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Abstract

A new sand control screen has been developed shatll
suited for horizontal wells in thermal applicationsuch as
Steam Assisted Gravity Drainage (SAGD). This nereesc
consists of many 25.4 mm (1") diameter fusion bdndetal
laminate (FBML) cartridges (discs) flush-mountedi aecured
into machined holes in the base pipe wall. Thi& geometry
results in a premium screen that is cost-competitiv slotted
liner yet exhibits many unique advantages, inclgdircreased
mechanical strength.

To assess the screen’s performance, a comprehensise
stage evaluation program was conducted. In thst fitage,
described previously, an independent and compréherimite
element analysis (FEA) study was executed to asBess
screen’s mechanical strength.

Following this FEA study a full-scale mechanicalstte
program, described herein, was executed to meashee
structural performance of individual FBML cartridgeas well
as the performance of the entire system in a 17in8(7"), 38.7
kg/m (26 Ib/ft), L80 material, 24 cartridges/ft diguration.
The test program comprised three parts: 1) carteidgiection
tests; 2) full-scale burst tests; and 3) full-scéiermal cyclic
loading tests. The cartridge ejection tests meaduine internal

force required to eject individual cartridges fraime base pipe
at room temperature (20°C) and at two elevated taipres

(150 and 300°C) to determine the effect of tempegaon

cartridge retention strength. The burst tests Ined internally

pressurizing a full-scale test specimen with adfllaiss control

liquid until either one or more cartridges ejected the base
pipe parted. The thermal cycle tests monitored éffects of
thermally-induced axial tension loading on the strevels and
overall deformation of the cartridge holes as thsttspecimen
was cooled from 275 to 50°C under axially constegin
conditions.

This paper presents the results of the mechanieat t
program and compares these results with the priegist
generated by the previous FEA study performed o ribw
sand control system.

Introduction

Thermal horizontal wells present unique challerfgesand
control screens because of the severe and complads |
experienced during installation and operation. Eigly
challenging are horizontal SAGD (Steam Assisted viya
Drainage) wells because they are typically shabiod long, and
generally require a large diameter liner. Furtheemothe
shallow sands are unconsolidated, especially whentdr-like
bitumen crude viscosity is drastically lowered tgah In order
to get the liner landed in the horizontal sectionrimy
installation, the liner often has to be pushed @madted through
the relatively high dogleg curvature of the buitson and the



long open-hole section, in many instances over (L, 0@ters
(3,280 ft) in length—generating large bending, cozspion, and
torsional loads.

During initial operation, when the wellbore is fisteamed
(typically to 275°C for SAGD applications), the dinwill be
subjected to thermally induced strains. Depending the
conditions of the application and the wellbore, tmer may
experience significant axial compressive and/otapske loads
while heated, resulting in strains that exceedetlastic limit of
the liner materials. However, if the liner does hetome axially
confined until after the wellbore and near wellboegion have
been heated, and the liner was free to axially eathuring the
heating period, then, if for some reason steansrpited (such
as due to a shutdown or workover) and the welllmo@s, the
expanded liner may experience high tensile anchpsd loads,
which is often a worst-case scenario for the lirfiRestart of
steaming may cycle the liner back to a compresstate.
Variations in the design of the wellbore, liner, moperties of
the reservoir may lead to severe plastic strairalipation in
sections of the liner.

Historically, slotted liners (SL) have been the daontrol
choice for SAGD wells, in part because of theiatigkly low
cost. However, slotting a pipe at the high slot gites
commonly used in SAGD applications tends to sigaifily
reduce its mechanical strength under torsion, cesgion, burst
and collapse load conditions. Collapse strengthfuigher
diminished when the liner is in tension. As thettsid liner
deforms, the slot width can chaRgepening of slots may
compromise the sand control function while closafrelots may
reduce oil production or steam injection. To presesufficient
mechanical strength, the percent open flow areaAjO&t
slotted liners is typically kept between 1.5 an@98. which
may, in some cases, restrict flow rates, increaecities at the
sand-liner interface and result in local “hot sgots

Due to incidents of both sand production and stmatt
failures of slotted liners in thermal well serviceperators
continue to seek robust solutions to their sand trobn
challenges. A new premium sand screen technologybegn
designed that consists of 25.4 mm (1 inch) diaméteion
bonded metal laminate (FBML) cartridges or discaslit
mounted and retained directly into the base pip#. wahis
system is called the Flush Absolute Cartridge SRStEACS)
and is commercially referred to as FacsRite. Tésulting
screen’s Open Flow Area (OFA) is governed by thericge
density, i.e., the number of cartridges per uniigté of base
pipe, and can be varied from 0-20% depending onflthe
requirements of the well. This new design results ipremium
screen that is cost-competitive to slotted liner & equal OFA
basis), but possessing superior mechanical stretogtslotted
liner, as shown inFigure 1 from previous FEA analysis
Furthermore, FACS provides the same high qualitysafd
control performance as other premium sand scresgmedogies
currently in service.

In order to assess key features of the FACS arpiamtify
its mechanical performance under representative [FAG
installation and operating load conditions, the FAGcreen
design was initially subjected to an extensive tEiritlement
Analysis (FEA) prografhexamining multiple design geometry
combinations. The results of this FEA program skdwhat the
design examined appeared to offer benefits ovetesldiners
under several of the selected installation andaijmeral loading
conditions considered.

To further assess key structural features of thE&Aesign
and to compare with the performance predicted m FEEA
program, it was decided to validate the predictiomg
performing full-scale mechanical testing, focusorgthe FACS
liner's ability to withstand loading situations theesulted in

high levels of strain that could lead to gaps opgnip between
the FACS cartridges and the base pipe (i.e., gage kenough to
result in loss of sand control). Also, mechanicadts were
performed to obtain a better understanding of testbstrength
of the FACS screen, particularly the internal puessequired to
eject the cartridges from the base pipe in an figec
application. In production applications, the caige is

structurally supported by the cartridge seat andukter,

mitigating the potential for the cartridge to besped into the
base pipe.

Three specific types of tests were selected forfuliescale
test program to assess several aspects of thadtiter between
the two primary FACS screen components: the cgesdand
the base plpe The three types of tests were:

Burst Tests: internal pressure to failure;

Cartridge Ejection Tests: cartridge ejection load
measurement and deformation observations at
various temperatures; and

Full-Scale Thermal Cycling Tests: strain and
mechanical deformation of a section of FACS
liner as it expands unconfined to 2C5and then
cools under axial confinement to &

This paper describes the results of the mechartest
program and the comparison of these results wihptior FEA
predictions.

Description of the FACS Liner
Technology

The FACS sand control system was described in Idietahe
prior SPE papér although the method of retaining the cartridge
in the base pipe has since been modified to eradfibdéent mass
production. The FACS liner consists of FBML carygd flush-
mounted and secured into the base pipe, as showigime 2.
The OFA is proportional to the number of holes antridges per
foot (HPF or CPF) and can be selected accordingxfected
production/injection rates. The cartridges aredglly arranged
in an equidistant pattern that maximizes linerrgith, but the
pattern can be designed to accommodate other ctioiple
objectives such as instrumentation, downhole flomtiol, etc.

For a 177.8 mm (7”) liner design, the maximum ddge
density is 132 CPF corresponding to an OFA of 19.&#6ch is
almost 10 times greater than the OFA of typical 8A&Ls and
over twice the OFA of comparable Wire-Wrapped stsee
(WWS). To match the OFA of SL (2.0%) only 12 HPFe ar
required. However, a minimum of 24 CPF (3.9% OFA) i
recommended with a 177.8 mm liner to minimize “SKysses
due to flow convergence (i.e., departure of fluadhpfrom radial
flow into the screen) in the near wellbore regiesuiting from
the spacing between cartridges. A similar effeatxperienced
with slotted linet. For this reason, a FACS liner designed with
24 HPF was chosen for the full-scale test program.

Cartridge Geometry

A photo of a FACS cartridge or disc is shown inF@3. In the
current design, the cartridge is 25.4 mm diamebelr &5 mm
thick (in the center). The flat side of the cangedfaces outward
towards the reservoir sand. A complex and propyeteole
profile design is employed to insert the cartridgeurely such



that it has adequate retention strength and previeypass of
fluid around the cartridge.

The FEA analysiswas based on an earlier hole design and
manufacturing process whereby the cartridge was firess-
fitted into the hole and the outer region of thelehevas
plastically deformed to form a lip around the shadye of the
cartridge. The new and more refined hole geometnjds the
need to deform the edge to create a lip and previmilar
retention strengths when using the same type otliar@cal)
ejection testing.

Cartridge Construction and Properties

The FBML FACS cartridge is punched from a sheetenaul
of 12-13 layers of 316L stainless steel woven/sattemetal
meshes that are fusion bonded together to formrengeble
solid structure. While the woven/sintered meshedlze same as
those used in many conventional premium screems/ecgional
premium mesh screens use only 1-5 layers. The miating of
the weaves can be designed to optimally retairvangieservoir
sand based on its particle size distribution. Tlresvcrisscross
to create pores of roughly uniform size, dependinghe weave.
Furthermore, there is a wide range of materialshtmose from,
including corrosion resistant alloys (e.g., A62520A to
withstand highly corrosive environments.

Full Scale Testing of the FACS Liner
Technology

The FACS liner technology was third-party testedCafER
Technologie§ where the previous FEA program for the
technology was also performed. The three full-saalechanical
test programs were independent of one another usingue
specimens; however, the specimens were constroctsidnilar
base components to ensure consistency acrosssthprégram
including mesh size, base pipe materials, and FA@®&idge
diameter, pattern, and spacing.

Burst Test Program

Test Specimen and Set Up

The burst test program was designed to measuréntbmal

pressure at which plugged FACS cartridges wouldcejeeted

outwards from the base pipe wall. A separate sefi¢ests was
previously executed by Absolute Completion Techgs (the
inventor/manufacturer of the FACS technology); heere these
tests mimicked burst by mechanically pushing adges out
from the base pipe rather than from hydraulic presinside the
screen. The purpose of the newly commissioned ssefidurst
tests was to determine the internal hydraulic pressequired to
eject the first cartridge from the base pipe.

The FACS liner specimen that was manufactured fier t
burst test was a 1.2 m (4 ft) long section of 17Wr@ (7 inch)
diameter 38.7 kg/m (26 Ib/ft) L-80 casing with ttentral 1-foot
section having 25.4 mm diameter, 250 micron meginga
FACS cartridges installed on a 24 hole/foot spacinghe
external surface of the initial burst test specimbaad
approximately 0.254 mm (0.010”) of material remo¥exin the
radius of the base pipe to remove its mill-scale desthetic
purposes. This removal was not a planned parthef test
program, and concerns arose that the removal sfithée pipe
material may reduce the cartridge retention streagd thereby
affect the outcome of the burst test. Consequeatlgecond
burst test specimen was manufactured without remgothe

mill-scale to determine what, if any, influence ttegluction in
pipe body outer material had on the burst perfoaaaof the
liner.

For a successful burst test, each of the FACSidges had
to be sealed on the inside to prevent fluid pas#ingugh them
during pressure buildup. To achieve this, a dedic&luid Loss
Control Material (FLCM) drilling fluid, one contaiimg various
solids in suspension (such as bentonite and siticg)lug the
FACS cartridge pores, was employed for the busdt te

The drilling fluid was too viscous to be pumped itmown,
so it was contained in a vertical column, which viasturn
pressurized by pumping water on top of the coluriihe water
and the FLCM drilling fluid remained separate besgaof their
different specific gravities. The water columnegtas a piston
and was in turn pressurized to push the drillingirimio the test
piece where a digital pressure transducer was tesedeasure
the applied pressure. Figure 4 shows a schematieedjurst test
apparatus and set up.

Acrylic tubing blast shields were positioned arouthd test
piece to contain any ejected cartridges, and a eumibcameras
were used to monitor the outside of specimen dutirgytest
program. The cameras were positioned at diffeeamgles to
allow the test program operators to remotely maera®much of
the area of the specimen as possible and to reherévent of
the cartridge ejecting from the test piece duribgrst”. Figure 5
shows a video snapshot of the test specimen béfierdourst
test.

Burst Test Results

The anticipated burst pressure for the test spesmeas
between 13.0 MPa (1,880 psi) and 13.8 MPa (2,000based
on the FEA study using the old hole geometry, whitdtched
the previously mentioned mechanical cartridge &actests
conducted on the old and new cartridge hole gegmetr

The first burst test was completed with the spenithat had
its outer layer of mill-scale removed. The preestaguired to
eject the first cartridge (the so-called burst pues) was 9.00
MPA (1,305 psi), which was approximately 35% leisant the
lower end of the anticipated burst pressure rangégure 6
shows a close up of the cartridge that was ejedieihg the first
burst test.

The second burst test used the specimen which atithave
any outer material removed from the base pipe. tiero
difference between the two burst tests was the ohiaternal
pressurization, which was significantly decreasetbmf
approximately 20.7 MPa/minute (3,000 psi/minute)
approximately 0.34 MPa/minute (50 psi/minute) aftére
internal pressure of the second specimen had rda@HdeMPa
(500 psi). The reason that the rate of pressumizatas reduced
was not due to a potential concern over rapid pression
impacting the burst test performance, but ratheabse of an
interesting phenomenon observed during the firststbtest
where, just before cartridge ejection, the drillimgud was
observed to briefly spray or jet out of some of taetridges.
Because the first burst test only lasted approxéipat90
seconds, it was not possible to monitor the jettiagaviour.

The second burst test proceeded at the much slaterof
pressurization, and the jetting was observed tot std
approximately 7.6 MPa (1,100 psi). Each time thdling mud
jetted from one of the FACS cartridges the interpadssure
would decrease slightly. The jetting would onlystldor a
fraction of a second before the cartridge plugged again;
however, the frequency of jetting was observedntygase as
the pressure increased to the final burst pressui®.03 MPa
(1,455 psi). The results of this second burstgaggest that the
bridging of the fluid particles against the mediargs was
collapsing and reforming. Figure 7 shows drillingianon the

to



inside of the acrylic blast shield as a result lné test fluid
jetting from the second specimen. Figure 8 showsoa of
specimen internal pressure versus time for thergebarst test.
The pressure fluctuations associated with jettihthe test fluid
from the FACS cartridges are visible on the plot.

Given that the second specimen had a burst pres§t@03
MPa (1,455 psi), which was only 11% higher than ghessure
recorded for the machined specimen, the initial eptal
concerns about the reduced burst capacity of thst fest
specimen might have been warranted. The lower lmasacity
in the first test might have been due to the reho¥a thin
layer of mill scale and slight reduction in thickseof the
retaining lip.

Despite the comparable burst strengths from the st
tests, it was not immediately clear as to why thesbstrengths
were 25-35% less than expected based on prior mmethaests.
The most likely cause is the ballooning of the bpipe which
would expand the cartridge hole diameter. Ballognof the
base pipe would not have been present in the magtan
cartridge ejection experiments, although it was sitdered
during the previous FEA analysis that used thehaolié profile.
Slight variations in FACS cartridges dimensions ratsp cause
variations in the burst strength. Additional tegtirand/or
analysis may be undertaken to better understandiffezence
between the various test and predicted results.

Cartridge Deformation Test Program

Test Specimens and Set Up

The cartridge deformation test program focused be t
localized interaction between a single FACS cagicnd the
cartridge seat in the base pipe, specifically tlifece that
specimen temperature might have on the force reduo eject
cartridges from the base pipe.

A small pressure vessel was fabricated with a stedl
FACS cartridge seat in which individual cartridgegere
installed. Figure 9 shows a schematic of the pressessel
used for this test program. Four tests were comduet three
temperatures: room temperature (approximateRC26r 68F),
150°C (302F), and 300C (572F). The cartridges used for this
test were randomly selected from commercial invgnioe., not
specially manufactured for this test program) amrd & 250
micron mesh size.

The initial set of tests completed in the cartridigéormation
program were executed by placing a silicone men@batween
the fluid and the simulated cartridge seat, thdlindi the
pressure vessel with a high-temperature resistgatatlic oil.
As pressure was applied, the membrane pushed lpsagae
cartridge, eventually pushing it out of the simethtcartridge
seat.

Unfortunately, the geometry of the simulated cdge seat
often ruptured the soft silicone membrane as pressuas
applied to the membrane during the deformation tédtltiple
approaches were taken in an attempt to preservétthieulic
pressure loading nature of the test set up, buie noihthe
attempts consistently prevented the premature r&ilof the
membrane.

At this point, the design of the test vessel waanged from
pressure acting on a flexible membrane to a stestbrp that
pushed against the FACS cartridge. Figure 10 sheowsoss-
sectional view of a schematic of the modified ddge
deformation test apparatus.

The modified test setup changed the method of load

application on the cartridge (i.e. from a uniforiydhaulic load
to a mechanical shear load), and therefore hagdhbential to
influence the outcome of the tests. Since thereew® other

readily available options left for the test teahe tmodified test
continued with four tests at each of the threetersperatures.

Cartridge Deformation Test Results

The cartridge deformation test program showed ttiaforce
required to push/eject individual cartridges frome tsimulated
base pipe cartridge seat varied significantly aheaf the three
test temperatures. Furthermore, the overall agerggction
force and range of cartridge ejection forces inseda
significantly with test temperature. The averageet@on force
at room temperature was 5,964 N (1,339 Ibs), coethtr 9,670
N (2,171 Ibs) and 27,640 N (6,205 lbs) for 150 &0irC,
respectively. These results suggest that the tbatength of
FACS liner would increase significantly as the fifeeats up,
such as due to thermal stimulation of the wellbore.

The observed permanent deformation of the indii€4eCS
cartridges that were ejected also varied with teatpee. The
cartridges subjected to the deformation tests@hremperature
appeared to show little to no apparent signs ofmpeent
deformation or damage as a result of being foraedn fthe
cartridge retention profile; however, as the terapee was
increased, so too did the apparent permanent dafammto the
cartridges following ejection. Figure 11 shows péem of the
cartridges after they were tested at the three ¢emypres. The
damage shown in each of the higher temperature8 &ifl
30C°C) indicates that the additional force required piosh
cartridges from the cartridge seat at these ternyresa appears
to have permanently deformed the layered/sintetaihless
steel mesh structure of the FACS cartridges.

While the precise reason for the sharp increasdurst
strength with temperature has yet to be validateelse results
may have been anticipated. As the temperaturecigeased, the
FACS base pipe and cartridge material thermally aggg.
Since the coefficient of thermal expansion of tteness steel
cartridge material is greater than that of the LE8Be pipe the
interference fit and contact stress between thieidge and base
pipe hole increase, which would require a greatsce to
overcome to eject the cartridge from the cartrisiegt.

Direct measurement of the deformation of the adgks at
the different temperatures was not readily achikvddecause
the tests carried out at high temperature needée tione in an
insulated vessel that shrouded the cartridge from test
observers, and it was not practical to install ghiiemperature
linear potentiometer to monitor the movement of ¢haridge’s
outer face during these tests.

Although the cartridge deformation test program vetuh
great variability in the force required to push iindual
cartridges from the cartridge seat in the base, fipe results
indicate that cartridge ejection resistance in@sasgnificantly
with increased temperature. Sand exclusion pedooa of the
deformed ejected cartridges was not measured, ast mot
expected to be significantly altered given the atrte of the
FBML cartridges.

Thermal Cycle Test Program

Test Specimen and Set Up

The thermal cycle test—the most complex componéthe
mechanical testing program—was designed to simalaterst-
case operational scenario for a FACS liner in a BAEII. This
scenario involves heating the liner to maximum apeg
temperature while unconstrained by the formatiorhe T
formation then collapses thereby constraining therl Steam
injection stops (e.g., due to steam plant shut dowmell re-
entry) and the constrained liner cools, therebyegaing an
increasing tensile load.



The prior FEA prograf indicated that the high tensile
stresses that resulted from cooling from operatergperature
(275°C/527F) to ambient reservoir conditions (&D122F)
might lead to a condition where gaps could opebetpeen the
perimeter of the FACS cartridge and the base pipesmall
opening of only 0.004 inches (100 microns) betwdenFACS
cartridge and the base pipe was established imptive FEA
program to be the universal maximum allowable limiten
though for many SAGD reservoirs 0.01 inches (~25€rans)
would still provide sand control.

The thermal cycle test specimen consisted of an2@ ft)
long, 177.8 mm (7 inch) diameter, 38.7 kg/m (2@t)bL-80
casing section with a 300 mm (1 ft) section of Rits
cartridges installed at the center of the specimith a spacing
of 24 holes per foot (8 lines of holes with 4 inspacing
between holes along each line and holes are sedjgmrery
other line in a “diamond” pattern, as shown in Fegd2). The
outer mill-scale layer of the base pipe was remaweegrep the
surface for strain gauges that were installed taitop strains at
a number of key locations around several of th&ridge holes.
Two of the 24 cartridges in the test specimen wergoved to
monitor the effect, if any, of cartridge stiffnesm hole
deformation during the thermal cycle test. Figut@sand 13
show the location of the two removed cartridgesnely at the
lower end of the specimen when oriented vertically.

The specimen was instrumented with 12 biaxial stgaiuges
that monitored strains at two positions surroundingselected
cartridge holes as shown in Figures 13 and 14. riiidelle row
of cartridge seat holes was chosen as the primag ® be
strain-monitored during the thermal cycle test paogy because
it was furthest removed from the ends of the testisn. The
effect of the end sections of the base pipe wasvsha the
previous FEA work to increase the strain-resistasicthe first
row of holes next to the blank end section (ind¢hse of the test
specimen, this would be both end rows of cartrisiggt holes).

The strain gauges were positioned at locatiorfsd&@jrees
from each other around the selected cartridge kebts, as
shown in Figure 14. These locations were seleoésgd on the
results from the previous FEA study. The strainggs were
placed as close to the edge of the cartridge statas possible.

In addition to the strain gauges installed to manéhanges
in localized strains around the selected cartridgat holes,
another cartridge seat hole was monitored for deditions
using a 24 mega-pixel resolution digital camera a@ies
measured 6,000 by 4,000 pixels) that could capmeges of
the edge profile of the selected cartridge seat.héls shown in
Figure 15, the camera was positioned approxim&@&ym (2 ft)
from the test specimen, which resulted in a 25.4 ¢hninch)
cartridge seat hole that measured 1,750 pixelsacro

Localized deformations were tracked using the digiamera
by monitoring the position of recognizable micratigres
around the edge of the cartridge seat hole (i.e.artwo pixels
wide corresponding to a measurement sensitivit.0152 mm
(0.00057 inches)). Figure 16 shows typical featuteat were
measured and tracked during the thermal cycletegfram.

Three images were captured during the cooling pbéskee
thermal cycle at every 28 starting at the peak temperature of
275°C and ending at 3C. The average relative positions of
features across from one another on the edge otahteidge
seat hole were translated into displacement values.

The thermal cycle test specimen was installed ihigh
capacity (3.5 million pounds, or approximately 15\NMload
frame with the blank sections of base pipe on eitlide of the
test section wrapped with insulation and inductieater cables.
Figure 17 shows the thermal cycle test specimetalled in the
load frame.

The thermal cycle test required that the test apcti
containing the FACS cartridges be held at zero|agiebal
strain across a defined gauge length, which woesdilt in high
axial tensile loads being developed in the speciaernt was
cooled. Strain control was achieved by positioniwg linear
potentiometers on either side of the test sectitmn nggate
potential bending effects during the cooling pregesThe load
frame load was continually increased with the daseein
specimen temperature to maintain the zero globall atrain
over the gauge region of the test specimen. Téieineluded
three heating and cooling cycles. Although thelinggphase of
each thermal cycle was under fixed end conditighs, test
section was released and allowed to expand frealngl each
heating phase.

The process of unrestrained heating and then iestra
cooling was repeated through three thermal cyatethé test
program. This thermal strain “ratcheting” was éedid to be a
severe deformation scenario that would not occur &
horizontal liner in a thermal installation. It waerformed
merely to push the specimen beyond its service itiond to
determine what effect repeated tensile plastic ilgadvould
have on the deformation characteristics of thericge seat
holes in the base pipe of the test specimen.

Thermal Cycle Test Program Results — Strain GauggpBnse

The observed strain response during the coolinggshaf the
thermal cycle test program was consistent with grelictions
of the previous FEA program on the FACS liner pemance.
Figure 18 shows the locations where the FEA predighe
higher strains in both axial and hoop directiormuad a typical
cartridge seat hole as the liner was subjectedntdas axially
restrained cooling conditions.

As predicted, the axial strain at the edge of #tricige holes
perpendicular to the axis of the base pipe (shawkigure 14 as
location Al) was the largest strain by two ordefrsnagnitude
relative to other strains measured in around théridge seat
holes. Average measured strains at the Al locatiear the six
different cartridge seat holes exceeded 8,100 nstrain as the
specimen was subjected to the peak tensile loadthas
temperature approached°®during the first thermal cycle.

Furthermore, the strain response measured at kiee strain
gauge locations decreased as the temperature wesaded to
50°C suggesting that strains were concentrating timé region
near the Al position. This phenomenon can be geéigure
19, which is a plot of hoop strain versus axialdia two H1
strain gauge locations during the first thermalleythe strains
appear to decrease then increase non-linearly &d kad
increases.

Towards the end of third thermal cycle, the meabsteains
at each of the Al locations were in excess of tieédyof the
base pipe material at those locations, and the egdeggth
across the test section was observed to suddeotgase. In
order to compensate for this situation, the loaing operator
had to back off the axial load until the originaégcribed gauge
length was restored. It was immediately evidemmfrthe
recorded strain data that there had been some fisanii
deformation at one of the cartridge seat holeshefspecimen.
But, as indicated earlier, such a load scenarioldvawt be
expected for a liner in a thermal application beeait would
require the confining condition to be successivagbplied and
fully removed with each thermal cycle.

The investigation that followed showed that theebpipe in
the region near Al at cartridge hole SG 6 (as jgure 20) had
yielded significantly, approaching 11,000 micrcast; which
was well beyond the yield point of the base pip¢emal (L-80).
The plastic deformation that occurred in the thirdrmal cycle
confirmed the FEA prediction that strain build-upund the



cartridge seat holes in the base pipe would tendtmobe
uniform under such load conditions.

Thermal Cycle Test Program Results — Cartridge Sledé:
Deformation Response

The preceding FEA study on a FACS liner design ipted
that the deformed shape of the cartridge seat tihieisg the
considered restrained cooling load scenario wougplay a
slight ovalization in the axial direction of thedeapipe, with a
slight lengthening of the cartridge seat hole ia ttirection of
the base pipe axis, and a slight narrowing in tirection
perpendicular to the pipe axis (the hoop direction)

As described in a previous section in this pages,method
for monitoring deformation of the cartridge seatehshape was
to use a high-resolution digital camera that mesuthe
differences in relative positions of features awbuine edge of
one of the cartridge seat holes.

The results of the cartridge deformation monitoringre
consistent with the predictions of the initial FEAIdy. In the
first thermal cycle, the diameter of the cartridgeat hole
lengthened by 0.076 mm (0.003 inches) in the adigdction
and narrowed by 0.152 mm (0.006 inches) in the hibaztion,
as shown in Figure 21. Of interest was an unegpesehaviour
of these displacements observed in all three cyslesre the
trend of increasing hole diameter in the axial citn was
observed to rapidly decrease as the temperatureatsd from
75 to 50C. The observed narrowing of the cartridge sea¢ hol
diameter remains relatively linear across the erteémperature
range in the cooling phase. Figure 22 shows thenpmenon
observed during the first thermal cycle.

One possible explanation for the sudden decreasthen
diameter of the cartridge hole in the axial direetfrom 75°C to
50°C is possible localized yielding at other locatiomghe test
section allowing for strain relaxation in the axifitection near
the holes. Further analyses or testing may be wmed to
further assess the observed deformations neamttrgdge holes
during such axially restrained cooling scenarios.

Conclusions

The motivation for conducting these tests was tovidle
confidence in the FACS liner technology in therrhatizontal
well applications (such as SAGD) prior to offeritige liner to
the industry.

The results from the pressure “burst” tests shothed the
internal pressure required to eject a FACS Cantritom the
base pipe, when completely plugged from the insitie,
exceeded the design target of 6.9 MPa (1000 psi).

The results showed that the mechanical force requo eject
FACS cartridge out of the cartridge seat increasgdificantly
with increasing temperature. Therefore in SAGD berinal
applications, where this novel liner would be exgmbso high
temperatures, the cartridge deformation tests sgdmat the
FACS liner would be expected to exhibit a much bighurst
resistance than at ambient conditions.

Thermal-mechanical testing modeled a severe loadaso
in a thermally stimulated well where: 1) steamrigcted and
the liner is able to expand freely as a resulthef temperature
increase; 2) the liner becomes axially confinedofeing the
heating phase; and 3) the confined liner experierinereasing
tension when the temperature of the wellbore ised=ed down
toward the initial reservoir temperature (e.g.astegenerator
shuts down). This was the worst-case load scemntgiimed in
the prior FEA study. The results of this test shdwleat while
deformation and local strains were significant, tiner did not
part, and there was no significant gap between RAES

cartridge hole and the perimeter of the cartridgegreby
maintaining sand control integrity.

The results from the full scale mechanical tespnogram as
well as the prior FEA modeling are very reassuringthe
supplier of the FACS technology. Understandingittieraction
of the media cartridges with the retention profiléhin the base
pipe at temperature and pressure was considerezbsey to
convince the stakeholders that variants of thisshbmer design
possess the structural performance required fdedwal wells
in a wide range of thermal applications such as BAG&lIIs.
After the completion of this thermal-mechanicalt tpsogram,
the FACS liner was considered qualified for figfichls that will
be performed soon after the writing of this paper.

The FACS liner targets thermally stimulated wells an
alternative to slotted liners by offering as muchtlree times
the torsional rigidity and twice the collapse sg#én of
comparable slotted liners under similar load coodg.
Additionally the FACS liner provides premium medsand
retention and higher open flow areas than slotiedrd and,
unlike most other screen technologies, is constduegtithin the
wall of standard base pipe.
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NOMENCLATURE

SAGD = Steam Assisted Gravity Drainage
SL = Slotted Liner

WWS = Wire-Wrapped Screen

FACS = Flush Absolute Cartridge System
FBML = Fusion Bonded Laminate Material
OFA = Open Flow Area

FEA = Finite Element Analysis

CPF = Cartridges Per Foot

HPF = Holes Per Foot

LCM = Loss Containment Material
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Figure 3- FACS Cartridge Close-Up
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Figure 5 —Burst Test Specimen 2 prior to burst
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Figure 12 — Area where FACS Cartridges were remavethe Thermal Figure 15 — Deformation-Monitoring Camera Positiuming the
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Figure 16 —Example of Pixel Measurement duringTthermal Cycle
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Figure 18 — FEA-Predicted Areas of Highest Straouad the FACS
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