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Abstract: The nead for sand controd in cased hole emvironments s drivan by seomechanics, the disciplime dealing
with the interaction gf rocks, siresses, pressures, ond femperaiurer g disciplime m which seme of il company has erensive
exparience and expertize. Sand production socurs at 4 resir off a combimation of peomechanic and ather fircrors: weak rocks
and aarth sresses, compacting raservadrs, shear and collapse forces, formation and emvironmensy] complaxities, and general
waeilbore mutahilites. The fechmigues for controlling sand production vary afmoss o5 much a5 the emironmenss whane they
are required. Three of the most commoniy wsed techmiques are sravel packing, frac packing, and Screenless complations.
These tecknigues form the basit gf the broad, unigue

sand controd gffering.

Enypwords: sand contrad techniques, grovel packing

FEEFACE

Several techmigues are available for minimiring sand producton from oil and gas wells. The choices
range from simple changes in operating practices to axpensive completions, such 2= sand consolidation or gravel
packing. The sand contrel method selected depends on site-specific conditions, operating pracices and econommc
considerations. This paper introduces the availables spproaches to sand comtrol.

1. AVATL.ABLE TECHNIQUES

Some of the sand control techmigues available are (Fig 6 and Fig. 8}
Maintenance and workover

Fuate exclusion

Selective completion practices

Plastic consolidation

High energy resin placement

Fiesin coated gravel

Stand-glone slotted liners or screens

Gravel packing.
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11 MAINTENANCE AND WORKOVER

Maintensnce and workover is @& passive approach to sand contmol. This method basically imvelves
tolerating the sand producton and dealing with its effects, if and when pecessary. Such an approach reguoires
bailing, washing, and cleaning of surface facilities rontinely o maintain well prodwctvity. It can be successful in
specific formations and operating environments. The maintenance and workover method is primsrily wsed where
thers is:

! prof. Ing_ Jin Pinka, CSc., UZZ, Fakulta BERG TU Eodice, Park Fomenského 19, 040 01 Eoéice,
tel: 055 /602 3150, e-maid- jap pika ke sk
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- Minimal sand production
Lo producdon rates
- Economically viakble well service.

L

1} RATE RESTEICTION

Peesimicting the well's flow rate to a level that reduces sand producton is 3 method used occasionally.
The point of the procedure is to sequentally reduce or increasze the flow rate unfil an acceptable value of sand
production is achieved. The object of this technique is to aftempt to establish the maximmm sand-free flow mate.
It iz a wial-and-emor method that may have to be repeated as the reservolr pressure, flow rate, and water cut
chanze The profblem with rate restriction is that the maxinmm flow rate required to establish and maintzin sand
free production is generslly less than the flow potential of the well Compared to the maximmom rate, this may
represent 3 significant boss in productivity and revenne

13 SELECTIVE COMFPLETION PRACTICES

The geal of this technigque is to produce ocanly from sections of the reservoir that are capsble of
withstanding the anticipsted drawdown. Perforating only the higher compressive sirength sections of the
formation allows higher drawdown The hizh compressive soength sections will likely hawve the most
cemeniation and, unfortmately, the lowest permesbility. While this approach might eliminste the sand
production, it is flawed becanse the most valsble resarves will not be in commmnication with the well.

14 PLASTIC CONSOLIDATION

Plastic consolidation imvelves the imjection of plastic resins that are sttached to the formation sand
erains. The resin subsequently hardens and forms a consolidated mass, binding the sand grains together st their
contact points. If successful, the incresse in formation compressive sirength will be sufficient to withstand
the drag forces while producing at the desired rates. The goal of these Teatments is fo consolidate about a 0,91 m
(meter) radins around the well withowt appreciably decreasing the permesbility of the rock.

Thres types of resins are commmercially available:

- Epoxies
- Furans (including furan/phenalic blends)
- Phennlics

The resins are in @ liquid form when they enter the formation, snd a catzlyst or curing agent is required
for hardenming. Some catalysts are “internal” becanse they are mixed imto the resin solotion at the surface and
Tequire time and'or temperatre o harden the resin Other catalysts are “extemal™ and are mjected after the resin
iz m place. The intemal catalysis have the advantage of positive placement because all resin will be In contact
with the catalyst required for efficient curing. A disadvantage associated with internal catalysts is the possibiliny
of prematre hardening in the work sining. The amounts of both resin and catabyst mmst be carefolly chosen and
conmelled for the specific well conditions. Epoxy and phenolics can be placed with either internal or external
catalysts; bowever, the rapid curing times of the furans (and furan/phenolic blends) require that external catalysts
be used. There are two types of plastc consolidation systems:

- “Phase separation™ sysiems
- “Orverflush” systems

Phace separation systems contzin only 15 fo 25 % active resin in an otherwise inert solution. The resin
is preferentially atiracted to the sand zrains, leaving the inert porton that will not otherwise affect the pore
spaces. These systems use an imfernsl catalyst Accurate combool of the plastic placement is crigcal becsuse
overdisplacement will result in unconsolidated sand in the critical near-wellbore area.

Phase zeparation consolidation may be ineffective in formations that contain more thanm 10 % clays.
Clays, which also atiract the resin have extremsly high surface area in companson to sands. The clays will
afiract more resin and because phase separation systems contsin only a small percentage of resing there may not
be enough resin to consolidate the sand grains.

Owerflush systems contamn 3 high percentage of active resin. When first mjected the pore spaces are
completely filled with resin, snd an overflush is required to push the excess resin sway from the wellbore area to
re-establish permesbility. Only a residusl amount of resin satoration, which shounld be concentrated at the sand
contact points, shonld remain following the owverflush Most overflush systerns use an external catalyst, slthough
some inchade an infernal catalyst.

All plastic consolidations require a good primary cement job fo prevent the resin fom channelmg
behind the casing. Perforanion density should be a minimum of four shots per foot o reduce drawdown and
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improwe the distribution of plastc; however, each perforation must be meated Shaley zones should not be
perforated becanse fluids are difficult to place in these low-permesbility simata. Clean fuids are essential for
plastic consolidation treatments because all zolids that are in the system at the time of reaiment will be “zlned™
in place. The perforations should be washed or surged, workowver nig tanks should be scubbed, and fluids should
be filtered to 2 microns. Work strings shonld be cleansd with a dilate HCL acid containing sequesteTing agents,
and pipe dope should be used sparingly on the pin ooly. A mairix acid eatment, which inclodes HF and HCL is
recommended for dirty sandstones to increase injectivity.

Both phase separation and overflush systems requirte 3 multistage preflush to remove resercoir fhods
and make the sand grain oil wet The first stage senarally diessl oil, serves to displace the ressrvoir oil. Epoxy
mesins are incompatible with water; therefore, isopropyl alcohol follows the diesel to remove formation water.
The final stage is a spacer (brine) that prevents the isopropyl alcohol from contacting the resin.

Plastic consolidation leaves the wellbore fully open This becomes important where large outside
dizmeter (0D} downhols completion equiprent is required  Also, plastic consolidation can be done thronzh
tubing or in wells with small-diameter casing. For most applications, the problems associated with plastic
consolidstion outweigh the possible advantages. The permesbility of a formaton is always decreased by plastic
consolidation Even in successful treatments, the permesbility to oil is reduced becanse the resin occupies
3 portion of the original pore space and is ol wet The ameunt of resin used is basad on uniformn coverage of all
perforations. However, perforation plugging or permesbility variations often canse some perforations fo take
more plastic than others. In systems that use sn externsl catalyst, there is no sand conirol in areas that are not
contacied by both resin and catalyst.

1.5 HIGH ENERGY RESIN PLACEMENT

One of the msain ressons for the lack of acceptance of chemical consolidstion techmiques has been
difficulties in placing the resin umiformly across the entire target imterval and restricted length The uneven
COVErage is more severs in intervals grester than about 4,6 meoes long. Causes for this are rypically atiributed 1o
differences in injectivity caused by incomplets perforation clesn-up during underbalanced perforating jobs or
permeability varatons in the formation interval length

High-energy resin placement addresses some of these problems /1, 2/ The technique injects the resin
rapidly under highly overbalanced condifons. The resin is surged into the formston at rates that will place
the resin before the formaton has 2 chance to fzil Another benefit to the rapid resin placement is that
the technique appears to be less affected by permeability conrasts than the matrix treatments This charactenistc
leads to more umiform placemsnt over 3 long perforated interval This method is still experimental

I.5.1 Resin considerarions

The primary difficulty in using resin systems is ataining complste and even placement of the chemicals
in the formstion. In lenticular formations, plastic placement may be woeven because of widely varying
pemmeabilines, and sorme zones are likely to be untrested Thess untreated intervals may break down during
subsequent production, and the well will sand up. For this reason, plastic consolidation 1= suitable for interval
lengths lass than 3 to 4.6 metres. Longer intervals can be treated using packers to isolate and treat small sections
of the zone at a time, but such operations sre difficalt and time consuming. Plastic consolidation reatments also
do pot perform well in formstons with permesbilides less than abouwt 50 md Low permeshilities precluds
injecting resins under mamix conditions and canse permeakility reductions by the plastic that substantially reduce
residual permesbility (ie , well productivity). The resins soften at a tempersmre greater than 134 °C /255 °F/
and may not provide sufficient strensth at elevated temperatons.

Plastic consolidaton was used extensively im the late 1950s thromgh the mid-1970s in the Gulf of
Mexico; bowewver, this technigue cumently represenmts far less tham 1 % of all sand-control completions
worldwide. The ressoms for decreased usape inclods lack of smitable candidates the placemsnt difficuldes
already described, 25 well as tight regulations on the handling of the chemicals, which are gensrally quite toxdic
{with the firans being the least toxic of the three). Thess treatments tend to be costly. The main disadvantage of
plastic systems in cwment operations is its high cost and Lmited completion imterval length for an effective
treatmant, 4,6 metres or less. The latier exchudes most wells. Because of itz curent [imited use, service
companies kave difficulry maintaining rained craws.

Propellant gas fraciuring

The unse of propellant zas frachring tools involves the conversion of solid propellant by chemical
reaction into 3 gas in the target zone of 3 wellbore The chemical propellant is changed into combustion gases by
one of two different mechanizms:

- Detonation
- Flame propagation
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Dietonation invoelves a reaction characterized by a shock wave that moves rapidly throngh the interval to
be treated. This shock wave, traveling at vebocities between 4 570 m . 5™’ and 7 620 m . =™, indnces pressures
ranging from 2 8 to 27 580 MPa_ with pressurization rates up o §90 MMPa (100,000 psi). The high-pressure surge
places the resin more evealy in long formation intervals where conventions] plastic consolidstion, pumped at
mairix, is impractical

The reaction products are contsined m place by the Lguid column in the wellbore above the tool
The rapid generation of zas forces the resin placed im the anoular space swTounding the tool oot of
the perforstions and into the formation For this process, the casing mmst be in good condition and properly
cemenied 1o be successful. Perforations omst be clean snd clear of debris, and all debriz should be removed fom
the wellbore. Only clesn sands shonld be perforated. Finally, if sand has been prodoced, the perforations should
be prepacked with gravel prior to the tresmment, which may be difficult

The process mwolved in thiz type of 3 treamment is o Grst inject a preflush of mumal sobvent to remove
water from the mrget interval Foran resin is then placed across the perforztions, snd the gas-generating
propellant tool is placed across the entire perforated interval. Bitrogen overbalsnce is applied to the work siring,
and the propellant device is fired to inject resin above frachme pressure. The resin is then followed with an acid
post-flush to harden the resin

An advantage to this system is that resin will be placed in all perforations mmediately across fom
the location of the gas generstor tool. However, if multiple tool rmuns are requoired fo treat an inferval longer than
about 10,97 metres, movement of the tool will make it difficolt fo hold the resin in positon The two other
methods are Thess methods are designed to alleviate the problem of maintining the resin in position

ihverbalanced peTforaiing or surging

High-overbalanced perforating resin placement may be used if the well has not been previoushy
perforated. If a well has existing perforations, the inferval can be prepacked, and then the resin can be placed
with a high-pressure surge.

The composition of the resin solution is forfuryl alcohol resin sobent, a coupling and weiting agent.
The resin catalyzes with an acid to form 3 foran plastic. The resin solution = positoned across #n interval of
planned perforations. A more dense floid may proceed below the resin to Gl a portion of the wellbore below
the zone of interest. A lower density fluid may follow above the resin in the wellbore to keep the resin from
floating up above the zone of interest. This technique can ensure more scourate placement of resin across
the soon to be perforated interval Operationally, the pressure in the wellbore fluid, at the depth to be perforated,
iz increased o 2 substannally greater level than the pore pressure in the formaton. The applied pressure befors
perforating may be higher than the formation frachring pressure. Wireline through tubing or casing guns, or
tubing conveyed perforsfing, can all be used for perforating. Besin is forced imto the new perforstions upon
perforating with the overbalanced pressure. Acid is injected into the perforations o comvert the Lguid resin into
3 strong plastc that will consolidate the sand. The overbalanced perforatng method is owrently the prefermed
method

While the high-energy resin placement fechniqones offer an advaniage over convenfional mairix plaskc
consolidstion methods, they are not widely used, and this sysiem is plagned by many of the disadvantages of
plastic consolidstion:

- High cost
- Loy success
- Lack of longevity

The results of high-snergy plastic weamnents genarally have tended to be dissppointing.

1.6 RESIN COATED GEAVEL

Resin-cpated gravel geamnents can be pumped im two differsnt ways. The first is 2 dry, partially
catalyzed phenolic resin~coated grawvel Thin resin coating is about 5 %0 of the total weight of the sand. When
exposed to heat, the resin cures, resulting in & consclidated sand mass. The use of resin-coated gravel as a sand-
conirol echnigque mvolves pumping the gravel infe the well to completely Gl the perforations snd casing
The botomhbole emperziure of the well, or injection of steam canses the resin to complete the cure into
3 consolidated pack. Afier cuning, the consclidated gravel-pack sand can be drilled out of the cazing, leaving
the resin~coated grawel in the perforations. The remaimimg consolidated gravel im the perforations acts as
a permeable filier to prevent the producton of formation sand The main wse of resin-coated zravel is in
prepacked screens, which is discussed later.
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| perforation | lln.n‘tlu(llusnl

Rosinapplicationinporfaoration

Fig. 1. Resin application in perforation.

Wet resins (epoxies or furans) can zlso be used To pump these systems. the well is usually prepacked
with gravel: then the resin is pumped and catalyzed to harden the plastic. After curing, the consolidated plastic-
sand mixture is drilled out of the well, leaving the resin-coated sand in the perforations.

Fig 2. Swmandard resin-bonded gravel products contain crushed stone.

Although simple in concept. using resin-coated gravel can be complex. First, and most important,
a successful job requires that zll perforations be completely Slled with the resin-coated gravel and the gravel
must cure. Complete filling of the perforations becomes increasingly difficult, as zone length and devistion from
vertical increase. Second, the resin-coated gravel must cure with sufficient compressive strenzth While resm-
coated systems were used extensively afier their development, their use today is limited. Experience with them
has shown good initial success but poor longevity, as most wells do not produce sand-free for extended periods
of time.

1.7 STAND-ALONE SLOTTED LINERS OR SCREENS

Slotted liners or screens have been used as the sole means of conTolling formation sand producton. In
this service, they function as 2 filter. Unless the formation is a well-sorted, clean sand with a large zrain size, this
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type of complefion may hsve an unacceptably short producing life before the slotted liner or scresn plugs with
formation materizl. When used alone sz sand exclosion devices, the slofied liners or screens are placed actoss
the producdve imterval, and the formation sand mechanically bridsges onm the slots or openings in the wire-
wrapped scresn Bridzing theory and laboratory tests show that pardcles will bridge on a slot, provided the width
of the slot is less than two particle diameters. Likewise, particles will bridge against a hole if the perforation
diameter does not excesd sbout thres paricle diameters. The slots are nsnslly § inches in lenzth snd may ranges
in width from 0,3048 mm to 6,35 mm (millimeters), which is substantially large r than what metal mesh or
WwirTe - wrapped screens can provide, hence the iner only Slters out the coarses t particles.

i
Horizontal Slotted Single Slotted Single Slotted Gang Slofted
Hon-Staggered Rows Staggered Rows Staggered Rows

Fig. 3. Farious tlor pattarns.

The slot width, or the screen zsuge, is sometimes sized fo be equal to the formation sand grain size at
the 10-percentile point of the sieve analysis. The theory 1s that becase the larger 10 %9 of the sand grains will be
stopped by the openings of the screen, the larger sand will stop the remaiming 940 % of the formation. The bridgses
formed will not be stable snd may break down from tire to time when the producing rate is chanped or the well
iz chmt in Becauss the bridges can fail or break down, resorbonz of the formatgon sand can ecooor, which, owver
time, tends to result in plogging of the sloted liner or screen. This design fails for fine-grained sand formations
becanse the slot width iz smaller than those awvailable for commerrcizl slotfed liners. Wire-wrapped screens can
meet the design bt their width 1= so small that phugzing and production reducion is virmally assured. When
this techmigue is used fo control formation zand, the slofied liner or scresn dismeter should be as larze as
possible o maximize inflow ares and minimize the amount of resorting thst can ecoor. Another potential
dizadvantaze of both slotted liners and screens in high-rate wells is the possibility of erocional failure of the
slotred liner or screen before a bridse can form

Using 3 slomed liner or screen without gravel packing iz generally mot 3 good sand-comrol techndgue
ecanse, in most cases, the scresn will evenmally restrict well rates becmse of pluzging There are isolsted
simatons where this use haz been successful in openhole complsgons in high-permeability, well-zored
formatons. Selected Momh Sea wells have performed well. Screens or slotted liners showmld be avoided in cazed-
hole completons as the sole sand-conmol techmigue becsuse, when the anonlns and perforations become fllad
with formation sand production rates decrease drastically.

18 GRAVEL PACKING

Gravel pack is a common sand conimol technigue used in many formstions with umconsolidated or
poorly consolidated sands. Sand productdon can often be readily achieved by proper sizing of the grawvel with
respect to formation sand size unsing well established males. Sometime:s well consolidated formarions can
produce sand snd hence gravel pack is employed in swch formations for sand control.

There is & main factor which influsnces the producton m gravel packed wells. It is Sow resimcion
imposed by features of gravel pack. This factor affects the permeability and reduces it So, gravel pack canses an
excess skin which produces an exira pressure drop as 3 conseguence of excess skin factor.

In fact, pressure drops becsuse of the permeability changing from reservoir permsability o zravel
pemmeabiliny.

Gravel packing consists of placing 3 screen or sloted liner in 3 well opposite the completion interval
and placing gravel concentrically around it The gravel iz acmally large-grained sand that prevents sand
production from the formation but allows fluds o flow mie the well The slotted liner or screen retsins
the gravel The gravel is sized to be about 5 to § tme: larger than the median formation zand size Grawvel
packing creates a permesable dowmhole filter that allows the producton of the formmation Swids ot resmicts
the entry and production of formation sand. Schematics of an openhole and cased-hole gravel pack are shown in
Fizg 1. If the gravel is fightly packed between the formation and the screen the bridzes formed are stable, which
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prevents shifting and resorting of the formaton sand. If properly desipned and executed, a grawel pack will
maintain its permesbility under 3 broad range of producing condifions.

Cipeen Hole Cased Hole
Gravel Pack Gravel Pack

_ Production
Tu brin-g e

Gravel FPack -
Fackar e

Casing Shoe

— Socraan -

Perforation

— Gravael Pack

Sump Packer

Fig. 4. Openhole and cazed-hole gravel packs.

Gravel packing 1s cwrently the most widely used sand-comirel techmigue for completing wells. More
than 90 % of all sand-control completions are gravel packs. Becamse of its flexibility, almost amy well at amy
deviztion can be gravel packed The exception is tobingless completions where clearances do not permit the nse
of conventionzal tools. Some tubingless completion gravel packs have been performed but their swocess was
poor.

I GUIDELIMES FOE SELECTING SAND KONTROL

There are many altermatives for sand control. Each altermative has itz advantages and disadvantages.
Even techniques that are not widely used may have a potential application in which its use might be superior to
others. Gravel packing is corrently the most widely nsed technigue The cost to gravel pack is directly related to
rig costs. Gravel-packed completions from floating drilling rigs may cost in excess of 2 million € However,
should remedial operations be required on 2 gravel pack, the screen and completion assembly mmst be removed
from the well, which could mwolve a lengthy fishing job and related problems. Sand consolidation and resin-
coated sand are atoactive for mbingless complefions becanse no mechanical equipment is left in the hols;
however, the following conditions all present problems with the plastic systems:
Low permesbility
Small-interval length
High temnperamras
Completion longevity (wells zanded up or low productivity).

The right techmigue must be selected for the well completion at hand. As a frst approach, assume that
the well will be gravel packed. If it is not appropriate, for whatever reason, review other alternatives.

L
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Screen GP sand Formation

Particle size
of produced of produced
fines. 80-100 u[ XM fines. 3060 u

Fig. 5. Sand control rqfers to managing/mmimizing sand and fine production during petroleum production. An
fllustration of sand control By screen with gravel pack.

3. COMPARISON OF TECHNOLOGIES

Maintenance and workover is a passive approach to sand control This method basically involves
tolerating the sand production and dealing with its effects as and when necessary. Such an approach requires
bailing. washing. and cleaning of surface facilities on a routdne basis to maintain well productivity. This
approach can be successful in specific formation and operatng environments. The maintenance and work over
method is primarily used where sand production is limited production rates are low, risk of performing some
service is low and ecomomically feasible, or in marginal wells where the expense of other sand control
techniques cannot be justified. Of importance are the formation charactenistics, which determine how much sand
is produced and the effects on safety and producavity.

Gravel pack well productivity is sensitive to the permezbility of the gravel pack sand To ensure
maximum well productvity only high quality gravel pack sand should be used. The API RPS82 establishes nzid
specifications for acceptable properties of sands used for gravel packing. These specifications focus on ensuring
the maximum permeability and longevity of the sand under typical well production and treatment conditions.

Although namrally occurmng quartz sand is the most common gravel pack material used
a pumber of altermative materials for gravel pack applications exist. These alternative matenials include resin
coated sand, gamet glass beads. and aluminum oxides. Each of these matenals offers specific properties that are
beneficial for given applications and well condittons. The cost of the materials will range from 2 t0 3 ames
the price of common quartz sand.

The specifications define mimimmm acceptable standards for the size and shape of the grains,
the amount of fines and impurities, acid solubility, and crush resistance. Only a few naturally occurring sands are
capable of meeting the API specifications without excessive processing These sands are characterized by their
high quartz content and consistency in grain size.
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Tab. 1. Comparison of technologies.

Criteria mpd}ummmumjmum

Pressure > 69MPa  17.2-228 WPa Upto 228 MPa
[

Temperatue > g5,66°C < 121,11 °C < 121 eC
Sofsandoontrol 75% 5% 0%

Fig. 6. Some of Sand Control Techniques.
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4. LATEST MODERN TECHNOLOGIES FOR SAND CONTROL

In today’s compentive marketplace, oil and gas industry operators are continually searching to find new
and improved means of working in & smarter manner and reducing costs. Such 3 conumitment creates challenges
and a requirement to rethink best practices at almost every stage of the process, especially as the industry seeks
to exploit ever more difficult reserves. A key question in the drive for enhanced production is how best to control
and manage sand, and the recent inToduction of 2 number of new technologies in this field have significantly
improved performance with associated cost savings. Below the text are listed some of the latest modemn
technologies for sand control:

Shape memory pohymers (SMP): SMP is manufsctured to a desired shape and size, placed on
the outside of base pipe. When exposed to bottom hole temperamures and a catalyst. it expands to its original
shape to fully contact the borehole wall (Fig. 7). It provides a positive stress on the formation to stabilize
the near wellbore region and control sand migraton.

Permanentshapes
(plasticity)

Temporary shapes
(elasticity)

Fig. 7. Demonstranion of complex shape manipulation via cumulative plasticity gffect and shape memory gffect.
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Fig. 8. Sand Control Completion.

Expandable sand-screen systems (ESS): ESS is contactung the formation directly, preventing sand
movement and reducing skin development (Fig.8 and Fig. 9).

Expansion tool

Fig. 9. Expandable sand green.

Nanoparticle Technology: Nanoparticle fines migration control addiive. The In organic nano crystals
are capable of fixating formation fines, such as colloidal silica, charged and non-charged particles and
expandable and non-expandable clays on to propant particles (Fig. 10 and Fig 11).
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....... N2 B N ol

Fig 10. Nanoparnicie Technology in the sand kontrol.

Note to Figure 10. An oil-in-seawater emuision stabiiized with surfactant molecules and nanoparticies acting in Synergy,
depicted at three scales: a macro-scale view of an emuision-filied test-nibe (igft), a microscope image of smail spherical oil
droplets (center), and a graphic ¢f the nano-scale oil dropier configuration with a surfactant moiecuie and
nanoparticie (right). The surfactant molecules aliow formation of smalier oil droplets, and the nanoparticies help stabilize
the dropiets. When surfactant molecuies weakly interact with the nanoparticies, therr synergy is stromgest.

»l Supet
“~. 8 Setactant
5 Duncivet potyma
Satscsohd
o dropuet
Orgc

Fig 11. Nanoparticie Technology uses in the sand control.

Note to Figwre 11 a, Oil-in-water emuision; organic compound dissoived in intermal-phase oil dropiets. Enilarged area:
homogeneous, surfactant-stablized oil droplet and dissolved polymer. b, Frozen oil-in-water emuision; static/solid ol
droplers within a solidified continuous phase. Enlarged area: mcwmmmmumm
JSrozen oil dropier and associated surfactant. ¢, Emuision-tempiated porous soiid gfter freeze-drying. Enlarged area: organic
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narapariicies within gpen pores. d, Organic nanodispersion giter addirion of water. Enlorped area: surfaciani- and polymer-
stabiized organic RaRIPATicla.

CONCLUSION

Sand coniol scTeens are sophistcated scyesned pipe joints positoned o the wellbore directly opposite

formation perforations serve fo block out sand while allowing the flow through of oil or water. Halliburton
screen technology offers operators every conceivable advantagze: precise particle size conmol high sirength and
durability, excellent commosion resistance, hizh pressure tolerance, imcressed contzimment capacity, Superior
erpsion resistance and excellent backwash efficiency. All dus, zlomg with the advanmages of amtomatic
verification and real-tme manipulation of screen gauge.
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