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File Help
Geometric parameters Computational and Rheological parameters Boundary Condtions
Damain X in) Tranguiation size Vedum J patece 2y
Domain Y fri: Mirimum triangulation angle (deg) 207 Hydraulic Head (m) 1e-10
Doman Z m) Down suface (2) o -
Fraciure shape Calculation method Stress-Dependent Hydrasic Head () 1010

Number of fracture sets:

Time diference (s):

Right surface (X

TR petefocer b op——
Maximum time (s}: 10
Fracture density (1/m3) 02 Stress-dependent solving ierates
Dip direction PDF: 1 Hydraulic Head (m) o]
Dip direction parameter: 4 T
E‘p :im;m pammzeri 5 overmathod GMRES - Front sufacs (+Y): o v
ip direction parameter3: T
1e-10
Dip direction parameterd: TR Hydraulic Head (m): 3
Dip parametert 0 Direction number: 40 Backe surface (1)
Dip parameter2 ] Hydrauiic Head (m). 1e-10
Dip parameter3
Dip parameterd Vettical Head gradient? No o
Length PDF: Joirt constitutive model Model1 v ) ) =
Length parameter1: 178 Gradient cosfficient )
Length parameter2: 1 Vertical in-situ stress (Pa) 1E5
Length parameterd: 10
Length parameter4: Rock density (kg/m3): 2500
Aperture PDF. 0
Apetturs parsmeter] 0.004 Rock Poisson'’s coefficiert CenyEs
Apetturs paremeter2: 0.012
cs
Posrture paremeter (Pa) 163E6 Fluid densty feg/m3):
Apsturs parameterd: JRC: Fiuid viscosty (Pa s} 0.001
Realizations UHN Triangulation Calculation
Process fom [1 ~| to [10 - Create DFN? O No @ Yes Triangulate fractures? Calculate results? O No @ Yes
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Gaomatric parameters Competational and Rheclogical parameters Boundary Condtions
Doman X im): 5 Tranguiation size Mo = Up suface (+2: Mo ~
Demain ¥ im) 5 Wi tisnguletion ange deg) 207 Hydraubo Head i) Te-10
Doman Z ) Y B | Down sfoce (2K to -]
Fracture shape: Crele ~| Calcuiation method [Swress-Dependent Head fn} 7
Time déf ;
Nusmber of fracture sets [@ ] TR ! Right surtace (+ Yes -]
Froctu et ssiecton: [ v ETRIEETE 025 e Head fn) R
Madmum time s) 1 ?
Farameter Value Lot surines X Yes -]
Fracture densty (1/m3): 02 Stress-dependent solving temtes 7 -
Dip drection POF 1 Hydraube: Head im) a
Dip diection perameter 40 R
:mwm:i 45 Sohver . GMRES - Front surface (Y]
Dip dvection parametert: Yeration rumber 500 | kil -
Dip POF ] n ™ v
Dip parameter] k] Drection rumber Back surface (). |
Dip parameterd ] Hydraube Head im) T
Dip parametard:
parameterd: Vertical Head gradiert? Mo -
Length PDF 2 Joint consiftutive model: |Model? > Geadend coelficent:
Length parometer | 1.7
Length parameter 1 Vetical in-st stress (Pa). [1e8
Length parameter) 1
Length parsmeterd Rock densiy kg/m3) [2500 ]
Foeturs PDF: 0 -
[ SPp———] D.004 Rock Poisson's cosficient 0s Gravty fms2) 581
Aot parsmeter] (1] e f
Hooture . JCS (Pa) ED Fluid densty (kg/m3): 1000
Apetum parsmeterd JRC: 87 Fhid viscosty (P2 a): 0001
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Geometric parameters

Geometric parameters

Parameter Value
Diomain X {m}: Domain X {m) Fracture density (1/m3) 02
Domain Y fm) Domain Y {m): g:s :::3:2: ';:;m et ln
Donsin Z(n) . Do drecien st s
Dip direction parameter3:
Fracture shape: EE V] Fracture shape Dip direction parameteré.
Circle Dip PDF: 0
Number of fracture sets Squars Number of fracture sels Dip parameter! 7
Dip parameter?: 0
Fracture set selection: Fracture set selection [ - Dip parameter3
1 Dip parameterd:
Parameter Walue Parameter 2 Length PDF: 2
Fracture denstty {1/m3): 0.2 Fracture density (1/m3): El Length parameter1 178
Dip direction PDF: 1 Dip direction PDF: Length parameter2: 1
Dip direction parameter: 40 Dip direction parameter 40 Length parameter3: 10
Dip direction parameter? 45 Dip direction parameter2. 45 Length parameterd:
Dip direction parameter3: Dip direction parameter3: Aperture PDF: )
Dip direction parameterd: Dip direction parameterd: Aperture parameter: 0.004
Dip PDF: 0 Dip PDF: Aperture parameter2: 0.012
Dip parameter1: 70 Dip parameter: 70 Aperture parameter3:
Dip parameter2: 70 Dip parameter2: 70 Aperture parameterd:
Dip parameterd: Dip parameter3:
Dip parameterd: Dip parameterd:
Length PDF: 2 Length POF: 2
Length parameter1 178 Length parameterl: 178
Length parameter2: 1 Length parameter2: 1
Length parameter3: 0 Length parameterd: 10
Length parameterd: Length parameter4:
Aperture PDF: 0 Aperture POF: 0
Aperture parameter] 0.004 Aperture parameter] 0.004
Aperture parameterZ 0.0z Aperture parameter2: 02
Aperture parameterd: Aperture parameter3:
Aperture parameterd: Aperturs parameterd:
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Computational and Rheological parameters Computational and Fheological parameters

Triangulation size: Medium > Triangulation size: Medium 2

Minimum triangulation angle (deg): _ Minimum triangulztion angle (deg):

Calculation method: Stress-Dependent ~ Calculation method: Stress-Dependert  ~

Time difference (s) 1 Time difference (s): 1
Beta factor: 0.25 Beta factor 0.25
Mazdmum time () 10 Madmum time: (s): 10

Stress-dependent solving iterates:

Stress-dependent solving terates:
Solver method GMRES ™

Solver method:
lteration number: tteration number
Direction number: Direction number: 40

Joint constitutive model Joint constitutive model:

Vertical in-situ stress (Pa): Vertical in-situ stress (Pa):

Rock density (kg/m3): Rock density (kg/m3):

Rock Poisson’s coefficient

JCS (Pa): 165E6

Rock Poisson’s coefficient:
JCS (Pa):

JRC: JRC:
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Boundary Condttions

i
&
£

Up surface (=2
Hydraulic Head {m). 1e-10
Down suface (-Z):
Hydraulic Head (m):

1e-1
Right surface (+X):
Hydraulic Head (m):
Left surface (-X):
Hydraulic Head (m): I:l

Front surface {+Y):

Hydraulic Head {m): 1e-10

Back surface (-Y): No -~
Hydraulic Head {m): 1e-10

Wertical Head gradient? Mo ~
Gradiert coefficient:

Gravity {m/s2): 81

Fluid density (ka/m3): 1000
0.001

Fluid wiscosity (Pa.s):
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LUEN Triangulation Calculation
Create DFN? ® No O Yes Triangulate fractures? ® No () Yes Calculate results? O No @ Yes

[] Show previous results
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B FlowSHUT3D v1.0 - [New project

File  Help
FlowSHUT3D v1.0 - Graphical User Interface FlowSHUT3D v1.0 - Graphical
Geometric parameters Computational an|
Do X —
Domain Y (m}: Minimum triang
Domain Z (m}:
Fracture shape:

Number of fracture sets:

Fracture set selection:

Parameter

Fracture density (1/m3):
Dpp direction PDF:

Dip direction parameter:
Dip direction parameter2:

" o r

Dip direction parameter?: w | A \w‘ -
g L v 0 !

§ FlowSHUT3D 1.0 - Graphical User Intef| d = f 5

g by o
= =, ) [

% FlowSHUT3D v1.0 - Graphical User Interface
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FlowSHUT v1.0
This program has been created by Soheil Mohajerani
soheilmohajerani@gmail.com
June 2017
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Abstarct

Connected discontinuities are known as main paths to flow fluids through the rock media.
One of the most important modelling methods is the Discrete Fracture Network (DFN),
in which the discontinuities and their connectivity patterns are considered as the only
route for the flow, and the rock matrix is assumed impermeable. The geometry of DFN is
established on partial differential equations, thereby statistical simulation of the fractures
may resolve uncertainty problems to a large extent and represent more realistic models.
These simulations can be even more precise using three-dimensional DFNs. The fractures
are often modeled planar with a special — statistical position in the DFN simulation. The
classic analytical relations have been developed to calculate the fluid flow in one-
dimensional structures. However, these relations must necessarily be generalized to two-
dimensional structures in order to simulate three-dimensional DFNs; therefore, the
numerical discretization methods could be functioned. These methods reduce two-
dimensional regions to linear elements and rebuild a new system of equations. One of
them have been used from the recent half century due to its numerous advantages is well-
known as the Finite Element Method (FEM). Ussing the FEM in discretizing the problem
of the fluid flow in the fractured rocks result in a large sparse matrix called transmissevity
matrix, the flow rate and the hydraulic head gradient vectors. Furthermore, particular
methods are required to determine the model response. The solving methods of large
sparse matrices are quite a lot various and classified to two main categories; direct and
iterative methods. The direct methods are straightforward but they are not efficient
enough to tackle all matrices. The most important iterative methods are Krylov
Subspaces. Nevertheless, these methods have not well regarded in the rock engineering.
In this research, the geometrical framework of the fractured rock medium is generated by
the three DFN. In the sake for simulating the problem as real as possible, the effect of in-
situ stresses on the fluid flow is considered, which leads to a one-way hydro-mechanic
coupling and the calculations are implemented using the computer code, FlowSHUT?P.
Validation of the results are performed by two different methods and sensitivity analyses
are presented to comprehend the effect of key parameters on the fluid flow in the fractured

rocks.

Keywords: DFN, Meshing, FEM, JCM, Krylov Subspaces methods, FlowSHUT?P,
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