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Abstract

An Operator was unable to model a potential newdi{mxhal) completion of a 330 m cased hole perfedagand screen and
ICDs interval in a mature high water cut well whislas originally completed with a 916 m open hokndtalone sand
screen and Inflow Control Devices (ICDs) sectioma imultidarcy sand.

The potential opportunity to perforate this 330 ent®n presented significant potential reservoairtige upside but could
not be modelled using conventional well inflow potidn or reservoir simulation techniques. In orderdetermine if the
recompletion was economically viable, the operegquired a way to model the recompletion and thigtieg completion to
determine the overall completion performance.

The complexity of the original open hole sectiompteted with sand screens and ICDs and the newttewge completed
with perforations, sand screens and ICDs was sobwddg computational fluid dynamics (CFD) modelliagd high
performance computing.

The existing and new reservoir intervals are chearessed by unconsolidated high permeability sandse reservoir
conditions mobility ratio of oil to water is appilimately 30:1. Due to high total liquid productioates, the existing open
hole completion is producing at well above the ecoic oil rate cut off despite being at approximat®$b% water cut and
therefore the existing completion interval cannetabandoned. The new recompletion perforatiomiatavould initially
produce at 100% oil. The key question was, whalt twé new recompletion interval add (if anything)the overall well
production rates and is the new recompletion ecadcaliy viable. Conventional analytical or even 1D 2D numerical
models simply cannot handle the complexity of thergetry of this well's open and potential casec lialervals, perforated
intervals, sand screens and ICDs.

A 3D fully coupled well model was constructed angttase CFD modelling undertaken in a combined msidel of over
500 million cells each with unique properties. Tigh employment of what is thought to be the mostpehensive inflow
model ever built, the contribution from the oridimpen hole interval and the new interval werenested and the optimum
completion design investigated allowing the operaialetermine the economic viability of the recdetipn.

Introduction

The Wandoo oil field is located in the offshore @awon Basin to the North West of Australia. Theldf lies in
approximately 55 m of water and is located nortistwef Dampier, some 65 km from the coast in pearéa WA-14-L.
Prior to production, the field had a 22.1m oil ecolu overlain by an 18m gas column. The oil is 19.bgfavity, 14.5cP
viscosity, a GOR of 99scf/bbl and a low sulphur aak content (-24°C-pour point). The field is dednby 15 horizontal
wells (with the use of multilateral technology theare in fact, 19 reservoir wellbores) with gagdtipn being carried out
through another horizontal well, all drilled fromd platforms.

The B13 well is one of the horizontal oil produatiavells located in the Wandoo field. Production coenced in 2008 and
the well is currently producing 470bopd and 8900th\{§4.9% water cut).

If the assumptions about the log interpretationBd3 are correct then ~ 400 m of uncompleted pagtefiom the wells
intersection of the A3 sands to the current capiigt.

These reserves could be accessed by perforatirgagieg and installing screens for sand control.

This paper summarises a study conducted to deterihiecompleting the cased part of the well cogsult in increasing
the oil production and recovery of the B13 well.
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Modeling Objective.
The Wellscope™ modelling (Byrne et al 2009, 2018pwndertaken with the following objectives:
1. To quantify the productivity of 12 shots per fospf) vs 6 spfvs OH options. The open hole optieretis included
merely as a benchmark.
2. To determine the productivity of the cased andgratéd interval when connected to the existing dpee section.

Well Modelling.

Senergy Wellscope System.

Wellscope™ is the Senergy process for modellind iébw using computational fluid dynamics (CFDQFD is the
science of predicting fluid flow, heat and massadfar, chemical reactions and related phenomersaloing numerically the
sets of governing mathematical equations namelgerwations of mass, momentum and energy.

Solvers used are based on the finite volumes method

* The domain is discretised into a finite set of cohtolumes (cells)
* General conservation (transport equations for nmaesjentum, energy etc.) are solved for each oktlkestrol
volumes
» Partial differential equations are discretised mtystem of algebraic equations.
» All algebraic equations are then solved numeridallsender the solution field.
An overview of Wellscope™ is given in the followibgsic phases:

Problem Identification and Pre-Processing Phase.
This phase comprises the following steps:
» Define modelling goals
» Identify the domain to model
» Design and create the grid. Steps for a generakhwdation are listed:
» Geometry creation: involves creation of basic 23Brmodels based upon actual dimensions
* Mesh generation: involves mesh setting for diffé@amains under consideration.
* Mesh quality examination: Ensure mesh consistenmsa domains.
* Boundary zone assignment: Assign boundary typeldonains in terms of pressure at the Inlet (matiujlet
(well) and define continuum in terms of solid/fluid

Solver Execution Phase.
Amongst the more important steps included in thiage are the following:
» Select appropriate physical model
» Definition of material properties: density, visaysifluid, solid, viscous & inertial resistance dbaent,
permeability.
» Definition of boundary condition at all boundarynes assignment. Pressure at the inlet and outlet.
* Provide an initial solution
» Set up solver controls: convergence criteria
» Set up convergence monitors: continuity, velocities
« Compute and monitor the solution: iterations thratraquired to reach a convergence solution — Ggenee is
reached when changes in solution variables fromiteregion to the next are negligible.
» Consider revisions of the model: Are physical moalgbropriate? Are boundary conditions correct? é&shm
adequate?

Post Processing Phase.
The steps during this phase include:
» Examine the results to review solution and extwseful data.

Modd Input Data and Assumptions.
The model was built based on the following dataviged by Vermilion and assumptions that were miyuagreed

upon.
Reservoir:
Pressur 783ps
Permeabilit 10 D (B sand

5D (A sand)
Sand distributions in the open holed interval arperFig. 1.
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100% water (OH interve
100% oil (C & P interval)

Saturatiol
Drainagt radius Im
Kv/Kh 1

The reservoir between the recompletion sectionta@®H interval was not modelled except for a 16tarival on the

C & P side.

WANDOO B-13H

INTERVAL (mMMDRT)

FORMATION UNIT

SCREEN SIZE

PORTS OPEN

1808.4 — 2195.1 (386.7)

B1 Sand

6-5/8"

1 port

2168 B1/A3 Sand Boundary (Fault)
2171.6 Swellable installed to isolate B1/A3 sand boundary
2195.1 Pip tag installed
2195.1 - 2210.1 (15m) A3 sand 6-5/8" + X-over 10 ports
2210.1 - 2502.9 (292.8m) A3 sand 5-1/2" 10 ports

2500 - 2540
2502.9
2502.9

A3 to B1 transition zone (B1 at 2540m)
Swellable installed to isolate A3/B1 sand boundary

Pip tag installed

2502.9 — 2595.8 (92.9m)

B1 sand

5-1/2"

1 port

2590
25958
2595.8

B1/A3 Boundary (Fault)
Swellable installed to isolate B1/A3 sand boundary

Pip tag installed

2595.8 — 2619.1 (23.3m)

A3 sand

5-1/2"

1 port

2619.1

Swellable installed

(contingency if screens not run all the way to planned setting depth)

2619.1 —2724.6 (105.5m)

A3 sand 5-1/2"

10 ports

27246
2724.6 - 2737.7

Swellable installed

Blank 5-1/2" tubing joint c/w guide shoe.

PVT Properties

Oil density at le.

Oil viscosity at ke
Water density at es:
Water viscosity at .

Wellbore (OH)
Open hole Siz

Fig. 1— Formation Unit Distribution in B13

Collapsed Annulus Peleability:

889 kg/n®
15 cF
1016 kg/n®
0.60 cf

9in

12.15 mD for the B San.45 mD for

the A Sand
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ICD port configuration as per schem:

FBHP @OH hee

Wellbore (C & P)
9-5/8” Casing Ol
9-5/8” Casing IC

Collapsed Annulus Pel
Perforation Diameti

682 ps

244 475 mr

224 mn

5 Darcy (base cas
20 mn

Perforation lengt 270 mn
FBHP @ C & P he 673 ps
No of ICD ports ope 1C
Screer

Jacket OD (-1/2" SAS) 145 mn
Basepipe OD (-1/2" SAS 139.7 mn
Basepipe ID (-1/2” SAS) 124mr

Jacket OD (-5/8" SAS 173mn
Basepipe OD (-5/8” SAS 168.275 mr
Basepipe ID (-5/8” SAS) 150.393 mi

ICD Port Diamete! 3.175mn
Drainage layer heigt 5mmr

The assumptions that were made for the model vhettetie:
» Average drawdown of the B13 well was 100psi
» Downhole Fluid flow rate of the B13 well is arou8800 bpd at 100% water cut
» Formation damage "skin” effect will be capturedvayying collapsed annular permeability in the opele to
match existing well performance
» Perforation interval will be across the B sand tiest 100% oil saturation

Modeling Approach.

The final objective of ascertaining the feasibiityd productivity of recompleting the 9-5/8” zomguired an integrated
model of the existing open hole and the cased anidnated (C & P) recompletion zone. Sector modélke existing open
hole section and the recompletion interval werdt ltaifirst capture all of the well geometry in dit(perforations, ICD,
drainage layer, etc). This model was then checkedniesh quality and cell count before being ruratalyze the flow
characteristics in these sector models.

The ICD plays a crucial function in the inflow régtion of the fluids coming into the well. As sudhge ICD flow
characteristics were modelled and compared ag#iestmanufacturer’'s data as part of the validatiomcgss. In order to
optimise the model efficiency, an appropriate digi radius needed to be identified in constructivgyfinal model. As
such, models with two different reservoir drainaagii were also run to assist in selecting the appate size.

Upon completing the validation process and runsimge sensitivities with the sector model, the dpale section of the
well was constructed and calibrated with the curparformance of the well. The proposed completiderval was then
added on to the model of the open hole section.

Sector Models.

Open Hole with Stand Alone Screens and ICDs.
As illustrated inFig. 2, below, the sector model was 38ft in axial lengtid 2m in diameter. It consisted of the reservoir,
wellbore annulus, 1 x SAS and 1 x ICD.
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Reservoir Drainage Layer ICD Wellbore Annulus

Drainage Layer Length
L&

Fig. 2—38ft Open Hole Sector Model

The reservoir and the wellbore annulus were madie@fea porous medium assigned with viscous antlahegsistance
values that corresponded to the provided permeabitilues. The screen was modelled as a pipe witlstots of 12"
perforations inside the ICD housing and a 20ft |okiym thick, micro annulus that represented theestidrainage layer.
The ICD design details are illustratedrig. 3.

o

Drainage Layer

ICD Ports

ICD Housing

Base Pipe

Fig. 3—Drainage layer and ICD configuration

Cased and Perforated (C & P) Section with Stand Alone Screensand ICDs.

Two sector models were created for the cased aridrated recompletion section. One sector was witterforation shot
density of 12 shots per foot (spf) and another Wihf. Each perforation was modelled as a cyliridat extended from the
9-5/8" Casing ID into the reservoir. Final dimemsiovere based on the Halliburton 4-1/2” Millennni@harge, type DP.
The final dimensions of these perforations areedispreviously in the section dealing with Model uhpData and
Assumptions (Page Zyig. 4, Fig. 5, Fig. 6, Fig. 7, Fig. 8 shows the geometry and mesh structures of thedelsmo
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Reservoir

ICD

Perforation

Drainage Layer

Wellbore Annulus

Fig. 4—The 12spf 38ft C & P Sector Model

Fig. 5—Close up View of the Perforation and Wellbor e Annulus for the 12 spf C & P Sector Model
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~

Fig. 6—A slice at the wellbore centre line, showing the perforation and the drainage layer for the 12s  pf C & P Sector Model

Fig. 7—Perforation and Wellbore Annulus of the 6 sp  f C & P Sector Model
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Fig. 8—Cross Sectional View of the perforation, the drainage layer and the ICD configuration for the 6  spf C & P Sector Model

Final Model.

To construct the final model, the 929.3m open Beletion was first constructed and correlated téezehthe target fluid
rate of around 8000 bbl/d with a drawdown of 101phee collapsed annulus permeability was varieddaeve this target.
No other parameters were changed.

Upon correlating the open hole model performartoe,12spf cased and perforated section was coupliéchhd a base
case model was run. The reservoir between the rgletion section and the OH interval was not mode#iecept for a 10m
interval on the C & P side.

The complete C&P + OH completion, due to its 1,828re length, varied reservoir permeability andrthmber of ICD
ports open, is split into 8 sections of reserveishown inTable 1. Fig. 9 shows the start of the 12 spf perforated section.

Table 1: Reservoir Section Division

Fasereol | Lenatn(m | St | Cometon [ pigg
S01 332 1385 12 SPF Qil
S02 20 1717 Casing Shoe N/A
S03 71.4 1737 Casing Shoe N/A
S04 386.7 1808.4 Open Hole Water
S05 307.8 2195.5 Open Hole Water
S06 92.9 2502.9 Open Hole Water
S07 23.3 2595.8 Open Hole Water
S08 118.6 2619.1 Open Hole Water
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Fig. 9—Toe Section of the C & P Interval (Section S  01)

Modeling VValidation.

In order to optimise cell count and run time withcampromising the accuracy of the simulation, ptinoum reservoir
drainage radius needed to be identified. Two models with an 11m radius and another with a 1rnusadiere constructed
and run with the same configuration and inlet baupgressure. The difference in the inflow rates waemed negligible
(Refer toFig. 10). Subsequently, the sector models and final moslete all constructed with a 1m drainage radius.

Res Perm (D) Annulus Perm (D) ICD Ports Open  Reservoir Radius (m) Volume Flow Rate (bpd)

2 1 10 1 1,144
2 1 10 11 1,143

Fig. 10— Sector Model Inflow Performance vs Reservoir Draina  ge Radius

The ICDs play a crucial role in the regulation lod ffluid inflow from the reservoir into the well ltAough the ICDs were
modelled as per the geometry and dimensions ofattteal device, it was important to verify that theessure drop
characteristic was accurate. A virtual flow tesswamulated with the ICD geometry with differerdvil rates and compared
against data derived from published data (Jonak 2009). A 3D visualisation of the ICD is showrFig. 11. The setup of
this virtual flow test is shown iRig. 12.

e FloReg ICD 1 port open

Fig. 11—3D Model of ICD Unit Fig. 12—CFD Model of Flow Test
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Results of these tests are shown below:
Pressure Drop Across ICD
300 | | |
=] Port Open Actual
250 +—
E B 1PortOpenCFD
S 200
a
e
Q
< 150 Z
Q. /
2
o
£ 100 /
2 ~
"
2
£ /./
” //
0
40 60 80 100 120 140 160 180 200
Water Volume Flow Rate (bpd)
Fig. 13—Validation runs with water
Pressure Drop Across ICD
90 T— === ) Port Open Actual
7 80 T B 2Port Open CFD
a 70
)
a4 60
[=]
< /
§' 40 _~
o /
< /
2 30 —
2
e 20
B
0
40 60 80 100 120 140 160 180 200

Oil Volume Flow Rate (bpd)

Fig. 14—Validation runs with oil
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It is clear from Fig. 13 and Fig. 14 that the puesgdrops across the ICD match the manufacturerdat well.Fig. 15
shows the contour plot of pressure before and #feetCD nozzles, where it can be clearly seentti@pressure drops from
30 psito 14 psiwhen 1 ICD port (nozzle) is oped 80 bpd of water is flowing.

This validation gives an excellent belief that #8&D-calculated pressure drop can be used, with Higdree of
confidence to simulate fluid flows across ICDs.

Pressure (psi)
0

21.635

Fig. 15—Pressure drops from 30 psi to 14 psi; 1 Por  t Open, 50 bpd of water

Resaults.

Sector Model.

The first sector model that was constructed wa8faSAS with an ICD (10 Ports open) across the &%s The results
from this model gave a good insight into the amashich pressure losses occurred in the opendysieem as well as the
influence of the drainage layer on the near weibymessure profile. These pressure profiles wae elident in the 12spf
C & P sector model. From this observation, it cerdbduced that for the C & P section, perforationated away from the
drainage layers had minimal contribution to thelwdlow. Fig. 16, Fig. 17 andFig. 18 illustrate this. Only the perforations
located directly across or near the drainage legetributed to the inflow.




12 SPE 168149

Fig. 16—Pressure profile (Near ICD)

Fig. 17—Pressure profile (Pin End — “below” Screen)

Fig. 18—Pressure (Box End — “above” screen)

Velocity (m/s)
X 0.00000 2.2071 4.4142 _ 6.6213 8.8284 11.036

Fig. 19—Fluid Inflow Velocity

Fig. 19 summarises the pressure distribution pictures, avitezan be seen that the fluids are drawn straghéards the
drainage layer, which suggests that perforatintpedeft and to the right of the drainage layer ldmot be efficient.
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Fig. 20 shows that, as expected, the major pressure tapanent in the system is at the ICD, proving thatICD is
the dominant factor that influences the fluid imflonto the well.

Pressure Drop

160

140

120 \
100 \\

—&— 10 Darcy Permeability

Pressure (psi)
[e)) [00]
o o

I
o

N
o

o

Reservoir Inlet Wellborelnlet  MicroAnnulus Inlet Drain Holes Inlet

Fig. 20—Average Pressure of the Four Main Regions o f the Well

The inflow performance was also compared betweerOtd, 12spf C & P and 6 spf C & P sector with @dixdrawdown
of 130psi. The OH performance was found to be #wt followed by the 12spf C & P and finally the 66p& P. This is
graphically presented ifig. 21. The pressure loss or “skin” effect present in @& P models are due to the flow
convergence in the perforations that connect therveir to the wellbore. The ICD in all three cabad 10 ports open to

minimise its influence.
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Volume Flow Rate (bbl/day)

1400

1200

-
o
o
o

800

600

400

200

Comparison of Inflow Performance

AN

e====130 psi (local) Pressure Draw Down

AN

AN

N

\

Open Hole

12SPF 6SPF

Fig. 21—Flowrate vs Drawdown for OH and C & P Secto

r Models

Different drawdown rates were also applied to thspf and 6spf model. With reference to

Table 2 & Fig. 22, at drawdown rates of less than 50psi, the infteenf the drawdown on the flow rate between the two

cases was apparent (65%-86%). However, at higlasvdiwn rates (above 50psi) the difference in flates between the
models did not change much. This is because at tladss, the high pressure drop across the ICD letefypdominates the
fluid inflow from the reservoir for both the 6spfc12spf case.

It is interesting to see ifig. 22 that for the 12 spf configuration, increasing trawdown results in higher inflow
compared to the 6 spf configuration. This resuithigher Productivity Index, 4.278 bpd/psi for th2 spf, compared to
2.707 bpd/psi for the 6 spf.

It is evident that the 12 spf configuration shobédused to perforate the cased part of the wedsEible.

Table 2—Sector Models Inflow rates vs Drawdown

Drawdown Flowrate bpd % Difference
(psi)
12spf 6spf
10 75.7 40.7 86%
20 118.4 67.8 75%
30 161.1 94.8 70%
40 203.8 121.9 67%
50 246.5 149.0 65%
60 289.2 176.0 64%
70 331.9 203.1 63%
80 374.6 230.1 63%
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Drawdown Flowrate bpd % Difference
(psi)
12spf 6spf

90 417.3 257.2 62%
100 460.0 284.3 62%
110 502.7 311.3 61%
120 545.4 338.4 61%
130 588.1 365.5 61%
140 630.8 392.5 61%

Inflow Performance Against Drawdown

700
=46 SPF
600 —
=== 12SPF y —4.278x+32%
= ——Linear (6 SPF
2 — Linear (12SPF)
fe)
2
o 400
E y £2.7065x + 13%
g 300 p. _—
o =
/1]
=
S 200 //
100 —
0
0 6

0 80 100 120 140

(Local) Presure Draw Down (psi)

0 20 4

Fig. 22—Inflow Rates for 12spf and 6spf Sector mode | vs Drawdown

The Existing Entire Open Hole Completion.

As mentioned previously in the Final Model (Paggetfi¢ existing open hole completion performancadisisted to flow
around 8,000 bpd of water. As we do not know treeige cause or causes of the “skin” in the existipgn hole section, the
collapsed annulus permeabilities were adjustedddyre around 8,000 bpd of water.
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Mo of ICD Reservoir Annulus

Reservoir Section  Length (m)  Start of mDRT (m) Completion Type  Fluid  Noof ICDs
gth (m) (m) F s Ports Open  Permeahility (mD)  Permeahility (mD)

501 332 1385 12 SPF oil 28 10 10,000 5,000
502 20 1717 Casing Shoe M M2 M I, M2
503 71.4 1737 Casing Shoe M M2 M I, M2
504 386.7 1808.4 Open Hole Watar a1 1 10,000 12.15
505 507.8 2195.5 Open Hole Water 26 10 2,000 2.45
s06 92,9 2502.9 Open Hole Water 8 1 10,000 12.15
507 23.3 25958 Open Hole Water 2 1 2,000 2,45
508 118.6 2619.1 Open Hole Water g 10 2,000 2,45

Fig. 23—Open Hole Collapsed Annulus Permeability

Fig. 23 shows the adjusted collapsed annulus permeabilitgh gives 8,300 bpd of water.

OH Completion Only
4,500
4,000
3,500
T
S 3,000
[V}
M S04 OH Onl
5 2,500 ny
3 S05 OH Only
& 2,000 506 OH Only
£
3 1,500 $07 OH Only
>
1,000 S08 OH Only
500 —
0
SOAOHOnly  SO5OHOnly  SO6OHOnly  SO7OHOnly  SO8 OH Only
Reservoir Section

Fig. 24—Open Hole Completion Water Production

Fig. 24 shows that SO5 section, despite having lower vegepermeability (2 Darcy) than the S04 sectiofl Qarcy)
produces most of the water, due to all 10 ICD ploeiag open, compared to just 1 port being opeth@rs04 section.

C&P Recompletion on It's Own.
Prior to combining the 12 spf C&P recompletion witie existing OH completion, a simulation was rum the
12 spf C&P recompletion alone, to estimate thepmtuction. Below are the flow parameters alondnwhe oil production.

* Reservoir permeability : 10 Darcy
* Annulus permeability : 5 Darcy

*  Number of ICDs: 28

*  Number of ICD Ports Open: 10

* Pressure draw down: 110 psi

* Horizontal well length : 332 m

» Oil Production: 14,667 bpd

It can be seen that the cased part of the wellnwherforated with 12 shot-per-foot, would have et around
14,667 bpd of oil on its own.
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Combining the C&P recompletion and the existing OEbmpletion.

Following the results from the previous sectiog existing open hole completion is then connettethe 12 spf
recompletion section, in order to ascertain theswétoil production, which is one of the main olijees of the study.

Prior to discussing the results, it is importanatsess the convergence of the computational atitms, to ensure that
the computational results have reached a convergedition. This is a complex model of significaites(more than 0.5
billion cells in the full model) and convergencerist trivial. For the full model (and several ofetkearlier models)
simulations were run in a High Performance ComputiP C) centre.

Fig. 25 shows the residuals convergence plot, which gléadicates that the calculation was stable andreashed a
converged condition.

The mass flow rate of oil and water has also rehehsteady state condition, which is showrrig. 26 andFig. 27
respectively. The mass flow balanced between tlet and outlet is depicted iRig. 28, which shows that the difference
between the inlet and outlet mass flow rate is wi8%o tolerance.

These plots give reassurance that the computatiesalts have reached a steady state condition.

Residuals

100

1 e
S ]
01
— Caontinuity
oo —¥-momentum
—Y-momentum
o001 —Z-momentum

Residual

—Tke
—Tdr
—Water

1E-5 1

1E-6 ’
BT \‘J«Ww

1E-8
0 2000 4000 8000 anan 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000

Iteration

Fig. 25—Residuals convergence plot

Monitor Plot

)

o

L—"]
]
!

MassFlowAtOilReservairinlet Monitor (ka/s)
N
5

r r
& =
I—

<

by
=]

“a 2000 4000 goon anoo 10000 12000 14000 16000 12000 20000 22000 24000 26000 22000
lteration

— MassFlowAtDilReservairinlet Monitor

Fig. 26—Oil mass flow rate convergence
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Monitor Plot
B
-8
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g
% 10 ol
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5 /\/ \\f
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=
o
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=
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a 2000 4000 BO00 aoon 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000
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— MassFlowAtWaterResenairinlet Monitor

Fig. 27—Water mass flow rate convergence

Monitor Plot

20
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5
g
E rfkw—ﬁrmw%-&fwwmu
g
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2
G
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=

10H "

-20

a 2000 4000 BO00 aoon 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000

Iteration

— MassFlowDifference Monitar

Fig. 28—Inlet - Outlet mass flow difference

When the C&P recompletion section is connectedh¢oekisting OH completion, there is reduction ithbihe water and
oil production compared to OH and C&P on their owhis is illustrated irFig. 29. This is expected as the water and oil
flow would “work against each other”. This suggdstsimportance of modelling the entire well as sgpgtem.

The final production from the entire well is themed:
*  Water production : 6,976 bpd (water cut: 33.58 %)
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e QOil production 13,801 bpd

Water & Oil Volume Flow Rate

16,000

14,000

12,000

10,000

8,000 +——

6,000 +———— —

Volume Flow Rate (bpd)

4000 -~ 8333

2,000 ——— —_—

Water: OH Only Water: C&P + OH Qil: C&P + OH Qil: C&P Only

Fig. 29—Water & Oil Production

Most of the water production reduction, from OHytd OH + C&P, came from the reservoir section weh&d ICD
ports are open, as shownHig. 30.

Water Production OH Only vs OH + C&P

4,500

4,000

3,500

3,000

2,500

2,000 H OH Only

M OH + C&P
1,500

Volume Flow Rate (bpd)

1,000

500

.

S04 S05 S06 S07 S08
Reservoir Section

Fig. 30—Water Production from OH only vs OH + C&P
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Sensitivity Study 1: Investigating the effect ofryenigh damage.

It is seen in the section dealing with The Existlgtire Open Hole Completion (Page 15) that théapskd annuli
permeabilities were adjusted to produce aroundBkg@l of water, which is the current liquids pratifre rate in the open
hole section.

The aim of this first sensitivity study is to indigmte the effect of very low annulus permeabifgyg. due to very high
damage or very high “skin”), 12 mD, on the inflowrformance of the new completion sector model showig. 21.
(where the base case collapsed annulus permeakdityp,000 mD).

Reducing the annulus permeability from 5,000 mC20mD results in significant reduction in infowh@ Open Hole
sector model flow rate drops from 1,179 bpd to pd,lthe 12 SPF flow rates drops from 575 bpd t@@ &nd the 6 SPF
flow rates drops from 363 bpd to less than 2 bjds Tomparison is illustrated ig. 31.
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Fig. 31—Annulus Permeability Effect on Inflow Perfo ~ rmance (Sector Model)

Sensitivity Study 2: 6 SPF with varying annulus peeability.

Based on the results shown in Combining the C&Pomgretion and the existing OH Completion (Page &)
Sensitivity Study 1: Investigating the effect ofydigh damage (Page 19), it is felt that the 5,600 annulus permeability
is an optimistic value, and the 12 mD annulus pebility is too low to yield a sensible rate — theveuld have to be
significant damage during the recompletion protessuse the 12 mD annulus permeability.

The aim of the second sensitivity study is therefar ascertain the water and oil production whenrétcompletion is
done using 6 SPF with two different collapsed anpetmeabilities, 500 mD and 1,000 mD.

It can be seen iRig. 32 that the highest oil flow rate from the recommatpart was achieved using 12 SPF with 5,000
mD permeability. It has been seen previously thatife same flow conditions, the 6 SPF flow ratagproximately 63% of
12 SPF flow rate due to the reduced contact betvileenwellbore and the reservoir. When the annukisnpability is
reduced, there is an additional significant redurciin the oil flow rate. This is what causes thgniicant oil flow rate
reduction from 12 SPF + 5,000 mD annulus permeghdi 6 SPF + 1,000 mD annulus permeability. Atfertreduction in
the oil flow rate is seen when the 6 SPF annulusipability was reduced to 500 mD.

It is interesting to see that the water producfiom the existing open hole completion is not digantly affected by the
reduction in the oil production. The water cut heererises due to the reduction in the oil productas shown iffrig. 33.
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Fig. 32—Water and oil flow rate due to three differ ~ ent recompletion scenarios; the complete well: OH + C&P
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Flow structures around the ICD and the base-pipetiet.

This section outlines the flow structures arourgitiflow control device (ICD) and the base-pipdeiuto show how the
water and oil mix together.

Fig. 34 shows a contour plot of Volume Fraction of Oil amd an ICD; red indicates 100% oil, blue indicat€9%
water, and the colour between blue and red indicatmixture of water and oil. It can be seen inglogure on the left that
oil, through the ICD drainage holes, is entering iase-pipe where the water is flowing from righteft (indicated by the
arrow in the picture), the oil then starts to mithvwthe waterFig. 34a shows a cut through the ICD and the base-pipescros
section, also depicting oil ‘penetrating’ the watsth relatively higher velocity induced by the ICD

Volume Fraction of Oil

00 0.40000 0.60000
Velocity (m/s)
34 1.9807 2.9380
Fig. 34—OQil entering the base-pipe through ICD Fig.  34a cut through the ICD and the base-pipe cross
section

Fig. 35—OQil entering the base-pipe through an ICD n  ear the toe of the completion

Similar phenomenon can be seerfig. 35. However in this picture, since the ICD is locateghr the toe of the well,
water, being the heavier fluid, has been flowinthatbottom of the base-pipe. At the top of theehaipe oil enters the base-
pipe and continues to flow with the oil which haeb flowing at the top of the base-pipe. At thetdrotof the base-pipe
however, the oil mixes with the water after it eatihe base-pipe and continue to flow to the left.

Fig. 36 depicts the view of the base-pipe outlet, showlirggoil (red) flows at the top and water (bluelfipat the bottom
of the base-pipe.
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Volume Fraction of Oil
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Fig. 36—Volume Fraction of Oil at the base-pipe out let

Conclusions

The sector model sensitivity runs proved that tleefguations located away from the drainage layethef screens had
minimal contribution to the well's productivity. Thinformation inferred two things; firstly, perfting the entire length of
the C & P section was not necessary in order teeaetthe target flow rate. Secondly, to maximizewrell Pl, the drainage
layer should be as long as possible, in this celese to 28ft (assuming average pipe length of) 3&topposed to the
modelled length of 20ft.

The sector models also proved that in terms of ywtty, the OH ranked the best followed by thesgRand 6spf
completion. The difference in productivity was magparent at lower drawdown rates. This was becatisigher rates, the
pressure drop across the ICDs was the dominatoigrfthat governed the inflow of fluid from the eegoir into the well.
Prior to modelling the complete C&P + OH completidhe OH part and the C&P part of the well werewdated as
standalone wells. Since no other information werailable for the existing open hole completion, twdlapsed annuli
permeabilities were adjusted such that around 83p@Dof water flows in this part of the well. Th&E recompletion part
on its own produces around 14,667 bpd of oil, ahémboth the C&P and OH are connected to each, dtreze is reduction
in both the water and oil production compared to &id C&P on their own. This suggests that it isontgnt to model the
entire well as one system.

Three different recompletion scenarios were studiedithe water and oil production rates are suns@diinFig. 37 below:

Recompletion scenario water rate (bpd) oil rate (bpd) water cut (%)
12 SPF 5000 mD Annulus Permeability 6,970 13,801 33.58%
6 SPF 1000 mD Annulus Permeability 7,227 2,271 76.09%
6 SPF 500 mD Annulus Permeability 7,291 1,132 B5.95%

Fig. 37— Summary of water, oil production for three differen t recompletion scenarios

Recommendations

Based on the results of this study, it is recomrednid recomplete the cased part of the well witlmasy perforations as
possible, and minimise damage during and post rtitig. It is not necessary to perforate the endiirgt; the critical area to
perforate is near the ICD location. Of course patfog only the intervals across which the drainkyers will sit requires
precise positioning of perforations and screenigiitely to carry significant risk. The screen ii@ge layer should be made
as long as possible.

The addition of well connected new perforationshiea recompletion reduces production from the oabaompletion but not
by a significant amount (maximum modelled reductidnapproximately 16%). This indicates that theorapletion can
achieve one of the primary objectives i.e. presgrvyproduction from the original completion whilsdding significant
additional oil production.
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The quantity of additional flow restriction in tmew completion has a significant impact on thepodduction from this
zone. Every effort should be made to increase vesecontact (higher density of clean perforatioms)d reduce any
formation damage during or post perforation.
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