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ICDs — why they are required -
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Horizontal completion installed in a Reservoir
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ICD's — why they are required -
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By using an ICD at each Screen Joint,
Gas and Water will “cone” towards the Heel of the the flow can be balanced more evenly over the
Completion as this is the path of least resistance whole length of the Completion

) + &&



ICDs, a wide range of types and set-ups o

senergy

7 1 1111# $1 1 81

ICD
/_\‘\'

4\
 ;

Screen

7 1 1111# $11 81

# 0 $ 4 5 &&
6 # $ # 8



The Screen (filter media) <
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Keystone Wrap Wire

0.089 in.
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Dutch Twill Weave .
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Similar to Plain Dutch Weave, except
that the weave pattern is twill, i.e., a
doubie layer of wett wires. There are no
apertures in the true sense of the word,
and the filtrate follows a sinuous path
through the depth of the wirecloth.




Flow through the filter media o
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Flow through the filter media <
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Simplified geometry o
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For each simulation, a 4.0m long x 2.5m diameter chunk of reservoir rock was used.

There was an 8.5” diameter wellbore and a 5.5” diameter, 17 pound, basepipe.

The Screen, 2.4m length exposed to the annulus, was a “representation”, in that the properties applied to it were
equivalent to the gross behaviour (rather than modelling each gap between each wire) when flow passes through.

Dia. 2.5m (Inlet)
785 psi

Outlet <«—
350 bbl/day

Inlet Pressure and Outlet Flow are specified
Outlet Pressure and Velocities / Flowpaths are calculated/reported by CFD
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|ICD — Radial Nozzles

Company “B” ICD
Modelled are two banks (2” apart) of 3.0mm, 3 @ 120 deg

12” Housing 2400mm Screen

3mm Noz’ 4.892”

~1410mm ~2590mm

Company “C” ICD
Modelled are 3.0mm, 4 @ 90 deg

8" Housing 2400mm Screen

3mm Noz’

~1500mm ~2500mm

senergy

6 off Nozzle Holes
are in 2 banks of 3

Inner Fluid

4 off Nozzle Holes
are in 1 bank

Inner Fluid




|CD— Axial Tubes and Nozzles

Company “D” ICD

Modelled are 5 tubes @ 72 degrees, 4” length x 3.0m m Dia.
12" Housing 2400mm Screen
L  —w

3mm Tube x 4” Lg.

~1380mm ~2620mm

Company “E” ICD 2400mm Screen ) :
Modelled are 3.175mm, 10 @ 36 deg 10.4" Housing

1/8” Noz' 3/8” Hole

S8 ~2560mm  _1440mm

senergy

Rock
Annulus Fluid

Screen

Holes are
in 1 bank
1/4” Hole Inner Fluid

Rock
Annulus Fluid

Inner Fluid .
Basepipe

Holes in a
spiral




ICD — Tortuous Path o
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Company “A” ICD
Modelled are 3 helical channels @ 120 degrees
2400mm Screen Rock

12" Housing Screen Annulus Fluid

4.892" Helix 3/8” Hole

Inner Fluid
Basepipe
Holes in a
spiral

~2570mm - _1430mm

Company “X” ICD
Six nozzles — into individual chambers —

then spiral around before going through
six holes in basepipe



Tortuous Path — results — “A” N
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Absolute Prassure (psi) . . l . ' . . .
425.00 497.00 569.00  641.00 713.00 785.00

Pressure Plot and Velocity Streamline Plot Velocity Vector Plots

. Velocify (m/s)
21.600 27.000 S 10.800 16,200

Velocity: Magnitude (m/s)
10.800 16200
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Radial Nozzles — results — “B -

sene;rgy

Absolute Prassure (psi)
LK 425.00 497.00 569.00 541.00 713.00  785.00

| Tl
Pressure Plot and Velocity Streamline Plot Velocity Vector Plots

Velocity: Magnifude (m/s) . Velocity (m/s)
16.200 278 AR

19.500 0800 16200



Radial Nozzles — results — “C” -
senergy

Absolute Pressure (psi)
425.00 497.00 569.00 641,00 713.00

Pressure Plot and Velocity Streamline Plot Velocity Vector Plots

Velocity: Magnifude (m/s) Velocify (m/s)
10.800 16.200 3

)4 21.600 7.00( & 10.800 16.200



Axial Tubes — results — “D” N
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Pressure Plot and Velocity Streamline Plot Velocity Vector Plots

Velocity (m/s)
0.800 16.200

1 21.600 27,000




Pressure Plot and Velocity Streamline Plot

Velocity Vector Plots



Pressure Plot and Velocity Streamline Plot

Velocity Vector Plots
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Each Layer (15 off) was split into separate 4 zones
each with different properties so as to consider the
Mudcake, two depths of Invasion plus the rest of the rock

Wellbore length > 320m Layer; 88ft

Sand Screens, Blank Joints and Packers

N\ all considered in this CFD analysis

8.5" Dia. Wellbore Layer; 53ft

N Layer; 9ft L
Layer; 21ft et

Layer; 30ft e
Layer; 23ft /’ _________________
1st Invasion Zone Layer; 3ft S
Layer; 66ft //'
2nd |nvasion Zone e
QA Layer; 63ft Il
Layer; 8ft //'
Layer; 27ft //
Layer; 59ft el
Layer; 8ft /"

\ Diameter 40m
Layer; 120ft \
/ I(— Wellis 53°from Vertical

Layer; 41ft \L /'/
A 91>1 11 1 1 1 1# 1$1 1
Layers are 4.5°from Horizontal 1 1> 1 1 1
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Layers are all dipping by 1° Gas / Oil Contact

>
> 1 km Wellbore
_—7 Outlet
ct > @A
\Na‘e‘\ )
Layersl 2
\L Three layers of interest, each with different

Permeability values and thicknesses

Layer 1 has a low Permeability, so the Gas movement
“lags behind” that in Layer 2

Volume Fraction of Gas
0.40000 0.60000 0.80600

The Gas movementin Layer 2 and Layer 3 is very
similar, but, due to the increased thickness of Layer 3,
the Gas can “jump” the gap to the Wellbore

91>1 11 1 1(1 1 1 11 1 1 11 111 11 11 1
(1 11 12 1 111 1 11




New Layer 3 (seven layers) Gas movement — Gas is transported
Original Layer 3 Gas movement — Gas is transported down the down the layer, mainly along the upper face, but “jumps” across
layer, along the upper face until it “jumps” to the Wellbore layers earlier as the influence of the Wellbore comes into play

Volume Fraction of Gas
0.40000 0.60000 1.0000
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« Multiple ICD variations have been modelled and analysed in CFD
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 The CFD output results can include many values
1C 13 1E 1°'

* Recent Project work
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