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Abstract. Upscaling techniques are commonly used to adapt the fine grid properties to coarser grids with an adequate number of
cellsin order to be used in reservoir simulation. The property usually submitted to upscaling is absolute permeability. Although
various upscaling techniques are available for absolute permeability, in practice, it is difficult to select the most adequate for each
type of reservoir heterogeneity. In fact, there is no general rule that is applicable to all types of petroleum reservoirs. An important
aspect to be considered in upscaling is the fine grid cells that contain wells. The usual techniques used to calculate equivalent
permeability are approprieted only for cells far from the wells. The well grid cells require a special treatment during upscaling or
reservoir simulation in order to take into account the radial flow pattern near wells. In this work, some fine grids with different
heterogeneities are submitted to upscaling. These fine grids and their respective coarse grids are simulated and the results obtained
by both grids are compared. The influence of special treatmens applied to well blocks in coarse grids is evaluated. It is possible to
observe the great importance of the well block in Cumulative Oil and Water Production for producer wells, being very difficult to
define a general rule that is suitable to all reservoir wells.
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1. Introduction

Advances in geostatistical techniques allow resemmperties, such as absolute permeability, taléscribed by
more and more fine models. However, these detadsérvoir models cannot be used directly for nuca¢simulation
because they would require high amount of time@ndputational effort and also an elevate memomage capacity.
As consequence, it is necessary to coarsen detagketvoir properties to a scale which is more appate for
reservoir simulation. Since permeability is notadditive property, arithmetic mean is not the opbssible way to
calculate the equivalent permeability. In factréhare other simple algebraic formulas, which cam$ed to obtain the
equivalent permeability, such as harmonic, geometnd power law means. Another manner to calctietequivalent
permeability is through numerical methods, whiofuiee numerical simulation of partial differenteguations.

A review of techniques to calculate the equivalestmeability is presented by Cruz (1991), Renaudi Marsaly
(1997) and Romeet al. (1997). Although methods to upscale absolute pahility are well established, the changes of
scale are inevitably associated to loss of infoiwnatlt is practically impossible to obtain a comtgl equivalence
between a real heterogeneous medium and the condislg upscaled one. Gahi al. (1996), who studied quick
upscaling techniques, observed that there are wensal rules that are valid for all types of p&tton reservoirs, being
necessary to adapt the averaging rules to thequmation of the medium under study.

An important aspect to be considered in upscalinghe fine grid cells that contain wells. Accorditey Ding
(1995), these grid cells require special treatnaeming upscaling in order to take into account flbev pattern near
wells. Two flow types should be considered in agetim reservoir, linear flow pattern in regiongtwiow pressure
gradient and radial flow near the wells with higlegsure gradient. Therefore, the usual techniqaed to calculate
equivalent permeability are applicable only for tedls far from the wells. Near the wells, the eqlént permeability
calculation requires special methods that considerradial flow pattern. One of the objectives loiEtpaper is to
present a review about available near well upsga#chniques.

Previous studies carried out by Ligezbal. (2001), Ligeroet al. (2002) and Ligero and Schiozer (2003) have
shown the importance of absolute permeability il Wiocks and the necessity of special treatmemtsoarse blocks
containing well in the reservoir simulation. Unlikeprevious works, in this paper only one permegbilipscaling
technique is used to obtain the equivalent perniigabor coarse grids. The main goals are to sttiiy permeability
upscaling near wells and to propose modificationsimulation models of coarse grids in order torapimate as much
as possible the fine and coarse reservoir simulaiisults.
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2. Literature review
2.1. Upscaling near well

Upscaling techniques that have been developedntineeeservoir may be not adequate when usedeirvittinity
of well blocks. These techniques may fail becahsg tissume uniform pressure gradients near welgever pressure
gradients near wells are not uniform.

A manner to calculate equivalent permeability iodiks with wells is to consider radial flow in serigarough the
layers that wells are completed. The equation louéate this permeability considering two zonesémnies is presented
by Craft and Hawkins (1959). However, this equatimay be extended to include three or more layesgiies.

The necessity for a special upscaling techniquéenproximity of wells where radial flow patterncgid be taken
into account was considered by Ding (1995), whichppsed a new upscaling procedure. The proposetiohet
determines the transmissibilities in the vicinity wells and the numerical productivity index sinaueously by
introducing a radial flow conditional. Ding (1996hows the importance of representing three-dimeasipressure
distribution of the flow in the vicinity of wellsThis pressure distribution was used to propose rergé three-
dimensional well model, which calculates the nuoarproductivity index at the well block and al$w tequivalent
transmissibility near the well. The off-diagonatents in the permeability tensor were not considiéy Ding (1996).
However, Ding e Urgelli (1997) implemented the poe¢ Ding’s work and generalized the approach fdiula
permeability tensor.

An inconvenience of Ding’s approach is the necgdsitcalculate the equivalent permeability basedhenresults
of fine grid numerical simulation. Neverthelesgpyeated numerical simulations for all coarse grisckt may require
high computational time. Soeriawinagaal. (1996), in order to avoid lengthy numerical siatidns, developed an
analytical technique that considers radial flowmgetry near the well to upscale well block effectparmeability. The
method is based on the concept of incomplete-laygirgy serial and parallel averaging proceduresifieddor radial
flow.

Durlofsky et al. (2000) proposed a general method to calculateseagcale well block transmissibilities and well
indexes for vertical wells in two and three dimensi. The approach represents an extension of timitpie
developed by Ding (1995). Unlikely Ding’s methodheve a fine grid problem is solved, this methodglizgbased on
the identification and solution of specific locabplems that are possible to capture the charatitariof the flow field.
Numerical results for various bi and three-dimenal@roblems have shown to provide accurate caaideesults.

2.2. Well treatments

It is a well-known fact that there is no equivalerizetween the well block and bottom hole pressageause in
most cases the grid block dimensions are greassr wellbore radius. The flow rate in a well is ppdpnal to the
difference between block and well pressure (Peaoehtv8; 1983).

Some nomenclatures used in well treatments aredeétied by Palagi (1992): (1) the proportionatditefficient is
the well productivity or injectivity according tdé type of well; (2) the well index is the parttbk proportionality
coefficient that takes into account the geometgydiaof the well and (3) a well model is known ke todel used to
determine the well index.

The well model proposed by Peaceman (1983), whiclapplicable to wells in non-square grid blocks and
anisotropic permeability has become, according tolf$taineret al. (2001), the default procedure in virtually all
commercial simulators. Consequently, the well indexproductivity parameters can be treated to apprate the
coarse grid simulation results to those obtainedHe fine grid.

Considering the aim of representing a well in a@edrway, it is relevant to consider complex trggeies, near-well
gridding and upscalling, coupling with wellboreesfts. Although well productivity may be significninfluenced by
wellbore hydraulics, well performance is often doated by near well heterogeneities (Ding, 1995; féteineret al,
2000). Therefore, it has arisen the problem of alasg near well, which is one of the objectivesto$ paper.

3. Application

In this work, fine grids with 45x45x3 cells are suitted to upscaling in order to generate coarsagsgnith 5x5x3
cells. Three different absolute permeability dizitions of fine grids are considered: (1) Homogenpermeability in
each layer (permeability values are equal to 100 280 mD and 300 mD in layers 1 to 3 respectivéB) Presence of
channels that facilitate the fluid flow in resemydrigure 1 and (3) Presence of barriers which ndieult the fluid
flow in reservoir, Figure 2. In all fine grids, meeability in x and y directions are considered éqaiad in z direction
the absolute permeability is admitted as 30% ofmeability values in x and y directions.

3.1. Upscaling techniques
Unlikely previous studies carried out in bi andettwdimensional fine grids (Ligee al., 2001; Ligeroet al., 2002

and Ligero and Schiozer, 2003), where various Upgréechniques were used to obtain the coarses giidthis work
only an unique upscaling technique is employed e¢aegate the coarse grids. The used upscaling tpehris a



numerical method. According Renard e Marshaly (398Y upscaling problems it is preferable to usauaerical
method whenever possible. An important reason &au$ixed upscaling technique is to emphasize theysof the
influence of well treatments in production parameténother difference related to previous workghis consideration
of radial flux near well. The equivalent permedilof a block with well is calculated consideringnes in series as
presented by Craft and Hawkins (1959).
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Figure 2. Fine grid with barriers - Permeabilitgtdibution in x direction for: (a) Layer 1, (b) Lay2 and (c) Layer 3.

3.2. Reservoir simulation and well treatments

The well treatment is intimately related to the muizal reservoir simulation. In this work, the negsr simulations
are executed throughBlack-Oil commercial simulator. The production strategy addor the three fine permeability
grids are the same: one injector well, operatingpastant water rate injection, located on theereoit the grid and four
production wells operating at constant pressure landted on the corners of the grid, Figures (1) é2). The
production parameters used to compare a fine gridlation results to those obtained from coarsdggyare Cumulative
Oil and Cumulative Water Production.

In addition to the simulation of the coarse gridheut special treatment to the wells (Coarse Gadyl the
equivalent permeability calculated considering ahdiux near well (Coarse Grid — Rad), five weleatments are
considered: (1) Use of coarse grid substituting\vadent permeability of well block for the permelatlyi of well block
in the fine grid (Coarse Grid — Kf), (2) Use of thearse grid with refining of coarse blocks wherlsvare located
(Coarse Grid — Ref), (3) Well indexes in coarsel grie equal to well indexes in fine grid (CoarsédGr WI), (4)
Equality of well indexes combined to permeabilitedsvell coarse blocks substituted by the valuepesineabilities of
well fine blocks (Coarse Grid — Kf — WI) and (5) &ewell equivalent permeability obtained considgriadial flux
combined with equality of well indexes (Coarse GriRad — WI).

4. Results
4.1. Homogenous permeability

Figure 3 shows the reservoir cumulative oil andewaroduction. It is possible to observe that thenglative water
production of the coarse grid is practically codlemt to the curve obtained for the fine grid. Hommevfor the

cumulative oil production there is a differencevirtn the fine and coarse curves almost duringhall time of
simulation. This fact illustrates that simple prdeee of upscaling, maintaining the values of edentpermeability



equal to those of the fine grid, is responsibledatiscrepancy between the cumulative oil prodactw the fine and
coarse grids. The cumulative oil and water proauctor producer wells present similar behaviorhtattones obtained
for the reservoir as indicated in Figure 3.
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Figure 3. Homogenous permeability — (a) Reservaingative oil production
(b) Reservoir cumulative water proibn.

4.2. Presence of channels

For the reservoir with preferential channels tavflaumulative oil and water production are showifrigure 4. It is
possible to observe that the curves obtained widrse grids are practically coincident, indeperigieot the well
treatment adopted. This behavior induces to onelada that it is not necessary a well treatmerdgproximate the
coarse grid curves to that obtained with a find.gdowever, considering cumulative oil and watenves for producer
wells, Figure 5, it is possible to observe that¢barse curves obtained through upscaling consige&dial flow and
with well treatments are not coincident and havierdint positions related to fine curve. This fatistrates the
importance of special treatment of well blocks rsealing problems.

Figure 5 shows that for each producer well, ther@mat a common treatment that is adequate for raliycers
contained in coarse reservoir models. The wellttneat softens the difference between oil and watanulative
production for both reservoir and producer well#, ibis not sufficient to reduce the discrepanegwieen such curves.
The most adequate well treatment for a particuladpcer well is associated to the fluid flow pa#ivieen injector and
producer wells. The influence of the path can als@bserved for all producer wells in simulatiogules of the coarse
grid without well treatment (Coarse Grid), whichli® most distant curve from the fine grid curve.

Therefore, Figures 4 and 5 evidence the importafiaeell blocks in simulation results when a coagsiel is used
and the difficulty of obtaining a general rule ®fide the well treatment to be employed.
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Figure 4. Presence of channels — (a) Reservoir [ativel oil production
(b) Reservoir cumulative water proiitan.
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Figure 5. Presence of channels — Producer welisnulative oil and Cumulative water production.



4.3. Presence of barriers

For the reservoir with barriers, cumulative oil amater production are shown in Figure 6. The coatsees for olil
production are almost coincident, the only excapti® the curve for coarse grid without well treatewhich
represents the worst behavior compared to thegfiite The fine and coarse curves for water productire practically
coincident. Just as observed in the case with adantihe analysis of reservoir production by itséiéuld conduce to a
wrong conclusion that the well treatment is notamiant in upscaled grids submitted to flow simwati

Figure 7 shows cumulative oil and water production producer wells in the reservoir. Also, it isgsible to
observe that there is not a general rule to chtlusdest well treatment that can adequate forralligcer wells in a
reservoir. Special attention must be given to PcedB since this well is the only one that is ledain a low
permeability region in all layers. The curves ofrulative oil and water production are shown in FFég8(e) and (f),
respectively. For both graphics the results obthiioe the coarse grid without well treatment (Cea@id) are not able
to represent properly the fine grid curves. Foravgroduction the equality of well index (CoarsedG+ WI) is not also
an adequate well treatment for the coarse grid.
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Figure 6. Presence of barriers — (a) Reservoir tatiwg oil production
(b) Reservoir cumulative water proitton

5. Conclusions

In this work, the importance of well blocks of csargrids in reservoir simulation results was stdEither the
equivalent permeability of well blocks in a coamsé should be calculated considering radial floeanwell or the
coarse blocks with wells should receive speciattment in the simulation model. Some well treatre¢atcoarse well
blocks were proposed in order to approximate ashmag possible the coarse and fine curves for adl &ater
cumulative production.

It was observed through comparison between finecmadse grid simulations that results based onlsegervoir
production parameters could lead one to mistakemhclude that special treatments are not necessanytain a good
agreement of such grids. However, the oil and watenulative production of producer wells clearlyoghthe
importance of well treatment in the simulation afcarse grid obtained through upscaling.

It was possible to conclude that the most adequetetreatment for a particular producer well is@sated to the
way the fluids flow between injector and produceslls: Furthermore, it is possible to observe tletre is not a
general rule to choose a treatment that can beuatkedpr all producer wells in a reservoir.
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Figure 7. Presence of barriers — Producer wellgmi@ative oil and Cumulative water production.
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