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Figure �2.4: Iterative search process involving the gradual deformation of N+1 realizations  

(Fornel, 2006)555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555HD�

Figure �2.5:  Vertical proportion curve computed from the well data (Doligez et al, 2007).55H-�

Figure �2.6: Optimization path with numerical gradient computation 555555555555555555555555555555555555555HE�



� 0�

Figure �2.7: The optimization settings window. The optimizationalgorithm and important 

control parameters for the optimization are selected from this window 55555555555555555555555555-C�

Figure �2.8: Flow chart summing up the main steps of a gradual deformation-based 

optimization including the main features depicted in this chapter 55555555555555555555555555555555555-+�

Figure �3.1: Schematic and general illustration of wells for the permeability estimations55555--�

Figure �3.2: Permeability map of the EHS: a thick black line delimits the drilled zone of 

interest within the Site; wells are shown as white circles; well permeabilities range 

from around 100 millidarcys to nearly 11 Darcys 555555555555555555555555555555555555555555555555555555555555555-)�

Figure �3.3: Construction of reference grid in HERESIM Software 555555555555555555555555555555555555555555)+�

Figure �3.4: Vertical Proportion Curves (VPC) of lithotypes for all wells used for the 

geostatistical model55555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555)H�

Figure �3.5: Qualitative distribution of facies in the present geostatistical model (left, mono-

Gaussian) and in the more advanced model (right, bi-Gaussian/not used here)5555555555)-�

Figure �3.6: Experimental vertical variograms555555555555555555555555555555555555555555555555555555555555555555555555555555))�

Figure �3.7: 3D geostatistical facies model of the Site (HERESIM software) 5555555555555555555555555)F�

Figure �3.8: West-East facies cross-section of the Site: a poor vertical connectivity of the 

conductive facies is expected555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555)E�

Figure �3.9: North-South facies cross-section of the Site: the conductive lithotype looks 

here more areally-continuous than in the West-East direction, but no vertical 

connection is observed between the 50m and 85m productive levels within that 

section 555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555)E�

Figure �3.10: West-East permeability cross-section of  the Site 55555555555555555555555555555555555555555555555F,�

Figure �3.11: North-South permeability cross-section of the Site 555555555555555555555555555555555555555555555F,�

Figure �3.12: West-East  connectivity section including 3  groups of  connected water facies 

bodies 5555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555FC�

Figure �3.13: North-South  connectivity section including 3  groups of connected water 

facies bodies55555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555FC�

Figure �4.1:  Left: Gridded model of the drilled Site area with well locations. Right: Gridded 

model with surrounding fluid-source cells5555555555555555555555555555555555555555555555555555555555555555555555555555EC�

Figure �4.2: The 3D model generated by SIMVIEW IFP software, with the large volume 

source facies surrounding the Site 555555555555555555555555555555555555555555555555555555555555555555555555555555555555555EC�

Figure �4.3: Initial detailed facies model (left) converted to an equivalent lumped facies 

model (right) 55555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555ED�
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Figure �4.4: Preliminary flow inversion tests: the resulting calibrated lumped model is 

seemed to match measured pressure responses as accurately as the detailed model. 

Simulated pressures after petrophysical properties inversion are compared to 

measured data at the Site:  pressure drop (dP, bar) evolution with time (h) for pumped 

well M7 and 3 selected observation wells during the first 24 hours. 5555555555555555555555555555555ED�

Figure �4.5: Selected data: location (Top) and pressure responses (Bottom) of the selected 

pumped well, M7, and of the observation wells showing significant pressure 

interference with M7 5555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555EH�

Figure �4.6: Simulated pressures after petrophysical properties inversion are compared to 

measured data at the Site:  pressure drop (dP, bar) evolution with time (h) for pumped 

well M7 and 3 selected observation wells during the first 24 hours. 5555555555555555555555555555555EF�

Figurle �4.7: Top-left graph (on the top, right): Objective function evolution for the lumped 

facies model using the gradual deformation method: calibration is done on pumped 

well M7 and observation wells together. Other plots: Objective function evolution for 

wells M7, M5 and M9 pressure data. Note that the whole optimization process 

includes several steps, each step involving the deformation of a given set of 

geostatistical realizations. A temporary abrupt rise in the objective function may occur 

during the iterative deformations of such a step. This is due to the highly non-linear 

relationship between fluid flow results and geostatistical deformation: in that case, the 

iteration is re-started with a reduced variation of the deformation parameters. 5555555555C,,�

Figure �4.8: Comparison of simulated pressures after petrophysical inversion or gradual 

deformation of facies, with the field data: evolution of the pressure drop dP (bar) 

versus time (h) for the pumped well M7 and selected observation wells during the first 

24 hours. 555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555C,C�

Figure �4.9: Gradual deformation of the EHS model with pumped well M7 and some 

observation wells as calibration constraints: 2D section of model at the depth of 68 

meter (from the initial realization on top on the left, to the optimal one on bottom  the 

right).5555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555C,+�

Figure �4.10: Gradual deformation of the EHS model with pumped well M7 and some 

observation wells as calibration constraints: lateral vertical sections (from the initial 

realization on top on the left, to the optimal one on bottom  the right)55555555555555555555555555C,+�

Figure �4.11: Local gradual deformation of the EHS model in a region including wells M7 

and M9: horizontal section at the depth of 68m. Only the region of interest is affected 

by the gradual deformation process (from the initial realization on top on the left, to the 
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optimal one on bottom the right). Note that the bottom images are quite close, 

because at that stage, the optimization process had nearly converged to the optimal 

facies distribution. 555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555C,D�

Figure �4.12: Comparison of simulated pressures after petrophysical inversion, global 

gradual deformation of facies and local gradual deformation of facies, with the field 

data: evolution of the pressure drop dP (bar) versus time (h) for the pumped well M7 

and  observation well M9 during the first 24 hours. 555555555555555555555555555555555555555555555555555555555C,D�

Figure �4.13: Forward/predictive simulation of pumped well M6 and its interferences. 

Comparison with field data: evolution of well pressure drop  dP (bar) with time (h) for 

pumped well M6 and selected observation wells during the first 24 hours. 55555555555555555C,H�

Figure �5.1: Comparison of simulated pressures after petrophysical inversion or gradual 

deformation of facies, with field data: gradual deformation method has been 

performed before petrophysical property inversion. Evolution of the pressure drop dP 

(bar) versus time (h) for the pumped well M7 and selected observation wells during 

the first 24 hours 55555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555CCD�

Figure �5.2: Comparison of the second sequential calibration (GDM before Petrophysical 

inversion) to the previous sequential calibration (Petrophysical inversion before GDM). 

Wells showing the largest difference in calibration results between the two sequences 

have been selected here. 55555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555CCG�

Figure �5.3: Comparison of simulated pressures after petrophysical inversion or gradual 

deformation of facies, with field data: gradual deformation method and petrophysical 

property inversion have been performed in a combined calibration process (single-

phase calibration). Evolution of the pressure drop dP (bar) versus time (h) for the 

pumped well M7 and selected observation wells during the first 24 hours 555555555555555555CC)�

Figure �5.4: Comparison of  results of combined (single-phase) calibration (GDM and 

Petrophysical inversion in a single phase) to the results of firstly-designed calibration 

method (dual step i.e, Petrophysical inversion and then GDM). Evolution of the 

pressure drop dP (bar) versus time (h) for the pumped well M7 and selected 

observation wells during the first 24 hours .5555555555555555555555555555555555555555555555555555555555555555555555CCF�

Figure �5.5: Comparison of simulated pressures after petrophysical inversion or gradual 

deformation of facies, with field data: Global and local gradual deformation are 

performed with only one parameter. Evolution of the pressure drop dP (bar) versus 

time (h) for the pumped well M7 and selected observation wells during the first 24 

hours.555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555C+,�
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Figure �5.6: Comparison between the results of global gradual deformation with one 

parameter and that with four parameters. Evolution of the pressure drop dP (bar) 

versus time (h) for the pumped well M7 and selected observation wells during the first 

24 hours. 555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555C+C�

Figure �5.7:  Comparison between the results of  local gradual deformation  with one 

parameter and that with four parameters. Evolution of the pressure drop dP (bar) 

versus time (h) for the pumped well M7 and observation well M9 during the first 24 

hours.555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555C++�

Figure �5.8: Optimization settings for WELGEM petrophysical inversion .5555555555555555555555555555C+D�

Figure �5.9: Optimization settings for gradual deformation (CONDOR platform).5555555555555555C+D�

Figure �5.10: Objective function evolution for petrophysical property inversions: Objective 

function for detailed facies model inversion to the left and objective function for 

lumped facies model inversion to the right. 55555555555555555555555555555555555555555555555555555555555555555555555C+G�

Figure �5.11: Evolution of the objective function for the lumped-facies model during global 

gradual deformation. Comparison between optimizations with one and four 4 

parameter(s) of gradual deformation. Evolution of the objective function with the 

iteration number for all wells together and for selected observation wells.555555555555555555C+)�

Figure �5.12: Relative contribution of well data series in the objective function evolution for 

global gradual deformation with 4 parameters. 5555555555555555555555555555555555555555555555555555555555555555C+F�

Figure �5.13: Relative contribution of  well data series in the objective function evolution for 

local gradual deformation with 4 parameters. 5555555555555555555555555555555555555555555555555555555555555555555C+F�

Figure �5.14: Evolution of the objective function for the lumped-facies model during local 

gradual deformation. Comparison between optimizations with one and four 4 

parameter(s) of gradual deformation. Evolution of the objective function with the 

iteration number for all wells together and for the wells in the deformation area.5555555C+E�

Figure �5.15: Evolution of the objective function when gradual deformation (with 4 

parameters) is performed before petrophysical inversion. Evolution of the objective 

function with the iteration number for all wells together and for selected observation 

wells. 5555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555CDC�

Figure �5.16: Evolution of the objective function for the lumped facies model by using the 

gradual deformation method and petrophysical inversion mixed together.555555555555555555CD+�

Figure �5.17: Gradient of the objective function with respect to calibration parameters for 

different steps. The numbers 1 to 20 state for the different calibration parameters. The 
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related parameters are given on the bottom of each number. The p1 to p4 represent 

the 4 parameters of gradual deformation. 5555555555555555555555555555555555555555555555555555555555555555555555555CDD�

Figure �5.18: Comparison between the inversions of the dual-porosity and the single-

porosity models of the Site. Variation of pressure drop ( !∆ )  versus time (hour) for 

well M7 and some interference wells; model calibrated to pumped well M7 and some 

interference wells for short term period (24 hours). 555555555555555555555555555555555555555555555555555555555CD)�

Figure �5.19: Comparison of the simulated pressures from both coarse and refined grids 

with field data. The fine-grid model is derived from the previously-inversed-deformed 

coarse model. Evolution of the pressure drop dP (bar) versus time (h) for the pumped 

well M7 and selected observation wells.5555555555555555555555555555555555555555555555555555555555555555555555555555CDE�
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Table �3.1:  Determination of the permeability at different wells by using  drawdowns of 

quasi-steady state radial flow around pumped wells. 55555555555555555555555555555555555555555555555555555555-F�

Table �3.2: Petrophysical parameters calculated from cored-well C1 using the Miniplug 

method555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555),�

Table �3.3: Facies coding used in well data files in HERESIM55555555555555555555555555555555555555555555555555)D�

Table �3.4: Classification of the facies into the different lithological groups (lithotypes). 555555)G�

Table �4.1: The initial petrophysical parameters assigned to the geostatistical model: 

porosity-permeability values derived from the core data of well C1; estimated pore 

compressibility values (from overall pre-calibration) consistently with other dynamic 

studies. 55555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555E+�

Table �4.2: Detailed facies (left) converted to lumped facies (right). 5555555555555555555555555555555555555555E+�

Table �4.3: Inversion parameters, denoted "?". Porosity value (0.15) for tight facies No. 1 is 

derived from core data.55555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555E)�

Table �4.4: Inverted values of lumped facies 1 and 2 using the short-term (24 hours) flow 

data from pumped well M7 and its observation wells as constraints. 55555555555555555555555555555E)�

Table �5.1: Inverted  petrophysical parameters, Top: Results of petrophysical property   

inversion performed after gradual deformation of facies, Bottom: Results of 

petrophysical  property inversion performed  before gradual deformation of facies.55CCH�

Table �5.2: Inverted  petrophysical parameters, Top: Results of  the single-step calibration 

of detailed-facies model, Bottom: Results of dual-step calibration with inversion of 

petrophysical  properties inversion   before gradual deformation5555555555555555555555555555555555CC-�

Table �5.3: Summary of  performance for all optimization techniques. "Petro. Inv." stands 

for  petrophysical inversion  and  "GD" stands forgradual deformation 555555555555555555555555CD+�

Table �5.4: Initialization of the dual-porosity model parameters from the calibrated single-

porosity model results. 5555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555CD-�

Table �5.5: Results of the petrophysical property inversion of the dual-porosity model.55555CD-�
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Qualitative mono-gaussian distribution of lithotypes
(initial model shown herein)

Qualitative bi-gaussian distribution of lithotypes, that is
the recommended approach with two driving distribution parameters:
- primary deposition (horizontal axis)
- diagenesis (vertical axis)
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Source cells 

∆∆∆∆X=∆∆∆∆Y=10 m 
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Forward simulation of two doublet tests on the calibrated EHS model  
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