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Processing in offshore platforms
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Typical CPF : Gas Field (1)

For Dew Point Control
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Typical CPF : Gas Field (2)

For NGL Recovery

R Gas R Gas - Gas Gas Sales gas
Sweetening Dehydration Refrigeration Exporting
NGL
Gas Well- Slug - Recover — LPG
T Yy
flud | Catcher « Compression
to HP
> Inlet > Conde.r.lsate — Stabilized condensate to tank
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Gas Stream
— Liquid HC stream
— Well Fluid Stream



Normal Operation

33 km)

Liquid Slug Problem

-line (Length

SARB-4_Subsea Flow
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Pigging
33 km)

Liquid Slug Problem

-line (Length

SARB-4_ Subsea Flow
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For Accommodation of Liquid Slug

Control vs. Big vessel
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Process flow for separation
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Separation trains
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Oil / Condensate Stabilization (1)

Multi Stage Separator

1) | It is preferred for “Crude oil separation and stabilization”.

Stabilization Column

1) Itis preferred for “Condensate stabilization”.
2) Itis used for “Oil Stabilization” for H,S < 50 ppm and lower RVP.

Set at @ FUEL G..-I-E.a+tﬂwll'l'liﬂ-$|!‘_1u

1200 psig A ! i
. G,,om ans saies _ [ Without Reflux
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|
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R = F Press. FPRESEUME SEFARATOR. ¥ _‘? —E
5 Sep. L} ETOAADE !
where R = ratio per stage _.,f,_ gz‘zat
P, = discharge pressure, psia
P, = suction pressure, psia Stock conGENSER  \With Reflux
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Stage Separation Guidelines |
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25-125 1 WELL 1000.ps! — = _ WATER DRAW OFF
125-300 1-2 1
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500-700 2-3#* @_
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Example for Oil Stabilization

SARB-4 Project (Oil Reservoir)

Oil from HP Sep. Gas to HP Com.
o '
mp 83 barg Gasto MPI com. Reflux System Gas to LP Com.
Separator ,L Fresh Water 49 oc

LP 0.7 barg
Separator

l 91°C
_Q_b@ ¢ To Produced Water

Treatment
7 barg
Desalter

To Produced Water
Treatment

To Produced Water
Treatment

Oil Stabilizer
(Stripping Type)

1 barg
I
; Stabilized Oil to Degasser Drum

(RVP = 8 psia)

To Produced Water
Treatment

Heavy Condensate —P/@—F

1. Multistage separation + Stabilization column (stripper type)
2. Design for 1) maximized oil production and 2) minimized H,S ppm

3. Heavy condensate was used for striping un-stabilized oil = for preventing scale problems in the reboiler



Example for Condensate Stabilization

Touat-Gaz Project (Gas Reservoir)

Stabilized Condensate From TEG

Inlet Scrub.
From Comp.
From | [From TEG
Comp.| /Inlet Scrub. k < FSr;JFr)T;r(;‘?CIJ?
4 From Slug
Recycled Gas catcher. |
v —> )
From Inlet — <>
Separators
=T —>@—> —
A — To Produced
—» Water
Treatment

To Produced Water Treatment

i}

Note 1) Touat-Gaz CPF does not have Slug Catcher.

MIDYAN Project (Gas Reservoir)

Stabilized Condensate

Recycled Gas

—>
From Cold
Separator
K)—>
M Q
—>
To Produced
Water A
Treatment 1
—




Example for Condensate Stabilization

Touat-Gaz Project (Gas Reservoir) MIDYAN Project (Gas Reservoir)
Stabilized Condensate Stabilized Condensate
= i RVP = 6.3 psia
(RVP = 6.3 psia) Erom TEG ( psia)
126 °C Inlet Scrub. 52 °C Recycled Gas
22 °G
-10°C From Cold
From Comp. Separator
From | |From TEG 40 °C
Comp.| [Inlet Scrub. @4& Zg;;;?;? l 0.1°C |
A v v
FromSlg__ Y Y
l 152 °g Recycled Gas i 76 °C @ 60°C
From/Inlet — <> 35°C
Separators
AL °C 95°C /7 "\ «
D65 o =
API 66 126 °C
__J 2 >
l 10 barg > i API 86| 9 barg
<—
)y = K4
200 °C ‘ 188 °C




Crude oil export via tanker




Water treatment

Closed Drain -4
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Gas Dehydration Unit (1)

FACTORS TO DETERMINE DEHYDRATION METHOD

Initial water content of the feed/ Water spec of dried gas/ Process character/ Operational nature/ Economic aspect

cost
water spec.
dew point spec.

regen. T

application

Advantage
and
Disadvantage

Compression
and Cooling

low

38°C

Field use

- Simple

- Cannot
remove the
water enough

Most of the CPFs use TEG

Absorption
(TEG)

moderate
10 ppmv

32 C

191~204 C

Most widely
use

- Economic

(glycol cost
is relatively
cheap)

Adsorption

(Molecular Sieve)

high
0.1 ppmv
-100 C
200~315 C

Cryogenic
process

- Can obtain
the lowest
water content
- Cost high

Membrane

low
20 ppmv

Offshore
process

- Light

- Modular

- Only
economic for
low feed flow



Gas Dehydration Unit (2)

FACTORS TO DETERMINE DEHYDRATION METHOD

Initial water content of the feed/ Water spec of dried gas/ Process character/ Operational nature/ Economic aspect

|
For TEG Dehydration Unit Design

1. Determine Lean TEG Inlet Flow Rate
(2 - 5 gal / removed water Ib)

2. Determine Lean TEG Concentration

3. Determine introducing Gas Stripper
or DRIZO

M

moderate
10 ppmv
-32°C

191~204 C

Most widely
use

- Economic

(glycol cost
is relatively
cheap)




Gas dehydration
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Pressure, bar

120

100

80

Dew point control via refrigeration

» Refrigeration

: The most common method used for gas dew point control is mechanical
refrigeration. This technology is suited especially when pressure is not
available to be used to self refrigerate the gas.

: Two variations exist of this process. one that recycles the stabilizer
overhead to the front end of the plant, used to maximize the recovery of
certain components, and a second that re-injects the stabilizer overhead in
the residue gas stream.

I Gas/Gas Exchanger Stabilizer Ovhd
Owvhd Gas Recycle to Sales or
1 to Fuel Gas, or
g . . 4 . N I-Wdrateﬂce F\'.ECYCiE
\ ‘ Depressant
—_— \
Inlet Gas \ Chiller
! Low Temperature
8 ...—.[ A h—@ L Separator
\ l —'-/
' l
Residue gas
Feod gas HC Liquids
‘ T l Propane Refrigerant
| \
Fa ! Sales Gas _Aqueuus Phase
/ } < (with MeOH ar MEG) bl
- 4
150 100 50 0 50 100 Sales Gas Compressor :
Temperature, degree C Cwhd. Gas to Sales

Mechanical Refrigeration

Stabilized HC Liguids



Pressure, bar

120

1007

60

20

« J-T valve

. If the raw gas is at high pressure, the removal of hydrocarbons
can be accomplished by refrigeration obtained through the
expansion of gas by means of a Joule -Thomson valve.

. Injection of glycol is required to prevent the formation of hydrates.

J-T Valhve
X

Saparator

Gas/Gas Exchanger
Owihd Gas Racycle
Hydrate/lce
Deprassant
x Inlet Gas
Critical point \
”~ N\ \ h
pe 1 A
/ ‘r /l
8V r
Residue gas
| Feed gas
[ | Sales Gas
h [ [
, b - /A 3
/ | Sales Gas Compressor L]
/ L]
_ /|
i | | Owhd. Gas to Sales
200 150 100 -50 0 50 100

Temperature, degree C

J-T Valve

Low Temperature ‘

Stabilizer Ovhd
1o Sales or
to Fuel Gas, or

Recycle

HC Liguids

Agueous Phase
{with MeOH or MEG)

Stabilizer

TR

Stabilized HC Liguids



Pressure, bar

1204

1001

Turboexpander

. This process is a variation of the Low Temperature Separation process in
which the pressure hold in the gas is used to move an expander turbine,

which in the isoentropic expansion generates refrigeration and exports

mechanical work.

: This work is used to drive a compressor to partially restore the gas

pressure.
Critical point %\
| ‘/-, \
\'I‘ A
= Al 1
Residue gas ’
Feed gas
/|
, f ,1
/ § ‘
-200 150 100 -80 0 50 100

Turbo Expander

Gas/Gas Exchanger

Owhd Gas Recycle
1 Turboexpander Low Teml:aralure
1 Hydrateflce Suclion Scrubber Sepafator
1 Depressant
Inlet Gas * \ |
H
HC Liguids
Sales Gas Agueous Phase
- — (with MeOH or MEG)
1 )
/ "‘ Turboexpander/Booster

Sales Gas Compressor

Ovhd. Gas to Sales

Stabilizer Ovhd
1o Sales or
to Fuel Gas

I

Stabilizer

Stabilized HC Liguids



NGL Recovery Unit

ETHANE
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NATURAL GASOLINE

In the CPF, NGL recovery unit plays a role of LPG extraction from Gas / Condensate



Design approach

Client Requirements & Onshore or Offshore?

Main Product (sales gas / stabilized oil / LPG) &
EOR (Or IOR) &_ CCS? 1) EOR : Enhanced Oil Recovery

2) IOR : Improved Oil Recovery

Block Flow Diagram

Completion

Process and Equipment Design / PFD & PID ...

CPF Design Completion



Project Comparison

Project Rerliri\éow Product IOR D/ EOR 2 CCS?3
SARB-4 oil Stabilized Ol Y
) | ) )
(UAE_Abu dhabi) Reinjection Gas (Gas/Water Injection)
Sales Gas
TOALIJatGaZ Gas N Y
(Algeria) Stabilized Condensate
MIDYAN
(Saudi) Gas Sales Gas N N
Sales Gas
ATKAS Gas N N
(Iraq) Stabilized Condensate
Sales Gas
RHIP N Y 2
(Oman) Gas Stabilized Condensate (SG Injection) Y
LPG

Note 1> |OR means “Improved Oil Recovery” as technology for 2" and 3™ recovery
2> EOR means “Enhanced Oil Recovery” as technology for 3" recovery
3> CCS means “Carbon Capture & Storage”
4> RHIP process includes CO, EOR facilities for another oil field. CO, EOR plays a role of CO, storage role as well as enhanced production.



Ex. SARB-4 (Client : ADMO-OPCO / Abu Dahbi)

34 km

B, R
2 e R iy
L@ Island ¢
’ s S R
J o .I" : 3 " ‘-\', .
/—:‘.—. . ,\'\ CH : l-_.. .
K

@kaue - |

%

0il/Gas Production
Gas Injection
Water Injection

0il/Gas Production S1
Gas Injection S1
Water Injection

0il/Gas Production S2
Gas Injection S2

42 We

CP ocessing Facilities)
Plint Aiga

Approx 20 km

Work-scope

1

sland

44 Wells

Approx 7 km

. Process Design on CPF (Zirku Island)
. Process Design on Artificial Islands
. Hydraulics on subsea pipeline

. Flow assurance on subsea pipelines

Product (CPF)

1. Stabilized oil (200,000 stb/d)
2. Reinjection gas and fuel gas

3. Reinjection water (sea water)

d

ificial Isl

Water Injection

2

X Artificial Islands play a role of WHP.

Water Depth In SARB Field
13.2m to 15.7m

Source : “Process Description”, SARB-4 FEED PKG



Ex. SARB-4 Project (Client : ADMO-OPCO)

30 barg

Oil Well
—_—
fluid

> Gas _ — Fuel gas For IOR
Sweetening
172 barg 414 barg
1st Gas Gas . 2" Gas R 3" Gas Re-
> . > . > . > . -
Compression |70 barg Dehydration Compression Compression |injection
> Condengate Gas (< LP)
Slug Compression Compression Processing
| —
Catcher to HP to MP ~ 0.3 - 0.5 barg
Vapor
) Recovery
7 barg
> omp G Lp De-salter P9 o) Stabilized oil
| Separator Separator | System ,| Stabilizer to tank

— Injection Water

Produced Water Treating

Sea Water Treating for IOR




AKKAS Gas Field Project

AKKAS Well-pads & CPE

Syria

St

AKKAS Gas Field Location

Turkey Twy - Sl g 77
\ AL I 0 Foww Suten

e Ak, { tegwd

Ny Peguited Pce

bt =
/ \

w— (i3 Pt
— (Ol P4

Powy e

WELL PAD PHASING:
O 2015
O 017

%
Oy, ¢ 2019
Ko A1 Ko
@ 02
EE O 208
L~

Saudi Arabia

TYPICAL WELL FLOWLINE GROUP:
* 6"lines

%

Work-scope

1. Process Design on CPF
2. Hydraulics on Flowline / Trunkline / Export PL
3. Flow assurance on Flowline / Trunkline / Export PL

Product (CPF)

1. Sales Gas (480 MMSCFD)
2. LPG (8.3 MBPD)
3. Stabilized Condensate (16.8 MBPD)

Source : “Gathering System Design Philosophy”, P99065-S00-PHIL-U-02, AKKAS CPF FEED Document



Product Specification

Sales Gas Specification
Unit Value
Water Dew Point @ 70 barg °C -12
Hydrocarbon Dew Point @ 70 barg °C -8
H,S Content ppm 7.5 max
RSH (Mercaptans) Content ppm 15 max
CO, Content vol % 2.5 max
LPG Specification
Unit Value
RVP (Summer) kPa 800
RVP (Winter) kPa 1,000
Ethane vol % 0.6 max
Cs. vol % 2 max
Sulphur Content mg/m3 343 max
Water Content - 0 (water free)

Stabilized Condensate Specification - 9.6 psia (0.66 bara)



Gas processing concept

Gas Gas Gas Sales gas
> > > ——

Dehydration Refrigeration Exporting

y N

Slug
Catcher

— Fuel Gas

Inlet v Condensate
. R

Separator stabilizer Stabilized
Condensate

\ 4
\

Gas Stream
— Liquid HC stream
— Well Fluid Stream



FEED Design for FCP-2015

Lean TEG
—_—>

K

Slug
Catcher

= ]

Qily Water

Inlet Separator

Produced Water

v

=I»

P

) 4

v

Chiller,
‘Q\ LT
k ” Separator

TEG \—>
Contactor
‘ > Sales Gas
Eand 11—
(- )
> Export Gas
Compressor
T><]—p
—»[ ] —>» FuelGas
(- )
Flash Gas
—>
/L\ Compressor
y
—>
— S>>
Condensate
Stabilizer
— |
T,
Condensate
» 0 | »
| g SS— | = Ll



Verification Result for FCP-2015

LeanTEG Chiller l .
:k 'v; > Separator
TEG \—P

Contactor

—R—

"|><l—> Export Gas
Compressor

\4

o o ‘ ><] Sales Gas
= S L C—1—>

A 4

=y o

1. Slug Size 40 m3
comd  |2. No lcompositiond

—_— |

Model —[ ] Fuel Gas
3]. NoYransient analysis Flash G

\j —> CO;Spresizr

Oily Water

Inlet Separator

=I»

Cgndensate
Stabilizer

Produced Water

1. De-C2 is possible to become “Condensate Stabilizer” role.
= “*72. Condensate stabilizer for FCP-2015 is not needed.
=

'3."RVP should be reduced fr 60 6.3 psia.
‘ > - Condensite
=5




FEED Design for PP-2017

Lean TEG

.

Chiller,
g ;@ ., LT
'\ 'U i Separator
TEG \_’
Contactor
e n ‘ =< Sales Gas
= A g [: :I_> I:I >
(- )
<] yy > Export Gas
Compressor
L) T><]—
Slug
Catcher
—>[ > »  Fuel Gas
(- )
\
4><;—l Zi Flash Gas
—>
/J_\ Compressor LPG (C3/C4)
OQily Water Inlet S t \ 4 T
nlet Separator —> - <>
A
De-C2
=" ="
(- el (- ]
m /-\
Produced Water T le —
N
P De-C3 De-C4
L — o — e
L|><l — ==
. Condensate
I
\‘g/




v

Verification Result for PP-2017
Leen TEG > Chilley ‘72% Egrg LT
{ é }_@ Separator
TEG s HD / W
Not require ) N 52 barg
;@/ > 0.9 Ib/mmscf 2000
42 °C h 4q°c 3
—— w3 s S HD /W
=S| A > ><]» -44 °C 55 barg Sales Gas

‘-'><]_> Export Gas

55 barg 1 Compressor

1. Slug Size 40 m3

" s iti >
comd  |2. Nolcompositiona|l
- 1\ 30 barg =
Model — 1 > FuelGas |
No¥ransient | == | Flash gas compressor capacity
\jg‘l < compressor | 1S SigNificantly in excess.
Olly Water Inlet Separator E-g <l T
= R

HD / W1 | ooc,

(- )] ‘ f— )
Produced Water rm . /—1 :
Free Water “—=— , uired | =
Formation J = 1 > s<—> I
. Condensate
(Pressure increase A
) —

required) ) N I,



Revised Design (Alternative Case) for PP-2017

Cold Liquid 2

Lean TEG Cooled Lean TEG
» Chille
_ m 52 barg LT
L '\ v 30°C Separator
Cold Liguid 3 TEG >
Contactor
0.3 Ib/mmscf r De-C4 Bttm
‘ Cold Liquid 2 ~_Cold Liquid 1
-~ . D 55 barg Sales Gas
= F L L, r>|:|—>
(- )
Lean TEG >
=] . E tG
Air cooled HC T Export Gas

Cold Liquid 3 >

EEEN Fuel Gas X

Ci:ﬁer Cooled Lean TEG
55 bar
—>|:|J 9
(- )
\ 31 barg
Zi 2 0C 19 °C Flash Gas
—>
/J_&) EW Compressor
Oily Water Inlet S X 31 barg
nlet Separator
P 11 °C — <>
De-C2
="
(- e}
/—\
Produced Water L » LPG (C3/C4)
o= De-C4
[y— Cold Liquid 1  ajy
cooled Condensate

De-C4 Bttm HC

211 ocC>> 60°C
L» Cold Liquid 2

T,

|—> Fuel Gas



Comparison with FEED Design

FCP-2015 PP-2017 PP-2030
Unit

FEED | Alter | FEED Alter | FEED | Alter

RVP [kPa] | - ; 851.8 | 844.7 | 815.5 | 815.5

C,. [%] _ ; 0.35 037 | 0.23 | 0.37

LPG Cs, [%] - - 1.60 1.61 1.57 1.60

Product Rate? | [t/d] ; ; 567 532 546 525

RVP [psia] | 9.597 | 6.300 | 6.433 | 6.400 | 9.796 | 9.149

Stabilized

Product

Condensate . t/d] | 530 | 526 | 1,747 | 1,743 | 732 717
ate

Note 1) LPG production should be guaranteed as over 500 ton/d at the begging of PP-2017.



However

Comments from the client,

1) LPG RVP unit must be revised from psia to kPa.

2) LPG product must consider C,/C, ratio according to production season.

Unit Before the revision After the revision
RVP (S) 800 psia (55 bar) (S) 800 kPa
(W) 1,000 psia (68 bar) (W) 1,000 kPa
C,. [%] 0.6 0.6
Cs, [%] 2.0 2.0
S) 30 - 40
LPG Cs [%] No limitation (S)
(W) 60 - 70
. (S) 60 - 70
C, [%] No limitation
(W) 30 - 40
. (S) 0.43 - 0.67
C5;/C, - No limitation
(W) 1.50 - 2.33




To deal with the requests

For client request (1) : LPG RVP unit must be revised. ((S) 800 psia, (W) 1,000 psia)

= C,_removal in LPG is useless for revised RVP.

= C; contentin LPG must be reduced for revised RVP.

For client request (2) : LPG product must consider C5/C, ratio according to production season.

=» Operation condition and a method for reducing C; and increasing C, should be devised.



Modification of the process

Before Revision

y N

Slug
Catcher

\ 4

R Gas R Gas Gas Sales gas
Dehydration Refrigeration | T | Exporting
» Fuel Gas —>LPG
Inlet y _ DE'CZ | De'C4

> > —>
Separator System System Stabilized
Condensate

Gas Stream

— Liquid HC stream
— Well Fluid Stream



Solution Devised for Client Requests

After Revision

R Gas R Gas Gas
Dehydration Refrigeration
'y

A

Slug
Catcher

e

or soluljle wa

B . Sales gas
Exporting ‘M
Fuel Gas

ter “ —— LPG
w

rempval
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Solution Devised for C

lent Requests
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Solution Devised for Client Requests

De-C3 Reboiler

Lean TEG, 99.99 wt% HX 1 Chiller £ p— Fuel Gas
DRIZO Required 52 bar
for LeaanEG A - LTS Dy (o)
| E ) -30 °C Duty (W) : 10.2 MW
— (W 27 °C
PP-2017 CORL
52 barg Sales Gas
WC:
2-3 ppm > 480 MMSCFD
‘ > Export Gas
—— . > <> Compressor
«— >
30 barg D
Slug ~ ~ [ -
Catcher (S)-42°C/(W)-38°C HX L HX 2 =<
—»[ 1]
(- e}
§§ — L —
B3 e ————
l 1 Y | /J\
—)
Oily Water 1 =] — Flash Gas
Inlet Separator —> — | — <] Compressor
Summer
Condensate De-C2 | C3Rec.:0.19 Reflux Ratio
- ) ux i
Stabilizer De-C, Reboiler C4Rec.: 0.81 — (S)541
Duty (S) : 14.5 MW Winter [ (W) 1.03
—> Duty (W) : 8.8 MW C3 Rec. : 0.81 q
Produced Water C4 Rec.:0.94 — < > LPG (C3/C4)
= L -
\‘Xl/ De-C4 Production
. (S) 505 ton/d
B — (W) 570 ton/d
Cond.Sta Reboiler —><1—p»[ 1
Duty (S) : 8.4 MW —= 15t Cooled FS -
Duty (W) : 9.4 MW
I
Stabilized \ﬁ’

Unstabilized Condensate

Condensate

HX 2 (S) 1770 ton/d
(W) 1754ton/d

Duty (S) : 10.6MW
Duty (W) : 2.7 MW



Products summary

PP-2017
Unit Required Spec. Solution
FEED
Devised
(S) 800 (S) 692
RVP [kPa] 851.8
(W) 1,000 (W) 897
(S) About 0.00
C,. [%] 0.6 0.35
(W) 0.35
(S) 1.61
Cs, [%] 2 1.60
LPG (W) 1.61
> 500 S) 505
Produlct Rate t/d] 67 (S)
) (@ PP-2017) (W) 570
(S) 0.43 - 0.67 (S) 0.66
C3/C4
(W) 1.50 - 2.33 (W) 1.65
: (S) 6.400
RVP [psia] 9.8 6.433
Stabilized (W) 6.400
Cond t Product S) 1,770
ondensate t/d] i 1 747 (S)
Rate (W) 1,754

. Devised solution is good to satisfy all requirements




Conclusion

e
For LPG product spec. (satisfying production rate, C,/C, value, RVP and so on)

=» De-C, inlet fluid should be cooled for higher C;and C, recovery.

= C,/C, and RVP control can be De-C, re-boiler duty control and De-C; reflux ratio.

For stable operation (preventing hydrate, water freezing and free water),

= Water content in dehydrated gas should be 2 — 3 ppm (about 0.1 Ib/mmscf). (DRIZO)

=» Condensate stabilizer should be introduced.






