm Improvement — RED Team only

|dentification of dynamic alarming opportunities Alarm Rationalization — RED and BLUE Teams

Weekly review with Blue Team



Rationalization Performance

LNG Plant
— 4 trains, 8600 alarmed variables

— Team 1 Rationalization completed in 700
hours

— Awaiting final review after implementation
Qil refinery

— 6 units, 3,600 alarmed variables

— 4 Unit Process Engineers

— Team 1 Rationalization in 320 hours
GTL plant

— 4,500 alarmed variables

— Rationalization in progress



ormal Operating
Envelope with
accurate Alarm
Limits

Alarm Floods - a geometric view

Operating
Envelope for
Failure Type 1

/

An event causes process
capability to change
Operating point starts moving
into the events unique but
unknown operating envelope
As the operating point crosses
the normal envelope/Alarm
boundary to reach the event
envelope many alarms may be
triggered and will remain in
alarm

Which alarms trigger varies
with movement starting point,
direction and Normal
Envelope shape



Variability
Reduction
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Applications of C Visual Explorer and C Process Modeller

Condition Monitoring
Event Prediction and Mitigation

Start-Up Control
Multi-Phase Batch Control
Closed Loop Envelope Control

Optimisation for Secondary Obijectives
Predictive Alarming / Operator Alerts

Operating Envelope for Primary Objectives
vent Forensics: Analysis and Categorisation

Alarm Rationalization
Operating Modes - Cluster Analysis

Consistent Operating windows for Process Optimisation
roubleshooting, Production Reporting, Process Monitoring, Stewardship
rocess Investigation

Time



PPCL

Questions/Discussion



