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3. Data description 
The database help assess the technical feasibility questions for CO2 underground storage in North 
German Basin and the German North Sea region serving as a reference for “direct air capture and 
storage for reaching CO2 neutrality” project. The main purpose for this database was to gather 
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uniform geological data information for characterizing depleted hydrocarbon fields and deep saline 
aquifers, supporting strategic decision making for pilot project to establish a direct air capture and 
storage demonstrator in Germany. All data collected for the database comes from public domains 
and therefore making it suitable for preliminary site screening and selection. However, detailed site 
characterization and further investigation are required for more comprehensive evaluation.  

For each of the identified storage sites found from previous publication and projects (Höding et al., 
2009; Hystories, 2022; Poulsen et al., 2013), nine parameters were selected for geological characteri-
zation for CO2 storage assessment, which are depth and thickness of storage formation, porosity 
and permeability, estimated storage capacity, caprock thickness, and reservoir integrity, as well as 
geothermal gradient. The determination of this parameters were generally following the instructions 
of International Organization for Standardization (2017), the ISO 27914:2017 standard outlines the 
requirements for carbon dioxide capture, transportation, and geological storage and other publica-
tions for site screening and selection instructions (Callas et al., 2022, 2023; Kim et al., 2022; Raza et 
al., 2016; Uliasz-Misiak et al., 2021), and further carved considering sound scientific approaches, best 
practice methodologies, availability of high-quality data,  and in-situ storage conditions.  

The geological coordinates have been converted to WGS 84 / UTM zone 33N with QGIS authority 
projection number as European Petroleum Survey Group (32633). Most geological parameters were 
extracted based on TUNB model (BGR, LAGB, LBEG, LBGR, LLUR, & LUNG, 2022), additional petro-
physical information were mainly collected from Müller & Reinhold, (2011), Reinhold et al., (2011) 
and Petroleum Geological Atlas of the Southern Permian Basin Area, (2010) projects. Additionally, 
this database can also serve as a valuable resource for other types of underground storage charac-
terization. 

 

Figure 1: Identified CO2 storage traps in our study region. Blue refers to deep saline aquifers and red refers to 
depleted oil and gas fields. 



3 

4. Data processing  

4.1.  Depth, thickness, faults information 
Depth, thickness, fault structures are extracted using pvpython, which is a python-based interface 
that comes with ParaView, allowing users to automate data processing, visualization tasks, and cre-
ate custom workflow. The pseudocode shown in Table 1 shows the process for extracting depth, 
thickness and faults information for a storage trap, then loop it over to all traps in the study region. 
For depth and thickness, due to the heterogeneity at each storage site, we extracted the minimum, 
mean and maximum value in our data table, an example for how it looks like in the database was il-
lustrated in Figure 2. The data extracted from TUNB model are presented in VTK file format (inter-
faces), therefore the algorithm is needed to convert interfaces data to raster data at each trap.  

 

 

Figure 2: Excerpt from the depth information stored in data table for different traps (completed data table is 
stored in zipfile as excel file.) 

4.1. Storage structure type  
The storage structure information was interpreted based on depth spatial distribution within each 
storage traps. Detailed pseudo code for achieving this was displayed in Table 2. For each storage 
traps, the top and bottom trap depth distribution were extracted for all 91 traps and stored under 
zipfile, an example on how we classify different geological structures in this study were illustrated in 
table. An anticline is characterized by a shallower depth in the middle and deeper areas along the 
surrounding edges. Graben was interpreted as shallower at one side which usually bordered by nor-
mal faults as an impermeable layer.  and deeper at the other side, while syncline was the opposite 
structure feature of an anticline, see Table 3. 
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Table 1: Pseudo code for extracting depth, thickness, faults information from VTK structure clipping within the 
geological boundary of the storage traps provided by shapefile. 

Algorithm dgalShapeProcessing 
Input  SavedBlocks: Current number of saved blocks 

shapefile: path to the shapefile to process. 
vtkGridFile: path to the VTK grid file. 
outfile: File to store the output data. 
append: Boolean indicating if data should be appended or a 
new file should be created.  

Output  Returns updated number of saved blocks after processing. 
Steps:  
Read the VTK file Use LegacyVTKReader to load vtkGridFile. 

Extract the bounds vtkBounds and update the pipeline. 
Read the shapefile Use vtkGDALVectorReader to load shapefile. 

Get number of blocks in shapefile (numBlocks). 
Loop through each block in 
the shapefile 

If  block type is vtkPolyData: 
Extract the bounding box dimensions (xmin, xmax, ymin, ymax, 
zmin, zmax). 
Fetch the shape ID from the 'TRAP_ID' attribute. 

Clip the VTK surface Create a new clip using the shape's bounding box. 
Fetch and wrap the clipped VTK data. 

Check the clipped points If 
 

the clipped points (coords) are not empty: 
If  append == True: 

 

 Increate trap counter t. 
Append the clipped points and trap information to 
the output file. 

else  
Create a new output file and write the clipped points. 

Update savedBlocks Increment savedBlocks by 1. 
Return  savedBlocks 
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Table 2: TUNB VTK Gridding of interfaces in trap shapes 

Algorithm  interfaces2raster 
Input  single_SHP: Shapefile data for single polygon or multipolygon 

name_mapping_dict: spatial structure information from TUNB 

Output  xx, yy, mask_out, arr_Interfaces for the rasterized interfaces 
Steps:  
Initialize unit_name Loop through name_mapping_dict. 
 If  single_SHP['TRAP_NAME'] starts with any value from the 

dictionary, set unit_name. 
Create a raster grid  Get bounds (xmin, ymin, xmax, ymax) from sin-

gle_SHP['geometry'].bounds 
Define a 100x100 grid of points (nx = 100, ny = 100). 
Generate xx and yy meshgrid arrays. 

Convert shapefile geome-
try to matplotlib polygon 

 Initialize an empty list mpl_polygons. 

 If  shape == Polygon or Multipolygon: 
 Extract exterior coordinates of the polygon and ap-

pend them to mpl_polygons. 
  Else  
   print "Not supported polygon type". 
Generate a mask for the 
raster grid points 

 For each polygon, determine which grid points fall inside the 
polygon. 
Create a mask (mask_out) indicating points within the shape. 

Prepare an empty array 
for interface depths 

 Create a 3D array (arr_Interfaces) to store depth values 
for each interface (filled initially with NaN) 

Interpolate interface data For  each interface ("Top reservoir" and "Base reservoir"): 
  Load depth data 

Perform linear interpolation to estimate depth values for the 
grid points. 
Apply the mask so only points inside the shape retain valid 
values. 
Store the interpolated depths in arr_Interfaces. 

Plot the results Create a plot for each interface showing the depth values within the 
shape. 

Return the results Return the grid coordinates, the mask, and the interpolated interface 
depths 
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Table 3: Trap structure example (complete structure figures are stored in zipfile) 

Classification of trap 
structure  

Trap example 

Anticline  

 
Graben  

 
Syncline  

 
 

4.2. Porosity, permeability, thickness of traps. 
The porosity, permeability and thickness information were collected as point data and rearrange 
into sequence from smallest to biggest value, then minimum, mean (median for permeability) and 
maximum value were extracted for each of this petrophysical parameters and assigned for each trap 
with the same storage formation, the idea is similar as what has been illustrated in 3.1.1. See de-
tailed pseudo code in Table 4, with an illustration example of output figure plotting in Figure 3. The 
petrophysical data information was also storage in data table as delimited text file, an excerpt is 
shown in Figure 4.  
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Table 4: Pseudo code for generating petrophysical properties for traps in our study region. 

Algorithm trap_petrophysical_info 
Input  speicherkataster_dict: dictionary for all storage formations iden-

tified in all traps with collected petrophysical data information. 
dict_property: dictionary for min, mean, max information for each 
storage formation. 

Output  Plot for parameter values (porosity, permeability, and thickness) 
Steps  
Load data Load data for all properties 
Loop through storage 
unit data  

For  each formation in speicherkataster_dict: 

Sort data for each property 
Store min, mean(median), max values in dictionary (dict_prop-
erty) 

Plot the figure for each 
property 

Plot the cumulative distribution function and range using step and rec-
tangle.  
Annotate the mean value on the plot.  

 

 

Figure 3: Excerpt for petrophysical information in data table for different traps. 
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5. File description 

5.1. Description of data tables 
The short name of the columns in the geological underground storage sites database and their de-
scription are provided in Table 5. 

Table 5: geological parameter data base for identified 92 traps in our study region (see full table under 2025-
002_Xu-et-al_NGB.csv in zipfile). 

Column head  unit Short description  
OBJECTID [-] A unique identifier for each trap 
TRAP_ID [-] A unique identifier for each trap 
TRAP_NAME [-] The name of the geological trap 
STRUCTURE [-] The type of the geological structure (e.g., graben, anticline) 
STORAGE_CAPAC-
ITY_MEAN 

[Mt] The mean estimated storage capacity of the trap, calculated in million 
ton 

STORAGE_CAPACITY_MAX [Mt] The mean estimated storage capacity of the trap, calculated in million 
ton 

ASSESS_UNIT [-] The assessment unit, whether the trap is a hydrocarbon or aquifer trap 
unit 

GROSS_THICK_MIN_RES [m] Minimum gross thickness of the trap, in meters (m) 
GROSS_THICK_MEAN_RES [m] Mean gross thickness of the trap, in meters (m) 
GROSS_THICK_MAX_RES [m] Maximum gross thickness of the trap, in meters (m) 
DEPTH_MIN_RES [m] Minimum depth of the trap, in meters (m) 
DEPTH_MEAN_RES [m] Mean depth of the trap, in meters (m) 
DEPTH_MAX_RES [m] Maximum depth of the trap, in meters (m) 
TEMP_GRADIENT [°C/km] Temperature gradient of the trap, measured in degrees Celsius per kilo-

meter (°C/km) 
PERM_MIN [mD] Minimum permeability of the reservoir, measured in millidarcies (mD) 
PERM_MEDIA [mD] Median permeability of the reservoir, measured in millidarcies (mD) 
PERM_MAX [mD] Maximum permeability of the reservoir, measured in millidarcies (mD) 
POROSITY_MIN [%] Minimum porosity of the reservoir, given as a percentage (%) 
POROSITY_MEAN [%] Mean porosity of the reservoir, given as a percentage (%) 
POROSITY_MAX [%] Maximum porosity of the reservoir, given as a percentage (%) 
FIELD_EXTET_MEAN [m2] The average field extent, calculated in square meters 
MIN_SEAL_THICK [m] Minimum thickness of the sealing layer above the trap, in meters 
FAULT [-] The faults within the trap area 
BUNDESLAND [-] The state or federal region where the trap is located (e.g., NI = Nieder-

sachsen) 
TEMP_EARTH [°C] Earth temperature of the reservoir, in degrees Celsius (°C) 
TEMP_MEAN [°C] Mean temperature of the reservoir, in degrees Celsius (°C) 
RHO_CO2 [kg/m³] The density of CO2 in kilograms per cubic meter (kg/m³), relevant for 

CO2 storage calculations. 
geometry [-] Geometric information of the trap (e.g., polygons representing the loca-

tion of the trap in a geospatial format) 
Projection_Info [-] Information about the coordinate reference system used (e.g., 

EPSG:32633) 
X, Y [-] The coordinates of the trap, based on the projection system 
SCORE_MEAN [-] Mean scores for the storage potential and suitability, based on various 

geological and operational factors in this study. 
SCOREW_MEAN [-] Weighted mean scores for the storage potential and suitability, based 

on various geological and operational factors in this study. 
SCORE_MAX [-] Max scores for the storage potential and suitability, based on various 

geological and operational factors in this study. 
SCOREW_MAX [-] Weighted max scores for the storage potential and suitability, based on 

various geological and operational factors in this study. 
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