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Introduction
S

This tutorial will explain to you what we developed some years ago to fulfill a
high and flexible demand on automation for a process plant

| will present:

e Complex but flexible structuring of automation functions

® Programming to process plant’s operational demand

e Advanced control configuration according to “good craftmanship praxis”
e Use “Proven in use” equipment and function modules

e Use of standardized Software packages
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Agenda: Advanced automation scheme for a multistrand and multi-mode plant
I

e Introduction

e Typical layout of oil & gas process plants
e Typical layout of batch plants

e Typical gas storages

e Schematic of a gas storage plant

e The way in between
— Different operation modes
— Structure of process plant
— Advanced operator interface for operation modes
— Control strategies, load share
— Running a product delivery schedule
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Typical layout of petrochemical plants
N

Petrochemical plant are usually single or multistrand, but in a fixed sequence
with fixed duties

Gas | —{ Compression |—
Well 1 treatment
| » Compression » Export
Well 2 Gas
Plant s fi > —
inlet eparation treatment »| Compression |-
Well 3
Well 4 oil
treatment _|
Well 5 » Storage » Export
oil J
>
treatment
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Typical layout of petrochemical plants

Petrochemical plant are usually single or multistrand, but in a fixed sequence

with fixed duties

e One dedicated duty per unit. o ot o separation
e Fixed connection of units and fixed E

direction of flow.

e Single or multi strand configuration.
Strands have equal duties and properties.

e Continuous operation. All sections are operating.
e Rare starts and stops (1 to 5 years continuous operation).
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Typical layout of pharmaceutical or batch plants

I
Batch plants are multistrand, multipurpose with variable connections

Process cell

Unit
type 1

Unit
type 2

Unit
type 3

Unit
type 4

Unit
type 5
PCIC energy

Strand 1

Strand 2

Strand 3

Strand 4

Strand 5

Charge Charge
prepara prepara
tion 1.1 tion 1.2

Charge Charge
prepara prepara
tion 2.1 tion 2.2

Charge Charge
prepara prepara
tion 3.1 tion 3.2

Charge Charge
prepara prepara
tion4.1 tion 4.2

Dosing Dosing

L 1 L ] L ] L ] \Tl
A 4 A A A
Reactor Reactor Reactor Reactor 'V“X”Tg' Heat/.coo!,
separation, destillation,
1.1 2.1 3.1 4.1 . .
Reaction, dosing, transfer
A\ 4 A4 A4 A\ 4 —
Mixing, Heat/cool,
Reactor Reactor Reactor Reactor separation, Reaction,
1.2 2.2 3.2 4.2 destillation, dosing,
transfer
A\ 4 A4 A4 A4 A 4
Dryer Dryer Dryer Dryer Drying,
1.1 2.1 3.1 4.1 Heating
A\ 4 A4 A4 A4 A 4
Packing Packing Packing Packing .
1.1 2.1 3.1 4.1 Dosing

Inter strand connections are not shown

Strands are not identical: Units have

different sizing, materials, special function

capabilities
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Typical layout of pharmaceutical or batch plants

I
Batch plants are multistrand, multipurpose with variable connections

 several duties per unit (reactor: mixing, heating, [=] = [=][=] ][] ][] [—
reaction, separation, distilling, dosing, etc.) 0 L I T ——

 Fixed direction of flow. Batch runs from unitto | T N
unit. Not all units are running. l l J 1 Sz:::agg:fje:;z“;“

* Non continuous operation o - - oy R

e variable and changing connections l l l l lng

e Single or multi strand for one product. Several products at same time

e To setup the equipment requirement for a product, units will be connected to
a process cell. Generic, variable assemblage of process cells

e Frequent starts stops (daily or by shift or weekly, depending on process and

production needs)
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Typical layout of pharmaceutical or batch plants

I
Next day, new products, new setup, new process cells

Units have different sizing, materials, special

Strands are not identical:
function capabilities
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{7 Strand 1 Strand 2 Strand 3 Strand 4 Strand 5
Charge Charge Charge Charge Charge Charge Charge Charge
prepara prepara brepara prepara prepara prepara prepara prepara Dosing Dosing
tion 1.1 tion 1.2 tion 2.1 tion 2.2 tion 3.1 tion 3.2 tion 4.1 tion 4.2
L ] L L \Tl
A 4 A 4 A 4
Reactor Reactor Reactor Reactor M|xm.g, Heat/f:oo!,
separation, destillation,
1.1 2.1 3.1 4.1 . .
Reaction, dosing, transfer
I I  —
T ) |
\ 4 A\ 4
Mixing, Heat/cool,
Reactor P@ﬂ' Reactor PC4 Reactor separation, Reaction,
1.2 2.2 3.2 4.2 destillation, dosing,
! | . transfer
e ——
\ 4 — l l
—
Dryer Dryer Dryer Dryer Drying,
1.1 2.1 3.1 4.1 Heating
A\ 4 A\ 4 A 4
Packing Packing Packing Packing .
1.1 2.1 3.1 4.1 Dosing




There is something in between: Gas storage plant

Types of underground gas storage

e Porous storage
These are former gas field. They have proven to be
tight by rock layers since millions of years
(Rehden, Haidach are former gas fields).

e Cavern storage
These are large caves created by salination. The
size is around 80m diameter and 400m height.
(Jemgum, Etzel, Epe are Kavern Storages)

e Aquifer storage
The gas will displace water in deep ground layers.
The proof of tightness is difficult.

All require facilities to connect to a pipeline grid
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There is something in between: Gas storage plant facilities

Standard Operation modes:

|

1

d Injection w/o Compression (In w/o C) 3
J Injection with C ion (In w C) I
njection with Compression (In w , i — i

r

T Withdrawal w/o Compression (Wd w/o C) | .
T withdrawal with Compression (Wd w C) I e

Special operation modes:
e Swap w/o Compression (Sw w/o C)
e Swap with Compression (Sw w C)
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There is something in between: Gas Storage Plant facilities

I
Schematic of an Underground GasStorage: Variable connections, bi-directional

» Kaverne 1
s | ™ Compressor 1 [— o
ge}
©
© o » Kaverne 2
_C » I -C
» = » Compressor 2 > o
Q > 5
\ 4 ] a R » Kaverne 3
& < o
—»{ Compressor 3 — o =
PEIPNN - »| Sl Kaverne4
=
[S]
(]
L S s » Kaverne 5
o
O
|
[ -
= o »[ Kaverne 6
P 2 Gas treatment 1 E
f £ e
— o |
5 5 Kaverne 7
R a
c Gas treatment 2 [« o
(O [ -
[ o
-
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Gas storage typical units

I
Units of gas storages plants and their duties.

ssure header I——

onnection header
= = = = = = =
) (') () Q ) ) (')
< < < < < < <
4] ] 4] ] o ° ]
=] =] =] =] > =] =]
m (0] m o m m [¢]
~ o w IS w N =

e Custody transfer measures the gas flow
to and from the storage to a pipeline grid.

e Compression lifts the gas pressure from ||
pipeline level (50-80 bar) to
storage pressure (60-200bar) or return.

e Gas treatment: when the gas comes out of the ground it is too wet to feed
into the pipeline grid. Needs to be heated, dewatered, pressure control.

e Kaverne, wells: The storage containment (recipient).
e Header system connects the units. Usually double or more headers.

e Utilities: hot water, glycol regeneration, glycol injection, flare, gas recovery.
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Gas storage operation modes

Kaverne 1

Gas storages have:

Compressor 1

Kaverne 2
Compressor 2

Kaverne 3

I Pressure header |>—

Connection header
L

Compressor 3

» Suction header

e Bi-directional flow ,
represented by operation modes,

Kaverne 4

Kaverne 5

e Single duties per unit,

Gas treatment 1 Kaverne 6

e Single or multi strand for one operation —— |
mode.

e Variable and changing connections using a header system, high number of
possible combinations,

Kaverne 7

Transfer header
I
Pressure header l

Gas treatment 2

» Defined origination of process cells. This is at a dedicated unit (transfer point).
Assembling the units to a process cell will be to the demand of operation mode.

e Continuous operation until the demand changes.

e Often starts stops (up to 100 per year, depending on demand)
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Gas storage operation example
S

In order to perform an operation mode, the variable connections need to be
utilized for setting up a process cell which is suitable for the task.

Defined origination of process cells is at a dedicated unit (transfer point).
Assembling the units to a process cell will be as to the demand

e Demand1: extract from Pipeline grid via custody transfer 1 an amount of gas
into the storage.

»Examplel: Process cell 1 originates in custody transfer 1 and does EINmV with
compressor 2 and uses some caverns
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Gas storage operation example

Examplel: Process cell 1 originates in custody transfer 1 and does injection

(EINmV) with compressor 2 and uses some caverns

Process cell 1

) T

Suction header
Y vV v v

Compressor 1 —

Compressor 2 [—

Compressor 3 [—

Compressor4 [—

PCIC eférgy

Transfer header

Gas treatment 1

Gas treatment 2

Gas treatment 3

Gas treatment 4

Pressure |

Connection hea

Vl mwavcrrc o l

A 4

Kaverne 4

A\ 4

Kaverne 5

\ 4

Kaverne 6

\ 4

Kaverne 7
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Gas storage operation example

Example2: Process cell 2 originates in custody transfer 2 and does injection
(EINoV) without compression and uses some caverns

Process cell 1 » | —{ Compressorl —
kS
= —» Compressor 2
— > T |,
3 .g _» Compressor 3 - nmuveIlrncoc o
- | [ i
@ [ Lyl Compressor 4 o
P Kaverne 4
5
a

— ) — Gastreatment1l [¢——

Process cell 2

— Gas treatment 2 [——

waishs aulRdid

Gas treatment 3

Transfer header
?
l
2
J_F
ssure |
4

PCIC erfergy —{ Gas treatment 4 |[¢&—— 16




Gas storage operation modes

Example3: PC1 = Withdrawal with compression
PC2 = withdrawal w/o compression

Process cell 1

*

Suction header

Compressor 2

»
P

Process cell 2
PCIC energy

Transfer header

Note: Doubled headers are not shown

A 4

Pressure header

Pressure he

Connection h

y

=
:

Kaverne 4

Kaverne 5
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Gas storage operation modes

Example4: PC1 = Injection with compression
PC2 = withdrawal w/o compression

Process cell 1

$

\ 4
Pressure header

Process cell 2
PCIC energy

Bl

I
Pressure header

s | Compressorl [
=}

©

2

p » Compressor 2

o

P

O

=)

Y | '» Compressor3 |—
| .

2 Gastreatment 1 |«
©

(]

=

He

v

c Gas treatment 2 |«
e

|_

Connection header

Kaverne 1

Kaverne 2

\ 4

\ 4

Kaverne 3

Kaverne 4

Kaverne 5

Kaverne 6

Note: Doubled headers are not shown

\ 4

Kaverne 7
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Plant structure Jemgum

130 controls, 1429 indic., 318 O/C valves, 91 contr.valves, 77 motors, 1460 bin. values




Gas storage operation modes, degree of automation
N

e Many mode and direction changes per year
» Necessity of short response time for start up and operation mode change
e Operation from a remote-control center
»High grade of automation
»support and relief of the operator
» Automatic start up mode change and adding unit after selection of the structure

» Consequent control structure which responses to the operation modes and selection
of units

e High availability
» A failure of one unit shall not lead to a complete plant failure
»Short reaction time and good diagnostics
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High level of automation
B

But still, it is not a generic batch operation

e No need for a batch operation system as per ISA S88, NE 33
e Easy to use HMI pattern is required

e Open to future extension

It took us quite some time and brainstorming

e This is the outcome:

» A structured section and configuration graph

»Guidance of the operator through the configuration of the plant and start up
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Configure a process cell for an operation mode

1. select Process cell = MIDAL
operation mode

LETH|
I

[
2. Select Units and

routing : .

u
T PR 22 2 R R R K [ IO

n Ronrweg freigeben

e PRI FE R R 2 5

Regelireigabe

I I I I
T
el
IER 2 R R
|
T

¥ S V[Sommelonoige ¥[schin__[Kommentar_[Louten _[rranstion __[C_ V[V V]
_ =

2] » X ule| e s Windows aktiviereiBiibaisten) libersent] IAUSschage]
The sequence of selection does not represent the gas flow direction
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Configure a process cell for an operation mode

=

: 1 |

— 2. Select Units I B PR BT I
— (Kavernen) and routing T .

| . I
B X ; I 25 o 7 2

] = ;' s
- 3. Start setting of routing. 50
& I 2 o o1 2

Routing valves will travel.
1 No gas flow e :
Wq%mm @J,%FE {2 [Tl oo g regeoen i

4. Enable control. Ll — ]
Controller structure sets to LT sommemers |
selected routing. Controllers NN 7 222
ramp up to adjusted gas flow. 26




Degree of automation
I

As much automatic as required

e No automatic selection. The operator must select the units to meet the
demand.

e If a unit fails or trips, the operator must deselect this and manually select a new
unit.

e The structuring of the master-slave-follower controllers and load share is done
automatically related to the selection of the units.

Limited number of step functions for the operation modes
e Only one step function per process cell and operation mode

e Commands and transitions will be in relation to the unit and route selection.
Hence to the valid selection keys.

PCIC energy 27



Degree of automation
I

Interlocking of selection

e Once a unit is selected to a process cell, it cannot be selected at the other
process cell.

e Once a route (header) is selected, the other parallel units can only select this
route.

* On the run deselect and select a unit is possible.

e To deselect a unit, the flow through this units needs to be stopped. Operator
must withdraw control permission for this unit.
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Interlocking of 88 selection keys and units

Every key has a tag number I Deaktiviert I BU ' AE wahlen | Vorbereitung
[ H9103291_AEQ | [ H9103292_AEO | H9103293_AEQ H9103294_AEQ
us-oV Aus-mV “}\\\“‘\\* -mV
Process Cell — )i
ABCOD B C D
A Druckheader H e
operation mode WSO AET hdler
——— [ H9141390_BB1 |

AVerd str1|  Gewanit  stop P 5, [Feietseossz | Ferdissn e | e GHENC
A\verd str2| verschatet  Stop P S i © CHENGE

— [T913390 861 | L B

op P S‘ | H9143390_BB2 | H9143390_BB3
A Wi T

AVerd. Str 3 Bereit

Wahl Saugheader

Status Mode
indications influencing

Structured tagging for
selection keys

Structured

tagging
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Interlocking of 88 keys and units

Function module for a selection key

Midal in Schritt 51

H9103295_AEO0 Enable select the group

Midal in Schritt 52

FG-Anwahlen
H9103291 AE0_STAan FG-Abwahlen - Enable deselect the group
H9103292_AE0_STAan e anwanhlbar
H9103293_AE0_STAan A_Anwahlbar StA_Wb )
H9103294_AEO_STAan B_Anwahlbar StB_Wb Interlocking of the 5 sub-keys
H9103296 AEO STA C_Anwahlbar St-C_Wb
an "
— = D_Anwahlbar St-D_Wb
H9103297_AEO_STAan AT LW
H9103295_AE5_STAan AW - At
H9103296_AE5 STAan -+ | |7~ T angewa
H9141392_AE6_STAan Q—g!":tgar 21‘@—2”
IC ar - n
HO142392_AE6_STA _ -
. sl C_Sichtbar stC_aAn | show the 5 sub-keys
9143392_AE6_STAan !
D_Sichtbar St-D_An
HO144392_AE6_STAan Hsioibar otr A
HO145392_AE6_STAan - St A
H9146392_AE6_STAan -XX_AN

text of the sub-key

Aus Schrittkette H_Text
MIDAL FE UMG-0V I
=“in Betrieb* _| i
in Betriel AE Léuft Indicate status
\ Amwatlon ieksotzen H Ext-Abw

UGM-oV FE=MIDAL
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Interlocking of 88 keys and units

Function module for display and enabling more interlocks

U9143384A U9143380 Midal in Schritt 42 H9103294_AEOQ_STAan H9143394 AE1
U9143384C U9143381 >= Midal in Schritt 46 >= FG-Anwahlen -
U9143384D U9143382 Midalin Sefvt 48 \—Bi FG-Abwihlen
----- - anwahlbar
Verd3_GTS Verd3_GTS Verd3_GTS Verd3_GTS A_Anwah|ba r St—A_Wb
Druckhaederd_GTS Druckhaeder3_GTS Druckhaeder2_GTS Druckhaeder1_GTS B Anwahlba r St—B Wb
H9141394_AE1_STAan H9141394_AE1_STAan H9141394_AE1_STAan H9141394_AE1_STBan C_Anwéhlbar St-C_Wb
H9141394_AE1_STCan H9141394_AE1_STBan H9141394_AE1_STCan H9141394_AE1_STCan D_Anwéhlbar St-D_Wb
H9141394_AE1_STBan H9141394_AE1_STDan H9141394_AE1_STDan H9141394_AE1_STDan H Anwahlbar St-H Wb
H9142394_AE1_STAan H9142394_AE1_STAan H9142394_AE1_STAan H9142394_AE1_STBan — | | | [ [ | angewahlt
H9142394_AE1_STCan H9142394_AE1_STBan H9142394_AE1_STCan H9142394_AE1_STCan ™1 U A Sichtbar StA An
H9142394_AE1_STBan H9142394_AE1_STDan H9142394_AE1_STDan H9142394_AE1_STDan U B_Sichtbar St-B_An
H9144394_AE1_STAan H9144394_AE1_STAan H9144394_AE1_STAan L H9144394_AE1_STBan U C_Sichtbar St—C_An
H9144394_AE1_STCan H9144394_AE1_STBan H9144394_AE1_STCan H9144394_AE1_STCan U D_Sichtbar St—D_An
H9144394_AE1_STBan H9144394_AE1_STDan H9144394_AE1_STDan H9144394_AE1_STDan rnll H_Sichtbar St-H_An
H9145394_AE1_STAan H9145394_AE1_STAan H9145394_AE1_STAan H9145394_AE1_STBan - | | ||| —| Stxx An
H9145394_AE1_STCan H9145394_AE1_STBan H9145394_AE1_STCan H9145394_AE1_STCan A Text -
H9145394_AE1_STBan H9145394_AE1_STDan H9145394_AE1_STDan H9145394_AE1_STDan B_Text
H9146394_AE1_STAan H9146394_AE1_STAan H9146394_AE1_STAan H9146394_AE1_STBan C_Text
H9146394_AE1_STCan H9146394_AE1_STBan H9146394_AE1_STCan H9146394_AE1_STCan D_Text
H9146394_AE1_STBan H9146394_AE1_STDan H9146394_AE1_STDan H9146394_AE1_STDan H_Text
Verd3_GTS 8 AE Lauﬂ
Gashifsleitung_GTS Aus Schrittkette Ext-Abw
FOT03299 AET_ | LMIDAL FE Ein-mV ="in Befrieb" [ Wahl Verd3 & Sammelleitung
Anwahlen riicksetzen | . _
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Interlocking of 88 keys and 23 units
N

Assigning 23 units to 2 process cells

Midal in Schritt 25

Midal in Schritt 35

Midal in Schritt 45

Midal in Schritt 55

Midal in Schitt 65

Midal in Schritt 75

Midal in Schritt 15

H9133392_AE1STxxan 'l‘ SR Flip-Flop m Verd3_Midal
H9133394_AE1STxxan >=1 l | & S

H9133396_AE1STxxan

Midal in Schritt 24

Midal in Schritt 34

Midal in Schritt 44

Midal in Schritt 54

Midal in Schritt 64

Midal in Schritt 74

Midal in Schitt 14

HI103299_AET
Zuordnungen riicksetzen
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Step function One step function per operation mode per process cell = 8 + 2

21

deaktiviert

LH91032927AE04‘-‘

AusmV=Withdrawal with
compression is a long one

Select the mode

22 | s: Aus-mv AE anwanien

RAMVT

AE anwahlen

Von235

e

In
Vorbereitung

H9143392_AE1_STxdAn}

[Rohrweg freigeben }»

I

Start routing

2362

Verdichter3
starten

SXETTEA Verdichter3 RXETETIEA
Sop

234 ]

St Aus-mV in Vorbereitung

R: Aus-mV AE anwahlen

Ug143981A ..

o

In
Vorbereitung

i Ventle zugeordnete
DruckSammeletung gemats
Anwahl und Stellungsiogic

Ventile gestellt )—‘

[ Starte Ghodosrung

In
Vorbereitung

Ventile gestellt

232 Haeder gomats Anuahl und
Stelungslog.

Routing depends
on setting of the
selection keys

et

ASS 2u Haeder gematy
Anwahl und Sellungsiogic

Giykol anfordem fur

H9124492_AE1_STxxAn}

Start
— compressor, if
selected

2370

In
Vorbereitung

T

i Start
I compressor, if

selected

WW arfordem fir

ugeordnele ASS

Ventile gestellt
Glykol fliet

Kavemenhasder gemalt

Anviah! und Stellungslogic
’—m_scewe Venle zugeordnete
a und

2372

WW flieRt

Stellungsiogik

_— Verdttert | ez
Sop

[ 1
(o 1~

PCICenergy

Weiter mit 23.6.0

o | -
o |

2380

in
Vorbersitung

Weiter mit 24

— -
|__ Regelfreigabe |-

Mindestmenge
Uberschritten in
Mengenmesstation

In
operation

— | e
i -

(Zuruck u22

Gumck 20231
Von23.8

Rohrweg

gestellt
Start control
25 —{s: Aus-mV gent in Betrieb
Start
N e
26 —{s: Aus-mV in Betrieo
In Betrieb Midal in Schritt 26

. —

Return, if
selection was
changed

Rohrwes freigaben

Mindestmenge
unterschritien in
Mengenmesstation —

21

deaktiviert

27 S A g |
R:AusmV in Betrih
Geht in BU Rucksetzte Roglfeigabe
e zugeorchoton AE

BU =
Betriebsunterbre
chung = disable

controllers =
stop gas flow

33




Structure of closed loop control

e The structuring of the master-slave-follower controllers and load share is
done automatically related to the selection of the units.

e This result in a quite comprehensive logic
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Control diagram for 1 operation mode

Weitere Verdichter

i Set point selection f
1 compressor :
3 Internal multi component

| control for 1 compressor
Load share for
ProcessCell1
Load share for
— ProcessCell2 35
3

T

I 1
= 5

4 BB Pum i

; H T Foanes

R TI T ;

R EEL 22 ;

PCICenergy ___ ==5¢




Conclusions
S

e There is no black and white between continuous and batch plants.
- There is something in between.

e There is no need for advanced or fuzzy control or Al.
- Good craftmanship is sufficient.

e Do not over automize.
- Leave the last decision to the operator.

e A systematic structure helps for future extensions
- only small number of step functions with variable commands and transitions
depending on selection
- intelligent selection keys
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Impressions

https://www.astora.de/fileadmin/Bilder/Jemgum/DSC_3886.jpg
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Impressions
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https://www.astora.de/fileadmin/Bilder/Jemgum/DSCF4136-1.JPG
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Impressions
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https://www.astora.de/fileadmin/Bilder/Jemgum/DSC_7839-1.jpg
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Impressions

B

T

| ' f l‘i" ”—ﬂlxﬁr T

~——

PCIC energy




Impressions
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Impressions
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Thanks for your attention!
T

Time for Question and Answers
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Backup running a delivery schedule
B

Gas storages usually are obliged to deliver a contractual hourly amount of gas
energy.

This hourly amount shall be met irrespectively of disturbances, run up effects.
A table of 24 demands will be given by the start of the day
e The transfer station measures and controls the gas flow

e We installed a calculation block which compares the current hour’s demand with
the flow already delivered. The flow setpoint results in the difference of demand
and delivered divided by the remaining time.

Challenges:
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Backup running a delivery schedule

Challenges:

e What to do if the schedule changes on short notice (telephone call)?
e How to react on disturbances at short remain time?

e Summertime to wintertime change (one extra hour)

e Install an allowed control band to minimize disturbances

PCIC energy
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Backup running a delivery schedule

Nachster Gastag Aktueller Gaslag

48000 11 33600

1400000 . (3 1400000 v (3 1400000 .

3 1400000 . 4 1400000 .y
1400000 v [ 1400000.w | 31400000

:
5 g
E H

B -

(1] 1400000 - ‘
1400000

(] 1400000 v (1 1400000« = -
1400000 w0

-

= W -
122678 hmin

Ll 1400000 v

L1l 1400000 .«

1400000 - [ 1400000 - 3 1400000 ./ 122678 100

1400000 . 134 1400000 «v (4 1400000 v
L1l 1400000 v v

L1l 1400000 v (3 1400000 . (3 1400000 ..

[
!
LLI
LLI

(11 1400000 «v (Ll 1400000 | (4 1400000 v (3 1400000 v
M
L1
LLI
LL =] v

1400000 <

-

W
W
1400000« 13 1400000 v (4 1400000 v
W
W
"

(1] 1400000 v 4 1400000, [ 1400000 ./
(1l 1400000 v [0l 1400000 v 3 1400000 . [3 1400000 iv

LLl 1400000 .« Ll 1400000« 4 1400000 v

Ll 1400000 .
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