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Abstract. Due to the differentiated characteristics of naturally fractured reservoirs, the forecast of the behavior of
these reservoirs has been subject of frequent studies in the oil industry. This work presents a study that aims to
formulate rules for selection of initial recovery strategies for naturally fractured reservoirs considering different
reservoir properties, and to study an optimization process for the proposed strategies. For the accomplishment of this
work, a literature review about the main aspects of naturally fractured reservoirs was made, and a methodology was
proposed to evaluate, through numerical simulation, the impact of some reservoir parameters and production
strategies on the production forecast. The results demonstrate that the reservoir behavior is strongly influenced by the
selected strategy. Furthermore, it can be observed that the selection of the initial strategy is a function of reservoir
parameters such as matrix and fracture permeability, reservoir inclination and fracture orientation. Finally, the

importance and usefulness of optimization processes for increasing the production and economic performance
indicatorsis demonstrated.
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1. Introduction

The significant occurrence and production of ndlyrfractured reservoirs around the world and thgarticular
characteristics make necessary different approaébreshe characterization and modeling when conmganwvith
homogeneous reservoirs. Therefore, for such regeribis necessary to consider the concept of gaeosity system,
where rock matrix and fracture are different angbsated porous media (Aguilera, 1980; Saidi, 198 rock matrix
presents a high capacity of fluid storage and l@nmeability; the fractures present a high flow iyaand a low
porosity with relation to the matrix. Natural frapts are very important zones, which are search#itgreat interest
due to their high draining capacity, and to thedéase in permeability that is evidenced in thesegoAlthough the
fractures can have a significant effect in the ltpermeability of the rock, generally they havelditeffect on the
porosity, saturations and other petrophysical ataritics of the reservoir rock (Nelson, 1985)dture detection is
the first and more important step for the evaluatd naturally fractured reservoirs. The fractuetedtion process can
be based on laboratory studies from core analgsisyell as on results of the interpretation of adis and, in more
advanced cases, on results from pressure test#tiokdd to the detection, it is important to make evaluation of the
fracture properties in the process of charactedmadf the reservoir, in order to help with the mpieng of the
production and development strategy, which is titegration of the geologic, productive, modelingl atonomic
aspects.

The objective of the present work is to formulaeneral rules that, based on the petrophysical ptiepeof the
reservoir, oil, and production parameters (welktypumber and location, injection and productidegaamong others),
make possible the selection of an initial producttsirategy for water injection in naturally fraadrreservoirs. A
literature review of the concepts related to theuradly fractured reservoirs was made to achiei® dbjective, as well
as help the understanding of the relation betwéenmain properties of this type of reservoir and thoice of a
production strategy. The generated rules simpllig tecision process, since they take into condiderahe
characteristics of the reservoir as well as thedpetion parameters and guide the choice of analngroduction
strategy for the development of these reservoesdable also to be used as a first approachdstiepior optimization.

2. Recovery strategies for naturally fractured resevoirs

The production strategy is one of the most impdarfantors for the oil recovery of reservoirs andaiomplex
process due to the multiple alternatives that eamiplemented (Mufioz, 2005). The adequate choice mbduction
strategy improves the performance of the reseralming its productive life. The production strategare proposed
considering definite objectives and observing therational, economic characteristics and restrstiand the physical
conformation of the porous medium. Moreover, a potidn strategy depends mainly on the geologicattaristics of
the reservoir and the operational program that beéllused in the strategy proposal. Inside theegtyaproposal, the



diverse changes in the external environment mustaken into account, and the project must be uwldetinuous
revision, since they can change with the acquisitibnew information.

According to Putra and Schechter (1999), the resepressure can be maintained, or even develdptbe iwater
injection is carried through in the perpendiculaection to the direction of higher permeability fodicture in the case
of a project of injection in staggered line, and tase of horizontal wells, orienting these ingheallel direction to the
fractures of higher permeability. With these typdsconfigurations of injector wells it is possibddso to delay the
water breakthrough in the producing wells and tadahe flow of more oil from the matrix to the puxing wells.

Optimization processes applied to naturally framtureservoirs can be considered processes thalvéntbe
characteristics of the general behavior of therkeseand the objectives of the project as welliposing, where the
main objective is to determine the best locatiothef wells aiming a higher performance. The paramsehat can be
used for this process are usually the cumulatilegas and water production (Np, Gp and Wp), Reppi#actor (RF),
water breakthrough time and economic indicatofdetsPresent Value (NPV). Putra and Schechter (16883ider two
optimization methods to reach this objective, whicimsist of the optimization of the water injecti@ie and of the
possibility to apply cyclic water injection. In boprocesses it is necessary to take into considartite influence of
the petrophysical properties of the reservoir dreddifferent operational conditions of the wells.

3. Methodology and application

The objective of this work is to study the procetselection of recovery strategies for naturathcfured reservoirs
and to establish rules that, based on the petragdiyproperties of the reservoir, the oil and ie tharameters of
production (type, number and location of the welldes of injection and production, among othargke possible to
speed up the process of selection of the initiedvery strategy considering water injection.

The optimization processes may present high corpleiie to the diverse parameters that must beideres.
Therefore, the methodology presented here offersniial study to assist this type of decision mes. For the
accomplishment of this study, a methodology thatseis of three steps is proposed. The objectite analyze the
effect of the reservoir and fluids properties, ithglementation of different production strategies ¢he introduction of
optimization processes.

3.1. Step | - first sensitivityanalysis

In this first step, a sensitivity analysis of thapiact of different properties in the recovery facf8F) and net
present value (NPV) is made. During this step, gkarin different reservoir properties as fractyracing, matrix and
fracture porosity, reservoir inclination, matrixdafracture permeability, and a case with diffenetative permeability
and capillary pressure of those presented in tee base were carried through, with the objectivéetérmining which
parameters are most critical for the general bemaof the reservoir. The economic scenario that defned to
evaluate the effect of the changes in the NPV makiesence to values used for the development share projects.
In this step, the model used for simulation cossista Cartesian grid with constant propertieshath matrix and
fractures. The production configuration of the mashaulates an arrangement of wells in form of arguiaof five-spot,
where two vertical wells, an injector and a produeee placed in opposite corners of the grid;ubked fluid for the
analysis corresponds to an oil of 15 °API.

The base case used in this first step consistsGargesian grid of 21 x 21 x 6 (2646) blocks witlabporosity
simulation model; Gilman and Kazemi shape factompglete gravitational segregation model; fractyracing of 10ft
(3048 m) in directions X, Y, and Z; matrix porosp%,; fracture porosity 0.01%; matrix permeabilitfy5 mD in
directions X, Y, and Z; fracture permeability of @D in directions X, Y, and Z; matrix compressifyilof 2.1x10°
kPa®; fracture compressibility 2.07xTkPa’; initial reservoir pressure 20787.7 kPa; initiatnix oil saturation 0.8;
initial fracture oil saturation 1.0. The model udds °API oil and the simulation was proposed ifiifidgor a time of
9540 days.

The economic scenario was defined to evaluate fieeteof the changes in NPV, and it makes referegncealues
used for economic calculations for onshore projeotssidering a discount rate of 13%; taxes on girssme of 45%;
initial investment of 3 million dollars; investmefar each well (drilling/completion) 500000 dollarsil price 135
dollars/n?; oil production cost 37.7 dollarsfmwater production cost 12.6 dollar$/mwater injection cost 1.94
dollars/ni. The considered economic model is theoreticaliddes not have the intention to reproduce valigesi in
oil companies or in the literature; it is just anpiified model in order to take into account theeq of recovery and
different costs and investments for different cguafations.

Table 1 shows the properties and the values tlthbhan used in the accomplishment of the analykis.values in
bold font indicate the values of the base case.

3.2. Step Il - second sensitivity analysis

The objective of this step is to identify whichtbg tested elements is more important for the gérmrhavior of
the reservoir: the type of oil, the production tghes or the reservoir properties. To accomplish task, the most
critical parameters detected in Step | were usedcambined with different production strategiest thie tested in a
simulation base case, that presents some diffesanitl the base case used in Step |, which corisigtartesian grid
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with constant properties for the matrix and thectinges, the presence of conjugated fractures aadatisence of
horizontal fractures, among others.

Table 1. Properties and values used in the firstigeity analysis.

Case Values
Fracture spacing in X direction (m) 1.6 3.3 8.3 16.6
Fracture spacing in Y direction (m) 1.6 3.3 8.3 16.6
Fracture spacing in Z direction (m) 1.6 3.3 8.3 16.6
Matrix permeability in X direction (mD) 1 5 10 100
Matrix permeability in Y direction (mD) 1 5 10 100
Matrix permeability in Z direction (mD) 1 5 10 100
Fracture permeability in X direction (mD) 100 500 1000 10000
Fracture permeability in Y direction (mD) 100 500 1000 10000
Fracture permeability in Z direction (mD) 100 500 1000 10000
Matrix porosity (%) 10 20 30
Fracture porosity (%) 0.01 0.1 1
Reservoir dipping (°) -40 -25 0 25 40
Reservoir thickness (m) 50 100

The production strategies proposed for this stageroplate different distributions between producamgl injector
wells, as well as different types of wells and eifint injection production arrangements. The ecan@nenario
considered for this step also makes reference ¢hare fields. This analysis was done for heavySiigp lla), for light
oil of 30 °API (Step IIb), and finally for a moréseous heavy oil (Step lic). As control parameténs, recovery factor
(RF), the net present value (NPV) and the cumwdatmater (Wp) production were used.

For this second step another base case was cdestricwhich, besides being able to test the eféécsome
parameters of the reservoir, different productidrategies can be tested, and consequently defitieniagtion
processes for the proposed strategies in this $tegpmain characteristics of this base case inciu@artesian grid of
41 x 41 x 5 (8405) blocks; dual porosity modelinghwGilman and Kazemi shape factor; fracture sppd&048 m in
directions X and Y; absence of horizontal fractumestrix permeability 5 mD in directions X, Y and #acture
permeability in X direction 10 mD; fracture perméi&pin Y direction 500 mD; fracture permeabiliip Z direction
100 mD; matrix porosity 20%; fracture porosity 0;186mplete gravitational segregation model; prapsrsuch as
compressibilities, saturations of fluids, and pplrgsical properties have identical values to thased in the first base
case, and the system of vertical fractures is ofugated type, that is, two systems of orthogoredttires where for the
cases simulated in this study, one of the systemgsided in the direction of the maximum horizometmeability and
the orthogonal system to this is guided in the adiom of minimum horizontal permeability. Thirtegroduction
strategies were proposed. All the injector wells @@mpleted in the inferior layer of the reservaihile the producing
wells are completed in the superior layer if theg horizontal, and in the two superior layers foe tase of vertical
producing wells.

For all the strategies tested in this step, forpdicity, the axis Y was designed as the maximunttiree
permeability axis and is represented by an arrothénbottom left corner. The proposed strategiésnih to involve
several configurations, there are: peripheral tige¢ central injection, arrangements of the ineérive-spot and five-
spot types, combination of vertical and horizomtells, use of horizontal wells in the injection ahe production, and
different orientations of the horizontal wells withspect to the axis of higher fracture permeabilithe thirteen
production strategies had been evaluated in eaehobrthe following cases of variation of the prdjer of the
reservoir: base case; inclination 25°; matrix pexbiiy 1 mD.; matrix permeability 100 mD.; vertic&acture
permeability 500 mD.; matrix porosity 10%; matriorpsity 30%; increased capillary pressure. For dase with
increased capillary pressure, a new set of prageeviias considered (capillary pressure and relpgvmeabilities). For
the conformation of the economic scenarios, theesaalues of Step | were used with exception of dkerage
investment for well, which was variable for eactatdgy, where the horizontal wells have a cost dfillion dollars
and the vertical wells, 500000 dollars. The simafe were made for three cases with distinct tyddhiid: in the first
case (Step lla), the fluid of Step | is used (1PPAIn Step llb the used fluid is a lighter 0il)(3API), and for Step lic
a heavier fluid with a higher viscosity was used.

Figure 1 shows the thirteen production strategsesiwuring the second sensitivity analysis.



g £ 8 @3 F 4 F ©° 9 R A
H i

| | R,
% : M:’%:’% IR

ﬂ ﬂ b o df

1 2 3 4 5 6
&) 6] [ 1S T = ==
¢:¢=¢ © %4 & 9 ‘:.J&':_ ; 8] . & H ﬂ H
2 4 g P o of || — | — o o 9 “}?f ”,@" ) ) o or- T T
| "N 10 % o J&{OWJ&'= =J&4 1055 o ’ o & =2 1k o e 1‘ﬁFH"H£J
7 8 9 10 11 12 13

Figure 1. Production strategies used for Step II.
3.3. Step Il - recovery strategy optimization anajsis

In this step, the optimization processes of thet B&stegies identified in Step Il were performé&ar this, a
reservoir model of real geometry was used, in whihehstrategies were tested and optimized ondiatea by means of
an optimization process that aims, through the e of the water production and the delay inltheakthrough, the
field NPV maximization for this step of the studyhe model used in this step consists of a varighitkwith variable
properties for the matrix and constant propertastiie fractures in the simulation blocks; it alsoludes conjugated
fracturing and absence of horizontal fractureghtamodel, light oil is used (30 °API) and the sarakies of capillary
pressure and relative permeability of Step | arepgatl. This step of study makes possible to estalttie criteria for
the accomplishment of optimization processes favdpction strategies in naturally fractured resesvand to
formulate the criteria of choice of an initial pradion strategy for this type of reservoir.

For the accomplishment of Step Ill, a simulationdeloof real geometry was used, in which have beeluded
different heterogeneities related to porosity, imgtermeability, depth and thickness of the blothat compose the
grid. It is intended with this to test the bestattgies from Step Il (a, b and c) and to optimizent inside a more
realistic scene. The used model in this step ctsisa variable grid of 51 x 28 x 6 blocks; bloaks150 x 150 rhof
area and variable height; dual porosity model idtlman and Kazemi shape factor; the matrix porosiigys a normal
distribution with mean 0.2 and standard deviatiah @h the three directions; The matrix permeapifdllows a log-
normal distribution with mean 30 mD and standardia®n 20 mD in the three directions; the fractp@rosity is
constant and has a value of 0.001 in the threetibires; the fracture permeability has a value ofD in direction X,
of 500 mD in direction Y, and of 100 mD in directi@; fracture spacing in X direction 1.6 m; fraggpacing in Y
direction 8.3 m; the water-oil contact is locatead2@33 m depth; the oil saturation in the matriX8@% and in the
fractures it is 100%; the petrophysical properéiesthe same ones used for the simulation mode&segfs | and Il. The
simulations were made for a oil-water model, whitaes fluids present the same characteristics angdepties used in
Step I; the simulation time considered for the mjtation step is 3720 days; the economic scenaeal in this step is
the same used in Steps | and Il, where the invegtmeeded for vertical wells is 500000 dollars, &rdthe horizontal
wells there is a cost of 1 million dollars.

The strategies optimized in this step are thosé shawed the higher production (RF) and economiP\N
indicators, as well as a lesser cumulative watedpetion (Wp) in Step Il. Also, Strategy 13 wastees with the
purpose of showing the effect of the horizontagé@tpr wells orientation according to the highectuse permeability
direction with the objective to maximize the NPVheTactions that compose the optimization processists of (1)
consider the initial configuration; (2) remove vgelith negative NPV; (3) relocate producing wellghvwearly water
breakthrough; (4) close producing wells at the poihmaximum cumulative NPV; (5) relocate injectoells; (6)
remove low expression production wells; (7) modifg injection rates and (8) modify the well spacing

The analyses made in the three steps of the work warried through in the flow simulator IMEXand the
economic analysis module ME®f program UNIPAR.

4. Results and discussion

The sensitivity analysis for the first base cagef3) showed that the increase in fracture periligaim directions
X and Y has as consequence the increase in thelatimeuoil production (Np), in the RF and the NRa%plained by
the increment in the reservoir draining capacibcréases in the same indicators have been founohdogments in
matrix permeability and the reduction of fractungasing, as a consequence of a higher matrix-fracfluid
transference. It was noticed that the behaviohefvertical fractured permeability was inversehte behavior of the
horizontal permeability, that is, for an increaséhie vertical permeability, a reduction in RF &V was observed.

Another property that had great impact in the g&fitsi of the model was reservoir inclination. law observed that
in the cases of positive tilt, in which the prodwugiwell is located in the superior part, the oibguction was bigger
and, therefore, the RF and the NPV had higher gaf@n in the base case. For the case of changeatiix porosity,
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the expected results, derived from the volume changvere obtained for both the indicators RF and/.NPhe
reduction of the thickness of the reservoir tolia# had the expected effect, that is, a redudtidhe indicators used in
this step. With the increase in the capillary puess significant increment in oil production atiigrefore, in the RF
and the NPV was achieved. These increases canpltearesd by the higher water imbibition capacityattthis increase
in the capillary pressure allows to the matrix.

For the second sensitivity analysis (Step II), tthieteen production strategies proposed in the oulogy were
tested in each one of the considered cases. lbbserved that, in all the cases, as shown in Bigd.and 4 for the base
case, Strategies 3, 5, 7, 8 and 9 presented thedtigecovery factors, and Strategy 9 showed thhekt NPV.
Moreover, it was possible to establish that théhégl) water production was given in Strategy 12, ithahe strategy
that presented, in all the cases, the minor NP\Mc¢hwban be explained by the orientation of thedtge wells in the
direction of lesser permeability, and consequetitty had suffered the effect from the massive weltanneling, that
occurs when guiding the horizontal injector wefighie direction of lesser permeability. Among thses that presented
the highest NPV (Strategies 5, 6, 7, 8 and 9) t&i5a5 showed a lesser water production. It coldd be observed that
the results reflect the effects observed in Stemte for all the tested strategies, the casebarfiges in matrix porosity
and reservoir inclination, the observed values wesgt to the values obtained for the base case;tldases of
changes in the matrix permeability and the fracipeemeability, as well as the case of increasedlagppressure
showed significantly distant values from the caaseh
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Figure 4. Cumulative water production for simulagan Step I, base case.

Comparatively with Step lla, in Step Ilb and StépHigher and lower values of RF are obtained rethpely. This
can be explained by the changes in the mobilitthef phase oil, due to viscosity variations thaeetftthe reservoir
fluids production (oil and water for the caseshis tstudy) making the cumulative water productiowdr for the cases
studied in Step Ilb and higher for the cases ip 8tz These mobility variations also affect the\Wih each case, since
this parameter is strongly influenced by the pradireolumes.

Taking into consideration that in Steps lla, lllddic thirteen production strategies, differentam®ir properties
and three types of oil were tested, that for a ifiperase the tested strategies offer a higheratidlity than the cases
tested for one specific strategy and that the dfemnce only affects the level reached by thdedént control
parameters, it can be inferred that for the reslitained from the sensitivity analysis, the comfadion of the tested
production strategies has more importance on theergé behavior of the reservoir than the reseryooperties
analyzed and the type of oil used.

In order to test the consistency of the resultsioked in Step Il, an optimization process was imaeted and
tested trying to maximize the NPV (for some selécategies). The optimization process for Stratk®yshowed the
disadvantages of guiding the injector wells in direction of lower permeability of breaking and tm®ducers in the
direction of higher permeability. Therefore the ggss had to be considered for 2000 days, instetee &720 days that
had been used in the other strategies since, anthef the process, it was not possible to iner¢ls oil production,
nor to decrease the cumulative water productiotoadelay the breakthrough with respect to the s for this
strategy. Figure 5 shows the evolution of the ojatation process for the strategies. The points medd in Fig. 5
correspond to the highest NPV during the optimimatprocess. It can be observed that the processssnt few
simulations, in order not to change too much trez@tteristics of each initial strategy.
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The optimization processes applied in Step Ill\a#d one to observe that the strategies selectedpkimization
have shown similar results to those obtained ip $teindicating that the rules obtained in thatpstare good initial
guesses. The Strategy 9, which showed the higlahsts of NPV in Step Il, continued presenting tighér values of
this indicator, both before and after the optimimatprocess. In Strategy 5, the optimization precaso allowed the
increase of NPV, but further improvement in thidigator only was possible by increasing the nundfgoroducing
wells (by the addition of new wells or the reduntia well spacing) making it similar to StrategyThe Strategies 9, 5,
and 7, that have production for horizontal welleoted in the direction of lesser fracture permigbhave shown the
highest values of NPV before and after the optitiora whereas Strategies 6 and 8, that use ventieli§, had shown
lower values. Therefore, the advantages of theotiberizontal wells are also confirmed in this stégan be observed
that the optimization process allowed the delayater breakthrough; as a result, the strategiesepted a reduction in
the cumulative water production at the end of tfeeess.

Taking into consideration the results obtained mythe three steps of the present study and tmeiyses, it is
possible to formulate some rules that, in a gemnedg, guide the selection of an initial productistnategy for the
development of naturally fractured reservoirs aabf their posterior optimization. These rules are:

* Use horizontal wells for injection and productioh fluids (preferentially and whenever possible),king
possible to reach a bigger portion of the reservotk, increasing the cumulative oil production and
maximizing the NPV for the project;

e Guide injector wells in the direction of higher dtare permeability and producing wells in the di@t of
lesser permeability, thus preventing the channadihthe injected water and, in consequence, delpyiater
breakthrough in the producing wells;

 New producer wells should be added in a pattegnati with the direction of higher permeability;sthaillows
increasing oil recovery, and NPV of the field ftrasegies where an only type of well is used.

e The optimization processes should aim for a rednatif water production and delay in the breakthhotigne
yielding higher NPV; these processes contemplatielynghe relocation of producing and injector wellse
opening and the closing of wells and the adjustroétite injection rates.

Finally, it is possible to affirm that the methodgy proposed and implemented in this study allotee@entify,
through sensitivity analyses, the properties ofrémervoir that affect more strongly the reseri@havior during its
production through technical and economic indicatdt was also possible to determine the types rofiyction
strategies that have to be considered as more atdetjube used as initial proposals for the devety of this type of
reservoir, showing the strategies, wells placemant arrangements of producers and injectors tledd yetter
performance. And, by means of an optimization pseder the studied cases, it was possible to iseré¢a NPV. With
the obtained results, general rules for the ingiglection of a production strategy, and its opéation for naturally
fractured reservoirs have been formulated.

5. Conclusions

* A methodology to generate generic rules for thdaghof initial strategies of production for natuydractured
reservoirs was studied. This methodology involvedsgivity analyses of the properties of the resgrand
fluids, analyses of production strategies and tiq@émentation of an optimization process.

* A sensitivity analysis of naturally fractured syste was performed in order to change characteristics
reservoir and fractures such as spacing, inclinatioatrix and fracture permeabilities, observingraes in
production indicators (production, Np and recoviagtor, RF), and economic parameters (NPV).

e The results allowed for the observation of hightficiency of horizontal wells in relation to vertit wells
when used in the production strategy, presentigbériproduction and NPV.

* It was shown that the orientation of horizontal le@lith respect to the fracture permeability direes is an
important factor in the behavior of the productias, well as in the selection of an initial stratdgy the
development of projects in naturally fractured reses.

e The production strategies that involve horizontalllsvhave a better performance when tested in rdifte
situations of configuration of the properties ofumally fractured systems, different inclinatiompsesence of
systems of conjugated fractures and different pahitides of matrix and fracture.

* The analysis of the results has shown that theenfte of the production strategy is higher tharninfieence
of reservoir properties and type of oil (in termispooduction, Np, RF and Wp) and economic indicator
(NPV).

e Optimization processes in naturally fractured resies must have as one of the most important objesthe
reduction of the cumulative water production and tkelay in the breakthrough; in this way it is polgsto
increase the NPV of the project.

e The general rules formulated in this work aim toilfeate the process of selection and optimizatidrthe
production strategy, and to serve as a startingt foi further studies in this area.



6. Acknowledgements

The authors thank to the Petroleum Engineering Bemt of the Faculty of Mechanical Engineering of
UNICAMP, to CEPETRO and CNPq for their supporttie tealization of this work.

7. References

Aguilera, R. “Naturally Fractured Reservoirs”, Pafiell Publishing Company, Tulsa, Oklahoma, USA, 198

Allan, J. and Qing Sun, S. “Controls on Recovergtéain Fractured Reservoirs: Lessons Learned ft0th Fractures
Wells.” In: SPE Annual Technical Conference and iBition, Denver, Colorado, USA, SPE Paper 8459Qp0er
2003.

Civan, F., Wang, W. and Gupta, A. “Effect of Weitityp and Matrix to Fracture Transfer on the Waleofling in
Fractured Reservoirs.” In: SPE Mid-Continent Operet Symposium, Oklahoma City, Oklahoma, USA, SPE
Paper 52197, March 1999.

Dutra JR, T. “A New Model for the Simulation of Naally Fractured Reservoirs”, Ph.D. Dissertatiotan$ord
University, Stanford, California, USA, Septembe®19

Fung, L. “Numerical Simulation of Naturally Fractar Reservoirs”, In: SPE Middle East Oil Technicah€rence and
Exhibition, Bahrain, SPE Paper 25615, April 1993.

Gilman, J. R. and Kazemi, H. “Improvements in Siatian of Naturally Fractured Reservoirs”, In: SP&pEr 10511,
Society of Petroleum Engineers, Richardson, Tex&#\ 1983.

Kazemi, H., Merril JR, L.S., Porterfield, K.L. a@&man, P.R. “Numerical Simulation of Water-Oil FlonvNaturally
Fractured Reservoirs.” In: SPE Paper 5719, SooeBetroleum Engineers, Richardson, Texas, USA6197

Mufioz, E. and Meneses, M. “Caracterizacion de Yaaitos Naturalmente Fracturados Mediante RegisteoBozo”,
Universidad Nacional de Colombia, B.S. Petroleurgiiering Final Work., Medellin, Colombia 2002.

Mufoz, E. “Estratégias de Produ¢do em Reservatbltégralmente Fraturados”, Universidade Estadualampinas,
M. Sc. Dissertation. Campinas, Sao Paulo, Bra@d52

Nelson, R. “Geological Analysis of Naturally Fraetd Reservoirs”, Gulf Publishing Company, Houstbaxas, USA.
1985.

Putra, E. and Schechter, D. “Reservoir SimulatibWaterflood Pilot in Naturally Fractured Sprabefimend.” In: SPE
Asia Pacific Oil and Gas Conference and Exhibititakarta, Indonesia, SPE Paper 54336, April 1999.

Putra, E., Fidra, Y. and Schechter, D. “Use of Expental and Simulation Results For Estimatingicait and
Optimum Water Injection Rates in Naturally Fractui@eservoirs” In: SPE Annual Technical Conferenod a
Exhibition, Houston, Texas, USA, SPE Paper 56431okkr 1999.

Reis, J.C. “Water advance and Oil Production Rate Naturally Fractured Reservoir during Waterfliogd, Journal
of Petroleum Science and Engineering Vol. 36, 932, Elsevier Science B. V., 2002.

Sabathier, J. et al. “A New Approach of Fracturesé&tvoirs”, Institut Francgais du Pétrole, Parignee 2003.

Saidi, A. “Simulation of Naturally Fractured Reseirg”, In: SPE Reservoir Simulation Symposium, $aancisco,
California, USA, SPE Paper 12270, November 1983.

Saidi, A. “Reservoir Engineering of Fractured Rgsés”, Total Edition Presse, Paris, France 1987.

Schiozer, D. and Paiva, R.F. “Texto Auxiliar paien@acéo Numérica de Reservatérios” DepartamentBrdgnharia
de Petréleo, Faculdade de Engenharia Mecéanicagthilade Estadual de Campinas, Campinas, Sdo Baakil,
2002.

Warren, J.E. and Root, P.J. “The behavior of Ndljuf@ractured reservoirs” In: SPE Journal, SocietyPetroleum
Engineers, Richardson, Texas, USA, September 1§6345 — 255.

8. Responsibility notice

The authors are the only responsible for the pdimbaterial included in this paper.



