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Abstract. History matching process consists of finding tlestbcombination of properties in order to minimibe difference
between calculated and observed data. In a typgicatess it is necessary a visual and subjectivgrjuzht on the quality of the
matching. Using assisted history matching, the iqpalf the results is obtained by an objective fiorg that is a measure of the
mismatching. The composition of objective functtoa difficult task when dealing with data withfdient order of magnitude or
different in nature, such as production and pressieta. The common approach is the combinatioheséveral parameters using
a simple average between them or the inclusiomo$t@ant weighting coefficients. The combinationlgéctive function in this way
is particularly complex when several parametersligyéor example) are involved and the differeneéneen the data is significant,
for instance wells with low rate and wells with thigate. In this paper, a flexible and adaptive fotsmn compute weighting
coefficients for compose the objective functioprisposed. The rule for the computation is definednd) the process and is
dependent on the characteristic of each paraméteorder to measure the efficiency of the methedults obtained with combined
objective function using the proposed approach ewenpared to those obtained with combined objediivetion using fixed
weights. The advantage in terms of computation iinad¢so evaluated.
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1. Introduction

The main objective of reservoir characterizatiooidbuild a reliable simulation model to be usedinduction
forecasting. Although with the modern characterimatechniques, such as 4D seismic, seismic inweysiell logs and
advanced geostatistical methods, is very diffidolt obtain a completely accurate model. To improgservoir
characterization, production or dynamic data, saslpressure, oil and water rate water cut aredecluo the process.
This procedure is known as history matching. Thécame of the history matching is that the obtaimaddel
reproduces the observed data. Integrating dynaatig ithto reservoir characterization process isnaerse problem.
Generally, a high level of complexity due to fastsuch as nonlinearities and a large amount odbkas is involved.

History matching can be divided in two main stehe first step is a global match in which propertie whole
reservoir are changed. The second step consitigiofy the process changing local (generally nedlsjvproperties to
match wells pressure and production.

Traditionally, history matching is performed byréalt and error approach. In this form, a lot of mahtask is
involved, such as change simulation model, run Etans, plot curves and compare to observed datd,so on.
Generally, subjective judgment is present, mainlyhie quality of the match. Completely manual pssce very tired
and time consuming. On the other hand, completaigraatic process is very difficult in the practiéessisted history
matching is an intermediate approach. The mainatibfeis to automate those manual tasks, suchnasgaion model
modifications, run simulations, comparison of obeedr and simulation data, etc. The choice of prigerto be
changed, for example, is the responsibility of gvefessional. The main purpose of assisted histoagching is
decrease the “human” time associated with the got&renas, 2001).

The quality of a history match is measured by tisadce between the history and the results of Isition. To
assessment of misfit between simulated and obsetatd (history), the most of works in the literatwse the least-
squares method (Schulze-Riegert, 2001; SchulzeeRie?002; Kretz, 2002; Feraille, 2003)

A common difficult in the history matching procdssthe composition of the objective function. THifficult is
aggravated when several parameters, such as presduate, water rate is involved, or when a éangimber of wells
must be adjusted. A common practice is the useixefdfweight coefficient. Feraille et al. (2003),r fexample,
classified the wells with similar behavior, thatugth similar rate and pressure, and they usedteom weights for the
groups of wells. Rahon (1999) used normalizatiosffients for compose objective function incorporg water rate,
water saturation, and pressure. (Wen et al, 20pgliead weights coefficients to compose fractiodalf rates (water
cut) at production wells and water-saturation gpatiistribution at a given time in two-phase-flowilfvater)
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reservoirs. Landa et al. (2003) assigned weighte&eh data type and for each well are assignedfasction of the
number of data points and of the uncertainty assediwith each type of measurement. According (BA091), in
general is very difficult to know what value to u3diey have checked the influence of various waigltting several
history matches.

2. Methodology

The objective function is the target of a historgtalming process. The goal is its reduction as naspossible.
Several parameters can compose the objective fumcsiuch as field pressure, field oil rate, fieldtev rate, well
pressure, well oil rate, well water rate and so Feor. the composition, is necessary to know theadist between the
simulated curves and observed data related topsa@meter include into the process.

The distance between simulated and observed datdcslated using least-squares method, accortimdoilows
equation:
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where n and H is the number and value of obseratal despectively, and S is the simulated data.
For compose the objective function from severahpsaters, the approach proposed in the presenttwardmpute the
weight coefficients follows the next equation:
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where j is the number of simulations of a giverrgeand p is the number of elements (or parametieas)compose the
objective function. These elements can be muliypleses (oil, water and gas rate, for example) aeskpre associated
to the total field, or a given specific parametenier rate, for example) associated to severalswBll is the highest
deviation among a series of deviations, {DD;1... Dj1; D12 Dza... Dj2; Dip Dap... Djp) associated to a given
parameter and k is an exponent. If k=0, the wedglatfficient is equivalent to the arithmetic averafehe distances,
that is, weight coefficients are equals 1. If k=tie weight coefficient is equivalent to the haricoaverage of the
distances.

In this way, weighting coefficients (wi) are noteprously defined as fixed value. This guarantees shme
importance of each parameter in the compositiah@bbjective function during all process.

The objective function is then composed as:
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The distance D is normalized with respect to tistadice of the base model, such that:
D .
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The optimization algorithm used is this work is &&®n direct search method, which do not requingsgaadient
information, that is, the computation of derivativiethe objective function is not necessary. Theho@ uses only the
objective function value to determine new searchdtiions in a space solution composed by grid polach point in
the grid corresponds to a set of property modificet The optimization method consists of a sesfesxploratory and
linear search.

The main advantage is the guarantee of convergevexe in cases with significant non-linearities tué bbjective
function or discontinuities in the search spaceenetgradient-based methods normally do not workg well. Some
details of the algorithm can be found in (Leitdal é&chiozer, 1998; Leitdo and Schiozer, 1999) anddkia and
Schiozer (2004).
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3. Application

The methodology proposed in this paper was apjiedreal field of Campos Basin. The field is regeneted by a
simulation model composed of a grid ofx@2x6 blocks. The field is drained by 37 producer welisl 13 injector
wells.

The application is divided in two steps. The fiista global history matching and the second iscallgwells)
history matching. In the first step, the objectivaction was composed by field oil rate (Qo), figldter rate (Qw) and
field average pressure (Pressure). The processarvdsd out using fixed weight coefficients (Methbdfor simplicity
M1) and using the proposed method (Method 2, fapsicity M2) and the results obtained through botbthods are
compared.

The properties used in the match were porosity (RPO& to gross ratio (NTG), horizontal permeapi(lPERMI)
and vertical permeability (PERMK). In Tab. (1) appe lower and upper multipliers, as well as thenber of
intervals, for each properties used in the fiektdrly matching.

Table 1 - Properties and multipliers used in tleédfhistory matching

POR NTG PERMI PERMK
Lower Multiplier 0.85 0.7 0.4 0.3
Upper Multiplier 1.15 1.3 2.0 2.5
Intervals 10 10 16 16

In the second step, three wells (W07, W15 and W¥&)e chosen for water rate history match. Thereftire
objective function, in this case, was composed dnimf) the water rate of the three wells. The préperused in the
match were PERMI and PERMK. The minimum and maxinmuftiplies were 0.2 and 2, respectively, with feivals
for the three wells.

For M1, the weight coefficients used for Qo, Qw gmdssure were 1, 6 and 3 respectively, and fom2 used
k=-0.5.

4. Results and Discussions

Firstly, the performance of the proposed methoelveluated for a global history matching, compaitngith the
method that uses fixed weight coefficients. In Figis presented the reduction of distance betwéenlated and
history for Qo, Qw and Pressure, using Method 1)(&Hd Method 2 (M2). It can be seen that M2 conesnmore fast
than M1. The number of simulation related to M1)(&0very lower than the number of simulation rethto M2 (103),
that is, lower than half. On the other hand, tltiction of distance is practically the same. Fasspure, M1 produces a
smaller reduction.

In Figs. 2 3 and 4 are shown oil rate, water ratk average field pressure match, respectivelythietwo methods
M1 and M2. Oil rate match is exactly the same, ihat according to the reduction of distance fibrate (Qo) shown
in Fig. 1. Water rate and field pressure are dyghifferent and this signifies that the better donmation of the
properties found by the two methods was not theesamTab. (2) are presented the multipliers fobpdhe methods
M1 and M2 for each properties included in the pssce
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Figure 1 - Reduction of distance for Qo, Qw andsBuee FigureQil rate match
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Figure 3 - Water ratatah Figure 4 - Reservoir pressure match

Table 2 - Properties multipliers found by the meh1 and M2

Method POR NTG PERMI PERMK
M1 0.94 1.24 2.0 0.3
M2 0.97 1.18 1.9 2.0

Considering the curves presented earlier, the hegsilts, obtained in the global matching was tetb@as the
model for the next step, that is, the local maiidie reduction of distance between simulated andrgbd Qw for the
three wells is shown in Fig. 5. Also in this catbes Method M2 converged faster than M1, but théedkhce is lower
than in the global match. The final distance issame, indicating that the combination of properta the match was
the same. The final field match is presented isFg 7 and 8. Field water rate match was improwvid the well
match, mainly in the initial period of water prodion, approximately 2000 days.

An aspect that can be observed in Fig. 5 is thelgwta of decrease of the distance after 45 sitimria. This
occurs because the local change associated tea g@ll do not causes significant influence in othells.
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Figure 7 - Final watate match Figure 8 - Final field pressure match
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5. Conclusions

The choice of weighting coefficients for composhd bbjective function influence the history matchprocess.
The results presented in this paper showed thapityposed method for computation of weighting doefhts was
relatively efficient for the tested cases, when paring to the method that uses fixed weights (N1 }the field history
matching, the proposed method (M2) converged mraltitwo times fasten than the another methodthadjuality of
the matching was very similar in the two casesthi wells matching, although with a smaller diffese, M2 also
converged fasten than M1.
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