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"API
bbl/d

fLi

fri

GOR

MMscf

Pnt
Pri

Pi
Pxii

Ps

API gravity of stock tank oil
Barrels per day

formation volume factor of
oil,rb/stb

formation volume factor of water,
rb/bbl

drainage area shape factor

diameter, in.

flow performance function of the
vertical section of lateral i

inflow performance function of the
horizontal section of lateral i

flow performance function of the
curvic section of lateral i

producing gas-oil ratio, scf/stb

productivity of fractured well,
stb/d-psi

permeability of undamaged
formation,md

the average horizontal
permeability, md

the relative permeability to oil
vertical permeability, md

Million standard cubic feet
pressure, Ib=ft2 , psia

wellhead flowing pressure, psia

flowing pressure at the top of
lateral i,psia

initial reservoir pressure, psia,

flowing pressure at the kick-out-
point of lateral i, psia

surface operating pressure, psia,

pSC
Py

Pt

Pup

pwh

Pws
P

AP

Aps

Qo

qtotal

Qu
Qwh

R

Rc

Stb/day

Y9

Yo

standard pressure, 14.7 psia
tubing pressure, psia

flowing tubing head pressure,
psig

pressure upstream the choke,
psia

upstream (wellhead) pressure,
psia

flowing bottom hole pressure,

the average flowing bottom-
lateral pressure in lateral i

pressure drop, Ibf=ft2

frictional pressure drop, psia

hydrostatic pressure drop, psia
volumetric flow rate

gas production rate, scf/day

oil production rate, bbl/day

total liquid flow rate, bbl/day
water production rate, bbl/day

flow rate at wellhead, stb/day

producing gas-liquid ratio,
Mcf/bbl
radius of hole curvature, in.

Stock tank barrels per day

skin factor, or choke size, 1/64in.

gas-specific gravity, air ¥4 1

oil specific gravity, water ¥4 1
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* Deep Waters

® Reservoir Targets
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2 Multilateral Well (MLW)
% Shell, Alberta, Canada.
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! Mechanical Integrity

% BP,Gulf of Mexico, US

® Selective

* Intervention or Re-entry

® Through-tubing multilateral intervention
¢ Work Over

" Technical Advancement of Multi-Laterals
& Commercialisation

° Ramos

10 Anderson
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TAML CLASSIFICATION SYSTEM

TAML Complexity Ranking'

Level Description lllustration

Open / Unsupported Junction
1 Barefoot main bore & lateral or Fe
slotted liner hung off in either bore Iﬁl-

Main Bore Cased & Cemented?*,

Lateral Open IF I"E
Lateral either barefoot or with =
slotted liner hung off in open hole

Main Bore Cased & Cemented™,
Lateral Cased but Not Cemented
Lateral liner anchored to main bore
but not cemented at junction

Main Bore & Lateral Cased & | |_.
Cemented* oF FEx]
Both bores cemented at the junction [ [—

Stradd|e packers or (integral) m echanical
casing seal (may or may not be cemented)

Pressure Integrity at the Junction I Ll

i

Pressure Integrity at the Junction —
Achieved with the casing

(cement alone is not acceptable)

(includes reform able junctions and

downhole splitters)
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! Djebbar Tiab

2 Boughaba Youcef
® Multi Layer

“ Brett Lawrence

® Mike Zimmerman
® Halliburton
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! CApital Expenditures (CAPEX)

% Subsea Development

¥ Crumpton

* Habiballah

> Inflow control device

¢ Maximum reservoir contact (MRC)
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! Downhole Instrumentation and Control Systems
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¥ Turbo drill
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! Sidetracks

2 Mother well

*Technical Advancement of Multilaterals (TAML)
* Pressure integrity

® Junction
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! Gas & Oil pockets

2 Branches and zones

* Milling

* Heterogeneities and anisotropies
> Cross flow
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a) Dual opposing laterals for poorly b) Multilateral wells for heavy
consolidated/thin formations. crudes in thick formations.
7
7
7

F
/]
7,
i

/
é
¢) Multibranch well with fractured vertical d) Multilateral wells for isolated pockets of

branches (horizontal parent well is drilled oil.
above the reservoir).

[V ] lasls ais slaols dwain : Y=Y S

! Borehole instability

2 Stuck pipe

® Drilling formation damage

* Staying in the productive zone

> Casing exit orientation

® Whipstock

" Existing wells

® Stacked Tri-lateral, Radial Quadrilateral
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Level 1

Open Unsupported
Junction

Level 4

Cased & Cemented
Main Bore / Lateral
Cased and
Cemented
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Level 2

Cased & Cemented
Main Bore / Open
Hole Lateral / Lateral

Nﬂ Unsupported

Level 5
Cased & Cemented
Main Bore & Lateral /
Pressure Isolation
Achieved with
Completion Equipment

Level 3

Cased & Cemented
Main Bore / Lateral
Cased but not
Cemented

Level 6

Pressure
Integrity at the
Junction
Achieved with
the Casing
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! Drain hole
2 Hydraulic Fracturing
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! Dual opposed
2 Well head
*Slot
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! Cap Gas
2 Conning Water or gas
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! Pressure integrity

Z Selective access

® Inflow control valves (or choking devices)
* Compatibility

> Schlumberger
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3 Run retrievable whipstock

Run liner hanger packer.

1

assembly and mill window

(1 trip system)

whipstock
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4  Drill lateral and retrieve

2 Determine orientation using
gyro or MWD run.

-0 ol ol Bl 4y Y ens g G Jol o (o il (e S o S jghailes

\

Il b anle Jlpl bawgs O (S cuz pgd Ao 10 w0 pS o0 1B S 050 Ges j0 5 05

! Gyro Tools
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Mole Crit Crit Crit Acen Mol Sp

% Temp Pres Vol Fact Wit Grav
031 -233.12 477.33 1.44 0.04 28.01 1.03
233 8767 1058.26 150 024 44 01 1.10
68.73 -103.72 61543 1.59 0.01 16.04 0.41
12.37 2087 63550 2.38 0.10 30.10 0.55
501 2325 33515 3.25 0.15 4410 0.58
271 43491 38587 408 0.20 58.10 0.60
1.40 44579 38540 487 0.25 72.20 0.63
096 42969 37062 593 0.30 86.20 0.66
343 47629 49602 7.43 0.29 121.68  0.76
2.75 906.11 26276 16.03 0.62 252.73  0.87

Water Salinity 40000 (ppm)
Reservoir Temperature 300.00 (degrees F)
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Geothermal Gradient -l
Average Heat Capacities @

ol> Oliazd sboools (40,5 8l Lo N Y=Y S

0ds (5,5 ol alx &5 ,Lid b wigh o wulats VLP Luly, ! ieds Slowlone Cad 5o

N CALCULATION SUMMARY [
System
Gradient Matching
Gradient
Correlation Comparison
VLP (3 Variables)
VLP/PR Matching
Pipe Matching
Pipe Correlation Comparison
Inflow
VLP (4 Variables)
Generate for GAP
BHP From WHP
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2 Measured Depth (MD)

® True Vertical Depth (TVD)
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Flow Tubing Bottom Measured Depth 8800  (feet) Res Temp300.00 (degrees F)
Type Producer Bottom True Vertical Depth 8800  (feet) Res Pres5320.00 (psig)
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Comp Open Hole
Corrlin Duns and Ros Modified 1.00 1.00
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Fluid Condensate First Node Pressure2000  (psig) IPR Petroleum Experts
Flow Tubing Bottom Measured Depth 8800  (feet) Res Temp300.00 (degrees F)
Type Producer Bottom True Vertical Depth 8800  (feet) Res Pres5320.00  (psig)
Lift
CompOpen Hole
CorrinDuns and Ros Modified 1.00 1.00

Sy (@2 p pla e JLa8 556 P-Y S

‘6“-!:’93 ol ylade &l 56 Y-p-F

Ol yo hle aslis g0 awain b glazls iz o> Jow 5l eolaw! sllie jo0 a5 jshilen

8 oy ool o Jb slaand o 5 il e o b oLl g S essy S

o»\.a..\., [Y‘&] a)\o 09_?5 u—‘ Q"\'“" 5’05)'7“ o»\.n.b )'9).3 ul&a\ | ).syt )lf l.s u—‘ wLo.a cb.w

ol 00 0ol VY- JS...: O x_iuLo.m u)9.w4a UT udw.: 6’99)?“

Water

[Y0] 658 o35 o o ol (og B sagay Sl 1V V-F S

! Water Cut

AN



. A . . . y
..Jlb/)//u',w/)u’l:b,&o(au’/b.ﬂ)u’/bdx (/L?Jj
. LA L L

Sl a5 s 0929 55 gl o lake e jl gl SVl L ol e dlge 1T 5o

22l ol by sy Jods 4 Wl oo &5 gudg T aoys el ol L Ll el ol
S (M) cdale Jlade ol alex 51055l S92 g adgi plin 50 (su> AL WBL 55
el alias ol aizman S s g5 «Ubsb aly AP 5 laibil cs 51T sads Jlew S
D5 oS oS el yiage de Sl Dl (Foy55 5 o S g kel OIS ol
2 3y (20 69y 2 ol BU JSie pl Gen Doz 50 Sedise S aE (00 el Sl

e o 03l ol VA-F IS

Sl e 3% 5 adg sle )0 ST a5 aregd Glgioe VA-FUSS (sl loges (5,
a4 Y MMscf/day ;1 330 Jlw odg 75 Wb Gl ass T4 po 5l aldes

Sl 5l ool jles cal g Jlow fgiw God S ol s as Wb oo uelS” A+ MMscf/day

ol lade ¢ 28lg Loyl o ol> cpl g e 5l o a5 0l 08 o el 4wl ol o)l o

b sy glwJow ol
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Fluid Condensate First Node Pressure2000  (psig) IPR Petroleum Experts
Flow Tubing Bottom Measured Depth 8800  (feet) Res Temp 300.00 (degrees F)
Type Producer Bottom True Vertical Depth 8800  (feet) Res Pres5320.00  (psig)
Lift
Comp Open Hole
CorrlnDuns and Ros Modified 1.001.00
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System Solution Data

PVT Method | : Eq. of State

: Condensate
: C:\Petroleum Experts\IPM 3.5\Samples\prosper\ D #1
[Report Date |: 06/30/12  12:03:23 . Farhad Orak
Gas Rate 86.234 (MMscf/day)
Oil Rate (Condensate) 4016.0 (STB/day)
Bottom Hole Pressure 2615.03 (psig)
dP Total Skin 412.61 (psi)
dP Perforation 0 (psi)
dP Damage 0 (psi)
dP Completion 0 (psi)
Completion Skin 0
dP Gravel Pack 0 (psi)
Gravel Pack Skin 0
Total Skin 1.12
Water To Gas Ratio 1.00 (STB/MMscf)
Wellhead Liquid Density 63.337 (Ib/ft3)
Wellhead Gas Density 4.457 (Ib/ft3)
Wellhead Liquid Viscosity 0.6826 (centipoise)
Wellhead Gas Viscosity 0.0149 (centipoise)
Wellhead Superficial Liquid Velocity 2.172 (ft/sec)
Wellhead Superficial Gas Velocity 57.887 (ft/sec)
Wellhead Z Factor 0.885473
Wellhead Interfacial Tension 10.7270 (dynes/cm)
Wellhead Pressure 1200.00 (psig)
First Node Liquid Density 63.337 (Ib/ft3)
First Node Gas Density 4.457 (Ib/ft3)
First Node Liquid Viscosity 0.6826 (centipoise)
First Node Gas Viscosity 0.0149 (centipoise)
First Node Superficial Liquid Velocity 2.172 (ft/sec)
First Node Superficial Gas Velocity 57.887 (ft/sec)
First Node Z Factor 0.885473
First Node Interfacial Tension 10.7270 (dynes/cm)
First Node Pressure 1200.00 (psig)

System Solution Data

Prosper 7.51 - License#:0
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System Solution Data oS
. Condensate
* C:\Petroleum Experts\IPM 3.5\Samples\prosper\ D #1
[Report Date |: 06/17/12  20:36:02 . Farhad Orak
Gas Rate 114.423 (MMscf/day)
Oil Rate (Condensate) 5866.0 (STB/day)
Bottom Hole Pressure 2859.32 (psig)
dP Total Skin 207.68 (psi)
dP Perforation 0 (psi)
dP Damage 0 (psi)
dP Completion 0 (psi)
Completion Skin 0
dP Gravel Pack 0 (psi)
Gravel Pack Skin 0
Total Skin 0.97
Water To Gas Ratio 1.00 (STB/MMscf)
Wellhead Liquid Density 63.337 (Ib/ft3)
Wellhead Gas Density 4.457 (Ib/ft3)
Wellhead Liquid Viscosity 0.6826 (centipoise)
Wellhead Gas Viscosity 0.0149 (centipoise)
Wellhead Superficial Liquid Velocity 2.458 (ft/sec)
Wellhead Superficial Gas Velocity 49.788 (ft/sec)
Wellhead Z Factor 0.885473
Wellhead Interfacial Tension 10.7270 (dynes/cm)
Wellhead Pressure 2000.00 (psig)
First Node Liquid Density 63.337 (Ib/ft3)
First Node Gas Density 4.457 (Ib/ft3)
First Node Liquid Viscosity 0.6826 (centipoise)
First Node Gas Viscosity 0.0149 (centipoise)
First Node Superficial Liquid Velocity 2.172 (ft/sec)
First Node Superficial Gas Velocity 57.887 (ft/sec)
First Node Z Factor 0.885473
First Node Interfacial Tension 10.7270 (dynes/cm)
First Node Pressure 2500.00 (psig)

System Solution Data

Prosper 7.51 - License#:0
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Abstract

Presently in the South Pars gas field which is shared between Iran and Qatar,
production is being done from two layers of four productive layers due to the special
limitations and reservoir and geological characteristics. Considering to the reservoir and
geological characteristics, and using multilateral and intelligent wells technology; layers
that have limits on production can be exploited. Hence, it is important to study the
reservoir properties like: permeability, porosity, formation type and etc., precisely; so
that the best structure of multilateral well to be designed for maximum production and
minimum cost. Optimization of design and well’s characteristics has a substantial
impact on the production rate of hydrocarbon from the reservoir. According to the
reservoir capabilities, well design is a very important point in achieving optimum
production. The factors that can be used to optimization of design are well type, well
geometry, tubing diameter, wellhead pressure and etc. In this study, for design; and
evaluation of multilateral structures, the PROSPER software is being used. South Pars
gas field reservoir model was constructed and the various multilateral wells have then
been investigated. To evaluate the results of performed simulations, the rate of
production wells have been compared with together. It was finally concluded that the
use of dual opposed multilateral well with two slant branches for quick depletion of
reservoir, is very appropriate. Then the optimization of effective components and well
parameters was performed using nodal analysis. The obtained results indicate that gas
production of the optimized dual opposed multilateral well is increased to 114
(MMscf/day) which is several times more than to the production rate of each normal

existing wells.

Keywords: Multilateral well, well design, well geometry, nodal analysis, production

rate, reservoir properties



