
Introduction 
Good reservoir characterization is essential to a suc-
cessful exploitation strategy optimization, risk analysis 
and reliable production forecast. The high uncertainty 
in reservoir characterization is due to the difficulty to 
describe complex geological structures based on the 
lack of production data and well logs. Different reser-
voir properties, e.g. facies, porosity, net-to-gross ratio 
and permeability, have different impacts in reservoir 
production. This influence must be measured and, if 
necessary, the uncertainty reduced for that property. 
There are different ways to reduce uncertainty in pe-
trophysical characterization. This work presents a con-
sistent methodology that sequentially reduces image 
uncertainty using Probability Perturbation Method and 
Co-Simulation. In order to understand how the reservoir 
must be perturbed a multivariate sensitivity analysis 

was developed for petrophysical properties. 

Methodology 
The contribution of this work is focused in steps 10 to 
12 from the methodology proposed in Avansi et al. 

(2016), for history matching and uncertainty reduction. 

Firstly, it is necessary to choose the objective function to 
match and make a diagnostic of the best procedure to 
apply. Usually, two problems may occur: a) there is a 
large variability and uncertainty must be reduced or 
b) there are no fitted models to history data and a re-

characterization is necessary. 

The multivariate sensitivity analysis (SA) for petrophysi-
cal characterization is used to understand which pro-
perty and location is crucial to match an objective 
function. By identifying the property is possible to 
locally reduce uncertainty or change the current cha-
racterization to improve the fit between production 

and history data. 

Firstly, the reservoir must be divided into different 
regions. Voronoi is a simple and efficient approach. 
Secondly, by selecting a reservoir model as reference 
and applying regional multipliers in each property 
(porosity and permeability) it is possible to create a 
set of models that will give different production data 

(Figure1). 

After creating the models we simulate them and calcu-
late the correlation between the variation of the attri-
bute for each region and the variation in the NQDS 
value. This correlation can be described by a correla-
tion coefficient or represented by plot containing in the 
X axis, the value for the attribute multiplier, and in the 

Y axis the value of NQDS, as illustrated in Figure 2. 

We use uncertainty reduction when the objective func-
tion varies considerably and at least one geostatistical 
realization (GR) matches the data. This GR has the 
characteristics that we want to reproduce in the fol-
lowing iterations to ensure the match of history data. 

For this reason we use it as secondary information in 
image perturbation method, for categorical or continu-

ous properties. 

Figure 3 presents a particular case of uncertainty re-
duction in geostatistical realizations: 

 STEP 12.1: Choose a geostatistical realization that 

matches the objective functions. This image is used 
as a secondary variable in the Co-Simulation and 
Probability Perturbation Method. 

 STEP 12.2: Perform the multivariate sensitivity 

analysis for petrophysical properties. 

 STEP 12.3: Verify if the relationship between attri-

bute variation and output respect the requisites to 
match the data. 

 STEP 12.4: Identify which attribute is more influenti-

al in the history matching process and follow the 
flowchart properly. 

 STEP 12.5: Perform the Probability Perturbation 

Method. 

 STEP 12.6 and 12.7: Perform Collocated Co-

Simulation. 
With the parameterization and perturbation defined, 
a new set of geostatistical realizations can be genera-
ted. 
On the other hand, re-characterizing a region may be 
necessary to improve the variability of an objective 
function. When no models cover the solution, it is possi-
ble to use Step 11 represented in Figure 4 and explai-
ned ahead. 
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Figure 3: Flowchart for uncertainty reduction in GR. 

Figure 4: Flowchart for characterization review. 

Figure 2: Plot between attribute and NQDS. 

Figure 1: Example of porosity models created for SA. 
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 STEP 11.1: Selecting a base image.  

 STEP 11.2: The multivariate sensitivity analysis is 

done in the same way as for uncertainty reduction. 

 STEP 11.3: With the cross-plot describing the rela-

tionship between variation of attributes and NQDS 
value we can see how many regions and attributes 
affect an objective function. A high number suggests 
cross-influence and is preferable to remove the 
constraints to recover the prior probability and 
simultaneously do a Co-Simulation with the influenti-
al regions and attributes in the following iteration, 
matching well data in one step. However, if a single 
attribute in a fixed region is the main responsible 
for the mismatch, a re-parameterization can be 

done locally. 

 STEP 11.4: Restore prior probability. 

 STEP 11.5: The re-parameterization can take into 

account the cross-plot and the deviation needed for 
the base geostatistical realization chosen in step 
11.1. Imposing a deviation means changing the 
local mean of the secondary image in the influential 
region using a multiplier. The best value to multiply 
is given by the cross-plot from the multivariate 

sensitivity analysis. 

If permeability is an influential attribute, the spatial 
distribution of facies and porosity, that originated 
permeability image, should be kept, ensuring that 
porosity characteristics within each facies, and the 
relationship between permeability and porosity is 
respected. However, a key point of the proposed 
methodology is that if porosity is the influential attribu-
te, instead of permeability, it is only necessary to con-
dition facies and porosity, keeping the permeability 
uncertainty as high as possible, reducing the risk of 

constraining the solution too much. 

Application and Results 
To apply the proposed methodology we used the 
synthetic reservoir UNISIM-I-H (Avansi and Schiozer, 
2015), which is a benchmark case for history matching 
and uncertainty reduction studies. The model has 14 
production wells and 11 injection wells. It has 11 years 
of history data, where production wells have history 
data for the oil rate, water rate, liquid rate, and bot-
tom-hole pressure, while injector wells have water 

injection rate and bottom-hole pressure. 

We perturbed petrophysical properties sequentially. 
Facies and porosity were perturbed simultaneously 
through the target regions. This set of perturbation was 
called iteration “A” and had 8 loops, each loop gener-

ating a set of 150 reservoir images. 

We then perturbed permeability to further reduce the 
uncertainty of the petrophysical property distribution. 
We did this in iteration “B” with 14 loops, again each 
loop generating 150 reservoir images. Through the 
application of the perturbation, we re-parameterized 
every time it was necessary. However, in many cases, it 
was done together with a Co-Simulation in other wells. 

The final iteration was “B14”.  

At the end of the process, the models generated were 
notably better matched than the initial set of models 
(Fig. 5 and Fig 6). More details can be found in 

Oliveira et al. (2017). 

Conclusions 
The regional multi-property image perturbation me-
thod has great advantage because it (1) allows us to 
perturb multiple and different types of petrophsysical 
properties, whether categorical or continuous, and (2) 

improves the reliability of reservoir characterization, 
since the models generated simultaneously respect all 
well log data, variograms, geological knowledge and 

dynamic data. 

The multivariate sensitivity analysis when used together 
with the perturbation method, greatly assisted the 
understanding of the relationship between the input 
and output of the model. It has been useful not only to 
identify influential attributes and regions but also to re
-parameterize regions from mismatched wells and to 
understand the cross-influence between reservoir cha-

racterization and simulated data. 
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Figure 5: NQDS for oil production. 

Figure 6: Oil rate production for PROD25A in first and last 
iteration. 
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