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Presentation Outline
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(What IS a Discrete Fracture Network Model?
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(Upscaling DFN to EPM Simulators

DFN Model Equivalent Continuum Model

Directional permeabllities (k,, k, k,) or full permeability tensor
Fracture pore volumes (equivalent porosity)
Shape ( ) factor (matrix-fracture exchange)
Mean fracture spacings (in grid-local space)
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Effects of DFN Uncertainty when Upscaling
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Components of Uncertainty
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Classes of Uncertainty
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Conceptual Uncertainties in DFN models
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Representational
Uncertainty
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Parameter Uncertainty

w B A O
a6 o o o

w
o

Fisher concentration parameter (k)
= = N N
ol o o o al

o

Fracture Domain FFMO1

FRACTURE SET NAME

Unlinked Traces - WNW Set

Best Fit Scaling Exponent
All Lineaments: kt=1.80

50% of Lir kt=1.97 —

75% of Lineaments: kt = 1.85

e
® pe

+
r o
° :
o H
* —7
: =
ENE EW NE NNE NS Y SH
Fracture Set ID
10
1
0.1
. 0.01
o}
Q
£
3
z
2 0.001
N
©
E
S
z 0.0001 +
2
g
=]
£
3 0.00001 1
* ASM000208
* ASM000209
* ASM100234
0.000001 +— e ASM100235
* Envelope Lineaments
Best Fit - All Lineaments
x 50% of Lineaments
0.0000001 +— A 75% of Lineaments
Best Fit - 50% Lineaments
Best Fit - 75% Lineaments
0.00000001 t
0.1 1 10

Trace Length (m)

1000

o ENE [6]
* EW [8]
" NE [19]
X NNE [3]
a NS [16]
> NW [18]
o SH [20]
+ SH2[1]
> SH3[2]

Equal Area
Lower Hemisphere

93 Poles
93 Entries




7

Expressing Uncertainty
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Propagating Uncertainty
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Case Study: SDM Laxemar and SDM Forsmark
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Case Study: Uncertainty Evaluation
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Case Study: Uncertainty Quantification
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Case Study: Uncertainty Results
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Uncertainty

Range of the Ratio of
Alternative Model Intensity
to Base Model Intensity

Comments

Scaling Exponent Dependence on
Fracture Domain Conceptual
Uncertainty

Euclidean vs. Fractal Scaling
Conceptual Uncertainty

Linked vs. Unlinked Traces
Conceptual Uncertainty

Number of lineaments used in size-
intensity model parameterisation

Scaling Exponent Parameter
Uncertainty

Open vs. Sealed Parameter
Uncertainty

0.14 to0 2.79; generally ~ 0.15 —
0.22 for subhorizontal sets

0.77 to 1.67; 0.96 for
subhorizontal sets

0.63 t0 1.03; 1.03 for
subhorizontal sets

0.44 to 1.11; unable to test
subhorizontal sets

0.35-1.51; 0.35 for
subhorizontal sets

0.05 to 0.10 for outcrops; 0.20 to
0.30 for boreholes; generally
around 30% for subhorizontal set
(borehole data)

Greatest variability is by set, not
fracture domain.

Varies by set

Fairly minor impact, especially on
subhorizontal fractures

Smaller than uncertainty in scaling
exponent parameter fit

Not highly variable among
different sets

Varies by set and domain
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Questions for Discussion
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Thank you very much!
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extra slides
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Scale in DFN modeling
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Fracture size
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 Static Upscaling: Shape (

) Factor
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! Dynamic Upscaling: Oda Tensor
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(Dynamic Upscaling: Block-K
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