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Big Loop History Matching Using Virtual Wells

Guilherme Daniel Avansi

Introduction

Numerical simulation is a powerful tool for the reser-
voir engineer for field development and management.
Model calibration with history data is important to
obtain reliable production forecast.

Integration with reservoir characterization is very im-
portant to the success of history matching and produc-
tion forecasting, being essential to improve geological
and numerical modeling (Gosselin et al., 2003;
Mezghani et al., 2004) and build reservoir models
consistent with multiple data types for the calibration
and prediction period.

The main goal of this work is to illustrate the use of
virtual wells in a big loop history matching. The gene-
ral idea is to integrate history matching and reservoir
characterization using virtual wells application based
on pilot points (Floris, 1996).

In this work, we also apply a simultaneous calibration
of different objective function (OF) in a history mat-
ching procedure, keeping the geological consistency.

Methodology

The methodology integrates reservoir characterization
under uncertainties, the numerical simulation and history
matching process (Figure 1).

¥ star_ ] 1 Characterization
———— under Uncertainties

Tolerance and Limit
2 (Normalization)

Reservoir Ch: ization

| 1L Revision | v
T Process Definition
3 [URor HM)
YES
1
~ 10" 4 Mod ell
~" Change Generation
\‘\\ ? //" Analysis and 5  Numerical
S 9 Changes Simulator
N‘O ‘ 6  Diagnosis ‘
NN T

- Aec eptabl e ™ -

~" Numerical ™.

YES—< S NO——<

\.\?’I odel [)Ki// \\Resu Its?//"
T S
o g
YES

L]
H Increase Number of

T 12 scenarios

13
|

14  Application

!

(- End )

Figure 1: Flowchart of the history matching, reservoir
characterization and reservoir simulation integrated me-
thodology (modified from Avansi et al. 2016).

The methodology follows fourteen steps as seen in
Figure 1 and is described below:

1. Characterization under Uncertainties. The uncertain
attributes present in the reservoir are surveyed. The
range of uncertainties, the discretization levels, and the
probability distribution are generated for each attri-
bute.

2. Tolerance and Limit (Normalization). definition of
the tolerance and limit for each objective function (OF)
to calculate the normalized quadratic deviation with
signal — NQDS (Avansi et al., 2016).

3. Process definition (Uncertainty Reduction, UR or
History Matching, HM). It is necessary to define
between UR and HM. Besides both are being correla-
ted, UR is the recharacterization process of the attribu-
tes based on the observed (historical) data and HM,
an inverse problem, in its essence is the selection of
reservoir models which best match the reservoir data
(static and dynamic).

4. Model Generation. The characterized uncertain
attributes are sampled based on Steps 1 and 3, com-
bining discretized Latin hypercube (DLH) or DLH with
geostatistical realizations (DLHG) to simulate the com-
position of the models (Schiozer et al., 2016).

5. Numerical Simulator. Next, the generated models
are run through a reservoir flow simulator.

6. Diagnostic. Well performance indicators, NQDS
(Avansi et al., 2016), are then used to diagnose the
misfit between the models and the production history
data, mainly in probabilistic approaches with a huge
amount of information that should be analyzed concur-
rently. Using the NQDS indicator, we identify whether
the results are acceptable for the proposed OF. The
scenarios with normalized values from +1 to -1
(acceptance range) indicate good models.

7. Analysis of the Acceptable Results. Using a diag-
nostic plot, we identify whether or not the results are
acceptable for the proposed OF.

8. Consistency of the Numerical Model. The consisten-
cy check of the numerical model is important to repro-
duce a physical condition of the reference (real) reser-
voir from production history data.

9. Analysis and Changes. If changes in the numerical
model are necessary, a numerical and physical analys-
is is done to modify the numerical model.

10. Parameterization. A parameterization check is run
if the numerical model is physical coherent. To assist
this step, we analyze the NQDS for each OF.

11. Reservoir Characterization Revision. Uncertainty
Reduction is reached when the scenarios are approxi-
mately grouped around the acceptance region. Para-
meterization of the reservoir model by adding a new
attribute, new geostatistical image or changing the
uncertainty range follows changing the limit of the
uncertainty ranges of attributes adding new attributes
or new geostatistical images. Before moving to the
following step, we need to centralize the NQDS of all
OF in the acceptance range in order to get better
results.

12. Increase the Number of Scenarios. At the end, it is
recommended to increase the number of filtered mo-
dels by increasing the number of scenarios.

13. Model Selection (Filter). At this stage, we must
filter all data sets simultaneously within the defined
acceptance limits (Step 2).

14. Application. After selecting models that meet the
UR or HM criteria, the application step closes the big
loop workflow.

The focus of this work is Step 11, including a new geos-
tatistical image in a process integrated with geostatis-
tics to create virtual wells from synthetic profiles
(geological model scale) with petrophysical properties
(porosity and permeability), net-to-gross ratio, and
facies, in which the permeability, facies and net-to-
gross ratio are functions of the porosity.

We include virtual wells, based on the pilot point tech-
nique, in the geological model to promote controlled
perturbations that are geologically consistent in reser-
voir regions that have not undergone control of mat-
ching procedure (Avansi et al., 2016).

The virtual well approach provides a virtual log for
wells controlling aspects of fluid flow in porous media,
including porosity and facies. This method consists of:

1) allocating points in space from the location and the
trajectory of a virtual well. Each virtual well assu-
mes one node point for each geo-cellular grid
from the top to the bottom of the reservoir. They
are vertically perforated in the geological grid as
a pseudo-log for the wells and the influenced
region follows an ellipse based on the variogram
model of porosity (Avansi and Schiozer, 2015);


mailto:avansi@dep.fem.unicamp.br
mailto:denis@cepetro.unicamp.br
mailto:denis@cepetro.unicamp.br

Page 2

“This study presents not
only a methodology that
improves the matching of
models, honoring static
and dynamic information,
but also geologic conti-
nuity using virtual wells
based on pilot point tech-
nique”

UNISIM
opportunities:

If you are interested in

working or developing

research in the UNISIM

Group, please contact us.

Immediate interest in:

® Researcher in the simu-
lation area, manage-

ment and reservoir cha-
racterization.
information,

For further
click here.

Research in Reservoir Simu-
lation and Management
Group

Petroleum Engineering Divisi-
on - Energy Department
School Of Mechanical Engine-
ering

Center for Petroleum Studies
University of Campinas
Campinas - SP

Phone: 55-19-3521-1220
Fax: 55-19-3289-4916

unisim@cepetro.unicamp.br

2) generating a porosity distribution along the well
trajectory that correlates with the characteristics of
the perturbation;

3) creating facies from the porosity pseudo-log to
obtain the distribution of reservoir properties at
the geo-cellular grid taken from the original and
virtual wells, including only the real well data in
the geostatistical analysis;

4) generating permeability and NTG distributions
from porosity and facies respectively as described
by Avansi and Schiozer (2015).

Virtual wells are manually added to specific regions of
the reservoir based on the analysis of the water satu-
ration map and the NQDS indicator.

Results

The results presented in the following topics are for the
UNISIM-I-H model (Avansi et al., 2016), focusing on
step 10 — parameterization with new geostatistical
images. We show one iteration which the objective was
to improve PROD0O09 performance.

Figure 2 shows the NQDS results for all simulated mo-
dels before (ST2H4g) and after (ST2H5) the parame-
terization procedure using virtual wells (each point
represent one model). For practical purposes, only the
NQDS for oil rate is delineated. Read Avansi et al.
(2016) for more details.
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Figure 2: NQDS of sub-cycle ST2H4g and cycle ST2H5

for oil rate for some producers, focusing on the PRO-
D009. Colored circle and diamond markers represent the
scenarios of sub-cycle ST2H4g and cycle ST2H5 respecti-
vely, light blue region (within -1 and +1), the acceptance
range of all wells.

Figure 2 presents a significant improvement in PRO-
D009, centralizing the models in the defined acceptan-
ce range using the proposed virtual well technique
integrated application.

The geological consistency is maintained, as shown in
the histograms for permeability before and after the
perturbation procedure of the geological model using
virtual wells as in Figure 3.

Figure 3 shows that the distribution pattern of permea-
bility remained the same after geomodel perturbation
with the virtual well technique. Thus, the integrated
process is as much as useful for the assisted history
matching step, maintaining the consistency of the gene-
rated geological models in the proposed close big
loop workflow.
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Figure 3: Histogram of UNISIM-I-H model compared to
one model of the ST2H5 cycle at simulation scale for
permeability distribution. Light orange bars represent the
histogram in the initial state of these properties, and dark
red bars, the histogram after perturbation procedure using

virtual well.

Conclusions

A methodology for reservoir characterization using
virtual wells is undertaken for the parameterization of
the integrated process to geostatistics (geological
realizations) and attributes, ensuring realistic geologi-
cal models without creating geological discontinuities.
The perturbation made in big loop history matching
shows that it should not be an independent overprint on
the static reservoir model. In addition, being the history
matching an inverse problem, it should not be treated
as optimization problem but as data integration which
is consistent with static and dynamic data, mainly in
probabilistic approaches.

References

Avansi, G.D., Schiozer, D.J., 2015. UNISIM-I: Synthetic
Model for Reservoir Development and Management
Applications. Int. J. Model. Simul. Pet. Ind., v. 9, p. 21-
30.

Avansi, G. D., Maschio, C., Schiozer, D. J., 2016. Simul-
taneous History Matching Approach Using Reservoir
Characterization and Reservoir Simulation Studies.
Accepted for publication in SPE Reservoir Evaluation &
Engineering.

Floris, F., 1996. Direct Conditioning of Gaussian Ran-
dom Fields to Dynamic Production Data. 5th Eur. Conf.
Math. Oil Recover.

Gosselin, O., Aanonsen, S.l., Aavatsmark, I., Cominelli,
A., Gonard, R., Kolasinski, M., Ferdinandi, F., Kovacic,
L., Neylon, K., 2003. History Matching Using Time-
lapse Seismic (HUTS). SPE Annu. Tech. Conf. Exhib.
Mezghani, M., Fornel, A., Langlais, V., Lucet, N., 2004.
History Matching and Quantitative Use of 4D Seismic
Data for an Improved Reservoir Characterization. SPE
Annu. Tech. Conf. Exhib.

Schiozer, D.J., Avansi, G.D., Santos, A.A., 2016. Risk
Quantification Combining Geostatistical Realizations
and Discretized Latin Hypercube. Submitted to publica-
tion in the J. Braz. Soc. Mech. Sci. Eng.

About author:

Guilherme D. Avansi holds a B.Sc. degree in Physics
from UNESP and a M.S. and Ph.D. degree in Petroleum
Science and Engineering from UNICAMP. He is Resear-
cher at Center for Petroleum Studies (CEPETRO) at
UNICAMP and Co-founder at SOLPE — Solutions for
Petroleum Science and Engineering.

For further information, please visit
http://www.unisim.cepetro.unicamp.br

The UNISIM Research Group is part of UNICAMP (Petroleum Engineering Division, Energy
Department, School of Mechanical Engineering, Center for Petroleum Studies) that aims to

develop Works and projects in the simulation and reservoir management area.


http://www.unisim.cepetro.unicamp.br
http://www.unisim.cepetro.unicamp.br/en/research/introduction
mailto:unisim@cepetro.unicamp.br

