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File Data Design Optimization Customize Window Help

| MxCP/MxCPEx1/MxCPExamplel

Operating Yalve I 5

Fiist Changeover Depth(La] | 180568 m
Second Changeover Depth (L) | 221636 m
Tubing Pressure ot La [ 2% b
Tubing Pressure at Lb [ 7% b

I 00130 bardm
[ 0005 barm
Gas Pressure ot Injsction Paint | 7150 har
Kick DIf Pressure at'Well Depth | 7315 bar
I 6502 bar

Maxirumn 5 pacing Factar

Intermediate S pacing Factar

Gas Pressure at \well Depth
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T g v sviem
f=rn N BN = Tubing Pressure at Operatin I—
- D Ay gt 25000 s AT 742 bar
} } } } by } } } TestWalve Options IW\thDut Tubing Effect A
[ L » E a El @ R @
Pressare g
|+alve Muraber i 2 | 3 4 -
[Walve Manufacturer SLB (Mera] |SLE [Merda] |SLE (Merla] |SLE (Merls)
|§as Lift Yalve Type Bellows with n| Bellows with n | Bellows with n | Bellows with
“alve Outside Dismeter [mm) 38.100 38100 2100
alve Mame N-17R NATR N-17R
Part Inside Diameter [mm] £.350 6.350 6.350
Seat/Bellow Area 0.067 0.067 0.0657
Discharge Cosfficient 0.900 0.900! 0.900
uogestion 010346 011436 012553
alve Depth (m) 575.33 1062.98 1530.87 LI

= developed the integrated

intermittent lift software (GLIP) which models the complex intermittent wells operation including simulation of
dynamic and highly unsteady — state conditions.

The GLIP program is a powerful and flexible tool used by petroleum engineers to analyze fluid flow in the reservoir
and well bore, and to design and optimize intermittent lift operation of oil and gas wells.

Numerous information and data were collected to calibrate developed model and to modify known solutions and to
get a model to fit purposes- efficient simulator of intermittent operation.

Application of the model was proved on the fields (Mexico, Venezuela, Serbia, Hungary etc.). Information/data were
collected and used improved known and applied solutions.
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GLIP structure

DES - Data Entry System

Fluid, reservoir and well data base
(DB), Equipment - tubing, casing and
GLV data base, Injection system,
Plunger data.

Tools

PVT package, IPR model, Turner
analysis, Reservoir pressure estimation
depending on available data.

Intermittent gas lift design and
optimization

Automatic valve spacing and testing
using various models, Optimized cycles

Trouble analysis
Operating  valve depth, cycle
simulation (number/day, Qginj, Qliq.)

Plunger design and simulation
Cycle, slug height simulation, pressure
buildup, final operating parameters

Disign Method: 5  Constast I Prossuee
M e

Glip
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Key features

The primary objective of software/suit development was to enable comprehensive
analysis of complex well behavior operating intermittently by integrating two
apparently separated subsystems into unique model (reservoir/well- hydrodynamic
and equipment /mechanic). Model can operate with limited number of information
of the reservoir and has ability to predict the performance of well (IPR) if only one
test data are available without knowing the reservoir pressure. An intermittent gas
lift installation should not considered properly until a two-pen pressures recording
instrument has been installed to make daily recording of the tubing and casing
pressure.

A control, regulation and problem diagnosis of wells operating intermittently s
possible only if measured data are available (surface and bottom). By careful
analysis of the tubing and casing pressures, many troubles can be interpreted and
corrected without an expense bottom-hole pressures surveys.

Additional features include the detailed analysis of the well and evaluation if the
well good candidate for plunger lift application or not (Turner analysis — minimum
gas velocity to lift accumulated liquid).

A multitude of design and optimization options offered in GLIP provide you with a
great flexibility to analyze or design a system that matches best to yours.

M Downhole P, T X

TestDale = Depth [m] =
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|® PT Wellbore Survey

Ruld Gradient

Dep i ang

200,00 E75 2150 5 O000E-05

400.00 716 2880 0.0021
450.00 797 34.30 0.062
460.00 3.08 35.40 01030 j

Help |
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Glip

The options include:

cmsprodex

Designing, optimization, simulation of future conditions and problem analysis of intermittent wells operations
Simulating pressure buildup during by numerical solution of fluid inflow performance model

Defining optimal well operating
parameters

& Two Pen Analysis

fm Cycles Simulation

Increasing well production efficiency.

Select Graph Simulated Tubing & Flowing Pressure ;I
Eliminating requests for downhole Simeion Totins Fowng Prassure ure
= Simulated Flowing Pressure .
pressure survey mmmm Simulated TU gilated Slug Buildup ing Pressure
r Simulated Tubing f Flowing Pressure
. . N 70+ 194570 m |Q Total 1501 46 m
L Simulated vs M d P
Troubleshooting analysis (Qualitative s pimulated vs Measued Preseue
and Quantitative) sol
Comprehensiveness- application in -
. . . . a0
analysis of intermittent gas lift wells at I
given operating conditions =
Comparison of data on pressure build- :
. . D_3|:|__
up with simulated data C
Simulation of well conditions using a0+
minimal number of data (two-pen ¥
104
chart) r
] _I 1 | | H | | 1 E I 1 I 1 H | | é | I 11 1 H 1 | | I | | | :I I
0 a0oo 10000 14000 20000 25000 30000 35000
| Time (sec)




Features details

Data Entry System (DES) Ii

GLIP uses hierarchical representation

that may be visualized in the data

browser. DES is generating data base |ussmz-omseexampies
where all data and information are
organized in well-defined hierarchy
with the Data Browser. At the top of

Fisld Name [Mse =
this hierarchy structure is the system Reservail Name [WzD <1 G (e——
for entering, editing and deleting well Name Ceted LastchangeH =)
i . MSEE rample10 3TR007 | 842572007 Field Name =
field, reservoir and well data. MSBE kamplel1 372007 | 872572007 H
MSEE kample12 3772007 | B/25/2007 MuCP
MBEHamp\e 1;"14;"20 8.-"25.-"200 PM-AD-R0
Well data are classified to: 200y s
MSEE kample 3772007 | B/25/2007 SRES
. . MSEBE kampled 3/T/2007 | 872572007 st Fid
e General well information i o
<
e Well Geometry -

e Completion data S | e |

e Fluid Properties

e Reservoir properties

e General information about
surface conditions

e Measurements (production tests,
trajectory and surface pressure
test, downhole P&T) ; Wirosch.. - | @03 Merosch < | & urtiled-Paint | % Skyper . oS EmE T €W 7P

1 Cancel | Help |
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F Daia Entry System

Glip

File ‘Well Info  ‘Well Geometry  Fluid Properties  Reservoir  Completion  Surface  Measurements Cuskomize  Window Help

H GL 5[

&

2oy 8% 8|

o) Q<L

MSB/MZ -D/MSBE xampleb

General well information @

Well Geometry

Completion data

& well Info L Well Geometry | Complation
General Data  Trajectory | . .
Field M ame M5B General Data | Casing Data I Tubing Data I
lﬁ oy
FReservoir Mame IMZD— Calculated Yalue Angle -
whell N ame I SBE xamplef teazurment |Yertical Depth Angle (deg) Horizontal |-~ E ell Bottomhole Completion II:a8'3':|"|I|:"3rf0ratBCI —Iv
Depth [rn] [rn) nA= 10290 | Distance [m)
Diesigner / Analyst [GLIF 20000 200,00 tanabare r
[5727z00= 200.00 199,60 5125 294
i
(Bt 344 /200 =3 300.00 259.20 2563 17.87 Packer I~
I mu  mwo mo Z s
Comment £00.00 552.00 3624 0.5z Packer Depth 2070.00 m
700.00 £47.80 2563 47.24
Pressure and temperature at the depth of GLY is available 800.00 797.70 4433 5171 Gravel Pack o
The ohjective iz define operating GLY and optimize well 900,00 897 40 4439 5945
operation. 1000.00 99710 1812 67.13 P
100,00 {09715 Ta2 075 Gravel Permeability I 0.00 mD
1200.00 1197.00 2563 7352 _ .
1300.00 129690 5126 7759 Dutside Screen Diameter I 0.000  mm
oK. Help 1400.00 1396.50 2563 86.92 v

Reservoir B
Fluid Type: oil -
Drive Mehanism Solution Gas -

Intial Reservoir Pressure p10.00 bar
Reservoir Pressure 11300 bar
Reservair Temperature 11200 ¢

Pemeatility I
Wertical Permeability 000 mb
Haorizontal Permeability I—DDD mD
Porosiy S

Total System Compressibility 0.00054 1 Mhar
Oil Relative Permeailty 03
Total Thickness 400 m

Fluid characteristics &

Fluid Properties

General Data | Gas Composition  PYT OilLab |

Bubblepoint Pressure 21000 har
. Oil Formation | Gas Farmation| S aturated Ol - :
Pressure [bar] SD[HSI?;E]E'S Wolume Factor| Wolume Factor|  Viscosity Ga[sn:gzcso]sﬂy EDmEl:zibility

m3/m3

0.04500
54.00000 0.05100 0670000 )
79.50000 1.27200 0.05700 0.680000 0.018700 0.9

78.50000 1.26900 0.05760 0.685000 0.018500 0481

. 75.00000 1.25800 0.06000 0.630000 0.018200 04914

170.00 70.00000 1.25000 0.06400 0700000 0.018000 04918

1E0.00 EE.30000 1.24500 0.07000 0.720000 0.017700 042
150.00 £2.20000 1.23800 0.07400 0.740000 0.017300 04922 LI
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Surface conditions 3 Downhole P&T Q

Surface % Production Test

Separator Pressure | 500 bar Bottomhale Liuid | gy production| Wt \Water Cul Gas

floning produchion production production
Separator Temperature I 36.00 °C pressure [bar rn3/da rshoi =) rria da li=e] 3 da .

g4.00 053 Q2000 92000

Flows Line Pressure I—EDD bar == = m—
Wellhead Pressure I—E-_"'U bar
YWelhead Temperature IW C LI
Casing Pressure |—15E| bar ‘wiater Cut 0.2000  frac Ihput Type
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oK | Cancel | Help | ak. | Cancel | Help |
Production tests !@j Surface pressure test
|® PT Wellbore Survey M General Data X
Wwell Geometryl Heservoirl Completion I Surfacel Wwiell Testl PYT Data  Surface Pressure Test |
Static Condtions  Dynamic Condtions | R B L R Tubing
=1 Preszsure
Cynamle Auld Gradlent : 3
Temperakre "Ci B 11:30 2344 16.54
0 =0 o ] &0 ] =0 =0 100 e 11:40 2413 17.92
f@rttrttr—trr—t—t—tr—tr—t =I ShuHR Tublng Pressue 2185bar 11:50 24.80 1861
- 1200 25,50 19.30
T i 1210 25.85 19.93
wof £°T 1220 2620 37
i 1230 26.30 21.68
ook s 1240 26.40 21.80
E 1250 26.45 21.85
s s 1300 2300 16.00
a F 1310 21.50 16200
Z toear W 13:20 20.00 15.30
s \200 N 1330 18.50 14.30
= + Flow Ure Pressue (Z.40ba 13:40 17.00 12490
o i=[ M | | 3
. = - = 1350 16.00 1280 ~ |
[ Time
s . . 5 5 . ==
[ Shut-in Cazing Pressure 26,45 har Time Shut-in Cazing 250 ==
Ea N
[ Shut-in Tubing Pressure 21.85  bar Time Shut-in Tubing 1250 j‘
A
O oo v pov e pvvv v povvn pvv v povvn pvvv v prov o afrrag
] | } | } | } ] } ) )
5 10 15 0 ] ] 35 40 = El 4 Help |
Pressue ihan : i
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Glip
Tools

Static pressure estimation l@

In the case when static pressure is not known, the developed tool is able to determine a probable value of static pressure by
using measurement data. If only one test is available (rate/pressure), model is resolving the set of IPR equations trying to find
for which assumed flow exponent or laminar flow coefficients, the difference between two various methods is minimum. The
process of calculation can be completely under control of system, or user can give the best estimation, and program will
calculate the most probably static pressure.

E) static Pressure Estimation
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Method |Mishre£Eoudle-Fetkovich LI Static Pressure Estimation [Mishre/Coudle-Fetkowvich)]
== MElECoKlE e Fokoylcl S Dot
E Friom
If two or more test rates are | FlewEsenenthl ne2 oo £ ]
: Flow Caefficient [C I 991044 m3/d/b 100 £ ]
known the accuracy of static ow Eosficient (F e : S
. . . . Calculated Reservair Pressure I 179.84  bar et ]
pressure estimation is higher and p— ™
. Reservoir | Mizshre/Coudle|  Fetkovich Delta - E F :
very close to the real reservoir Pressure fbarl | (m3/dey] | (m3/day] | (m3/day) :E T
hom 1 =
139,00 2 {5
pressure. 198.00 4702.93 4934.08 23115 St E'm§
) 197.00 475278 497977 226.99 S ok 1 =
Unknown inflow parameters (flow 196,00 4804.99 5027.31 22232 B F a0
o 195.00 4859.74 507681 27.07 a0 £ ]
exponent, flow coefficients) can be 154.00 4917.22 512841 211139 . Fiomo
] ] 193.00 4977 B2 5182.24 20462 : ]
calculated and determine uniquely. 15200 BO41.17 B23B44|  197.27 mnt Tom
191.00 5108.12 5257.20 189.08 -3 ]
19000 51?8?4 535858 1?994 f| T T T N T Y ' I A I A A
183,00 B253.32 5423.08 169.76 L R
188,00 533222 B490.63 158.41 = | Resennlr Pressuie da
Solve | Calculate Cloze Help

cmsprodex




Fluid Physical Characteristics and PVT &

T General Data
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F!esewoirl Surfacel
. . . . Fluid Properties' Gas Composition  FYT DiI-LabI
The program establishes the valid black oil PVT correlations for
oil, gas, condensates and water Bubblepaint Pressure L e
7 7 .
Solution Gas 0l Formation | Gas Formation Satglate_dDiI BesWiseasly Gas ;I
Correlations can be automatically matched with measured data resse ) i) [N eS| i | pag | mPse) | Comprsbity
masm M3 mra. s
y ’ 11032 35.00000 116000 18.300000
H H H H H HY 9308 29.00000 1.13000 19.400000
Since gas evaluation in the tubing is a constant composition oot ool 11300 Lrgrnnta
. . . . RE8E0 21.00000 1.09000 22.300000
process, flash data, not differential liberation, should be used 4413 18.00000  1.08000 23500000
24.00 12.00000 1.06000 23900000
for matching. The temperature and bubble point should be 1056 6.50000]  1.05000 24.300000
1.10 1.00000 1.04000 28100000 |
entered to match the data given in table.
—

k8 olablat]al)

o9

MSB/HZ -D/MSBE xamplet

£'s PYT 0il

The Best Carrelation: Lasater

oil A%
Correlations used for oil bubble pressure (Pb), solution
gas (Rs) and oil formation factor (Bo) are: Standing,

Pt [T TSR [nins Lasater, Vasquez-Beggs, Glaso, MECO (Middle East Crude
0il Molecular Weight 231.92 gfmal 5 O./
Bubblepoint Pressure | 31481 bar IVasquez-Baggs - Select Graph ISqul\DnGas j (:::r:;:l;lula I S).
Solution Gas | 5788244 m3m3  [Standing - Solution Gas . . . . .
DestOleensl e oy e he b PVT module calculates live and dead oil viscosity using
3t B Vicoty : SR :EEDQS'””‘““W“ S Beggs-Robinson, Beal and Chew Connelly correlations.
il Formation Yolume Factar 12323 m3imd Standing hd o+
Oifardoomefeons [ imm g [ws o] o°F Calculations of density of live and dead oil are included,
Total 0 Vokume Factor [ 12437 mam3 [Geneal - ga: |
Dl Density T ka/md %m_ also.
il Isothermal Compresibilty B 43484E 06 1/bar 1%50' .
Gas Oil Intertacial Tension E79486  mN/m Tet Reservo’r Water é

owe | v | Knowing solids content reservoir water density, formation

N I R factor and interfacial can be calculated and used for

loading process analyzes.

cmsprodex




Gas / Condesate 1‘3'.,: J;Q

The necessary calculation properties of reservoir and dry injection gases are
applied. When gas is selected as the PVT option, it is requested to enter

T General Data

composition either reservoir or dry injection gas, as is displayed on the input Rieservoi | Suface | 5
Fluid Properties  Gas Composition | T IIIiI-LabI
data screen.
To simulate gas behavior at various P &T conditions the analytical Standing Blarairait e bkl 2] :I
. . . Methane [CH4 £3.3000
and Brill — Beggs correlation user can select, or use solution of EOS, EtEE:QTE[EHE]] =i
proposed by Hall and Yarborough (OGJ, June, 1973). Propane [L3HE] <6000
i-Buthane [i-C4H10] 2.0000
n-Buthane [n-C4H10] 2.3000
{Ferthan (-CEH12 1.2000
File Data PY¥TGas PYTOQIl PYT Condersste PYT Waker Customize  Window  Help n'PEnthanE [H'E5H12] 13[":":'
H| 8] ccladhaslad 92| Tl € Carbon diosid (C02] 16000
VEN_L/L_28/VEN_LExample3
% PYT Gas Graphics | X | j |
Select Graph Gas Compresibility ;I @ Pressure

" Temperature

Gas Compresibility

T Y E—T ) T T—TE Ry N T

Gas Molecular wWeight I 2123 afmal
Gas Compresibility I 0.87034
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5 PVT Gas
K Gas Density I ED18  kg/m3
%D Gas Formation Yolume Factor I 0.00265  m3/m3 IEmpilicaI VI
¢ Gas Molecular \Weight I 21.23  g/mal
EC Gas Viscosity I 0022608 mPas IEmpilicaI hd I
. Gas Campreszibility I 0.87034 E.0S vl
@ Graph | Close | Help Standing
Gas Density B8  kg/m3 Brill Beggs
E.0S
Gas Formation Yolume Factor I 000265  m3/m3 Lab Value
T TR Gas Viscosity [ 0022608 mPas IEmDifica| 'I
X kil w0 E1 [ i
PresEare ban

Graph | Cloge | Help |
The Best Corelation: Brill Beggs
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Inflow performance relationship \\

The Inflow Performance Relationship (IPR) is the
production engineer's shorthand description of the
performance of a well at a given reservoir pressure.
IPR is the relationship between the bottomhole
flowing pressure and flow rates, and it is the
starting point in the analysis of a well's behavior.
IPR includes the effects of both reservoir and
completion efficiency. The shape of the IPR curve
and the method that will be used to establish the
relation between the flowing bottomhole pressures
and flow rates depend on many factors, like relation
between reservoir and saturation pressures (single
or two-phase flow), physical characteristics of the
reservoir and fluids etc. When the flowing pressure
in the formation falls below the bubble point (Pb),
gas comes out of solution, reduces the permeability
to the oil phase, decreases the productivity index,
and reduces the oil flow rate within formation. At
increased production rates, Pwf decreases and
more gas comes out of solution within reservoir,
and the relative permeability to oil decreases.

cms
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FLOW TYPE
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Other factors such as increased oil viscosity,
rock compressibility, and turbulence can add
to these effects as wellbore pressures fall and
rates increase. The IPR evaluation method
selection depending on the flow type and
regime as well as well geometry (vertical /
slant / horizontal).

Selection of the IPR method is strongly
depending on data entered in DES and data
required only for IPR modeling. GLIP is
controlling the availability of data, as well as
the data quality. As results of such checking,
the system will select only that models for
which there are enough information. If there
is not needed information for particular
model, on report screen it can be seen that
calculated AOFP is 0.

Future IPR performance can be used to design
intermittent operation for expected
conditions.

cmsprodex

E¥ Present

AllMethads | Vogel|

Method F'[Lﬁgjgé';]f‘ Plat H
Fl congtant E.ES v
Drarcy without Turbulence 17.34 d
Diarcy with Turbulence 17.33 W
ogel 460 d
Standing 0.00
Fetkovich 4.60 W
Jones-Blount-Glaze 0.00
Trangient 3.0 v _I
Selected Method IVogeI VI

Productivity Index

0.04505  m3/d/bar

IPR-Present

e Ploodctint memmmm Darcy WHAONETHNENC: s Darcy with THMAEIC: e Vi0gE
=—— Febkcl === Tkt

Fressure (ban

B o8 5 2 8 3 3 &

=]

Prochvction i3y

Help

Kiins Clark | Table|

Selected Method IKIins Clark. VI
Future Production -~
Pressure [bar 3/ da At
90.00 258 v
70.00 145 ™ -

Klins Clark

[ A e SO IAl e 000 bl mmm ogE| (PIEREND

Future Pressure (bar)
2
T

B 8 5 & & &
e

=]
T

L 1l |
T T T
20 23 30 33 (%
Procnction dn3aka

o
5
o
i
=
o

Close

Help
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Glip

If trajectory data have been entered, then system is analyzing information and using build-in rules will decide which
type of well was drilled through productive zone. According to results of checking and analyzes, system will recognized
the well geometry and will choose the corresponding IPR models (vertical, slant or horizontal). To continue with
design program is asking to select IPR method that will be used for all other purposes (design, trouble analysis and
optimization).

kN Present

Al Methads | Darcy Kuchuk

b thad Production Plat IPR-Presert
e Jd k| e Godkk WIKNGON === 4ZC = Darcy FKachik
04
Odeha
Bezon .00 r al
Godde Wilkinzon 1753 v
Aziz F4EE[ W
Drarcy Kuchuk, 131.65 W a4
2l
Selected Method IDaru:_l,l Fuchuk LI
Praductivity Indes I 190730 m3/d/bar
104
o T T | : T T T : |
0 [lx] 0 30 0 0 00 00
Procinction dn3ila
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Critical gas velocity analysis Q

One of the most important aspects in the investigations of the liquid-
loading phenomena in the gas wells has been focused on how predict the
critical gas flow rate or production parameters under which liquid
entrainment is impossible.

Program calculates the critical /minimum gas velocity required to keep
well with liquid accumulation. Two methods are used:

= Turner
= Modified Turner method (SPE 75455)

As results of calculation program gives the dependence of critical gas
velocity for various tubing size for cases, wellhead and bottomhole.

9, Critical Gas Velocity Analysis

Turner | Mew Methodl
Select Graph IEriticaI Gaz Flow R ate VI Solution IAt wellhead VI
Critical Gas Flow Rate (G az Production [m3/da
Solution A Wellhead (Tumer) n-
o T (7 T okl e 50T IV kel e 120400 0 (71 Toech 3.0 32139 10187 52 12781 .75
E 14.42 1041158 13062.86
=t 15.04 1063080 13337.91
af 15.65 1084547 13607.24
E 16.27 11055.85)  13871.20
=t 16.89 1126219 1413008
=f 17.51 1146470 1438416
. 1813 1166358 1463369
a o ; 18.74 1185902  14878.89
g (B Pt 3y ; 19,36 1205118 15119.98
2ok 19.98 1224020 15357.14
s 2060 1242625 1559056
Lk 2121 1260943 1582039
ok 71.83 12789.89)  16046.80
E 2245 1296772  16269.92
L 2307 1314304 1648988
sE 23E9 1331554 1670681
E 24.30 1348651 16920.81
" 2452 13654.64 1713200
e e e 2554 13821.01 17340.49) ~
Gas Prochiction M3y 4 I I _}

o)

L]
. Droplet
Fallgack

P

Q'L

Qe

@'l Qgoul
Control Volume

—1 sl Boundary

. Fu
h I Rising liquid column

- @ Bubhle |
® rise | Qun
=
Pa— L] — Reservoir pressure - P r
L] =

o Holdug Fraction in
Liguid Calurmn
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Glip

Intermittent gas lift design

Intermittent gas lift design includes the evaluation of the following parameters: valves setting depth and
characteristics of gas lift valves. The setting depths and characteristics of gaslift valves can be evaluated graphically
and analytically.

There are various methods for designing intermittent lift installations. Most of them fall into two basic categories:
e Design based on Intermittent Spacing Factor (constant and decrease gas lift valve surface closing pressure).
e Design based on ratio tubing and casing pressure (“Percent Load" and “Opti-flow" methods)

The spacing factor methOd is N Intermittent Gas Lift Design
recommended for the We”s With known Design Method: SF -Decreasing Inj Pressure Operating Yalve |_2

Temperatire 0
23 30 33

inflow characteristics. This method 130:....:IT....IID....II5 SR S R L S .6?....61'?_.... First Changeover Depth [Lal | 7aT1 m
. . : Second Changeover Depth (Lb) I 57507 m
requires the largest number of input : e
200 —zal Fud Lewel

. . Tubing Prezsure at La I 1889 bar
data. The depth of the operating valve is wf bing Freseure ot Lb e

10t

FIRE bange

8
+

automatically evaluated as the explicit =~ _wprerrmmer R g EEEER Masinum Spacing Factor [ 0104 bar/m

function of the reservoir and flowing  £7¢ S Intemecise SpeckaFactar [ 0020 batm

. osm'f ) Gas Pressure at Injection Point I 7840 bar

bOttom-hOIE pressures and the Statlc Tm'? KickfoPressureatWeIlDepthWbar

and fIOWlng gradlentS. am% Gas Pressure at Well Depth I 7619 bar
wkb 2

Tubing Prezsure at Operating 57 bar

TG Pe oraion D 112000 608 15 “alve Depth
Lot Test WValve Options IWithoutTubing Effect j

]

The tubing / injection pressure method ok }
requires minimum information on the peseus oan

=
ul
Wt
al
al
o
2

reservoir. The designer designates the — nawbumbe

W alve b anutacturer
. . . Gag Lift Valve Type
operating valve taking into account the  [Vauetusaneeim

Walve Mame
tubing / injection pressure at valve |PotinsteDiemct )
Dizcharge Coefficient

Ope n | ng. Suggestion

Walve Depth [m]
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4 Intermittent Gas Lift Optimization

65

85

PRESSURE (bar)

45

E Intermittent gas lift optimization [
N Expected Production R ate I 2589 m3tday
& The most important dynamic parameters that should be Ma. Liquid Fallback | 300 %
bQ determined are in order to optimize the well operation Tubing Pressure Increment | 100 bar
Q are: Gaz Injection Time I 8.0 zec
‘ e The gas flow rate flowing through gas lift valve, Adiabatic Exponent 1.23
e The velocity of the liquid slug lifted with gas, Chans Tubing Pressuts f Doatating Vaive 0o B
S e The liquid volume surfacing in slug form, Change Tubing Gas Yolume at Standard Cond. [m3/day] 4514346
Liguid Slug Flow Yelocity [mds] 5.8561
Q e The dispersed liquid volume, Critic.al Fiatio 0.54754
m Relation Tub Prezs/Gaz Cazing Press. 0.54754
L4 CyC|e per day Gas Pazzage Trough Operating Valve [m3/day] 021427
. Gas Injection Time per Cyecle [sec] 734
.g e The changes of the flowing bottom-hole pressure. Slug Lift Period [soc) 1667
. . . . Time ta C lete Slug Lifti d Gaz Ini. During One Cycle [sec] 2301
An important part of dynamic parameters consideration T e =5 e
. . . . . Fluid Production per Cycles [mi3] 0.3823
: is evaluation of the velocity with which a gas bubble Cucles Frequench ga| |
Q penetrates IIqUId above in tUbIng M Optimized Yalve M “alve is not optimized
N Close | Help |
.\

-
A T T T T T r T T [ P P r T T T T r T [ T A F P A T P P T [ T F T R F T A T T F P T R T P o
1

o 300 200
TIME {(min)
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Glip

Trouble Analysis

An intermittent gas lift installation should not considered properly until a two-pen pressures recording instrument has
been installed to make daily recording of the tubing and casing pressure. By careful study of the tubing and casing
pressures, many troubles may be interpreted and corrected without the expense of pressures surveys or tubing jobs.

The knowledge of well g TRy
operation regulation and

. . . Select Graph Simulated Well Performance - Operating ¥ alve I 4
control in intermittent gas =
. . . . Simulated Well Perfarmance b awirum S pacing Factor I 0.0058  bar/m

lift is possible only if the i e CUIE RS .
m HEtrealicoitiors  SUlface Clozing Pressure at 4460 bar

data for measuring tubing / i o s '
= Fuinre Confil :

g g 120 F:uz cg:umo:: gzggfne Opening Pressure at I 4817 bar

casing pressures and for
measuring bottom hole

Slug Height Bagzed on Liguid 1405 m

Froduction per Cycle

Tubing Pressure under 3690 har

Operating Y alve

Total Valume of Injection Gas 134927 ma

Lire and Annulus

Imjection Gas Yolume per Cycle I 17.0478 m3
Daily G az Injection Yolume I 2045740 m3
|mitial Shug Length above 42366 m

Operating ¥ alve

|mitial Shag Yalume abowve 0.8544 ma

Operating ¥ alve

-IIIIIIIIIIIIIIIIIII||||I|IIIIIIIII||||I||||I||||I||| LiqUidPdeUCtianerQ"Cle I 0.2300 m3

8

2

flowing pressure  are
available; this was the
basis for acquiring the
sufficient number of data
which were the foundation

&

Bottomhale Flowing Pressure (barn
5

i

S
~
S
~
Q
S
S
S
o
S
&
~
7
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of a intermittent gas lift S S
ol Pranctin i3y Liouid Fallback [ 70m x
well performance study.
Walve Mumber 1 2 3
Walve Manufacturer SLE [Camca] |SLB [Camce) [SLE [Camco)
Gas Lift Walve Tupe Bellows with | Bellows with n [Bellows with n 3
Walve Dutside Diameter [mm) 38,100 38,100 38,100
Walve Mame J-20m J-20m J-20m
Port Inside Diameter [mm) E.350 E.350
Seat/Bellow Area 0.067 0.067
Digcharge Coefficient 0.850 0.850 )
‘Walve Depth [m] 44255 024,38 1178.33
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& Two Pen Analysis

The main objectives of intermittent

Select Graph Simulated Downhole 'well Conditions LI Operating ¥ alve I 4

WeI I trou ble ana IySIS are: Simulated Downhole Well Conditions b aximum Spacing Factor I 0.0058  bar/m

Temps ra e
&0 0

H H i v = - i © \ h o @ o 1o 120 Surface Closing Pressure at "

e Depth of operating gas lift valve St atistin ittt te ittt IS - piiaion HE b
. . . . E 1 Bg[tzﬁe pering Pressueal [~ 4517 by

° SImU|atlon Of We” Condltlons USIng ?"" ------------------------------------- - I S|UgHEightBasedonLiquid |—114_05 "

Production per Cycle

- Tubing Prezzure under 3690 bar

]
Eo oW oo oo T T T Operating ¥ alve

minimal number of data

H H =t Total Walume of Injection Gaz 13,4327
e Surface opening and closing & vem | Line and s e
E;_ I S R e S Injection Gaz Yolume per Cycle 17.0478  m3
pressure - | e I
— - Daily Gasz Injection Yaolume I 2045740 m3
H% H Ethearured zour iz Level Dep hin Caring 162000 .
e Gas injection data E oy Iniial Slug Lenoth above 8 m
i kbbb ettt bt AR R L Operating % alve

¢ Eliminating requests for downhole R YV T g W g [ btn Vvt B
pressuresurvey E||I||||I||||I||||I||||Iu|||I||||I||||I||||=||||I||||I||||= Liguid Produstion per Cycle I 0.2300 m3
.. . . ’ ’ © N T @Eﬁm ” © N ” - Liquid Fallback I 7308 z
e Defining optimal well operating T : ; - -
‘Walve banufacturer 5SLE [Camco] [SLE [Camco] |SLE [Camco] EEINEH]
pa ram ete rs Gas Lift Yalve Tupe Bellows with n| Bellows with n|Bellows with n
Walve Qutside Diameter [rmm) 38.100 38.100 38.100
e Comparison of data on pressure Valvz Name e -
. . . Ez:t[’?:l:zvs::;:te[ Eﬂmc!’cles Simulation
bU||d'up Wlth SImUIatEd data W Select Graph [Simulated vs Measured Pressure | TestDate [/671588 | |1
L4 Increa5|ng We” prOdUCtlon effiC|ency Simulated vs Measured Pressure
50 : :
in intermittent gas lift wells. W eTem o meomezm 150146 m

40

354

w
=1
I

Prassure (har)
.
&
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~
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I
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a s000 10000 15000 20000 25000
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Plunger design and simulation " H @\

Glip

The installations of the plungers not only increase the production, but sustain this increase over a long period. It has
been observed in many cases, the rate of decline has actually changed, extending the life of the well dramatically. The
basic questions that petroleum production engineers are faced when they intend to apply the plunger lift are:

1 - Is it possible makes a good

well selection and where it READ OR
should be applied? '[';ﬂf

2 - Is there enough pressure and
gas volume?

3 - Will it run under a packer?

= N
ﬁ

4 - |s sales line pressure too
high?

5 - What are operating and
maintenance costs?

Liquid loading
analyses and
candidate selection
for plunger lift
application

6 - How long will it be effective?

7 - Will eventually need a e Nerory
pumping unt

Knowing the answers to these
questions give possibilities to
identify the best candidates,
operating cost and economics.

TURNER AND OTHER
MODELS (Minimum gas
welocity and criical Etejr

Well definition

Reservoeir data

Fluid properties

Trajectary
RatefFPressure at
surface

Fressure

&Temperature vs
Production history depth

Completion data

WelltestIPR

Design plunger data

Surface buildup/ drawdown

Qgsa = G gmin

' .
@€

Liquid loading has
initiated and plunger is
required
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Plunger and slug velocity simulation / Slug buildup and cycles

@ Preassure Buildup at Surface

Cating pre ¢ sure bulldup smulation

g c i pres e DU fimuaten
-t
g
=t
EBZ r
H
Baaf
=
Z=of
5Z?B r
s
@it
B } . 4 4
20 ) a0 3000
Time isect
‘well Flowline shut-in time I 3000
Total required gas volume per I 1087977
cycle
Average liquid production per I 03925
cycle
Time for slug surfacing I 3870
Plunger fall time: I 3530
Cycle Time I 15180.0

% Slug Height Buildup Analysis

Agsumed Cycles Frequance

-

. P?::;:?E Casin Shug buildup | Correctsd gas =
Time [zec) [fmace ] Py [gbar] during shut-in | volume per
[bar] [rm] cycle

540.0 007 2763 73.88 146
1880.0 013 2770 7418 146.271
2820.0 020 2077 7448 146.541
37600 027 27.83 74.78 146.81
4700.0 033 2780 75.08 147.073
S640.0 0.40 9.9 75.37 147.347
E580.0 046 28.03 Th.E7 147.614
7520.0 053 2810 75.97 147.881
8460.0 060 2817 76.27 148.147
5400.0 066 28.23 76.57 148.413
10340.0 073 28.30 TH.86 148.677

Timne for liquid buildup ws Gas production, Slug height | Bottombole flowing pressure
14504

Detailed plunger design

Assumed slug volume 0.3934
Pressure ta lift initial fluid volume 3762
Liquid frictiohal preszure loss per 145
unit wolume -

Pressure under slug 24.78
Gas Friction Factor E435.55
D'ynamic correction factor 1.32087
Average casing pressure during 652
cycle -

tinimum cazing pressure during 273

m3
bar
bar

bar

bar
bar

Selected Time for iquid buildup | 141000 sec s UE L s
1000 E
Selected slug height 195.07 m 'Dw ] uao-;
Clearance between Plunger and m - i'\ﬁ 00 %lm-g
Tubing R £ m % eSS
i i | 49613 A o =
Average glug rize velocity mds = 'ED a g o :
Average glug rige velocity [m/s] Em E“ 0 g Im_g
Asumed | gy | g | e | o £ f wEr T w7
Cycles £ o f
1 3241 37102 3.9058 g B
2 36175 41411 smu—  "F wf M
3 3.8653 4.4247 4.6580 sEoof EEE /
4 4.0523 463934 4.8840 E [k Thne B Iy bR
(KIS
5 #2052 48137 5.05?5]:' o o L i i i
000 D00 300 G000 0000 OO0 SO0OD
LI_I _} The Bor KUk bk Ged
Agsumed Battomhole | &
Cycles | Time for liquid | Slug height prog:c?tion Boﬂté?’vr?:gole flowing | |
Frequanc | buildup (sec) [m) pressure at
o [m3/day] | pressure [bar] E
1 86100.0 111535 134247 4614 41.21
2 42300.0 576.90 1411.80 29.98 25.08
3 28500.0 38763 1428.57 24.31 19.38
4 21300.0 291.78 1435.66 21.43 16.50
5 16980.0 23382 14259.49 19.69 14.78
5 14100.0 195.07 1441.86 18.53 13.60
7 120429 167.32 1443.47 17.70 1277
g 10500.0 146.43 144463 17.07 1214
E] 9300.0 130.26 144551 16.59 11.66
e . ey . . e 10 8340.0 117.27 1446.19 16.20 11.27 |
11 7554.5 106.64 1446.73 15.88 10.95

Carrected gas pressure under

20.87
slug
Comected gas frotion pressure 1.45
Arival slug velocity | 49613
Baottomhale flowing preszure at 7480
stoper depth h
Mew Pressure under glug I 2465
Gaz loss under plunger through 02595
clearance
Total requited gas wolume per 1087977
cycle
Average liguid production per 03925
Iz
ade for slug surfacing I 387.0
inger fall time | 353.0
=le Time: 15180.0
cle per dap I [
tal required gas rate per day I 65279
uid Production 236
quired GLR for liquid 54310051

sumulation in tubing

mrment

me liquid will be accumulated in the annulus

Glip

bar
bar
més
bar
bar

m3

SEC
eC

SEC

m3/day
m3/day

m3/m3

Casing pressure buildup simulation

Help
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Additional features

Unit conversion system E F

The built flexibility of the units system enables you to select any group of
parameters and to select and define the unit of measurement. You can customize
the units to suit your own personal preferences. By making selections from
different categories, you can work in the units you prefer and save results in the
units required by company police. GLIP offers a quick and simple conversion tool

(API, SI, or customized).

If you do change units while running a session, they will remain changed
permanently until you decide to change them back again.

Languages o

GLIP is a multilingual program. The working language (English, Spanish, and
Serbian) can be changed on-line without any additional requirements. Also, every
required report will be generated in selected language without interrupting the
work with program.

The flexible architecture of software enables you to customize your request and
to select which information and data you want to have in report. In each GLIP
module you can customize report and generate it in HTML format. As already
explained above, report(s) will be generated in the currently active language.

I” Set Units

Unit System ICuslom vl
1)
- Custam )
Area me
Compresibility 1/bar
Denszity kgdm3
Depth, Length m
Diarneter i
Formation Factor m3/m3
Gas Rate m3/day
Qil Rate madday
Permeability mD
Pressure bar LI
(u] | Cancel | Help |

S5et Language

Language I Englizh LI
Serbian
Select | Spanizh |
B Report Properties
General Inforamation v
General Data v
|ntermittent Operations D ata v
Slug Height Buildup &nalysiz v
Dezign '3
Freazsure Buildup at Surface 2
Cancel Help
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Glip
What is coming next?

e Include pattern recognition and neural network modeling

As intermittent operation is fully unsteady state process using predictive features of neural network tools,
diagnosis capabilities of the model could be significantly improved. Recognition of typical two-pen chart shapes
(casing and tubing pressures at surface)

e New research and test data to include slippage effect and fallback

Operating depth of gas entering, liquid fallback, plunger rising and falling velocity should be deeper investigated
and include in model.

Build physical model with real time monitoring to simulate different conditions on field.

e Software modifications

Connect real time data with expert model.
Include new improved IPR model for gas condensate wells.
Liquid loading prediction using decline analysis

Simulation of chemicals injection for solving liquid loading
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Pumping systems (sucker road, progressive cavity and electrical submersible pumps)
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