
The geology of the study area is characterized by horizontal and sub-horizontal materials together with soft fold structures. 
 
In the seismic studies (IGME, 2010), the observed faults affect both overburden materials and the Paleozoic basement, almost reaching the 
ground surface. Both fold and fault traces follow two general directions in this region: the Iberian Chain and the Catalan Coastal Range 
being NW-SE and NNE-SSW, respectively. 
 
The modeled area is susceptible of constituting a geological CO2 storage site in both the Buntsandstein sandstone-conglomerate and the 
Upper Muschelkalk dolomitic-limestone facies. 
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INTRODUCTION 

GEOLOGICAL SETTING

Figure 2. Study area limits (red) in the geological 
context of the IGME 1:200.000 sheets. 

 

The IGME is developing a program of subsurface geology and CO2 geological storage. This program has the overall 

aim to increase the knowledge of the structure and physical properties of Spanish subsurface and determine the 

capacity, spatial location and geometric characterization of susceptible geological formations that may be used 

as CO2 storage sites (ALGECO2: IGME, 2010). The program received financial support from the Instituto para la 

Reestructuración de la Minería del Carbón y el Desarrollo Alternativo de las Comarcas Mineras (IRMC), under the 

Ministerio de Industria, Turismo y Comercio, MITYC. In this context, several 3D geological models were made such as 

the Maestrazgo model shown here.  

 

The main objectives of this study are:

OBJECTIVES Improve 
and develop new 

methodologies for 3D 
geological modeling.

Elaboration 
of 3D geometric geological 

models of CO  storage sites in the previously 2

investigated areas of ALGECO2.
Location 

and quantification of favorable zones 
for CO  storage. Determination of the geometry 2

and thickness of storage and seal formations, 
storage depths, volumes, storages capacity 

and  conditions.
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The modeled area is located in the central-eastern Iberian Chain (province of Teruel and Castellón) in the middle region of Maestrazgo 

matching the Maestrazgo-III zone from the ALGECO2 first phase, being almost centered in the town of Mirambell (Teruel).  

Figure 1. Study area limits (red) located on the 
geological map of Spain.
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RESULTS AND CONCLUSIONS

               1300 m 

 

Figure 13: Detail of the 3D geological model including the DTM 

and tops of principal units in one favorable CO2 storage site for 

Upper Muschelkalk (top in pink). Figure 14. Final isobaths  from dephts of the top of the Bundsandstein. map   

The model results discard the 

Bundsandstein facies as a favorable 

CO2 storage unit in this zone of the 

Iberian Chain, due to its high depth, 

seal thinness and small size of potential 

zones. 

Figure 15.  Distribution of CO  in the aqueous phase at the end of the 50 years 2

of inyection. Vertical Scale (Z) exaggerated with factor 3.  

A 3D geological model was obtained for 
the Maestrazgo-III. The model is geologically 

coherent permitting a correct spatial 
distribution and characterization of the 

different subsurface units and faults. 

Several favorable zones for CO2 storage 

were identified in the Upper Muschelkalk, 

but with a limited extent and conditioned 

by the  existence of faults. 

Simulation results for a constant CO  flow of 20Kg/s2

for a 25 years period. The structure has a total storage
capacity of 0.15745507E+11Kg, of which  0.1291334E+11

Kg are in gas fase  and  0.2832167E+10 Kg in an 
aqueous phase.

                                               
                                                                                                 
           

  

METHODOLOGY

DYNAMIC GEOLOGICAL MODEL

 

STATIC GEOLOGICAL MODEL

Seismic information procession (Geographix):
 Adquisition of faults traces and horizon depths.

GIS processing of topographic 
base.

Geomodeller:  Workspace definition, pseudo-
stratigraphic pile, faults and horizontal/vertical sections.

DTM (XYZ data)

Geomodeller: Projection of 3D-interfaces data 
on sections and digitalizacion of unit contacts 

and faults.
Geomodeller: Surface horizon depth data 

import as 3D interfaces.

Geomodeller: Geological 3D model 
computation (spatial interpolation).

Gocad: Reservoir closure, isobaths 
and volume estimation.

Seismic information processing (Geographix): 
Final  isobaths map obtained from  proposed 

closures depths of favorable areas for CO storage.2 

BOREHOLES (CSV)

The code chosen for modeling the injection of CO  in the structure for the favorable 2

(Upper Muschelkakl) storage is the TOUGH2. TOUGH2 is a numerical simulator for 
flows of multicomponent, multiphase fluids in porous and fractured media.

 SIMULATION RESULTS 
FIRST SIMULATION 

Injection rate of 20 kg/s with injection 
period of 25 years 

POST-INJECTION  SIMULATION 

Injection rate of 20 kg/s with injection period 
of 50 years (25 years after injection cessation) 

Parameter values used in the storage

DESIGN OF THE MODEL

Mesh type: Polygonal  Wells definition 

Table 2:   Well parameters.

Figure 4. Steps followed for the spatial discretization of the simulation . The location of the three wells are showed in the model. domain

Pozo 
Inyección 

CO2 
Observación Extracción agua 

X1 (m) 7,14872E5 7,18069E5 7,17489E5 

X2 (m) 7,14872E5 
7,18069E5 7,17489E5 

Y1 (m) 4,50101E6 4,49802E6 4,49758E6 

Y2 (m) 4,50101E6 4,49802E6 4,49758E6 

Z1 (m) 0 0 0 

Z2 (m) -400 -540 -535 

Profundidad de 
completado  

inicial max Z 
(m) 

-320 -420 - 

Profundidad de 
completado  

final min Z (m) 

-370 -470 - 

Tasa de 
inyección (kg/s) 

20 - - 

 

Figure 5. Distribution of gas saturation.
Vertical  (Z) exaggerated with

 factor 3.
Scale

Figure 7. Distribution of CO  in the aqueous 2

phase at the end of the 25 years of inyection.
V cale (Z) exaggerated with factor 3.   ertical s

Figure 9. Distribution of gas saturation.
V cale (Z) exaggerated with 

factor 3.
ertical s

Figure 11. Distribution of CO  in the aqueous 2

phase at the end of the 50 years of inyection.
Vertical (Z) exaggerated with factor 3.   Scale

Figure 6. Graphic of gas saturation 
values concerning all the time 

simulation (25 years).
The time is represented in seconds.

Figure 10 . Graphic of gas saturation 
values concerning all the time 

simulation (50 years).
The time is represented in seconds.

Figure 8. Output file with the results of CO  storage capacity2

 in the  structure for a period of 25 yearsstorage .

Figure 12. Output file with the results of CO  2

 in the structure for a period of 25 years.

storage capacity

storage 

DYNAMIC GEOLOGICAL MODEL

Detail of geological 3D model in potencial  
CO  storage zone. 2

 Adquisition of faults traces and horizon depths

computation (spatial interpolation).computation (spatial interpolation).

stratigraphic pile, faults and horizontal/vertical sections.

Figure 3: Summary of the methodology scheme and data used for the 3D geological models and CO geological storage site determination in the studied zones.2     
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