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Impact

ltem

® Less footprint
® No additional

flow
Space & Light and Bulky and conditioner
Weight portable Heavy ® Simple
installation
® FEasy
mobilization
Separator, e (Costsaving
1 meter and setsof piping. ® Fastrigup/
Piping I setof pup pumps, surge down
joints tanks, Flaring. @ No flaring/
ele. pumping
Just ® Reduce
commissioning £arie b opcmlion’nl
Operation ".“dcd e of crew needed .cost sp-ciuly
it could be o cpirila in offshore
remotely platforms
operated
® Less
operational and
Timing <0.5daysrig Sdaysrigup/ slandh-y c.osts
up/down down ® Lessrigtime
Quick and safe
operation
Uncertainty +5% «15% ®  Accurate data
e No separation
; needed
Sonmc Imperfect ® Slug regime
Results dynamic ; 7
separation detection
response

®  Flow regime
independent
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VG Technical Spcciﬁculions’,

General

g : Spool-Picce Inline Permanent Installation, Skid-Mounted Relocatable/Mobile MPFM,
Configurations

Sour Service Specification

Inlet Pipe Size
Interface Connections
Venturi Tube

Venturi Beta Ratio

Wetted Material

Design Pressure

Design Temperature
Ambient Temperature
Water cut Measuring Range
Gas Volume Fraction Range
Liquid Flow Rate

Oil Viscosity

Transmitters
Connection
Communication
Calibrated Range
Wetted Material

Certification

Radiation Source

Source Container

Gamma Detector

Radiation Leakage

Measuring Technique

Water cut Probe Body Material

Certification

Local Ficld Display
Operator PC to Meter

Remote Access to Meter

Supply Voltage

Power Consumption

Truck-Mounted Service MPFM Package, Multi-size Venturi Option
NACE MRO175/ISO15156 Wetted Parts

Meter Body and Structure

210 6-inch

ANSI Flange/Wing union
Comply with ISO 5167-4
04100.6

SS316L

OPERATING RANGE

0-3000 psi (5000 psi Option)
-20-120C (Wider Range Option)
-20-55 C (Wider Range Option)
0-100%

0-98%

Refer to VG Operating Envelope
0.01-2000¢cp

TRANSMITTERS

Differential Pressure, Pressure and Temperature (MVT Option)
Impulse Tubing/Capillary/Isolated Valve (Thermowell Coupled TT)
4-20 mA HART

0-5000 mbar DPT, 0-270 bar PT, -20-150 CTT

SS316L

EExialICT4/T5/T6

GAMMA DENSITOMETER

Cs=137 (<10 mCi)
GAMMSHIELD, Complies with [EC 62598

GAMMEX-II, High Sensitivity & Temperature Controlled Scintillation

ATEX Ex-d (Explosion Proof according to EN60079-0 & EN60079-1)

< | uSv/h @ 1m Distance (Class7, IEC 62598)
WATER CUT METER

Impedance/Resonance Wide-band Spectroscopy

SS316L

ATEX Ex-ia (Intrinsic Safety according 1o EN60079-0 & EN60079-14)

COMMUNICATION

HMI Option

MODBUS TCP (Wircless Option)

MODBUS TCP/IP (Remote Access Option)
POWER SUPPLY

20-30VDC (24VDC Nominal)

Max. 120 W

VT o) adale | OF ol aasik
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ST
casing accessories ( shoe, collar, centralizer, stop collar for all sizes & grades , top
& bottomplug)
Liner Hanger{ mechanical/ hydraulic ) for all sizes & grades
Wellhead equipment and X-mass tree for all sizes , classes and types up to 10k psl
&APIGAVALVES
Casing & Liner for following size and specification
300,175 PPF, X-65,RL-4,PSL2(WELDED)
200,117 PPF, X-52,BTC,PSL2(WELDED)
133/8' 88 PPF,J-55BTS,PSL2(STANDARD DRIFT)
95/8°,43.5/47PPF,L80O/N8SO/P110/ PIE(NEW VAM INTERCHANGABLE)
JPSL2(STANDARDDRIFT)
7', 35PPF LEONSO, PJE(NEW VAM INTERCHANGABLE) STANDARD DRIFT
(WIPSTOCK)
PERFOTATING EQUIPMENT
MILLINGTOOLSOUNK MILLS, ECONOMILLS, . )
Drilling Fluids
DRILLING CEMENTS
BARIT
ADDETIVEFOR DRILLINGMUD
Chemical Injection Package (CIP)
Electrostatic Desalter (OIL PROCESSING)
(VACUUM DEAERATOR PACKAGES)
Conduit & Fitting
Control Pancl
MARSHALING Cabinet
PLC integration
Annunciation panel
Interposing Relay Cabinet
Lighting pole/ arm/ tower
Protection & Control Panel
Steel fusion fitting
Malleable fitting Fdls SarcVlasl-al 0 b
(Y7 579> 3539900
Emulisifier
TBS-CGS-PCS
Biocide
Centrifugal Water Pump
Gas dehydrationapparatus FLLIPRLTPer A
Demulsifier
Portable Pipe Cutter
Scrubbers and Separation Systems
Sulzerturbineoil cooler
Fire resistant door
GasOdorizer (7l g8 sasS Jagsal8zus
i 9, 5 S0y ol
Sl S eV £ GO
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eSS
Anti-corrosion
External surface steel coting
Waterproofing, synthetic primer
Steel flanges S e Vi 1> 4

Element filter (dep =S 5l paase) alicill

Dry gas filter 2= VY e 9509k Sl 8 ol
(ActiveAlumina.TioY)

Steam Reforming

ZNO

CRU

Active Carbon

AIRCOMPRESSOR

Air conditioning of gas composer station
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Wire Line Unit / Logging Unit
Conventional Completion Equipment Upto 10000 psi
Ball Valve, 6A AP13000,5000 Psi M/C:AA-FF2-1/16t07-1/16
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Figure. 9 Error arises on mass of produced sand due to
ignoring inertia effects

”4 .ConclusionS

In this study, contributions of fluid inertial on sand
production were examined. Based on the results from this
work, following conclusions canbe drawn :
Theeffectsoffluidinertiabymodifyingthehydrodynamic
forces around perforation tunnels can play a significant
role on sand production. Ignoring these effects could be
overly optimistic and leads to a lower estimate of sand
production.

By increasing the flow rate per perforation tunnel, the
contribution of fluid inertia to sanding response increases.
However, other parameters including : perforation length,
reservoir pressure drawdown and permeability are also
effective in this regard. Influence of high velocity flow on
sand production varied in proportion to the pressure
drawdown and inversely to the perforation length. In
general, knowing the flow rate of wellbore is not enough to
judgetheefTects of flow inertia.

If the contribution of inertia effects to pressure gradient be
significantin regions with high plastic strains, the effects of
inertia will also significantly change the response of sand
production.

The results of this paper were obtained by numerical
simulation. More experimental and numerical studies are
required to fully understand the effects of inertia on sand
production.
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Pore pressure (MPa)

..

Figure 4. Pore pressure distribution for the baseline case with 3 = 0, (a)

pressure contour at a horizontal plane, crossing the perforation axis, (b)

iso-pressure surfaces
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Figure. 5 Contours ofhydrodynamic force perunit volume of'material for
thebaseline case, (a) withoutinertiaeffects, (b) with inertia effects
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Figure. 6 Error arises on hydrodynamic force due to ignoring inertia
effectsatthe junction of wellbore and perforation tunnel (all cases)

,’3.2. Sand production response

According tothe employed criteria for sand production (equations
8 and 9), two factors: equivalent plastic strain and pore pressure
gradient determine the rate of sand production. The onset of sand
production is dictated by the equivalent plastic strain, which was
seen is almost independent of inertia effects, but increases with
pressure drawdown. For cach value of reservoir pressure
drawdown, a specific plastic strain threshold is considered. This
threshold value was kept equal to 80% of the maximum equivalent
plasticstrainobservedafterapplicationofpressuredrawdown. The
values oferitical plastic strain for differentdrawdowns are given in
Table4.

Table4. Critical plastic strain for onset of sand production

069100 1.38(200 207300
psi) pst) pst)

0.59

Pressure drawdown (MPa)

Critical plastic strain (%),
g

<

0.62 0.65

For all the considered cases, sand production coefTicient, A1, was set to
1.5x10-10mm3s/gr. The sand production analysisis run foratime period
ofthree daysto investigate the initial response of sand production.
Theshapeofthecavity forthe bascline caseafter 3daysofsand production
withand withoutinertiaefTectsareshowninFig. 7. Itisseenthat the largest
amount of erosion occurred near the entrance of perforation tunnel.
Further away from the junction of perforation tunnel with wellbore, the
amount of sand production progressively decreases. This behavior has
been observed in laboratory studies by Fattahpour et al. (2012) on
perforated sandstone cores.

For the baseline case withand without inertia effects, the cumulative sand
production versus time is plotted in Fig 8. In this figure the effects of high
velocity flow have clearly been demonstrated through increasing both the
amount and rate of sand production. The amount of produced sand for
lincar modelisabout 0.6 gr, whichreachesto0.81 grbyconsideringinertia
effects, According to this figure, average sand rate on the last day of
simulation for linear and nonlinear cases arc about 0.3 gr/d and 0.4 gr/d,
respectively whichmeans 25% underestimationductoignoringtheeffects
ofhigh velocities,

For all the considered cases, the underestimation of produced sand mass
ductoinertiaeffectsasafunctionof flow rateisshownin Fig.9.According
to this figure, for the considered range of parameters, the maximum crror
is about 39% which belongs to a short perforation tunnel in a high
The
underestimation due to ignoring incrtia effects increase with decreasing

permeability formation with high pressure  drawdown.
the length of perforation tunnel. Fora specific perforation length, cach of
pressure drawdown and permeability which leads to an increase in flow
rate also increases the contribution of inertia effects to sand production.
Therefore, knowing the flow rate ofa wellbore is not enough to judge the
effects of flow inertia. Other parameters such as perforation length,
reservoir pressure drawdown and permeability are important for
assessing inertiaeffects.,

PEEQ
(Avg: 100%)

Figure.7Shapeoftheperforationtunnelafierthreedaysofsand production
for the bascline case, (a) without inertia effects (B = 0), (b) with inertia
effects(dashed line represents the undeformed shape)

—o— Lincar model
25%

0.8 —— NonLinear model difference
0.6 L,=0.15m ,
r,=7.6mm
0.4 x = 200 md /
- Apgs = 1.38 MPa .

Cumulative sand production (gr)

Time (day)

19 +

3

Figure. 8 Cumulative sand production froma perforation tunnel (baseline
case)



reported in Table 1. These values which were adapted from Eshiet and
Sheng(2013), lic within the range of values typically used for sandstones.

Dilation
angle

20°

Table 1, Material properties of the reservoir sandstone

Young's | Poisson’s
Parameter .
modulus ratio

9.1GPa
(1.32x10¢
psi)

Internal
friction angle

Value 0.22 45°

,’2.4.lnitinl and boundary conditions

The total overburden pressure on the perforated layer and the initial pore
pressureofthereservoirarcassumedtobe89.63 MPa (13000 psi)and 37.92
MPa (5500 psi), respectively. The Permeability of the reservoir is
considered isotropic and values of 100, 200 and 300 md are employed forit.
A gravity of 37°APL(840 kg/m3) is assumed for the reservoir fluid, which
classifiesasalighterudeoil. Valuesofother parametersusedtodefine imitial
conditions of the reservoir are given in Table 2. To simulate oil production,
pore pressure on the perforation tunnel is set to a value which obtains the
desired pressure drawdown. Three values of 0.69, 1 38and 2.07 MPa (100,
200, 300 psi) are usedas the reservoir pressure drawdowns.

After having reached the intended pressure drawdown, a transient
consolidationanalysisunder constant pressuredrawdown was performed
for a time interval of 3 days, in which erosion of material due to sand
production was simulated. In order to take helical arrangement of
perforation tunnels into account, periodic pressure boundary conditions
areapplied on the upperand lower boundaries of the porous layer.

Table 2. Initial conditions ofthe reservoir

Effective vertical 51.71 MPa Porosity 0.26
stress (7500 psi)
Effective 34.47 MPa Oil 8.0x10° Pa.s
horizontal stress (5000 psi) viscosity (0.8 cp)

,,Z.S.Sand production criteria

Sand production is a two-stage process involving the mechanical and
hydro-mechanical instabilities of the reservoir rock in the vicinity of
production cavities (Vardoulakis etal. 1996; Gravanisetal. 2015). Inthe
first stage, drilling, completion and production induced stresses lead to
weakening and degradation of reservoir rock. Sand production occurs
once the hydrodynamic forces induced by fluid flow exceed the resistance
forcesbetweensandparticlesorchunksandtransportthemtothewellbore.
Thetotal hydrodynamic force, Fhd, exerted by the fluidonthe unit volume
ofthe porous media can be writtenas (Bear 1972)

F. =-Vp

In the pressure gradient based crosion law, employed as the sanding
criterion, the rate of sand production is proportional to the magnitude of
hydrodynamic force (Papamichos 2004),

mfp, = A|Vp|

where ™ isthe rate of solids mass produced per unit volume, A isthe sand
production coefficient with dimension of length squared times time over
mass and can be determined experimentally, Psis the solid density, and
denotesthe normofavector.

By substituting the pressure gradient from equation 2 into equation 7, the
sand production criterion can be rewritten inamore applicable formas,

m y7i
2~ 2[4 oy o o

Inthisstudy the following simple equation is used todetermine A,

A:{O
;1

—-p
s F
where 7«

1ol 5

otherwise

isthe threshold value of equivalent plastic strain for the onset
of sand production, and A1 is a parameter which controls the rate of sand
production.

The erosion of materials at an external boundary can be expressed by
declaring the boundary tobe partofanadaptive mesh zoneand prescribing
recessionvelocityoftheboundary meshintothematerial . Inthistechnique,
subsurface nodes are adjusted to account for erosive material loss. Within
this framework, 7 termonthelefi-hand side of equation 7 represents the
rate of solids mass produced per unit boundary surface.

3. Resultsand discussion

3. 1. Hydrodynamic force evolution

Forcascofpresentation, abascline case with input parameters giveninTable
3 is defined. The baseline case, includes two different quantities for the B
factor whichare addressing the linear and nonlinear flow equations. For the
baseline case with B = 0, contour and iso-surface plots of the pore pressure
around the perforation tunnel are shown in Fig. 4. In this figure, flow
convergence into the explicitly modeled perforation tunnel and its adjacent
tunnelsindicatesthe proper functioningofthe periodic boundary conditions.
Contoursofthehydrodynamic force for the baseline case withand without
inertia effects are shown in Fig. 5. This figure demonstrates that for the
both linear and nonlinear flow, perforation tip is the zone of highest
seepage forces. Maximum hydrodynamic force per unit volume of porous
mediaconsidering inertiacffects obtainsas 65.1 N/em3 whichreduces to
50.2 N/em3 by ignoring these effects. This means about 23 percent
underestimationofthe maximum hydrodynamic force.

For all cases, percentage of underestimation made on the hydrodynamic
force atthe junction of the wellbore and perforation tunnel (which is most
susceptible to sand production) as a function of flow rate are depicted in
Fig. 6. Maximum underestimation in this figure (29%) belongs to a short
perforation in a high permeability formation with high pressure
drawdown, This figure indicates that both flow rate and length of
perforation tunnel are important parameters in the study of high velocity
flow effects. Itis evident that withinereasing the perforation length, error
introduced by ignoring inertia effects reduces.

Table 3. Input parameters for the baseline case

Value (SI Unit) | Value (Oilfield Unit)

Wellbore radius r, 0.0889m 0.29ft (3.5 in)

Perforation length L~ 0.15m 0.5ft(6in)

Perforation Radius r,  7.62 mm 0.025 ft (0.3 in)

Shot Phasing angle ¢  60° 60°

Formation K 1.974x10“m’ 200 md

Permeability

Forchheimercoef. [§ 0.0, 1.645x10* 0.0, 5.014x10" ft*
m~l

Pressuredrawdown %  1.38 MPa 200 psi
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around the wellbore and the perforation tunnels resulting from drilling and
perforating processes were not considered in this paper.

,’Z 1. Mainassumptionsof the model

This study focuses on a perforated completion with charge density of 6 shots-
per-foot (SPF) and angular phasing of 60°, because they are often used in
practice on oil fields (Sun etal. 2013). Perforation tunnels are considered to be
distributed helically around the borchole. In addition to the arrangement of
perforations, itisassumed that materials properties and in-situstresses have the
same pattern of distribution around the wellbore, The perforated interval is
assumed to be long enough to ignore end cffects. Having made these
assumptions, instead of modeling too many perforation tunnels, it is just
required that a layer containing one perforation tunnel be explicitly modeled
and analyzed, provided that appropriate periodic boundary conditions be
applied tothe representative uniteell (Sadrnejad etal. (2018)).

Open Hole

Twmocl Length

Figure 1. Schematic view ofa perforated well

,,2.2. Geometry and meshdefinition

The computational domaim ofa perforated well considered inthis study is
shown in Fig. 2. As depicted in this figure, the formation is presented as a
cylindrical layer containing both wellbore and a perforation tunnel . At top
and bottom of the formation layer, some regions of non-porous material
are added. These regions were included to allow the redistribution of
stresses around the perforation tunnel be evolve without reaching any
boundary of the model. Thickness of 5.08 cm (2 in) is considered for these
NON=POrous regions.

Theouterradiusofthe modelis 1.9 m. Numerical evaluations showed that
this value is sufficiently distant from the wellbore to ensure radial flow
development at the far boundary. Borehole radius measured from
interface between cementand the formation, isassumed o be 8.89e¢m (3.5
in). Theradiusof the perforation unnelis 7.6 mm (0.3 imand the length of
the perforation tunnel is taken as equal 10 0.15,0.23,0.3and 0.38 m (6, 9,
12and 15in).

In order to reduce computational burden of the model, translational
degrees of freedom were activated only for a 60" wide cylindrical sector
which surrounds the perforation tunnel, and the rest of the model was
consideredas arigid porous body (see Fig. 2b).

Two types of linear three-dimensional elements were employed to
build the mesh: C3DSP (8-node brick clement with trilincar
displacement and pore pressure) was used to model the porous rock
and C3D8 (8-node lincar brick element) to discretize the upper and
lower non-porous layers. Typical mesh of the model is shown in
Figure 3. Finer mesh was used near the surface of the production
cavity inorder to capture high gradients of stresses and pore pressure
inthisregion.

| SN

Figure 2, Computational domain of the model, (a) general view of the
madel, (b) vertical section ofnear-wellbore region

Porous.

Non-porous,
Rigid 1o

Deformable

Porous,
Deformable

Figure 3. Typical finiteelement mesh, (a) zoomed view of the wellbore and
perforation tunncl, (b) vertical section of the near-wellbore region.

2.3. Constitutive behaviorof the pore fluid and reservoir rock

Darey's equation for single phase fluid flow through porous media
neglecting gravity effectsis written as (Azizand Settari 1979),

~Vp=ué'u

whereuisthevectorofapparent velocity ofthe pore fluid, pisthe pore fluid
pressure, K is the absolute permeability tensor of the porous media with
dimension of length squared, p is the dynamic viscosity of fluid, ¥ is the
specific gravity of the wetting phase, and V isthe gradientoperator.
Forchheimer (1901)addedanonlinear termto Darcy’s law and introduced
a new empirical equation for conservation of one-dimensional fluid
momentumalong the x-axisas,

i =Ly ppui
ox K

where pfisthe density of the fluid and 3 is the Forchheimer coefficient.
In this study, the correlation developed by Firoozabadi and Katz (1979)is
employed to determine the Forchheimer coeflicient,

B=273x10"/x""""

whereXisexpressedinmdand B infi-1.

The permeability of a reservoir rock can be assumed to be a function of
porosity. Inthe presentstudy the Carman-Kozeny law was used to express
thisdependency as,

xxe'f(1+e)

whereeisthe void ratio.

Elastoplastic behavior of the reservoir rock is expressed using the Mohr-
Coulomb model. The Mohr-Coulomb yield criterion can be expressed as
(Pousand Zdravkovi¢ 1999),

Rg—o. tang—c =0

whered isthe internal frictionangle, ¢ isthe mobilized cohesion, 6 'misthe
mean effective stress and q is the Mises equivalent stress. Parameter R in
equation S, isdetermined using the invarianis of the deviatoric stress tensor.
Parameters values for the constitutive behavior of the reservoir rock are
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’,ABSTRACT

Prediction of sand production in oil wells is generally conducted by using
linear Darcy'slaw astheconstitutive equation for fluid flow. This law doesnot
include the contribution of Muid inertial in pressure drop, and therefore is
valid when flow velocity is low. In a perforated completion, considerable
flow convergence occurs near the perforation tunnels, which makes it
susceptible to inertia effects. In this paper, impacts of flow inertia on sand
production from vertical cased-and-perforated oil wells are numerically
analyzed, In this regard, 3D coupled, poro-clastoplastic finite element
methods witharbitrary Lagrangian-Eulerian(ALE)adaptivemeshapproach
are employed, Forchheimer's law is used to incorporate high velocity flow
effectsinto the analysis, A pressure gradient based erosion law is adapted for
useasthesanding criterion. Helical symmetry of perforations, which usually
is the case in practice, is utilized to achieve a more realistic but efficient
simulation. Sanding response modifications due to inertia effects are
presented for the considered range of parameters. The results highlight that
high velocity flow causes additional hydrodynamic forces around the
perforation tunnels, which in turn can result in more sand production. It is
shown that ignoring the effects of inertia in perforated oil wells can lead to
significantly lower predictions ofboth amount and rate of sand production,

Keywords: Sand production, Inertia cffects, Forchheimer’s law,
Perforated completion

,, L.INTRODUCTION

Modcling of fluid flow through porous medium began by Henry Darcy in
the mid-19th century with introducing an empirical equation between the
flow velocity and piczometric head gradient. In Darcy’s equation, inertia
effects are ignored and this relation is valid for flow regime with low
Reynolds numbers. [t is often assumed that Darcy’s equation is valid as
long as the Reynolds number does not exceed a value between | and 10
(Bear 1972).

Contribution to pressure drop caused by inertial forces, is the result of
acceleration and deceleration of the fluid particles during successive
changes in the path and cross section of flow (Geertsma 1974). In order to
addresstheefTectsofhighvelocities,acommonlyaceeptedapproachistouse
Forchheimer’sequation(Forchheimer 1901) instead of Darcy’s law.
Popularbeliefin oil industry isthat inertia effects for oil wellsis insignificant
and can be neglected (Dake 1998; Settari et al. 2002). However, some of
authors have confirmed the presence of high velocity flow in oil wells.
Fetkovich (1973) by means of comprehensive field study of 40 oil wells,
showedthatthedeviation from Darcy’sequationisnotlimited to gas wells, but
that it is also refevant to oil wells in high-permeability reservoirs. Nguyen
(1986) conducted several experimental tests on perforated cores and
discoveredthatapplying Darcy slawtoexpress fluid flow throughperforation
tunnels results in over-prediction of the productivity by as much as 100

percent. Settari et al. (2002) demonstrated that the effects of high velocity
flow can be significant for oil flow in high permeability formations having
limited perforations. Al-Otaibi and Wu (201 1) concluded that increasing the
production rate, in contrast to the predictions of Darcy’s law, can lead to
nonlinear increase inpressuredrop, especially for high productionrates. Liet
al.(2022) using MRT (multiple-ratetest) dataina field with highly connected
and densely distributed fractures and karst, confirmed that modeling non-
Darcy flow isnecessary tosolved the issues of history matching BHP (bottom
hole pressure), high/low-rate tests and build-up pressure trends.,
Intheoiland gasindustry, thetermsandproductionreferstotheco-production
of individual sand grains or detached sand clumps together with formation
fluids. Sand production by eroding downhole and surface equipment,
production loss and other environmental impacts can greatly increase
production costs. Prevention of sand production is usually very costly and
often, an acceptable sand rate determines for oil wells. If the rate of sand
production remains within this limit, catastrophic sanding and failure of the
wellbore will notoccur. Accordingly, accurate prediction of sand production
rateisof greatimportance toreservoirengineering. TheefTects ofnon-Darey
flow may increase the pressure gradients and seepage forces in some regions
around the perforation tunnel, which in turn can result in higher rate of sand
production.

Few studies have used Forchheimer's equation rather than Darcy' law inthe
sanding analysis of oil wells. Moritactal. (1989) included inertia effects in
their study to realistically simulate fluid flow. Vardoulakis ct al, (1996)
suggested that if the Reynolds number of flow reach values of order 1,
sanding computations at large times should be based on Forchheimer’
cquation rather than on Darcy’s law. Skjaerstein et al. (1997), found that
Forchheimer's extension of Darcy's law leads to better matching between
the results of theoretical models and experimental data of sand production
tests. Wang etal. (2019) employed a general 3-D sand production model in
their study and concluded that at high fluid flow velocities, non-Darcy
effects play an important role on the sanding rate but less of a role in
determining theonsetof sanding.

In this paper, effects of fluid inertia on sand production from vertical
cased-and-perforated oil wells are numerically investigated. For this
purpose, Forchheimer's law is used as the constitutive equation for fluid
flow and an erosion law based on hydrodynamic forces acting on solid
particlesisemployedasthe sanding criterion.

,,2. MODELDESCRIPTION

In the present study, a vertical-cased-and-perforated oil well with
helically distributed perforation tunnelsaround the wellbore wasmodeled
in3Dbyusing finiteelementprogram. Schematic geometryofaperforated
completionisshowninFig. 1.

Among the various parameters of the model, perforation tunnel length,
formation permeability and reservoir pressure drawdown are considered to
be varied over some practical ranges. For the sake of simplicity, damages
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