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HIRAM T Process Control Engineering

Summary

This report documents the work done on the Gasoline HDS plant as pattoing
all the control loops ithe HDS plants

Loops were tuned to get the best performance to their duty and efforts were done to
compare it's functioning prior and after the tuning

Tuning was done by "Ziegler Nichols" approdchamelyi finding the ultimate
process gain and ultim@aprocess dynamics and setting the controller's parameters
accordinglyi bearing in mind the controller duty and the characteristics of the
expected behaviar.

The control performance is calculat@adpresetedusing two indices:
1. Process value Standaredation STD)

and

2.Process Value Travel IndéRrocess trave)

Tablel Summary Table (Page 3summarizes the results of the Gasoline HDS plant
control loops tuning project which was carried out during the month of August 2008.

The tabledemonstrate a sigificant improve in both indices that were calculated.

Thosecontrol loopswvhere apparentlythe performance wasorsens are loops that
were not in control mode prior to our project hence the comparison is irrelevant.

Some control valves are having meclecahproblems such astickness$ which
disturbs the smooth operatiohthe associated control loops and influenced the
neighbor control loops as welln some cases the situation is so bad, that the loops
areeither untuneable or that we had to use "en&’emeasures tovercomethe
problem (such as, relatively, very high filter factor).

Remarks were introducddr these loops in Table 1 andlatailed list was given to
the operation team.
Economical Benefits:

The improvement of temperature control in RDC4- E-3 TOP TEMPonly, brought
savings of nearly 1 Million $/Year by reducing product RVP and savings in steam due
to better temperature control and reduction in the reflux.
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Table 1:.Summary table
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Performancelndices

Assessing the performance of cohtompsis a subject that asdiscussed elsewhere
and we shall only refer here to the relevant aspects to our project.

Calculating an assessment needs using the contropkremeters such &/, SP

and OUTPUT. Norm#y, only the PV is histories and ev#ns one is undergoing
tortures to better us¢he available memory. These compression techniques make the
data recovery process troublesome and some of the accuracy might be lost.
Because references are made to PAST performances we could have used only
AVAILABLE parameters E.G. the PV, assuming similar behavior of the "other" parts
of the process.

Error Standard Deviation

This assessment calculates the Standard deviation of the ErroiSBPatcording to
the formula

a (x- x°
(n-1
whereX s the neasured PV anXis the SP.

Because thealues of theSParenotstored in thénistory, we had used theverageof

the PV aslternateo the SPassuming this average behaves very close to the way the
SP does

This assessment is refed to asSTD in this report.

(For more details regarding this calculation, please refer to App&hdlix

Valve Travel

Needless excess valve movements are undesired for some reasons:

- It causes process instability;
- It cost us energy to drive the valve;

and

- It causes excess wear of the valve parts.
Calculating this assessment needs knowledge of the controller's OUTPUT which,
usually, is NOT availabléAs an alternate we used the "Process Travel" by summing

the absolute changed in the process valeach samle we hade in our historian.

This assessment is referred tdPascess Travelin this report.
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Tuning fLevelo controllers

We treated antrol loops with highIntegral action built into thprocess in a special
manner as to make use of their special beharnane hand and to prevent taking
actions that may disturb the system as such.

Processes likequid level, gas pressure and temperatimesome cases have the
characteristics afiearly pure integrators.

In this work, we have tried to tune 8exontrollers, in all those cases where the exact
procesyalue(E.G. the level, the pressure or the temperatuag)no importance, to

"float" betweerthe acceptablhigh and low limits, to make use of the available
freedomin the associateprocesss, in such a wathat the disturbances upstream to
thesecontrol poins are absorbed in these, to minimize the transfer of the disturbances
down stream.

In thesecontrol loops the process Standard deviaf®®iD) a n dProdess &ravidd
does not have the same importaaséen other process control loopsGood 6 t un
of these loops should resultisredu&Da nd r eRlogceseTdavedi i n t he
process parameters that follow that controller (E.G. the flow that follows a level
controller)

Whereintegrating procegswere identified,NO integrating actiomvas builtinto the
PID algorithm. Small action (~560 Min/repeat) was left to avoid the theoretical
possibility of being stuck with some offgetvithout causing too much harm.
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Loops with problems

The following tablesummarizes those loops where therepaoblems:

- valvesd Stickness

- Valvesod sizing,

- Instrument range setting

- Noisy sensor signal

And

- General instrumentation attention

4 RFC4056

RFC4059

5

6 RFC4067
7 RLC4007
8 RLC4013
9 RPC4003
10 RPC4082
11 RPC4126

12 RTC4029

F5 FLOW TO E3
LEAN AMINE FLOW TO E-

START-UP LINE FLOW

F-2 LEVEL

C-13A LEVEL

F-2 PRESSURE

B2A EAST F.G PRESSURE
F-30 PRESSURE

B-2 COIL-B OUTLET
TEMP.

Tag Description Remarks
1 RFC4006 FEED TO C7-3/4 (Was) Sticky
2 RFC4025 F2 LPG TO AMINE Instrument Range too Small
3 A RFC4055 J2 MINIMUM FLOW Sticky

Sticky! Check Positioner as well. Flow is
not stable in MAN mode. Hi filter essential.

Sticky

Sticky

Level signal noisy. Needs attention.
Check reason for valve oscilations
Valve needs attention.

Sticky

Valve too Small

Valve too Small

Althoughi the retuning of these loops was successful it will be needed to check its
tuning once these problems are resolved.
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Results andConclusions

25 loops were tuned in the Gasoline HDS plant. 8 additionpklbad not yet been
tuned for administrative reasons.

All the tuned loops show improvement on the assessment as were checked in this case
Process Standard deviatiorandProcess Traveli in comparison to the same indices
prior to the tuning.

Specific points

RFC4055A- J2 MINIMUM FLOW i besides being tuned, the minimum

output limit was reduced. This caused the spill back of J2 to be reduced from
20+ Cum/Hr to some~1 Cum/Hr. A significant energy savings. Can this flow
be set to 0?

RTC4011- C-11 A/B AVR. OUTLET TEMP.i is a slave to RFMN4012 (E3
Reflux MinimumFlow) and a master teFC4054(Steam Flowto C11A/B):

while manipulating RTC4011, it was observed that the controller (=the
system!) was unable to drive the temperature beyond a certain temperature
whichis , probably, the boiling temperature of the gasoline in the bottom of
E3 in the operating pressure (159° C at 7Barg).

| suggest that we chetke possibility to eliminate TC4011 altogether as a
controller and implement the concept of RFMN4012 furthesetve as Reflux
to Product Ratio controller.

C:\EngineeringClaient$ORL\GasoHDSHDS - Gasoline Report.doc

Page7 of 54 Pages.



HIRAM T Process Control Engineering

‘capeU 0O((UeU UB7TUU UYii o dYifne UGBTI YO
) ) ) dYaai U cYaén
ccala &daevoeU 84aéa coae alUUexea dab

. (®Yaais5)Ppe VETYAE0UU05 UeYRU ab) Yarioa U-U éaf/ ¢Vaod a

Q.P8l-4 an RVBasa :
caula aaevoeU
(040 @eadaa oVYULeandaamd S YaEGUY & & &

s 8995 % _ 016> § s
016> +ae__Ton ToNss (0 4psi- 0.2psi) = 0,686
Ton % 0.5psi- 0.2psi §

. A e ¢ . ST . N
aUi e A0d@EEUi MaU o0@pk UUa050a, @pwalu & adpsell Ui UY R
na

caoeéen Uy RU
0. 6866is 100000_1°N s 1pMONtS _ g5 pa 08 3
Month Year Year

l Uefa 05 xWBahaec VAER &cd

coOAPe A4aeVoe

a"@15,71i71iB.87 dalg3iadaRWUOvYUe oY
A1 @ a4aoVMTB8B AU & 3 Y b KPR , caYeida odal3Vapdaba i o Y & U
.0éeUa
(aéYopadBU=hbR dardilae &d40aRaU aé
01 6§ YAY cabRUNIsAYDLADBYa¥abBévYo Mma aa 0YUDO
it capBRAAAY@®LPBYFAl S
an Uaaé calUU o0Y4a00-50a@Y & adlasye mGEARYWGeUc taa b e
. AdeaeYbMBESRARFI YUYJdE0 PEY-DODET 6¥VeeYE a" éi ai

. Ada aveRmWad U eU@ aéleUexe aUa ae

C:\EngineeringClaient$ORL\GasoHDSHDS - Gasoline Report.doc
PageB of 54 Pages.



HIRAM T Process Control Engineering

Appendices
Appendix A- Control Loops Performance

prior and after tuning
Appendix B- Standard Deviation Function
Appendix C- Pl Process Flow Diagrams
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Appendix AT Control Loops Performance
prior and after tuning

This appendix contain the details for the performance of each of the following control
loops, which were runed in this project/

For each control loop there are

- Basic information regarding the loop such as:
- master/slave relations
- reference to which PI display(s) contains this control loop
- Date(s) of retuning

- Atable showing its performance indices (E.G.Pnecess Standard Deviation
(STD) and theProcess Travelas was described inpaior section.

- Graphic presentation of these performance indices normalized to have the
Abef obluemari,n performance equal fAlo f
Afaftero

Graphicpor esent ati on
fiafteid

t o

p emreflbarr manc e

of t he

vi suali ze the difference

Some specific control loops have some specific additional information

Tag Description
1 RFC4006 FEED TO C%#3/4
2 REC4007 FEED TO C%5/6
3 RFEC4012 E-3 REFLUX
4 REC4025 F2 LPG TO AMINE
5 RFC4054 STEAM FLOW TO C11A/B
6 REC4055AJ2 MINIMUM FLOW
7 RFC4056 F5FLOW TO E3
8 REC4059 LEAN AMINE FLOW TO E-6
9 REC4®7 START-UP LINE FLOW
10 RLC4006 E-3 LEVEL
11 RLC4007 F-2 LEVEL
12 RLC4013 C-13A LEVEL
13 RLC4036 F-2 WATER LEVEL
14 RLC4040 E-6 LEVEL
15 RLC4053 F-5LEVEL
16 RPC4003 F-2 PRESSURE
17 RPC4081 B2B WEST F.G PRESSURE
18 RPC4082 B2A EAST F.G PRESSURE
19 RPC4101 B-2 PILOT GAS PRESSURE
20 RPC4126 F-30 PRESSURE
21 RSC4001 JT-14A SPEED
22 RTC4007 E-3 TOP TEMP
23 RTC4011 C-11 A/B AVR. OUTLET TEMP
24 RTC4027 B-2 COIL-A OUTLET TEMP.
25 RTC4029 B-2 COIL-B OUTLET TEMP.
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RFC4006 - FEED TO C7-3/4
DisplayR90

i P ProcessBook - [Trend Display™]
@Eila Edit Wiew |nsert Tools Draw Anange 'window Help .= 5[

De@|gl|ize(2tc|vn|pes(=afmgee||a:r 2o =d b
A NOTOrmoL+LLERSHE |[a=m|cad|enxs |02 @

»
Ready Server Time H’T[ﬂ’iwf

First Tuning was performed on 29/7/8. Loop was tuned but it was revealed that the
valve was sticky.

Valve came back from maintenance and was reinstalled /8814
Thedifference inflow behavior before an after tuning is clearly seen.
Performance indices:

Before After Factor
Process Travel 103.23 2.89 35.7
Std 1.61 0.68 24
Normalized
Process Travel 1.00 0.028
Std 1.00 0.423
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Performance Indices

1.25

1.00 -

0.75 4

0.50 4

0.25 4

0001 Process Travel Std
W Before 1.00 1.00
| After 0.028 0.423

The following isa trend of the data collected from the PI system for dates before and
after the tuning

FC4006
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RFC4007 7 FEED TO C7-5/6
DisplayR90

i PI ProcessBook - [Trend Display*]

@Ei\e Edit Wiew Insett Tools Draw Arrange ‘window Help ;Iilﬁl
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Ad-Hoc Trend

4.00 days

Fready IWFE'IO_III_WIL
Tuning was performed on 11/8/8

The flow behavior before a@rafter tuning is not clear to the nakeyke.
Performance Indices:

Before After Factor
Process Travel 30.37 21.20 1.4
Std 4.70 1.81 2.6
Normalized
Process Travel 1.00 0.698
Std 1.00 0.385
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Performance Indices
1.25
1.00 A
0.75 -
0.50 -
0.25 -
0.00 -
Process Travel Std
W Before 1.00 1.00
| After 0.698 0.385
The
following is a trend of the data collected from the Pl system for dates before and after
the tuning.
FC4007
45
o ~/ N
——
—— Before
35
— After
30 //
25 1 1 1
00:00 06:00 12:00 18:00 00:00
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RFC4012 - E-3 REFLUX
DisplayR 98
Slave of TC4007

i Pl ProcessBook - [Trend Display™]

@EI‘E Edit ¥iew Inseit Took Draw Amange Window Help ;IEIEI
Ded@niraatces s ee s =0 e |5y [2||a]|s== &
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Ready WHFDWW%
Tuning was pdormed between 29/7/8 to 7/8/8.
The flow behavior before is much wilder then its behavior after tuning

Performance Indices:

Before After Factor
Process Travel 1170.06 272.20 4.3
Std 13.10 5.96 2.2
Normalized
Process Travel 1.00 0.233
Std 1.00 0.455

This flow is a "slave” in a cascade loop and hence is supposed to follow demands
from a master loop. Its STD is highly influendeygthe belavior of its master
(TC4007).
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Performance Indices

1.25

1.00 -

0.75 A

0.50 ~

0.25 A

0001 Process Travel Std
B Normalized Before 1.00 1.00
@ Normalized After 0.233 0.455

The following is a trend of the data collected from the Pl system for dates before and
after the tuning.

FC4012

L )1
L
ol (o

60

N
hild
|

|

———

|
e I

A
1010 AL

00:00 06:00 12:00 18:00 0

00

C:\EngineeringClaient$ORL\GasoHDSHDS - Gasoline Report.doc
Pagel6 of 54 Pages.



HIRAM 1 Process Control Engineering

RFC4025 - F2 LPG TO AMINE
DisplayR98
Slave of LC4007

i Pl ProcessBook - [Trend Display™]

@EI‘E Edit ¥iew Inseit Took Draw Amange Window Help ;IEIEI

MarNOTorwol+LLE&RE@E ||as|ces 6mxE |0z @
Ad-Hoc Trend

»
Ready Server Time HITD!*WF

Tuning was performed on 3087/
The flow behavior before is much wilder then its behavior after tuning
Performance Indices:

Before After Factor
Process Travel 159.28 36.01 4.4
Std 2.01 0.58 3.5
Normalized
Before After
Process Travel 1.00 0.226
Std 1.00 0.287

This flow isa "slave" in a cascade loop and hence is supposed to follow demands
from a master loop. Its STD is highly influenced on the behavior of its master
(LC4007 as well

The flow element is calibrated to thel@.5 Cum/hr Too small for this service!
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Performance Indices

1.25

1.00 -

0.75 A

0.50 ~

0.25 ~

0001 Process Travel Std
B Normalized Before 1.00 1.00
@ Normalized After 0.226 0.287

The fdlowing is a trend of the data collected from the Pl system for dates before and
after the tuning

FC4025
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RFC4054 - STEAM FLOW TO C11A/B
DisplayR98
Slave of TC4011

i Pl ProcessBook - [Trend Display™]
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»
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Tuning was performed on 30/7/8.
This loop was kept iManuel modewith fix valve opening.
Performance Indices:

Before After Factor
Process Travel 0.06 0.63 0.1
Std 0.02 0.12 0.2
Normalized
Process Travel 1.00 10.023
Std 1.00 5.642

As this loop was not iluto modecomparisorshould be done accordinglyhis flow
is a "slave" in a cascade loop and hetgpearformance is part of the "master” loop
performancéT C4011).

This control loop was iuto and not inCAS ; E.G.TC4011 was not in control!
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Performance Indices
12
10 A
8 -
6 -
4 -
2 -
%7 Process Trawel Std
B Normalized Before 1.00 1.00
@ Normalized After 10.023 5.642

The following is a trend of the data collected from the Btesy for dates before and
after the tuning

FC4054
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RFC4055A - J2 MINIMUM FLOW
DisplayR90

i PI ProcessBook - [Trend Display™]
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) »
Ready Server Time Fﬁ—,._[n,_,m’_

FC4055A is a "Minimum flow" controller designed to protectDi2e controller was
actually working with one of the block valves restrictechwiv possibility to perform

any contral Our investigation revealed the situation the problem was resolved and the
pump gets the protection available from this setting.

Thanks to setting the minimum output limit to a lower limit a reduction in the total
flow is observed. This is a direct saving of pumping energy

Tuning was performed on 17/8/8.

FI14055 is the flow indicator measuring the spill back flow and this flow is directly the
out come of this controller's action.
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4l PI ProcessBook - [Trend Display*] _[elx
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Performance Indices:

Before After Factor
Process Travel 6.91 5.50 1.3
Std 1.09 0.75 15
Normalized
Process Travel 1.00 0.796
Std 1.00 0.689

Performance Indices

1.25

1.00 A

0.75

0.50 A

0.25 ~

0001 Process Travel Std
B Normalized Before 1.00 1.00
B Normalized After 0.796 0.689
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The following is a trend of the data collected from the PI system for dates before and
after the tuning

FC4055A
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RFC4056 - F5 Flow to E3
DisplayR98
Slave of LC4053

Currently the valve is sticky and hence these results are the best achievable under
theseconditions

Performance Indices:

Before After Factor
Process Travel 253.61 408.30 0.6
Std 2.37 1.49 1.6
Normalized
Process Travel 1.00 1.610
Std 1.00 0.631
Performance Indices
2.00
1.50 A
1.00 -
0.50 A
0.00 -
Process Travel Std
® Normalized Before 1.00 1.00
B Normalized After 1.610 0.631

The following is a trend of the data collected from the PI system for dates before and
after the tuning

FC4056
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00 W - Al
50
40 T T T
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FC4059 - LEAN AMINE FLOW TO E-6
DisplayR96

Controller was tunedn 17/8

Valve is sticky. To be tuned again after maintaininguhlge
Performance Indices:

Before After Factor
Process Travel 0.07 0.04 2.1
Std 0.01 0.01 1.8
Normalized
Process Travel 1.00 0.481
Std 1.00 0.558
Performance Indices
1.25
1.00 -
0.75 A
0.50 -
0.25
0.00 -
Process Travel Std
W Before 1.00 1.00
| After 0.481 0.558

The following is a trendfahe data collected from the PI system for dates before and
after the tuning

FC4059
5.05
5.04 //,
- /f\\ /
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/
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— After
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RFC4067 - START-UP LINE FLOW

DisplayR90, R98

This controller was tuned on the 17/8.

Valve is sticky. To be tuned agairtef maintaining the valve!

Performance Indices:

Before After Factor
Process Travel 347.56 18.63 18.7
Std 3.14 0.41 7.6
Normalized
Process Travel 1.00 0.054
Std 1.00 0.131
Performance Indices
1.25
1.00 -
0.75 A+
0.50 A
0.25 4
0.00 A
Process Travel Std
B Normalized Before 1.00 1.00
B Normalized After 0.054 0.131

The following is a trend of the data collected from the Pl systemidi®s before and

after the tuning

FC4067
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RLC4006 - E-3 LEVEL
DisplayR98

Was tuned between tl28/7 and B/8.
Performance indices:

Before After Factor
Process Travel 389.47 74.22 5.2
Std 2.85 1.32 2.2
Normalized
Process Travel 1.00 0.191
Std 1.00 0.465
Performance Indices
1.25
1.00 -
0.75 4
0.50 -
0.25 4
0.00 -
Process Travel Std
® Normalized Before 1.00 1.00
B Normalized After 0.191 0.465

The following is a trend of the data collected from the PI system for dates before and
after the tuning

L C4006
90
80
\’VV"“V' SV ICATAVA AR AT A — Before
60 — After
40 T T T
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RLC4007 - F-2 LEVEL

DisplayR98

Master of LC4025

Was tuned between the 29/7 and the 7/8

Before After Factor
Process Travel 398.42 8.17 48.8
Std 5.57 0.76 7.3
Normalized
Process Travel 1.00 0.020
Std 1.00 0.137
Performance Indices
1.25
1.00 -
0.75 4
0.50 -
0.25 4
0.00 -
Process Travel Std
® Normalized Before 1.00 1.00
B Normalized After 0.020 0.137

The following is a trend of the data collected from the PI system for dates before and
after the tuning

LC4007
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RLC4013 - C-13A LEVEL
DisplayR95
Was tuned on the 18/8.

The "performance” is sacrificed to get more relax action. There is no direct parameter
to check this loop performance.

Performance Indices:

Before After Factor
Process Travel 0.36 1.13 0.3
Std 0.07 0.16 0.4
Normalized
Process Travel 1.00 3.112
Std 1.00 2.237
Performance Indices
1.25 -
1.00 -
0.75 A+
0.50 A
0.25 4
0.00
Process Travel Std
B Normalized Before 1.00 1.00
B Normalized After 3.112 2.237

The following is a trend of the data collected from the Pl system for dates before and
after the tuning

LC4013
70
—— Before
60 —
—— After
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HIRAM T Process Control Engineering

RLC4036 - F-2 WATER LEVEL
DisplayR98
Was tuned on 8/8.

Boot is located some 10Meters below the F drus)(Fbottom. Boot is small in size
comparing to R2. the influence of this controller onZLeveli is negligible.

The water Boot
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i E

F-2 and the Water Boot.

F-2 and the Water &ot.
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