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Multivariable Case Studies

Flowsheet Casze (Main) - Solver Active

Case Study 1

Case Study2 - |+

Variable Selection | Case Study Setup | Results I Plots |

Independent Variables Find Variables ]
Marne Tag Current Value Units Delete
L3 i - Pressure 3,000 bar x
|
L3_i - Temperature 19,00 C X
L2 i - Pressure 20,00 bar X E]
L2 i - Temperature 65,00 C X
Dependent Variables Find Variables ]
Marne Tag Current Value Units Delete
GOR - B3: 146,2 X

[ &
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SEPARATION
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Processing Block Diagram

1800 -

Well 750 psig

stream

OiW : 500~
1000 ppmw

-TEG contactor
1000-1200 psig

-TEG regeneration

(400 F)

Multi-stage
separation (1-2
trains, 1-4 stages)
with interstage
compression and
cooling

WiO : 1-3 %v

100-200 barg,

-Water dew point -18@ 69
barg

-WiG < 4 |b/MMscf

-C02 2.5 mole%

-Dew point <-10 C (50 barg)
-Water Dew point -18@ 69

JT expansion harg
-H25 <5 ppm . p b -C02 < 2.5 mole%
-Cricondenbar: <105 barg Ufi_)oexp‘ander or e 125 < 5 ppm
Gas -Cricondenterm <40C refrigeration. -Calorific value
: »| -NGL fractionation . g
compression et inden
1 ; T 4
Re injection 3 - LNG
| plant = Tanker
NGL

-Electrostatic
coalescer.
-Desalter
-Heater

A\ 4 v

-Hydrocyclones +
Flotation
-Hydrocyclones+
degassing

-Skim tanks+flotation
-treatment

Stanko Milan (2018)

API: 8-65
Wi0 <0.5-1% , <2 % (N)

pr— -Tanker/Truck: < 11 psia RVP

-Pipeline: 111 psia RVP, 150 psia TVD (N)
Salt: 10-30 PTB
H2S: 10-100 pppmw

» -Disposal: <40 ppmw OiW

-Re-injection
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Separation in Oil and Gas Production @ ‘

GAS [WATER Others]

GAS

Condensate
oI/
Condensate Separator OIL[GAS WATER SOLID Otherg
WATER

SOLID '
Others ‘

SOLID WATER[OIL GAS SOLID Otherg
Others
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Characteristics of the flow stream @ ‘

Dry gas Gas Water

* Type of Condensate

OIL
Crude oil Gas

Water
Solid
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Characteristics of the flow stream @ ‘

Heterogeneous mixtures

*  Flow mixture

Homogeneous mixtures

e Emulsion
* Foam

v

Pressure
Temperature

Density

* Separation variables [
Composition
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Three phase separation ol

GAS [WATER Others]

Separator » OIL[GAS WATER SAND Otherg

4

WATER[OIL GAS SAND OtherZsJ
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Two phase separation ® |
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Factor affecting separation °

« Gas and liquid flow rate

« QOperating and design pressure and temperature
« Slugging or surging

* Physical properties (density, compressibility,...)
* Presence of impurities (paraffin, san, scale,...)

« Foaming tendencies of the oill

« Corrosive tendencies of the liquids or gas
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Gas-Liquid Separation

Gas

Separator

=

Liquid

Gravity tank separators

Scrubber

Slug Catcher

\

.

Gravity Forces

Cyclonic

> Centrifugal Forces
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Gas-Liquid Separation

Gas

Separator

B Liouic

* Gravity tank separators

* Scrubber
Gas;utla!
* Slug Catcher
* Cyclonic macacacacas

senee—{I [T

N

v

Licquid cuthet
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Gas-Liquid Separation

Gas

Separator

Liquid

Gravity tank separators
Scrubber
Slug Catcher

Cyclonic

Clean Gas Outlet

Viietted
Fan Wheel

Scrubbing
Liguid
Inlet
o+ Spray
Scrubbing
Vanes
Dirty
Gas
Inlet

Slurry Cutlet
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Gas-Liquid Separation O

Gas

Separator

=

Liquid

Gravity tank separators

Scrubber
Slug Catcher

Cyclonic

Dy gasrisers
Dry gas outlet -
Gas/liguid separation Liquid and
sedtion / storage
: manifold
/ Intermadiate section

Splither section
and manifold

Mixed gas inlet
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Gas-Liquid Separation

Gas

Separator

=

Liquid

Gravity tank separators
Scrubber
Slug Catcher

Cyclonic

Multiphase

m ixture\

Vortex
crown

Vortex
nose
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Gravity tank separator O

Mist Extractor
Gravity Settling Section ~\

— Inlet Diverter

% =»(Gas Outlet

Pressure Control

Inlet

Liquid Collection Section

=L iquid Out

/gvel Control

Valve
(Stewart and Arnold, 2008)
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Gravity tank separator & ‘

Internal elements

Vortex breaker

Mist Extractor

Gas Outlet
Iniet < 140 2 : b=L =
s VL e i C
[ ‘ (l ‘ 5 ———— —_— g:-__.g —jl

Inlet Diverter SN0 QTQﬁ?'. N
Defoaming Qi r
Element
Wave Breakers

(Stewart and Arnold, 2008)
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Gravity tank separator & ‘

Internal elements

Sand Jets and Drains

Sand jet water inlet

Sand jet water outlet \

(Stewart and Arnold, 2008)
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Gravity tank separator O

Internal elements

Velocity decrease on
‘inside of turn

[ e ~w " 41'74;

Flow Inlet #

liquid
Momentum
\ change
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Vertical Tank ©
Ohsl

Pressure Control
Mist Extractor Valve

Gravity Settling

Inlet Diverter N " Section

Inlet mp H}

Gas-Liquid Interface —

()

-1 :H—; = Liquid Out
j\fﬁ Control

Valve

Liquid Collection ___—=""-
Section

(Stewart and Arnold, 2008)
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Mist Extraction

VAPOR OUT *

MIST EXTRACTOR
—_

TOP VAPOR OUTLET VAPOR OUT

S%ITI\TSRT SIDE VAPOR OUTLET
SUPPORT
RING
MINIMUM EXTRACTOR CLEARANCE, C,.: WHERE

MIST EXTRACTOR OUTSIDE DIAMETER

C, = 0.707 X or Mm2_Nm = NOZZLE OUTSIDE DIAMETER

GSAP (2004)

Droplet removal efficiency: 99 to
99.5% removal of 3-10 micron
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Control system O

i

<] mp Gas Out
Pressure Control
Mist Extractor Valve
Gravity Settling
Inlet Diverter B\ //_ Section
Inlet mp [ﬁT

HLL

Gas-Liquid Interface — SLL Q@

\}.k - LLL

RS M
BT e '—;E]*LiquidOut
Liquid Collection _,,,f/”r ''''' SRR

Section . gt a
Level Control

Valve

(Stewart and Arnold, 2008)
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Horizontal vs Vertical

=»Gas Outlet

=»Liquid Out

—
[ PC s
M

T o

: {=] wpe Gas Qut
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Horizontal vs Vertical

Horizontal

.

Smaller than vertical tanks for a given gas-
liquid flow rate

Commonly used for high gas-liquid ratios
and foaming crude

The interface are is large in horizontal than
verticals so it is easier for the gas com out
of the liquid and reach the vapor space

They are not so good as vertical for solid
handling

Can have less liquid surge than vertical
vessels

surges in horizontal vessels could create
internal waves, which could activate the
high-level sensor prematurely

Harder to clean

Vertical

Commonly used for low to intermediate gas-
liquid ratio.

Suited for production containing solids and
sediments
Save space

Less tendency for re-evaporation of liquid
into the gas

Wall might need to thicker due to the
distribution of supports

some relief valves and controls systems
may be difficult to service without special
ladders and platforms

*High gas-liquid ration, a vertical separator is a scrubber
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Spherical Separator O

+ Gravity
Settling

Section '|
* Very efficient pressure Gas-Liquid Interface \L\ ‘%L | =
containers voatennas 2 B pes Setes 1 £ /
very compact RO R ey » Liquid Out
— e e Liquid Control
Liquid e Valve
Collect!on ;
* Very difficult to operate and size Section (po)
— N : o/
* They have limited liquid surge capacity %*Gas out
 Difficult to fabricate /
.. . . . . Pressure Control
* Limited liquid settling section Valve

* Liquid level control is critical (Stewart and Arnold, 2008)
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Bubble and Droplet Mechanism
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Bubble and Droplet Mechanis/mﬁ\‘ 1

@
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Bubble and Droplet Mechanism @ ‘

gas

Continuous Vs disperse flow a) Separated two-phase flow
.. @ ..drnplet
o' ® 9©°
Continuous phase Disperse phase  Pepesadtuopnase o
—————— /\ 0/8_'0 Bul:ble
II Isolated particles | Particle-Particle interaction
I
| * Momentum l]
|
: | * Heat transfer O/O_.O
| ) \O_" o Bubble
U - break-up

(Xu et al., 2015)
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Bubble and Droplet Mechanism @ ‘

KE\ Terminal Velocity (Vt)
[ |

Weight

Gas Velocity —
Pttt Fe=Fa* Fy
Drag force of o f i
rag force of gas on
Gravitational > gas on droplet I : gl g l
f + : roplet Buoyancy
o “ + Buoyanc
Buoyancy l yancy Drag

Gravitatipnal force

ul

@
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Bubble and Droplet Mechanism @ {

\\.’;"1'-.'_ ]

~ T[Dg
tg=Mpg =——prg
Terminal Velocity (Vt) Fg = Fd + Fb < Fd — CdAP 1,0]‘ Vtz

' \ J
f
Dynamic pressure

_ nDp
Vt= 4'DPg(pP pf) Fb :Volppfgz—pfg

_ 6
\ 3 Cq Py
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Bubble and Droplet Mechanism O

4Dp g (pp — pr)

5 Cq Py

1. Droplet settling theory

* Trial and error solution
* Graphical solution

2. Souders-Brown approach

3Ca " |(pp—py)

f(mist extractor, separator geometry, flow rates, fluid properties)
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Bubble and Droplet Mechanism @ ‘

1.Droplet settling theory

4 DP g ( pp — pf) EEEE)  Trial and error solution

Vt —
\ 3(Cq Py
‘ Correlations and plots
Ca = f(Re)
p _ DpViDy
My
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Bubble and Droplet Mechanism O

1.Droplet settling theory  C; = f(Re)

1,000
a Cq = ;—4 Re <2  Stokes drag coefficient
e
100 Sphere
C _ 2 1+ 0.15Re?-687 2 < Re<103
10 d _E( + 0. e )
‘D
1 \/\ C, = 0.44 103 < Re < 10°
theory/
0.1 Ca=01 105 < Re < 106
0.01
001 01 1 10 102 10° 10* 105 106 107
Rey

(P.P Wegener, 1997)
(Richardson et al., 2002)
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Bubble and Droplet Mechanism O

1.Droplet settling theory

Assuming C; =

Trial and error solution

\ 4

-

4 Dp g (pp — pr)

DoV,
Re — PYtPf
My

\ 4

3 Cq py
24
Cd = E
Cd - e
C, = 0.44
c, =01

24
==+ (1+0.15Re"%¥) 2 <Re <10°

Re < 2  Stokes drag coefficient

103 < Re < 10°

10° < Re < 10°
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Drag coefficient, C,

80

Bubble and Droplet Mechanism O

1.Droplet settling theory correlations and plots

60

-
|44
-t
- -

40

30

20

-

N Wha OO

0.8

0.4

Pttt

10’

2 3 45678
107

2 345678
10°

2 3 45678 2 345678
104 10°

Cp(Re)?

2 3 45678
10°

C,Re? = 1.31 107ppp = py)
phée” = .u2

B J‘l Dp g (pr — py)
V, =

3 Cq py
DpV,
o — PVtPr
Ky
p..kg/m3
U..mPas
D..m

( Bahadori, A. 2014)
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Bubble and Droplet Mechanism O

p..kg/m3
U..mPas
1.2 Droplet settling theory aravity settling Laws D..m
2 —
Cy = ;_4 * Stokes Law Re < 2 V, = 1000gD; (,Dp pf)
¢ Keq(Re = 2) = 0.033 18
0.71n1.14 _ )\t
_ 185 * Intermediatelaw 2 < Re < 500 V, = 2.94g Dg’zg (553 pf)
d = ; . .
Re"® Kep(Re = 500) = 0.435 prk
D —
Cq = 0.44 * Newton’s Law 500 < Re < 2% 105 Vi = 1-74\/ ad ([;P br)
Koq(Re = 2¢5) = 23.64 !
2 0.33
D, = Kcg [ ] Kcg ...proportional constant ( Bahadori, A. 2014)
9r5(pp = pr)
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Bubble and Droplet Mechanism

2. Souders-Brown approach

4Dp g Pr —
Ve | —— k., (pp — py)

(pp = py) Py

API 12) recommended range of K¢z for vertical and horizontal separators assuming the
vessel is equipped with a wire-mesh mist extractor

Height or length (m) Typical K¢ range (m/s)
) 1.52 0.037-0.073
Vertical
>3.05 0.055-0.107
) 3.05 0.122 t0 0.152 0.58
Horizontal = ST L
Others lengths (0.122 to 0.152)*(L/3.05)0-5¢ NORSOK P-100: Kgp = 0.137 * Z

(John M. Campbell, A. 2015)
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Separator sizing
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Separator sizing O

(e ) | 1. Vapor Capacity — > Cross-sectional area
-Z:=-=:I] e Gas Out
2. Liquid Capacity ———> Residence time to “de-gas”
- ™ 3. Operabilit " Abili | with
Moo p y | ity t.o d.ea wit
solids, liquid slugs, turn-
- down, etc.

3 2 4 o =1 {Z=:<ZI m Licuid Out
PR TR Lsem/Dv
R
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Vertical separator sizing O

Gas Outlet
L ]
7
/ \
| i
1. Vapor Capacity
Qg =ViAy  (Actual Conditions) B Dv , £
S.C P Ts_c 1 _ . ] ;ﬁ
Q¢ =Q, E (T); (s.c. = standard conditions) inlet = H
15C
1 atm (1.01325 bara)
Calculate V; Liquid Outlet
I
A \, 7
Calculate 4, e
y ¥
Drain
Calculate D, *Minimum value

(Stewart and Arnold, 2008)
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Vertical separator sizing O

Gas Outlat
R
/ \I r
Mist Extractor ™ [
i
Grau_'ily %
2. Liquid Capacity Sacion ¥
t Ql 4 . . E: =
tQ,=hA,—> h= 5 t...retention time ¥ =4
T Dy R
————— 1 2
Inlet mp- H:—‘ Inlet £
N For atand Dv Diverter z
calculate h . 1
|
Liquid =
: s
NI Liquid Outlet
Calculate Lgery | L'— ! |
y Lsem = 4"+ max(h;36") + max(2 * ID; 24)+max(Dy+6;42") + 6" \ / ‘
— Calculate Lgg, /D, L
\/

Drain

(Stewart and Arnold, 2008)
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Vertical separator sizing

3. Operability

Adjust Lsem

Adjust Retention time

Gas Outlet
1 [
/ \I r
Mist Extractor n )
i
Gravity %
Settling 2
Section ¥
=]
© =
f=2
.
= — — — —1—5 B
w
Inlet wip- Inlet IS
Diverter =
Section :-g;
- ] !
)
Liguid
Collection <
Section
-P-F Liquid Outlet
B — o #

(Stewart and Arnold, 2008)

Postdoc Mariana Diaz



Design criteria

For the gravity settling section ——> Droplet size =& 140 — 150um

Vent scrubbers ———— Droplet size ® 300 — 500um
Retention time in most application — 30sand 3 min —*

Horizontal Liquid volume——>

L/D relation
Vertical Separator are normally L/D=2to 4

Horizontal Separator are normally L/D =2.5to 5

Retention Time for Two-Phase Separators

°API Gravity Retention Time (Minutes)
35+ 05to1

30 2

25 3

20+ 44

1. If foam exists, increase above retention times by a factor of 2 to 4.
2. If high CO, exists, use a minimum of 5-minute retention time.
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Design criteria

Other factors

Typical Retention Times for Gas/Liquid Separator

Application Retelnnii;]i::)lf::t;ls‘hne,
Natural (Gas — Condensate 2-4
separation
Fractionator Feed Tank 10 -15
Reflux Accumulator 5-10
Fractionation Column Sump 2
Amine Flash Tank 5-10
Refrigeration Surge Tank 5)
Refrigeration Economizer 3
Heat Medium Oil Surge Tank 5-10

Typical particle size distribution
ranges from entrainment caused by
various mechanisms

Mechanical
sprays
trays
evaporation surface
column packing
two phase flow

Condensation |

on surface e —
from saturated vapor ||ee——
.

Chemical Reaction

0.1 1.0 10 100 1000
Drop Size, microns
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