
Introduction 

A key issue in seismic history matching (SHM) is to trans-

fer data into a common domain: impedance, amplitude or 

pressure and saturation. In any case, seismic inversions 

and/or modeling are required, which can be time con-

suming. An alternative to avoid these procedures is using 

binary images in SHM as they allow the shape, rather than 

the physical values, of observed anomalies to be matched.  

This text summarizes the paper of Davolio and Schiozer 

(2018), which presents the incorporation of binary images 

in SHM within the probabilistic history matching develo-

ped by UNISIM group. The application was performed 

with real data from a segment of the Norne benchmark 

case that presents strong 4D anomalies, including softe-

ning signals due to pressure build up. The binary images 

are used to match the pressurized zones observed in time-

lapse data. Three history matchings were conducted using: 

only well data, well and 4D seismic data (4DS), and only 

4DS. The results of the three cases are briefly presented 

here and deeply discussed in the full paper. 

Methodology 

This work applies the history-matching methodology 

presented by Maschio and Schiozer (2016), a probabilistic, 

iterative procedure that gradually updates the pdf for the 

attributes based on models that present the lowest data 

misfit. Although the applied procedure is very similar to 

“Method 3” of the aforementioned methodology, there are 

some adaptations, such as the addition of the seismic ob-

jective function. 

4D seismic data and the corresponding simulation results 

are converted to binary images, for comparison. Thus, 

instead of using the usual quadratic error, we use the 

methodology proposed by Tillier et al. (2013) to measure 

the similarity between two binary images. The history-

matching procedure was performed three times: 

 WHM (well history matching): using only well data; 

 SHM (seismic history matching): using both well data 
and 4D seismic data; 

 OSM (only seismic matching): using only 4D seismic 
data. 

Well data misfit is computed through the indicator NQDS 

also developed and presented in several UNISIM’s works. 

Dataset (Norne Field) 

Four seismic surveys acquired in 2001, 2003, 2004, and 

2006 were available. Assuming the base survey as 2001, 

strong 4D signals are observed in the 4D differences of the 

three monitors, as seen in Figure 1. For this work only the 

softening signals caused by pressure build-up is consid-

ered, as their interpretation is less uncertain.  

For cases SHM and OSM, the binary maps generated from 

4D seismic data (Figure 1d, e, and f) are compared with 

the binary maps generated from pressure estimates from 

the simulation models. Figure 2 illustrates this process. 

The uncertainties considered in the three history matching 

procedures included multipliers of porosity and permea-

bility, the transmissibility of all faults inside the segment, 

relative permeability, and 200 sets of petrophysical imag-

es. 

Results 
For the three processes, the data mismatches improve 

gradually along the iterations for all considered objective 

functions.  An interesting observation for the WHM re-

sults is that for the two first seismic monitors, the models 

of the final iteration are within the seismic objective func-

tion tolerance. This indicates that adding these binary 

maps is unnecessary. This is not the case for the last moni-

tor, as only some models are within tolerance. This can be 

observed in Figure 3 which shows the binary images, for 

the last survey, for the best 25 models of WHM and SHM. 

Note that not all the images from the matched models of 

WHM match the expected behavior of the observed data 

while the opposite is observed for SHM.  Besides provid-

ing models within the acceptance range using the binary 

images, the matched models from SHM present the same 

well matching quality as those from the WHM procedure. 

This is evidenced by the water rate curves (which is one of 

the most problematic objective functions) presented in 

Figure 4. These results support that for the SHM process 

the methodology satisfactorily generated models honoring 

not only well data, but also the expected binary images. 

The results of the OSM case show that the requirement of 

having only the pressurized zones (as indicated in Figure 

1) does not guarantee that these models are consistent 

with well history data. Indeed, this case provided the 

worst results as it can be observed in Figure 4c. 
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Figure 1: 4D seismic amplitude differences from surveys 2003-2001

(a), 2004-2001(b) and 2006-2001(c), and respective binary images 

(d, e, and f). 

Figure 2: Scheme comparing seismic and simulation data. The simila-

rity of the amplitude changes due to pressure buildup (a) and the most 

pressurized zones from simulation (c) are measured by comparing the 

corresponding binary images (b and d). 
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Conclusions 
We found the history-matching methodology to be effi-

cient using real data, and able to generate models that 

honor well data and binary maps in few iterations. The 

methodology is flexible regarding the inclusion of new 

objective functions, such as binary images, as shown here. 

Results from the third procedure (OSM) presented very 

poor matches with well data. Therefore, only having a 

pressurized zone at the location observed from the 4D 

seismic data is insufficient to generate feasible models 

(especially for this case with complex pressure behaviors). 

The two other procedures (WHM and SHM) were equally 

effective in matching well data. However, the SHM was 

advantageous because it also captured the expected dy-

namic behavior (pressurized zones) observed on 4D seis-

mic data. The results obtained in this work, with real data, 

encourages the application of the same approach in other 

cases. 

The use of binary images in seismic history matching can 

be a good alternative especially because it allows compar-

ing data with different physical quantities as well as it 

avoids the use of a (uncertain) petro-elastic modeling. A 

possible drawback of such approach is the lack of sensitivi-

ty to coupled effects (caused by simultaneous fluid and 

pressure changes).  

Another alternative to be further evaluated is the use of 

multi-level images. In this case different categories of 4D 

anomalies could be simultaneously matched, such as posi-

tive, negative and null zones. 

Acknowledgments 

This work was carried out in association with the ongoing 

Project registered as BG-07 Reduction of uncertainties 

through the incorporation of 4D seismic data in the mod-

eling of the reservoir" (UNICAMP/BG Brazil/ANP) 

funded by BG E&P Brasil Ltda. (Shell Brasil Petróleo Ltda. 

Subsidiary) under the ANP R&D levy as "Investment 

Commitment to Research and Development. The authors 

thank UNISIM, CEPETRO and UNICAMP for supporting 

this work and Schlumberger and CMG for software licens-

es. We also would like to thank Statoil (operator of the 

Norne field) and its license partners ENI and Petoro for 

the release of the Norne Field data. Further, the authors 

acknowledge the Center for Integrated Operations at 

NTNU for cooperation and coordination of the Norne 

Cases. The view expressed in this paper are the views of 

the authors and do not necessarily reflect the views of 

Statoil and the Norne license partners. 

References 
Davolio A. and Schiozer D. J. 2018. Probabilistic seismic 

history matching using binary images. J. Geophys. Eng. 15 

261–274. 

Maschio C. and Schiozer D. J. 2016. Probabilistic history 

matching using discrete Latin Hypercube sampling and 

nonparametric density estimation J.Pet.Sci.Eng.147 98-

115.  

Tillier E., Da Veiga S. and Derfoul R. 2013. Appropriate 

formulation of the objective function for the history 

matching of seismic attributes Comput.Geosci. 51 64–73. 

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

About author: Alessandra Davolio holds a PhD in Pe-
troleum Science and Engineering from UNICAMP. She is 
a researcher at UNISIM since 2010 where she leads pro-
jects related to integration between reservoir simulation 
and 4D seismic data. 

UNISIM Research Group - UNICAMP (Petroleum Engineering Division, Energy De-

partment, School of Mechanical Engineering, Center for Petroleum Studies). Rese-

arch in reservoir simulation and management. 

PÁGINA 2 

Research in Reservoir 

Simulation and Manage-

ment 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 

“The results obtained in this 

work, with real data, encou-

rage the application of the 

same approach in other 

cases.” 

  

If you are interested in working 

or developing research in the 

UNISIM Group, please contact 

us. 

Immediate interest in: 

 Researcher in the simulation 

area, management and reser-

voir characterization. 

For further information, click 

here. 

Figure 3: Binary images considering the time-lapse difference 2006-
2001 for the 25 best models from WHM (on top) and SHM (on bot-

tom). The corresponding seismic binary image is shown on right. 

Figure 4: Produced water rate for the cases WHM (a), SHM (b), and 

OSM (c). 
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