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Abstract

Archiving large amounts of geoscientific data from reservoir studies in a permanent yet accessible manner can be expensive and time-
consuming. Access to relevant digital geoscience data is however increasingly important to describe the complex relationships encountered in
reservoir characterization and modeling within the energy industry and related fields of research. Hereby, disparate data from different
geoscientific disciplines, scales of investigation and various sources must be queried, compiled, and validated before populating numerical
reservoir models.

To enable a centralized data archive for reservoir studies and to ensure sophisticated connections between geoscientific disciplines, the
database application APIRS (Archiving and Providing Information for Reservoir Studies) has been developed with a Relational Database
Management System. The purpose of APIRS is the expeditious input and output of complex geoscientific data in a user-friendly client-server
model interface. While data management in reservoir characterization is often performed via spreadsheet applications, APIRS saves time, users
need to load, inquire and sort single, unconnected spreadsheets. Data input can be done either manually or by spreadsheet file import. Hereby,
APIRS automatically links imported data to relating geological features.

APIRS enables field geologists and petrophysicists to enter multidimensional types of directional data from field surveys, drilling campaigns,
laboratory information systems, and 2D/3D geological models. In addition, reservoir geologists can conduct common workflows like creating
various types of sections (stratigraphic, sedimentological) and defining facies associations directly within the application. For further analysis,
interoperability to other software is provided via Open Database Connectivity. Working on the entire scale of reservoir characterization, APIRS
contributes to solving problems in computational reservoir up- and downscaling through facilitating access to highly complex and disparate
data.
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As a case study, outcrop analogue data for a deep geothermal reservoir from the northern Upper Rhine Graben in Germany has been acquired
and processed with APIRS. For this example, data is derived from sedimentology (lithofacies analysis), petrophysics (field and laboratory
measurements), and 2D/3D models. By this contribution, the advantages of extensively linked geoscientific data in reservoir characterization
are visualized.
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INTRODUCTION WORKFLOW CASE STUDY 9 PETROPHYSICAL CHARACTERIZATION

Reservoir studies build an important step of hydrogeothermal energy and heat An outcrop analogue study tes-
production workflows. Thereby, quality of a spatially restricted geological reservoir is ting APIRS has been conducted on
assessed by multiple investigative methods gathering disparate types of data. B ey plcradonforiBEEEuEy

Detailed evaluation of the geothermal potential of reservoirs especially demands Ry 7! obiects of investigatioy

Sedimentary topologies were attributed by measurements of six geothermal
reservoir properties on 115 cylindric rock samples. Statistical analysis reveals a
low hydrogeothermal potential of the rock matrix.
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EXTRACT OF THE RELATIONAL DATA MODEL IMPLEMENTED IN APIRS

User interaction

Field measurements

Field measurement
Spectral gamma ray FK| Project ID int
PK,FK | Measurement ID int H— PK| Measurement ID int
Type nvarchar(50) Type nvarchar(255)
Potassium [CPS] float FK| Object of investigation nvarchar(255)
Uranium [CPS] float FK| Analytical instrument nvarchar(255)
Thorium [CPS] float Latitude [dec °] float
Longitude [dec °] float
Elevation [m asl] float
Total gamma ray
PK,FK | Measurement ID | int |
Total counts [-] | float Analytical instrument
Value [CPS] float PK | Instrument ID int
Value [API] float PK,AK Name nvarchar(255)
Bulk geochemistry Measurement logs
PK,FK | Measurement ID int - - PK | Measurement ID int
Type nvarchar(255) PK Document ID | uniqueidentifier
SiO2 [%] float
Al203 [%] float Document archive
AK ID uniqueidentifier
FILESTREAM varbinary
AK Name (unique) nvarchar(255)

Measurement ID
Value [-]

PK,FK

Magnetic susceptibility

int
float

Palaeoflow direction

PK,FK
Dip direction []
Dip angle []

Measurement ID

nt

int
nt

Geoscientific objects of investigation

Geoscientific object of investigation

PK
FK

Geological outcrop

PK Outcrop ID int
Object name FK |nvarchar(255)
Description nvarchar

FK
FK

ID
Name (unique)
Type
Elevation [m asl]
Lithostratigraphy
Basin ID

Latitude [dec °]
Longitude [dec °]

int

int

int
float
float

nvarchar(255)
nvarchar(255)

nvarchar(255)

Geological drilling/borehole

Geophysical transect

P

=

Drilling/borehole ID
Object name FK

int
nvarchar(255)

Geological drill core

PK
E

ol

Drill core ID
Drilling name FK
Top [mbgs]
Bottom [mbgs]

nvarchar(255)

int

float
float

PK
FK

Transect ID
Object name FK
Type
Length [m]
Depth [m]
Depth [TWT]

nvarchar(255)

int

nvarchar(50)
float
float
float

y Project Person's projects
PK Project ID int PK,FK | PersonID |int
i 3 Laboratory measurement AK Name  [nvarchar(50)| PK,FK | ProjectID |int
Grain density PK | Measurement ID int ! : !
PK,FK [ Measurement D] int |s— parameter nvarchar(255) Thermal conductivity FK | Creator ID int
- i Begin date date
Value [g em] | float FK |Analytical instrument|nvarchar(255) PK.FK Measuremeﬁt 1D . int = 9 Person
FK Sample name | nvarchar(255) e Measurement orientation | nvarchar(255) 5K Person D o
Confidentiality bit Average value [W m1K1] float ek | adtiiati har(50
Bulk density Sample saturation [%] float fiation | nvarchar(S0)
PK,FK |Measurement ID| int |+
Value [g cm3] | float Affiliation
Analytical instrument PK o int
A i Vi Name
Porosity PK | Instrument ID int Thermal diffusivity . (umique) nvarchar(50)
PK.FK | Measurement ID nt L AK Name nvarchar(255) — PK,FK Measurement ID int
Thermal conducitvity .
0,
Va_lrue 06l flc:]at 50 reference measurement int -
ype nvarchar(50) Measurement logs Measurement orientation | nvarchar(255)
_—— PK | Measurement ID int Average value [m? s1] float
Apparent permeability PK | DocumentID |uniqueidentifier Sample saturation [%] float
PK,FK| Measurement ID int 1 Document archive
Measurement nvarchar(255) AK D uniqueidentifier; i
orientation FILESTREAM | varbinary Bulk geochemistry
Value [m?] float AK | Name (unique) | nvarchar(255) - PK,FK | Measurement ID int
Type nvarchar(255)
— - Si02 [%] float
Intrinsic permeability AI203 [%] float
PK,FK | Measurement ID | int |+
Value [m?] float
: Entity container Rock sample
Rock sample
PK Rock sample ID int
name FK Lithostratigraphy nvarchar(255)
H AK Sample name (unique) nvarchar(255) juf
|
Entlty (table) Type nvarchar(255)
FK Project ID int —
X FK Chronostratigraphy nvarchar(255) I
key attribute data type FK Object of investigation nvarchar(255)
FK Petrographic term nvarchar(255)
FK Facies ID int
ﬁ Union C| ue ry Confidentiality bit
Handpiece/polyhedron Cuboid Plug
—— Table table PK| Handpiece ID int PK Cuboid ID int PK Plug ID int
relatlonShlp - FK| Sample name |nvarchar(255) H FK Sample name | nvarchar(255) Sample name nvarchar(255)
Geometry [nvarchar(255) Height [mm] float Height [mm] float
Width [mm] float Diameter [mm] float
— Table-query Length [mm] float
relationship
Powder Thin section
< < M PK Powder 1D int PK Thin section ID int
any Powder name | nvarchar(255) Thin section name | nvarchar(255)
FK |Sample reference| nvarchar(255) FK Sample reference | nvarchar(255)
Grain size [mm] float
| | One
Keys:
PK = Primary key
FK = Foreign key
AK = Unique key
Data types:
. . Basin
int = integer PK| BasinID int
H Name nvarchar(255,
float = floating number @59)
bit = true/false
nvarchar(n) = string with
the length n

Petrography

Petrography 1st hierarchy

Union Petrography

PK Petr. 1st ID int
FK | Petrographic term| nvarchar(255) |+
Definition nvarchar

Petrography 2nd hierarchy

PK[ Petr. term ]nvarchar(255

FK Petr. 1st ID FK int

PK Petr. 2nd ID int

FK | Petrographic term | nvarchar(255) |+
Definition nvarchar(255)

Petrography n-th hierarchy

FK
PK

Petr. (n-1)-th ID
Petr. n-th ID
Petrographic term
Definition

int
int

nvarchar(255)
nvarchar(255)

Petrography 8th hierarchy

FK
PK
FK

Petr. 7rd ID
Petr. 8th ID
Petrographic term
Definition

int
int
nvarchar(255)

nvarchar(255)

Lithostratigraphy

Name

Group
FK Basin ID FK int
PK Group ID int
FK Name nvarchar(255)
Subgroup
FK Group ID FK int
PK Subgroup ID int
FK Name nvarchar(255)
Formation
FK'| Subgroup ID FK int
PK Formation ID int
Name nvarchar(255)
Subformation
PK | Subformation ID int
FK | Formation ID FK int
FK Name nvarchar(255)

PK]

[ Union Lithostratigraphy ]
I
|

nvarchar(255) ]

Chronostratigraphy

Eonothem
BPK_ | Eonothem 1D int Union Chronostratigraphy
FK Name nvarchar(255) p——— y PK[ IEImR l VEECES) | g
Erathem
FK Eonothem ID int
PK Erathem ID int
FK Name nvarchar(255)
Period
FK Erathem ID int
~— PK Period ID int H—
Eonothem ID int
FK Name nvarchar(255) System
FK Period ID int
- PK System ID int
Series Eonothem ID int
g FK Period ID int Erathem ID int
r PK Series ID int FK Name nvarchar(255)
Eonothem ID int
Erathem ID int
FK System ID int
FK Name nvarchar(255)
Stage
PK Stage ID int
Eonothem ID int
Erathem ID int
Period ID int
System ID int
FK Stage ID int
FK Name nvarchar(255)
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