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v Presentation Overview

Our ESS® product - Existing then R&D for strength improvements Abaqus/Explicit
Developing an Equivalent ESS Representation (for rapid application screening) Abaqus/Standard
Well Application Screening Tool (Geomechanics + Equivalent ESS) Abaqus/Standard

Underground Gas Storage (Geomechanics + Equivalent ESS) Abaqus/Standard
More ESS R&D for a specific client requirement Abaqus/Explicit

Simple day-to-day analysis work Abaqus/Standard
Investigations for Tooling issues Abaqus/Explicit
Pressures and Velocities Abaqus/CFD
Conclusions / Q and A

ESS® = Expandable Sand Screen



~ A 4 ESS® Product — Design / Background

ESS is a product that controls the ingress of solids in oil and gas reservoirs with weak
and unconsolidated formations. ESS improves well production and significantly reduces
well costs when compared with other systems.

Product sizes; 47, 4-1/2”, 5-1/2” and 7”
There are also a variety of Weave aperture sizes / ratings

Base Pipe Slots Open

During Expansion
Maximizing Inflow Area

Filter Media

Dutch Twill Weave

Weave Layers Slide Over
Each Other During Expansion

Outer Shroud
Protects Filter Media

Expansion does not Rl . a
Unexpanded change the Weave Expanded

aperture size / rating



ESS® Product - Example




A 4 ESS® Product — Expansion using Abaqus/Explicit

Elements; C3D8R Complex 3D parts modelled in Pro-Engineer then imported into Abaqus/CAE




ESS® Product — Collapse using Abaqus/Explicit

Expanded test piece now subjected to Hydraulic Collapse




ESS® Product — Forces to Expand and Collapse Resistance

‘Comparison of forces to expand 4-1/2" ESS, a variety of Wall Thk, Slot Patterns & Metallurgyl

= —4.5"316

= —45"316
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4.5"316

Force

-Standard Sch40 - Standard Slot Pattern

-Standard Sch80 - Standard Slot Pattern

-Standard Sch40 - Short Slot Pattern

-Standard Sch80 - Short Slot Pattern

= —4.5" 25Cr -Standard Sch40 - Standard Slot Pattern
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Case Study

Recent R&D study into
strength improvements

Proposed designs — 4 off
New test pieces — 1 off

W Weatherford benefited by saving a
huge amount of time and costs by using
Abaqus/Explicit in this series of tests

Five analysis runs; (1) current design, fo verify the material model (2) changing the basepipe wall thickness
(3) changing the basepipe metallurgy (4) changing the slot pattern (5) a mixture of wall thickness and slot pattern

The required force to expand (push tool through) could not increase too much due to ESS connection capability

FEA model matches the observed behaviour.

The models give predicted expansion forces
and collapse resistance

All sizes have been modelled and compared to
previous tests; there is a good fit to the results.

‘Comparison of 4-1/2" ESS Hydraulic Collapse - after Cone Expansion of Samplel

Radial displacement (mm)
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Papers and Presentations - 2008

FEA Modelling of Expandable Sand Screens

C. Jones and K. Watson

‘Weatherford International Lid.

Most papers and presentations
are available on both Exchange
and Sharepoint

Abstrac: Expandable sand screens are a relarively novel sand control system, which are used to

control the ingress of solids in oil and gas reservoirs with weak |
They combine the ease of installation of conventional screens w
gravel pack.

There are mwo different variarions of expandable screens; a syst
which are easy to expand but relatively low in srengrh and a sy
which are very strong but difficult to expand.

FEA has been wsed ro model the slorred basepipe rype ro berer
expanded screen with the rock formations.  This type of analysi
analyiical, models based on tunneling theory. There are many ¢
allows a berter choice of marerial models for the rock such as D
also allows the investigarion of a wider range of configurarions,
or the interfaces berween different formarions.

The resulis from the FEA modeling compares favorably with da
experiments. This sarisfaciory owrcome increases confidence i
to design models for field applications.
Keywords:  Constirutive Model, Critical Stare Plasiiciry, Desig,
Verification, Geomechanics, Wellbare.

1. Introduction

Expandable sand screens (ESS™) are a relatively new sand contr
are used to control the ingress of sand in oil, gas and water well;
unconsolidated formations. The sand is produced due to rock fa
changes in in-situ stress over the life cycle of the well.

There are many different strate gies available to control produce,
from the very simple, such as reducing production rate, to more

“ESSisa registered trademark of Weatherford International Lt

2008 Abaqus Users’ Conference
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, Large scale TWC experiments - Abaqus/Explicit

Thick Wall Cylinder experiments

Deformation simulations that include expansion of the
ESS followed by collapse due to rock screen
interactions have also been performed; this
demonstrates the greater deformation resistance of the
combined ESS/well bore with a huge increase in
system collapse strength. These compare favourably to
large scale testing on the ESS in rock cylinders. The
predicted and measured deformations are comparable,
within the uncertainties of the inputs.

Expanding

Fully expanded

Deformed



\ 4 Meshing of Slotted ESS and developing an Equivalent ESS®

Basepipe

Weave

Shroud

Basepipe
33,000 elements (C3D8R)

Weave (not modelled)

Shroud
100,000 elements (C3D8R)

Detail of ESS construction showing complexity of the meshing on the shroud

Earlier models that were analysed and compared to physical
tests were adequate as a design tool but rather slow
(due to the huge number of Elements) for an analysis tool
for screening multiple application scenarios.

Therefore a simple representation of the ESS was developed.
This equivalent ESS was a plain pipe with the ID/OD
dimensions of expanded ESS. The Elastic and Plastic
properties were adjusted to fit hydraulic collapse data and
FEA models of the whole slotted system

The method developed was very computationally efficient.

Comparison of the measured deformation;
(1) the full scale simulation and
(2) the equivalent (simple representation) simulation

Applied Pressure (psi)

—— Hydraulic
loading data

—3¢— Equivalent ESS
Deformation

0 0.5 1 1.5 2
Radial deformation (mm)




v Verifying the Equivalent ESS®

Confirming the Equivalent ESS does match existing data;

Thick Walled Cylinder (weak sandstone), stresses applied
to simulate burial of between 15,000 and 20,000ft.

Deformation starts around 500psi, accelerates rapidly,
attaining 1” deformation around 3000psi.

The FEA Equivalent ESS plain pipe gives a good match

Deformation {inches)
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v Vertical-Horizontal Well Application Screening Tool — Abagus/Standard

A tool for screening potential applications for excessive deformation; simple enough to be run on a basic laptop!

Radial deformation

apply
drawdown
apply
initial
stress \
remove mud
overbalance
deplete
reservoir
= Deformation
Depth 1900m Rock Sandstone
Vertical Stress 35MPa Density 2500kg/m3
Horizontal stress 32MPa Young’s Modulus 2069MPa
Initial reservoir pressure 19.2MPa Poiszon’s Ratio 0.16
Mud overbalance 3.5MPa Friction Angle 20 degrees
Table 1 Well parameters Dilatancy Angle 0 degrees

Table 2 Material properties of the sandstone used in the simulations

W Weatherford now has a tool
for quickly screening applications
by using Abaqus/Standard



Formation Screen Evaluation “Lite” — W Magazine
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v Inclined Wellbore in a Sand Shale Sequence - Abaqus/Standard

| Very fine mesh at middle of block

Investigation into more complex well geometries;
inclined wellbore with more than one rock type

Detail of applied finer mesh close to the wellbore

Sand appears to support
the shale at the interfaces

8.5” Diameter, 452 Inclined wellbore
ina 5m x 5m x 3m block
Detail of the deformation in the Sandstone and Shale

Block was partitioned to allow for finer
meshing closer to the wellbore.

The central section is split into 5 sections
which allowed shale layers as thin as
0.2m to be modelled.

W Weatherford gets an
understanding of
complex issues by using
Abaqus/Standard



v Deformation in the central shale as a function of shale layer thickness.

- Three sets of simulations were run.
- / (1) Abare 8-1/2” wellbore with 0.2 — 1m layers of shale.
£ / (2) AB8-1/2” wellbore with 5-1/2” ESS installed,
g - - — expanded out to 8-1/2” OD (with 0.2 — 1m shale)
£
s /// (3) A8-1/2” wellbore with 77 ESS installed,
= / expanded out to 8-1/2” OD (with 0.2 — 1m shale)
= —\\Vellbore only
& ~ —5.1/2" ESS
—_—ESS
0 0.‘2 0.‘4 0!6 0.‘8 1‘ 1.‘2 1.‘4 - -
T e T e (o 0.2 metre shale section 1 metre shale section

Viewport: 2 ODB: C:/Abagus_Stuffd jan-cir...shale-1pdm-sandffinal.odb Viewport: 3 ODB: C:/Abaqus_Stuffd jan-cir...le-1p0m sandfin-cond.odh
Depth 1900m
Vertical Stress 35MPa
Horizontal stress 32MPa
Initial reservoir pressure 19.2MPa
Mud overbalance 3.5MPa

Table 1Well parameters

Rock Sandstone Shale
Density 2500kg/m3 2500kg/m3
Young's Modulus 20690 MPa 1379MPa
Poisson’s Ratio 0.16 0.16
Friction Angle 20 degrees 13 degrees
Dilatancy Angle 0 degrees 0 degrees

Table 2 Material properties of the sandstone and shale used in the simulations




Papers and Presentations - 2009

FEA Modelling of Expandable Sand Screens
Interactions with Rock Formations

Ken Watson & Colin Jones

‘Weatherford International

Abstract: Expandable sand screens are a sand control system, which is used to control the ingress

of solids in oil and gas reservoirs with weak and unconsolida|

different variarions of expandable screens; a svstem based on
expand compliant ro the formation bur is relatively low in stre)
basepipe which is very scrong but is more difficult 1o expand

FEA has been wsed to model the slotred basepipe type 1o ber
expanded screen with the rock formarions.  Initially the
modelled and the resulis compared ro physical rest dara. The
well, with run times of the order af a few hours depending o
simulaiions were adequare for research purposes bur for ry
models were simplified. An equivalent representation of the
gross behaviour of the screen in rerms of siffness an
compurationally efficient and allowed rapid investigarion af fd

The model was used to study the effects of formarion screes
through multiple rock lavers. The model is also routinely
poreniial problems.

Keywords: include Geomechanics, Soil-Siructure Interaciion ¢

1. Introduction

Expandable sand screens (ESS™) are a relatively new sand cor
installations worldwide over all vendors. They come in 2 diffi
a slotted basepipe or a system based on a drilled basepipe. Thy
common, with around 600 installations since 1997, The adve
is that it is relatively easy to expand into full contact with ¢
shape and diameter. to give a truly compliant system.

productivity, sand retention capability and reliability (Hembl]

" Registered trademark of Weatherford

2009 SIMULIA Customer Conference
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FEA Modelling of Expandable Sand Screens
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Ken VWatson and Colin Jones; Weatherford International
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Simulia Customer Conference; London 2009

2009 Simulia Customer Conference; the opening speech for the conference, Scott Berkey, CEO of Simulia



Simulia Customer Conference; London 2009

At the 2009 Customer Conference, in the opening speech for
the conference, Scott Berkey, CEO of Simulia, spoke of
Weatherford being a success story, having saved
considerable time and money whilst using Abaqus;

FEA of Plate Designs for 7’ ESS Transition Areas

Reduce ten different Plate Designs down
to just two physically tested designs

W Weatherford engineers get rapid
turn-around for different designs using
Abaqus products

But of course, conferences aren’t all about listening to
papers and presentations — here’s Colin and myself
letting our hair down (such that it is) with Chris Smith,
General Manager, Simulia U.K.

(10 weeks down to 4



V‘“ Underground Gas Storage; the geological structure types

» The use of Underground Gas Storage (UGS) is expected to increase considerably in the near future,
due to a variety of factors;
including security of supply (whether due to technical or political issues).

» There are several geological structure types for storing gas underground;
- salt caverns (either natural or manmade),
- porous rock in depleted gas or oil reservoirs,
- aquifers (not shown), where there would be an impermeable cap rock, with water filled
rock strata below, with the injected gas displacing the water.

Thickness of

salt layer

400 to 600m -

Salt cavern UGS Depleted gas reservoir UGS




Analysis; results

Annual winter/summer cycling using a depleted gas reservoir

«  Strength degraded over the first 10 cycles, but takes 35 cycles to stabilise.
« ltis important that the deformation stabilises, since excessive formation induced deformation of ESS
could restrict access to the well and may ultimately cause a loss of sand control.
« Extensive testing in a joint industry project showed that ESS could withstand large deformations
without collapsing or losing the ability to control the sand.
« Alimit of 20% deformation was set based on the results of the joint industry project. The 20% value
includes a large safety factor.
 For the weak sandstone used in this analysis, the extent of deformation prior to stabilisation is seen
to be around 12%, which is well within the acceptable limit of 20%.

Wellbore movement with an
artificially weak sandstone

Radial wellbore displacement as
cycling load is applied showing
both Horizontal and Vertical
movement

Friction Angle = 25

Displacement - mm

—_
I

-
N
I

e
o
I

o

Wellbore Displacement as cycling load is applied
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A WellBore movement
appears to have stabilised —Wellbore Displacement (H)
with no further weakening ——Wellbore Displacement (V)
Constant Material Properties
but the WellBore is still moving with
the Cycling Load
Material
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Degrading
T T T T
0 10 20 30 40 50 60

Number of Cycles




v Analysis; results

The video below shows the rock mass (Equivalent ESS not shown), with a very low Friction Angle of 15
(low value chosen as it shows the deformation better).

435779.971.0db  Abagus/Standard Version 6.8-EFL  Wed Sep 16 10:07:42 GMT Daylight Time 2009




V Analysis; results

8.5" Dia. Wellbore Displacement as cycling load is applied

30
25
“MMMMMAMMMAMMMWM
. - . £ = et Disp FAZO ()
Changing parameters within Abaqus is a | ¢ MW —— Wellbore Disp. FA=22 (H)
simple process — in this case varying the | ¢ * W —vilbore D, 25 )
Friction Angle g 10 oM —Z\;i/i:?;:o?r:.iir:i’:;:o;:')Dia W.B

5
0 T T T T T
e S
0 Mat! Prop's 10 20 30 40 50 60
Degrading Number of Cycles

In this case both 5-1/2” and 7”
slotted basepipe is shown at the
end of the 60 cycles
(both started at the same O.D.)




Papers and Presentations - 2010

I ' The Exchange
One Weatherford.
One Source.

Cyclic Loading of a Rock Mass for
Underground Gas Storage Applications <

Ken Watson & Colin Jones Weamemrd SharePoint

Weatherford Intemational

The use of Underground Gas Storage (UGS) is expected to increase considerably in the near
furure due ro variows factors. Many of the UGS wells require sand conrrol Expandable Sand
Screens ( ESS) have many advantages as a complerion oprion in UGS wells. Bur there has always
been a concern on the effects on ESS due to cydic !'amdm,q Tﬁze pﬂper dea!: with the L.faﬁr'ges in
the borehole thar wowld be caused during annaal injeg £

reservoir. Specifically, the interest is in whether or rg
whether the damage confinies evelving Cyeles ca
storage in summer) or far more frequent due to Peak
followed by top-up). AbaguzStandard FEA Numeric
sample with an 857 diameter wellbere thar is lined
was represented by a simple representation, a plain
rack material has been assigned properties which we

cveled to simulate a grear mumber af years productio
stabilised gfter @ number of years. This shows thar
wells.

Kevwords: include Geomechanics, Sal-Siractire Inte weathenu rd

1. Introduction

The chjective of this study is to establish, nsing Abag
the effect of cyclic loading on Expandable Sand Scres
and storage, in an Underground Gas Storage (UGS) e

Well Screen Technologies

The extraction of gas from a gas storage well cause CYC“C Loading of a Rock Mass
increases the effective stress on the rock formations : .
circumstances, such as depth or extraction rates, the f/ Underground GaS Storage Appllcatlon
order of 10-20MPa ( 1450-2900psi). Ken Watson and Colin Jones; Weatherford International
Reservoirs for gas storage wells need to have relative
of formation can store high quantities of gas and ha =) R TR Erir ol s
tend to be weak and have a propensity to fail and gra) 3 = .
the injection and extraction of the gas. -
SIMULIA
Registered trademark of Weatherford May 2010 Solving your sand control challenges

20 0 SIMULIA Cusomer Conference

Paper and Presentation at Simulia Customer Conference, May 2010

A version of this presentation was also SPE
BRI EINTIEES  made at the SPE organised
10th & 11th March 2010
Sand Management Forum, March 2010 Aberdeen Exhibltion & Conference Centre




v R&D on the ESS

Product, Erosion Plates- Abaqus/Explicit

Non expanded section, with

coupling joining two joints
Transition area
=

\ ESS fully expanded to 9.25” OD /

g, Mises
(Avg: 75%)

+5.0666+02

+8.4442+01
+4.2220401
+0.0008+00

Step: prese Frame: 0
Total Time: 0.000000

Rip at erosion plate corner

Background to the Erosion Plates studies

To create a non-flowing transition area between the
expanded and non-expanded section on 7” ESS.
Erosion of the weave could occur in the transition
area in especially high-rate wells.




Erosion Plates - Abaqus/Explicit

Case Study, for a specific Client requirement
New Plate designs — 10 off _
Physical test pieces — 2 off - e

+4.631e+02
+4.210e+02
+3.789e+02
+3.368e+02
+2.947e+02
+2,526e+02
+2.105e+02
+1.6684e+02
+1.263e+02
+3.41%e+01
+4.210e+01
+0.000e+00

5, Mises
(Avg: 75%)

.052e+02
631e+02
210e+02
789e+02
366e+02
.947e+02
S26e+02
105e+02
.684e+02
263e+02
+3.41%e+01
+4.210e+01
+0.000e+00

ODB: 10mpa-el-del-eros-pla.odh  Abaqus/Explicit Version 6.8-EF1  Fri Oct 02 15:48:35 GMT Daylight Tirme 2009

Step: press

Increment 0: Step Time = 0.0

Primary Var: S, Mises

Deformed War: U Deformation Scale Factor: +1.000e+00
Status War: STATUS

ODB: 10mpa-el-del-eros-pla.odb  Abagqus/Explicit Yersion 6.8-EF1  Fri Oct 02 15:48:35 GMT Daylight Tirne 2009 v Weath erfo rd be n eflted by
B 0 St Tine = 00 — saving time; 60% and costs; 75% by using

Primary Var: S, Mises
Deformed War: U Deformation Scale Factor: +1.000e+00

"o Abaqus/Explicit in this study




Papers and Presentations - 2011

The use of FEA in sand screen design cuts costs
and accelerates development

Ken Watson and Colin Jones
‘Weatherford International

Expandable sand screens are a mind control system which is ased o control the ingress of solids,
in ol and gas reservoirs in weak and anconsolidared formarions. The fikrarion media is fypically
sized to the largest 0% of the formation grain size disribution. As a consequence of this some
fine solids are offen produced. This has a beneficial effec in thar ¥ cleans the near wellbore of
fine solids wiich have a tendency to plag the formations. However, in kigh rate gas wells there
miay be the possibility of evosion on the nside of the filter madia part of the ESS in the transition
araq between expanded and non-expanded seciions of the soreen. To radace e chances of i
happening, the addiion of thin sacrificial plates were ingalled ove the critical araq. These
erasion plires would cover, and thergfore blank off the transition areas so prevenring any
damaging flow throagh the filter. Several designs were proposad with varying namber and shape
af plates and the derails of the welding. Ten different scenarios were modelled and sabjected 1o
analysis in FEA The two best variations, showing the least sress at the welded comers as the ESS
system changed diamerer dueto expansion jorces, were taken forward to be physical tem pieces.
One of these designs was chosen for prodiction.  Using FEA for this preject allowed our
engineering groap fo discoant eight of the original fen designs laaving just fwe fo be fally
manafacarad and tested extensively. This helped reduce both the praject time by 60% and the
averall coss by 7.5%.

Keywords: Damage, Design Optimization, Experimental Verification, Failure, Forming, Pipelineg,
Tube Expansion and Visaalizarion.

1. Introduction

The objective of this study using Finite Eement Analysis (FEA) was to establish a suitable erosion
plate design and configuration capable of withstanding diametrical change acmss the transition
arcas of a 77 Expandable Sand Screen (ESS™) joint, shown in Figures 1a and 1b. Solid metal
crosion plates have previously been established as a suitable method of providing this non-flowing
transition area between the expanded and wnexpanded sections, A non-flowing arza is required to
ensure that there is no flow through the transition sections which could, potentially, lead to erosion
of the filter weave in applications where very high flow rates are expected. The erosion could take
place from the ingide out due to the small quantities of solids entrained in the production fluids.
An example of ESS construction is shown in Figure 2, typically the ESS consists of three parts, 1.
the shotted basepipe or expandable slotted tobular (EST), 2. the woven filter mesh (weave)
which retains the sand and 2. the outer shroud which pratects the mesh during deployment.

™ Regisiered trademark of Weatherford

2001 SIMULIA Castomer Conference 1

2011 SIMULIA Customer Conference

Barcelona, Spain * May 17-19 « Advanced Seminar « May 16

s

Paper and Presentation at Simulia Customer Conference, May 2011

' The Exchange
One Weatherford.
One Source.
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Papers and Presentations

SPE 122847

A successful Expandabla sand Screen Case History in a Deep, Corrosive
GasWell Applioaﬂon

Hoel Ginest, Abdutaziz , Bandar Al-Malki, Muhammad Al-Knawajah, Saudi Aramca. Galin Jonas, Cuiantin
Morgan and Keih ParTy, Weatherford intarnational
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Abstract

K Ficld 15 a ga® fichd locaed in Gaudi Arabia. wil pmduc:ion from the Upnayzah A reservoir, an e onsolidated sandstons
eservair notable 1o its comparative depth- The high carmsponding bottomicle tempe s combined with corroaive gA5
ropertics maniicsts in aggressive invsitu cormosion conditions. Sand control is needed in this pservoir duc 10 the weak rocks
and high fectonic STESEEE Frac-pack c«npkliqnshnw heen used sugcessfully for a pamber of yeusnd ypheally manifest in
a low positive skin They end to suffer from condensale panking and flow related skin.

i rduhlcsnndacmcmﬁsﬁmchmﬂupmnmghnﬁmdﬂ
med many challenges in teTms of the metlurgy: the interacton with high
sisses and the deployment in i deep hot well, In i 2004 Well K- 3 was drilled as 3 honzontal open hole well and
c:gnpkud with ESS, sctting thee world records ot that time for the bcite st and deepest ESS installation and first ever Incoloy

S sysem-

The well was ghut-in almost immediagly after clean-up operaions began due 10 & mechanical fallure in the upper
completion, and v mained shut-in. for pearly 3 years. The well was successfully festarted after an upper completion
workover.

ica test conducted fallowing suece saful

i of well performancs from a mlt-rate
curing wells

performancs indipes with thoss derived from analysis of neighb

roduction
The K ficld is an Aolcan sandstons reservoir with stroag sanding i pdencies. The field is in the Greater Ghawar a3, south
cast of the sUpeT glant Ghawal Ficld, The resrvolr is in \he carly Permin age (c ZR0My Unayzah A formation, which
wndetlies e Pre-Khuft carbonates’,  The mservoir is deep 3t 14800° TVD, with an average porosity of 18%, bt with
pcrm'ahilil':s ranging up te seveml Darcie 5.} The field wes discovered in 10872 and developed i (2000-2004:

The Usayzah formations consist of well developed Acolean sandstoncs with asseciaied inter dune deposits. Geological
analysis has diviced the re= voir into four discrcte facies: dune, sand sheel, paleosol and plays. The dune and sand shects are
the main :pm:ll.!cliw reservolr unils, while the paleosals and the playa have Jow porosity andd ptnil?llbi'lit}' (e 1mld) and act a%

flow barrers, The rescrvoir has bctn_cor-mlmd with sub-vertical frac-packs. These | » excellent pmdusli\riq' and sand

The main challenges 1o drilling and completing the wells were fhe Telative depth (the K3 well was at 15100 TVDI.
elatively high tempera’™ of 320F and the o trydrocarban cone it inihe gas composition. Additionally the high horizontal
stmgses gradient of up 1o Spai i due 10 Ambian plae rectonics and the e arby subsduction zonc can cause wellbow stability
problems especially in the shales,

The K-3 well was ariginally drilled into the Unayzah pescrvoll on 1007 as a gas producet 1o a depth of 16.1426MD. The
well was then perforated and tested, befors being P with cement plugs. Qictober 2002, the cement plugs WeE
drilled out, and the 7" casing was ihen perforted. Aficr frac-pack pumping operations Were completed, the rig was unable to
pull the gravel pack service tools ot of the grave! pack packst and afler mUMETOUS unsucoessful fishing attempts, he well
weas again suspended. The well was eyventually sidetracked and fimed with an ESS in 2004,
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‘ Finite Element Analysis of Weatherford Expandable Sand Screen Products

K. Watson, Weatherford International Ltd

Expandable sand screens (ESS) are a relatively novel sand control system, which are
used to control the ingress of sclids in ol and gas reservoirs with weak and
unconsclidated formations. They combine the ease of installation of convenfional
sereens with the borehole support of a grave! pack.

FEA has been uged to mode! slofted basepipe ESS to better understand the interaction
of the expanded screen with the rock formationg. This type of analysis will eventually
replace earlier, simple analylical, models based on tunneling theory. There ars many
advantages to using FEA. |t allows a befter choice of matenal medels for the rock such
as Drucker Prager and Cap models. It also allows the investigation of a wider range of
configurations, such as the effect of an annulus or the inferfaces between different
formations.

This work is ongoing, recent resulis are presented below.

Cone expansion showing surplus expansion

A cone style expanszion tool iz currently used within FEA, this gives
good results when comparad with empirical testing. A long term goal
will e to also made! the compliant expansion tools.

Prediction of hydraulic collapse strength
Using FE& gives greater understanding of reguired expansion forces and
deformation resistance.

It gives the ability to quickly assess various slot patterns, wall thicknesses and
different matallurgies.

The prime consideration being ability to expand and resistance to deformation.
This can be guickly established with FEA and the designs optimised prior fo
verification by testing.

= after Cone B
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From the graph above, it can be seen that & 25Cr version of ESS would give the
best deformation resistance, followed by the standard metallurgy, standard
basepipe but with shorter slots. However, the required expansion forces for the
25Cr version are too high. The next strongest variation has an expanzion force
that iz similar to the current ESS design.

Large scale TWC experiments

Deformation simulations that include expansion of the
ESS followed by collapse due to rock screen
interactions  have also lbeen performed; this
demonstrates the greater deformation resistance of
the combined ESS/well bore with a huge increase in
system collapse sirength. These compare favourably
to large scale testing on the ESS in rock cylinders. The
predicted  and  measured  deformations ars

comparable, within the uncertainties of the inputs.

Fully

Future work;
The next stage of the development is to use the FEA
modelling for field qualification of ESS applications

Expanding

expanded
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Numerical Modelling capabilities within Weatherford International Ltd.

F. Bahrini & K. Watzon, Weatherford International Ltd

_.L

| Computational Fluid Dynamics (CFD)

CFD can simulate: single and multiphase, erosion, reservoir modelling, chemical reaction, heat and mass transfer...
CFD allows you to access parts and observe phenomenon that you would not be able to see in the lab.
CFD can save money, time and helps you to design better, because CFD can predict the results for any initial conditions

without carrying out several lab tests.

Although CFD can reduce the cost. it does not veplace a lab test

FloReg™ ICD; Velacities, pressure
Floreg 1CD  completion systems
provide a uniform inflow through a
wellbore. Early water breakthrough,
hot spots, are reduced by adjusting
the numbers of open pors.

In this example, CFD simulations
were used to check the
experimental data: three
configurations were studied: 4 2
and 1 open port for each case.
Three flow rates were applied:
50,100 and 150 Bpd. Basedon CFD ™
results, the major pressure drop is £
located in the port zone, morecver £,
the pressure drop predicted by CFD E
matches with existing experimental *
data

Iriket

Cutlst —7

drops and erosion
_— Ports

Sedlion through the CFD
polyhedral volume mesh far
the FioReg ICDH

Velocity
—
il ——

Finite Element Analyms (FEA)

Expandable Sand Screen (ESS®) Expans:on, Forces to Expand and Hyd Collapse

FEA gives a greater understanding
of required expansion forces and
deformation resistance (whether
by hydraulic collapse or point
loading; on a fully slotted ESS
part.

Favourable comparisons between
existing, empirical, results and new
FEA analyses can be observed.

This has allowed for rapid testing
of new ESS designs, saving
considerable time and expense

Short length of expanded ESS

Graphs from rapid testing
of new ESS designs

thes FinRleg G0

WWS Erosion: Prediction

(]

Velocity — flow passing through
restriction (casing perforation),
shroud and basspipe

-
"l ™ Ol
Velocity — flow passing through kaxflo®
Shroud “image” can clearly be saen

Erosion prediction for wires and velocity profile

CFD surface mesh for wires

| M

Emsion rate prediction

For new ESS designs, fully slotted
systems are analysed, but for rapid
screening  of  well  applications  an
equivalent pipe had to be developed.
This non-slotted plain pipe was given the
same material properties as the gross
behaviour of a fully slotted and expanded
system.

Applied Pressure ipsi)

The com plex'rly: ofthe meshina
fully slotted ESS system

o
oaing e

et E55
ikt

R
Material curves, expanded ESS
and Equivalent plain pipe

The number of elements in the equivalent
ESS system reduced by an order of
magnitude.

This now allowed for rapid analysis of
vertical, horizontal and inclined wellbare
systems. It also gave the chance to
investigate, in an inclined wellbore, a
shale/sandstone interface.

Inclinel wellbore crossing a shale/sandstone interface

Velocity profile

Underground Gas Storage (UGS); Cyclic Loading on a Rock Mass / ESS withstanding collapse forces

Using the equivalent plain pipe,
FEA quickly provides answers to

(r—

how ESS behaves under a cycling 2

load, such as the situation for an

injection'withdrawal scenario in a 5

UGS, UGS can typically be salt Ny i

caverns or depleted gas/oil  Welbor da-forrnatlon =

resenvoirs. inan Salt cavern Deplsted ressrecir
weak material L Two typical UGS scenarios

Varying reservoir material models
can be applied, depending on data
received. If the deformation of the
ESS is within acceptable limits, for
the given material, confidence can
be assured for reliable sand
control over the feasible life of the
UGS well.

S e i i S

|
o
|

Mede! set-up for a horizontal wellbore and =

showing equivalent stresses ‘Welbor displacement as cycling load is applisd
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localized loadind, specifically duetoal diameter piston maving in a radial manner to press in Hgiad o be made part; iner satt] elements our slem s jobs
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slotting paftterm for the 4.5 ESS. aceura, d reas ntity ran ere w, Sed to =5/ s er fo th
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The FEA study was performed using Abacus! Exphmt. A shart section containing one jobs t ooy A t}’plclaj m odl: mesh ghmﬂ d"g’ 30.000 ¢ Oaﬂme mnsbmntJ‘;EI this in Staﬂr::emes'l’
repeat of the slot pattem was P ormed, The casing sizes for aac:eana'lysm were based upon mesh s eﬂr_argproxm ately 2:*%!&: nomally hmwe flexible i;':)o Acoaige is resulted in ; the
information taken from the Expandablé Gompletion Selection Guide. . the jobs urs ea ave hag ereb & mesh coy| madels

. The results were both as expecte and as previousty witnessed in ernpincal testing: modeled ::tmier COHQLH;-;H have :aﬁz‘_fn a pQWQI‘U}EfOG to 1 ’ig;%";glng feSuIts:,?; stiffer
the 7" proved the strongest (6,200ps!, thickest wall section), followed by 4.3 ESS (3,100psh shroud ﬂ:I her than a § ion is the oximatel ad core com) esh elemen greater
new slot pattern), then 25" ESS (2,700 psi, standard slof), then 5 5" ESS (2,400psi): and has bee though the 1 5ull ESS syste act that an ECLY 8 ho puter, For the cfs, The
finally the 4° ESS (2,200psi, thinnest wall section). shroud a’ég:mons,_rm ) p":Tm thick Shmudwh:ch would hgs:em (slotted b varser

i NS no stiength, | eviously th adds to @ been ¢ asepipe)
; oIt Id at in a poin strength omplete wi was
tloading < oY drauli with perf
ng si ydraulic colf Orated

packground
This report is a follow on from the recent Subsuriace Engineering Research Reporti

SSE/ESS/003 - ESS Point Load Deformation, which solely investigated the 5.5' ESS size. In
that report, many different piston diameters were used (0.5" up 10 3", Essentially, 2 small
piston size has a large pressure capability (1 0,000psi) but 2 large piston size has a very small
pressure capability and in fact this low capability, for @ arge enough piston, can be
extrapolated out to becoming equivalent 1o the hydraulic collapse figure of 123psi

This point |oading set-up can be used as @ rapid test 10 model the effects of plugging in ESS
closetoa casing P oration.

Ms_lgjgd_'!ﬂ—gﬂg
The FEA study was designed to replicate the {esting shown in Figure L. Models were created

for each current ESS size and siot pattern, with the proposed slot pattem for the 45" sze also
investigated (al dimensions are nominal). The lengths for the short sections of ESS were;

152 4mm length for 110.6mm slots (standard 4" 451557

115mm length for 5mm slots (standard ™

120.08mm {ength for 87.5mm slots (proposed 45"

The wall thickness for each ESS size are;
4" = 574mm ¢ 45" = 6mm / 5.5 = 6.55mMmM 7" = 10.35mm

The casing sizes were all pased on the Expandable Completion Selection Guide which is
stored on *The Exchange” (Intranet). For the 4.5 ESS, two casing sizes were considered, 1o
chechk if expanded diameter has an affect on collapse. The casing inner diameters were:

&" diameter for 4" ESS (standard slots)

g and 6.5 diameters for 45 ESS {standard slots) T

" diameter for 45" ESS meposed glots) he force appli

8.5 diameter for 5.57 £S5 (standard slots) shown in Figy e

Figure 1 tess
) sting, both phyg
to dig Physical
pla and
8.5 diameter for 7° ESS (standard slots) there was 4 g ‘:9 each size of £5s ; modeked (ty picq)
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This study examines the feasibity of Jocaiized hydraulic load causing extensive geformation of the ESS. The
ghudy was stimulated by ghservations of restricions in caged hole water injectors appoaite the perforations The
EEA study was performed using ABAQUS 1, short secton containing one repeat of the glot paftem of 5 %" ESS
was geformed using various diameter pistons, while confined in @ g 5/8" casing. The results showed that as the
|oading dameter increased the required loading pressure decreased and would proiably attain the hydrauiic
collapsg nrasauwoﬁ 123p%i around 5 \oading diameter.

This confirms it iz feasible 10 generaie suffickent pressure 10 collapse the ESS in cased hole as long @2 the
joading diameter is around 5.

Ba un

Resirictions have peen noted in TWo cased hole water injectors fitted with ESS for sand control The collapses
were noted after 8 relatively lond period of injection. The injectivity of the wells had been dedining. The njection
was into muitiple zones and there Were PUMEToUs shutdowns. Figure 5
& Half way thrg
ugh the analysig. g g

at first it was thought that thermal cycling and buckimd was 8 potential cause of the restriction. However & basep
= oe i B

detaiied analysis found this to be uniikely b,,g‘,;‘::wp,
complete mm’ £83ing ugeq
4 mechanism which may pe feasibie is |oading of the ESS bY fluid exiting the perforation wnnels during shut-in Paitern) 50‘;5‘-&9* 350
ible cross-fiow. The £S5 has a high opnt area and the pressure drop across 1 is very small unless it is n "'&Dfecenm:fgs" D), the 5.5+
4 : € Shotled

substantially plugged of acted upon by & piston force. In cased hole enyvironments = piston force could alsd
arise from the pressure drop generated across sand §ill accumulating ingide the perforation tunnels over time
foliowing geon‘.echnnul failure. Samsur et al' show that this pressure drop 15 quanwﬁed oy Forchheimer's
equation putside of the easing and caucier's equation inside the casing.

Any mixing of formation sand in the perforatian tunnels with ciays. material from the crushed zOng, perforation
gun debris, or injected sohids, can result in @ pack aermenhﬂﬂ:y substantially 10WeT than the formation matrix,
resulting in supstantal pressurs drops through the pack acting on the ESS. It is 80 poﬂ-b\e 1o envisage the
aradual aceumulation of salids N the perforation wnnels from the injection fiuid, obviously subjett o injection
water quality.

When injection stopped. erase-flow or transients MaY cause any |00se golids o flogd out quickly, pluggnd the
weave. Afemnativery, sand fill in any failed perforation tunnete could exent \ocalized pston load on the ESS dus 1o
nigh pressure drop through the pack. In poth scenarnos, sufficient force could conceivably be genermed o
deform e ESS pasepipe, allowing solids 0 migrale inte the casing-screen annuius. when injecion
recommences the solids would be cieaned off the weave opposite the perforation Wnne! and injection would
proceed 39 pefore. Figure
6 Anaiyais i3

The ESS ehould spring pack elastically, potentialy jeaying S0Me plastic deformation However, any sohds that complets, 0.5 ang
have accumulated in the casing-screen annuius would stop it springing batk completely. This process would be 3.0" Fistons, m,
repeated during each shutin and the ESS would be siowly ratcheted into the center of the wel. » MaX. travel, 100mam i

i
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expanded ESS can withstand
and this is due 1@ the slots closing uP shortly after the
then behaves in a similar manner 1o & solid

re is buckling

values for une
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all examined.
our FEA simulations. the un
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mences. 1he pipe
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Figure 1. Collapse Values for four sizes of ESS (for info. - Lame's for solid tubulars is ais0 shown)
se Value for solid tubulars, the Initial vYield of the
ximately 70%.

me's Stress Collap
Uttimate Yield is appro

Compared to the Lal

slotted pipe i apploximatew 550 and the

» and 5.5° ESS were used
ESS was U

Backgiound
For ease of computational time, six inch long samples for 47 4.5
clot in the centre, axially) and @ nine inch long sample of 7"
axially). The perforated chroud ' and weave Were ignare
that was studied. The 3D model was created
was as per other FEA

{one complete
{two complete slots in the centre.
for these simulations, itwas pur the basepipe
to nominal sizes. with n@ imperfections and the material data used
analysis runs, ctainless steel a16L, with the inimum yi d of 30ksi.
1 |n reality, the perforated shroud would have & reasonable contribution to the overall
stn of an ESS {est piece, In & purely hydraulic collapse scenario, but adding this 1©
the model would have considerably increased the computation a) time of the analysis funs.
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Analysis work — Abaqus

P&SS had a Pressure Vessel (part of a
Pipeline Inspection Pig) containing
electronics. They needed to check that the
end plate was thick enough (pressure rating).

Abaqus showed that there was a problem,
but a small design change would solve it.

apply-pressure-gver-all-external
DI -and-ss-study.odb  Abagus/Standard Version 1 Fri Aug 03 10:01 ndard Time 2007

Step! Step-1, apply-press

Increment tep Time =  1.000

Primary Var: S, Mises

Deformied Yar: U Deformation Seale Factor: +1.000e+00

apply-pressu
CDB: 2-p-an

Fri Aug 03 10:0f andard Time 20C




~ Simple day-to-day analysis work - Abaqus/Standard
|

W " Some of the variables that have been investigated for
eatherford Conventional Well Screens (perforated Basepipe);

ENGINEERING / TEST REPORT
Subject:  FEA on 4.0” 9.5# and 5.5" 20# Report Mo.: Date: 21st Aug 08 H H
Rl e ol " e 500,00 ? Tensile and Compression, Burst and Collapse and Torque
Rev 1, 1% Sep 08
perforations
Author:  Ken Watson Approved: Dave S. Grant
4" 8.67 L80 Basepipe with 12mm Dia @ 25mm Axial Pitch ; Collapse
Summary
100000 aonn0
The objective of the analysis is to establish, using Finite Element Analysis (FEA), safe working 20000 4000,
values for collapse and tensile rating of non-standard screen basepipe design for BPTT. Two 80000 a0
sizes of L80 13Cr Well Screen Tubulars were included in the analysis representing; so000 -
-
»  4.0” 9.5# with 8 x12mm diameter perforations at a 25mm axial offset pitch g o il =
= 5.5 20# with 9 x 12mm diameter perforation at 25mm axial offset pitch g =000 / soo é —— paplied Pressure
& 40000 4000 3 e iy 3| Pressure 3t isld)
The perforation size and spacing provide an approximate inflow area of 10% in both cases. s0000 // 0 =
The FEA simulations provide figures based on nominal pipe dimensions and minimum yield. From e i e
analysis of the FEA simulation, several key points in the vyield of the pipe can be observed. This 10000, 1000,
starts from the very first location of exceeding pipe yield to complete vyield through pipe wall 0 0
forming a continuous path of yield around the circumference. It is towards the latter defined stage U ngsl MR WA 2 s0Es  CDSw GDAS DA DG 08
that complete pipe collapse would likely occur. The collapse figures quoted in this report are fame =)
therefore a range between which full plastic deformation of the pipe could be expected. Figure 5
A safety factor of 0.875 has also been applied to account for any variations in wall thickness and . .
ovality. Figures for collapse and tensile can therefore be quoted as: Collapse Stages of 5 1/2" 20# Perforated Basepi
47 9.5# Basepipe o/w perforations The following figures are taken from various stages of the FEA analysis conducted on the 5 1/2”

20# perforated basepipe. The analysis was conducted on basepipe with an 9 off 12mm dia

(1) 4.0" 9.5# Tensile value - 127,674 Ibf perforations per plane at a 25mm axial offset pitch.

(2) 4.0" 8.5# Collapse range - 4,695 psi— 5,583 psi
Each figure is a section taken through the pipe so as the inner bore can be seen.
5 14" 20# Basepipe o/w perforations g g Ripe

(3) 5.5" 20# Tensile value - 300,476 |bf

(4) 5.5" 20# Collapse value - 5,456 psi— 6,598 psi Figure 6 identifies the point during the
analysis at which the yield point (80
ksi) is exceeded for the first time. This
occurs on the |D of the base pipe at
the inner edge of a perforation.

Backaground

BPTT have requested Well Screens with an increased basepipe perforation pattern which
increases the open area from 5% to 10%. This increase in open area results in decreases in both
the Collapse and Tensile ratings of the Screens.

This occurs at a pressure of 5,250psi

It should be noted that this is the first
breech of yield and is localised at one
perforation so actual collapse of the
point would not occur.

ID of BasePipe

W Weatherford gets e
confidence in systems by using
Abaqus/Standard



Day-to- '
y-to-day analysis work - Abagus/Standard

ETLENCE FORM

REPORT

E TIERPRISE EX

ENGINEERING TEST

This report sxamines the collapse rating of a 120 holes per foot convertional well serse
] T Thi P

tha number of perforaions 1o 240 holes per foot (for highar flaw). This further &%
-perforated Tubulars Mechanical Properties” calculator gpreadsheat ™

saction; the collaps2 pressure rating result remains
mierence, which appeals counter-intuitve. spoaﬂwdbr,

holes pet foot version was satisfactory -

The FEA rasults how that the calculator spreadsheet is reasonably close,

scommon” holes per foot but the calculator diverges as the hole count incraases. I this new sat of
analyses, the 120 Wit rating was 32.1MPa (4,656psi) and the 240 Wit rating was i
calculator states tha collapse ratin i) no the
The results have also shown that the deflection, of displace
holes., as anpectad, but it is a relatively small increasé, 50 may notbe a problam.

The 120 bt radial deflection was ().1394mm [0.0085° and the 240 Witradial daflection was 0.147mm (00088

ackground

One of the comman FEA requests from Comventional Wall Sereens group is for Burst and Collapse for their
orated basepipes. Thesa perforated pasepipes are the main structural @lemant for the Conventi Sand
Screen produch wihere thare would be a set of wires arranged around the outar urface of the pasepipe and hase

act as the sand screanfiller .
Othat requirements can e for Auial Tension and Compression and, more infraguently . Taorque.
jgnal Sand zan be baspaka. gifferant customers may ask for different open-areas far

The Corw antional een product
tha screen and this will fead to ditferent hole counts and patterns on the basepipe

There ara three ganara! paftems used for he perforations: Linear, Hatsh and Sp1r=l
h aach other.

Linearis where “ach bank of holes around the circumierence are alignad wit
Hatch is where avary cocond bank of holes is offset from the preceding set half the angle between the holes.
stance and an ifferance from the pracading hele.
iad without too great 2

%ﬂgiswhem gach hole has an ai
oneraly Hatch is the most common pattern as there can be @ greatar opan area sUP

degradation of Burst, Gollapse, Tensile and Comprassion.

A commonly ysed calculator spreadsheet is available:

-perforated Tubulars Mechanical properties’ and this is used for astablishing most outputs for 3 perforatad
bular; Burst, Collapse and Tensie. The inputs for this spreadsheat include,

0.0, Wal thickness, Minimur Yield Siress, Hole Size, Pert. pﬂ!crosd-seoﬁ‘ﬂ and Axial Pert, Pich

A further commaonly used calculator aprsadahrelis'.

-purst and Collapse with Axial Loading". This spreadsheet deals with a nan-parforatad qwibular and is & good
starting point for ostablishing |oading within Abaqus- Inputs here include,

o.D. 1D, Yield Strength, Modulss of Elasticity and Paisson's Patio.

nal, Ing.
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CWS — Wires and Rods analysis work - Abaqus/Explicit

+0,000e-+00

More work needs to be done, using actual
metallurgy properties — but first impressions
show that having rods passing over
perforations is a bad thing; the rod can “fall”
into the perforation and this in turn can open
up the gap between the wires.

gtep: add-6000 Frame: 0

Some extra work that has been touched upon;

how the wires and rods react as an external
pressure is applied — and the effect of laying
the rod over a perforation in the basepipe.

Viewport: 1 ODB: C/Abaqus_Work/ken/wires-...p01.901-2-inch-square.odb Viewport:2  ODB: Ci/Abaqus_Work/ken/wires-... 93h2inch squa-again.odb

Step: add-6000 Frame: Step: add-6000 Frame: 0
Total Time: 0.000000 ctal Time: 0.000000



CWS — Wires and Rods analysis work - Abaqus/Explicit

This version was done as quarter-symmetry,
rather than flat, coupon, format

V.Mises Stress - MPa

7.0" 26# 132hpf basepipe w/ 93 Rods & Wires (UltraGrip HD)

700 / 70
600 60
/ z
500 a0 % '/ Mises Stress Basepipe (Abagqus)
./I/' / |'= =(ield, 551.7MPa (80,000psi)
400 ¥ 40 ?‘: —Eamping Pressure (Abagus)
.,IJ / 8 ressure at Basepipe Yield (Abagqus)
= = —— Collapse Press. - Per/Tub Calc
300 30 2’ — |50 Collapse Results (Assy)
- ——T55 Collapse Rating
200 20 g
w
/ g
100 4 0%
0 T 0
0 0.2 0.4 0.6 0.8 1

S, Mises

{Average-compute)

+5.517e+02
+5.057e+02
+4.598&+02
+4.138e+02
+3.673e+02
+3.218e+02
+2.753e+02
+2,299e+02
+1.83%+02
+1.373e+02
+9.195e+01
+4.596e+01
+0.000e+00

Step: add-1000 Frame: 0O
Total Times: 0.000000

ODB: 7p0-z6pd-132hpf-93-wires.odb  Abagqus/Explicit 6.10-1  Thu Oct 14 2311556 GMT Daylight Time 2010

Step: add-10000-psi

Increment 0: Step Time = 0.0

Primary Var: 5, Mises

Deformed War: U Deformation Scale Factor: +1.000e+00

Monitor the point that goes through yield first.
The applied pressure at that time is the rating.

Compare this value to the Calculator, ISO
Collapse Results and the Joint TSS.




Day-to- '
I y-to-day analysis work - Abagus/Standard

v
Wmmmm.

esul

t
nd Conc usions
n

The objective of this report is 10 establish, using Finite Element Analysis (FEA), the
effect of Pressure Loading (12,000psi / a2MPa) on the Lock-Out Key \Windows and
the MNo-GO Key Windows.

Based on these FEA simulations, the Compressive |oading Scenana s well within the
yield of the material (55304, a5ksl | #55MPa), @ max yalue of 198 MPa was
observed. As was expected, he Tensile loading scenario developed @ nigher max
value:; 466 MPa, put again, this i witnin yield of the given miafterial.

ngkgro;n!d

For ease of computational time (and as pef the model/set-up supphed previousty),
the CRQ Lock Mandrel Main Body (Fig.1) was quartered (Fig.2). The Joading and

Figura
constraints (Figs 7 & 4) were als0 set-up as per previously supplied goth simulation o Compressjye i
2diNg scenario

uns Were done within Abauus.’Standard and they took less than & minute 1o i
Max value = 196Mpa

Figure 1. CRQ Lock Mandrel Main gody - 01 192061 (within Pro-E)

Figus
re 6a (detai). Aay
page 1 of S EED-015 REV: 1 valte locagipn

N

EED-015 Rey: -



Investigations for Tooling Issues - Abaqus/Explicit

W Weatherford gets an

, insight into problems by usin
Case Study — tool shearing too early Aba%us/Expplicit YA

ODB: real-lang-110ksi-flst-move.odh  Abaqus/Explicit 6.3-1  Thu Tan 21 0




v Investigations for Tooling Issues - Abaqus/Standard

Case Study — a new feature in a tool 41° Steep Face - One Finger
Investigating required forces to overcome =
Collett Finger profiles, both directions 2000 ~
1500 = Sta. Steep Face - 0.3 Fric
/ w— Sta. Steep Face - 0.03 Fric

1000 / /_\ ——Calc = 1800 Ib.f/ 4

/ \ =—Calc=1103 Ib.f/ 4
500

0 0.025 0.05 0.075 0.1 0.125 0.15

Different contact friction values can be
investigated rapidly — and in this case
the outputs were very similar to the
calculated values

W Weatherford can quickly get
desigh improvements by using

@ Abaqus/Explicit
T




Trying out new functions; element deletion - Abaqus/Explicit

5, Mises
(Avg: 75%)

+7.630e+02
+6.994e+02
+6.358e+02
+5.723e+02
+5.087e+02
+4.451e+02
+3.815e+02
+3.17%e+02
+2.543e+02
+1.908e+02
+1.272e+02
+£.358e+01
+0.000e+00

QDB thin-perf-plate-move-200mm-0p0lsec.odb  Abaqus/Explicit Version 6.8-EF1  wed Aug 12 15:50:45 GMT Daylight Timme 2009

Step: moaove

Increrment 0: Step Time = 0.0

Primary War: S, Mises

Deformed Var: U Deformation Scale Factor: +1.000e+00
Status Var: STATUS




Solid tubular analysis - Abaqus/Explicit




Abaqus/CFD

ACE Tool 1,500psi Back Pressure w/ 11/32" Nozzle

140

138

o NI
125 \\\

T S—Se_ —Fomuie
120 N~ — ——crp

115

100

Flow Rate (GPIVI)

8 9 10 1 12 13
Mud Weight (PPG)

Pressure and Velocity as a ramping Flow is applied to the Inlet
(simple geometry / coarse mesh)

15 minutes to run - Results are within 3% of Formula @D-adapco STAR-CCM+

.
Viewport: 1 ODB: E:/AbaqusWork/Ken/cfd-ace...1e 9-1500psi-continue.odh Viewport: 2 ODB: Ex/AbagusWork/Ken/cfd-ace...1e 9-1500psi-continue.odb FI n e r I I I eS h th an / \baq u S/C F D

e 15 minutes to run - Results are within 0.07% of
1raheis Abaqus/CFD

+1.148e405
+1.021e405
+8.230e+04
+7.654e+04
+6.378e+04
+5.103e+04
+3.627e404

+1.276e+04
+5.0002+00

Step: Step-1 Frames: 0
Total Time: 0.000000

PRESSURE W, Magnitude

+1.052e+01
+9.549e+00
+8.58Ze+00
+7.614e+00
+6.647e+00
+5.679e+00
+4.712e+00
+3.745e+00
+2 777e+00
+1.810&+00
+5423e-01
-1.252e-01

-1.093e+00

Pressure (psi)
5 O 1200. 1500.

v}( 0. 300. 60

©ODB: coarse-1e-9-1500psi-continue.odb Abagus/CFD 09:43:22 Gl ODB: coarse-1e-3-1500psi-continue odb  Abagqus/CFD

m Step: Step-1 - Step: Step-1
— Increment 0 Step Time = a — Increment 0: Step Time = a
M Primary Yari PRESSURE x Primary Yar: ¥, Magnituds
Deformed War: not set  Deformation Scale Factor: not set Deformed Var: not set  Deformation Scale Factor: not set




Abaqus/CFD

PRESSLURE

+1.402e-02
+1.250e-02
+1.097e-02
+9.4442-03
+7.918e-03
+6.3932-03
+4 .8672-03
+3.341e-03
+1.816e-03
+2.900e-04
-1.236e-03
-2,761e-03
-4.287e-03

box

W, Resultant

+4.230e+03
+3.877e+03
+3.525e+03
+3.172e+03
+2.820e+03
+2.467e+03
+2.115e+03
+1.762e+03
+1.410e+03
+1.057e+03
+7.050e+02
+3.525e+02
+0.000e+00

box

Pressure and Velocity as a ramping Flow is applied.
Inlet thru’ Wires and Rods — Outlet thru’ a 3/8” perf’

res-and-rods.odb

Step: Btep-1
Total Time:

QDB wires-and-rods.odb
Step: Step-1

Increment 0: Step Time = i}
Prirmary Yar: PRESSURE

Thu Feb 10 16:08:55 GMT Standard Ti

#hagqus/CFD 6.10-1

Viewport: 2

1 Step: Btep-1
I Total Time:

‘| T
| |

|

J

QDB: wires-and-rods.odb Abaqus/CFD 6.10-1  Thu Feb 10 16:05:55 GMT Standard Ti\we 2011

Step: Step-1
Increment 0: Step Time = i}
Symbal Var: v

Frame:
0.oo00oo00

Frame:
0.oo00oo00

]

]

4SO g abier
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Conclusions

Abaqus is now used extensively within
Weatherford as a design tool, as an application
screening tool and a research tool.

In a recent product enhancement
project, using Abaqus helped reduce
the timescale by 60% and reduced
project costs by 75%

Whatever the reason for performing the analysis,

we have found the results to be reliable and,

where applicable, to match existing empirical test data
(which corroborates methodology and materials)

¢ Weatherford has benefited enormously by
using Abaqus products.

Engineers get insight into problems, they get
early indicators for design improvements and
benefit from reduced costs for testing.

It also goes without saying that faster R&D

~ turnaround is essential — and is now possible!



\. @D-adapco STAR-CCM+

| .

e Velocities / Erosion Rates
m

Erasion_mmperyear Erosion_mmperyear
o020 o 0.008 0012

Oux @

oy Frosion Rate (kgimh2-s)
; Eloston I?afe (kg/mf\Q -5)
2000e-007 20800

2,6000-006

R

Velocity: Magnitude (m/s)
0. 5. 10. 15. 20, 25, 30. 35. 40, 45,



@D-adapco STAR-CCM+

Pressure Drops / Erosion Rates

Pressure (ps)
131.19 19670 26238  327.98

Erosion Rate (kgimA2as)
Qoo 0.015

Q020 0025

Pressure (psD
-2008.2 -1467.5 -B45. 74 -284.01 33772 P3040

Erosion Rate (kg/mA2-s)
4.0 6.0

20 a0




( CD-adapco STAR-CCM+

Velocity

Erosion

| s

Inlet —»

Lg
A

v

S

ST

5
Outlet (1
fiiites
) X Pointcfentry —» — _. ~Through FloReg ICD
ﬂjﬁ« ChAL) NN N /" cpen nozzles
e —— --—---‘. .-‘-.‘m .....
— —
. Flow along
Section through the CFD ronperiorated —
polyhedral volume mesh for base pipe o
p wellbore -—
the FloReg ICD -
Pressure drop through the FloReg ICD; Experimental v's CFD prediction
120
a FloReg Experimental data 1 port open A
X FloReg CFD prediction 1 port open X
100y FloReg Experimental data 2 ports open
— * FloReg CFD prediction 2 ports open
g 80 1 4 FloReg Experimental data 4 ports open
oy X FloReg CFD prediction 4 ports open
=
o 60
2 %
o 40
o
%
20
X
. x
0 T ﬁ T T T T
0] 25 50 75 100 125 150 175

Flow rate (Bpd)

CFD has been proven by comparison with Experimental Data
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I 7.2
14./
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Velocity — flow passing
through restriction (casing
perforation), shroud and
basepipe

Velocily(il (m/s)

Velaciy(i) (m/s)
] ) 20

eie] 0.4 () p) e 37

Velocity — flow passing through
Maxflo® Shroud “image” can
clearly be seen

Erosion

Velocity: Magnifude (m/s)

I 15.0

120

90

00

Velocity profile
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@Cb-adapoo STAR-CCM+

L
Velocity: Magnitude (m/s)
0.00 : 36.00 54.00 72.00 20.00
L
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Ken Watson is the 3D Specialist for the Engineering Group
within Well Completion Technologies, Weatherford International.

He joined Weatherford in 2000 as a 3D Modeller and CAD
draughtsman and has since embraced other 3D design tools
such as FEA and CFD.

He has written various FEA related Technical Papers which he
has subsequently presented. He has also produced many
rendered 3D graphics (from CAD) for papers, presentations and
magazines.

He has been involved in many aspects of oil industry draughting
and design since 1985.
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Thank you for your attention

Please feel free to ask any questions



