
1. Convert CDF to discrete inverse CDF(ICDF):

2.Construct Fully connected Neural Network:

3. Parameter estimation to obtain :
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Amongst the numerous methods that are used to characterize fractured
rocks, the development of advanced field techniques such as active line
source (ALS) borehole heating and the distributed temperature sensing
(DTS), brings to light the potential use of heat as a tracer. However,
there is so far a limited number of theoretical and numerical studies on
how thermal experiments could be used for estimating both fracture-
network and rock-matrix properties. Here, we wish to evaluate how deep
neural network methods can be utilized to analyze synthetic heat tracer
test datasets obtained from a particle-based forward model of transport
processes in heterogeneous fractured rocks, define surrogate forward
models for this problem and perform data inversion.
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• Particle-based forward transport model

Model description [Roubinet et al., 2010, 2013; Gisladottir et al.,
2016]: Fluid flow in the fracture network; Particle displacement in the
fractures; Delay time due to diffusion in the free-mesh matrix;
Application to complex fracture networks for solute and heat transport
problems; Numerical efficiency suited to parametric analysis and
inverting procedures

• Deep neural network method

… … … …

CDF :FX(x) := Pr(X < x) = p,

ICDF :Q(p) := inf{x 2 R, p  FX(x)}
ICDFd :{Q(p1), Q(p2), ...Q(pN )}, pn 2 [0, 1]

<latexit sha1_base64="neBp6X3a8NU9FXNZiW+zejG8L7U="></latexit>

Nf :{C,D} NN��! \ICDFd

Nf (m;⇥) ⌘ (�Nl �WNl�1) � . . . � (�2 �W1)(m), m = (C,D)

<latexit sha1_base64="h17ef8jV4rpwY1B6kk/zxkFBZb8="></latexit>

⇥

<latexit sha1_base64="x5HPKGssuzFeDeuxfbGMIPkaBfA=">AAAB+nicbVDLSgMxFL3js9bXVJduBovgqsyUgroruHFZoS9oh5LJZNrQTDIkGaWM/RQ3LhRx65e482/MtLPQ1gMhh3PuJScnSBhV2nW/rY3Nre2d3dJeef/g8OjYrpx0lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILpbe73HohUVPC2niXEj9GY04hipI00sivDQLBQzWJzDdsTotHIrro1dwFnnXgFqUKB1sj+GoYCpzHhGjOk1MBzE+1nSGqKGZmXh6kiCcJTNCYDQzmKifKzRfS5c2GU0ImENIdrZ6H+3shQrPJ0ZjJGeqJWvVz8zxukOrr2M8qTVBOOlw9FKXO0cPIenJBKgjWbGYKwpCargydIIqxNW2VTgrf65XXSrde8Ru3mvlFt1os6SnAG53AJHlxBE+6gBR3A8AjP8Apv1pP1Yr1bH8vRDavYOYU/sD5/AKHSlDY=</latexit>

Loss(⇥) =
1

N

NX

i

���ICDF

i
d � \

ICDF

i
d

���
2

2

⇥̂ = argmin
⇥

(Loss(⇥))

<latexit sha1_base64="HlhdD2hM6PnyOzeQvkX0u9Z17Y8="></latexit>

• Forward transport model applied to fractal
fracture networks [Watanabe and Takahashi, 1995]

Input parameters:

Fracture density:

Fractal dimension:

6 sets of simulations are done:

Number of particles: nb_part

Discretization of fractures: p_lim

Di 2 [1, 1.3], i = 1, ..., 10000.
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Figure 2: 3 examples of simulation outputs.

• Deep neural network method

Training set: 7535 simulations,

Dimension of ICDF:

Number layers:

Number of neurons:

Loss: 0.336, on a test set: 1884 simulation.

ICDFd : {Q(1/21), Q(2/21), ...Q(20/21)},
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Nl = 11
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W1 2 R300⇥2,

Wnl 2 R300⇥300, nl = 2, ..., 9,

W10 2 R300⇥20.
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Figure 1: Illustration of NN.

Figure 3: 3 NN prediction examples.
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• Conclusions:
1.Particle-based forward transport model are
used to construct simulations covering (C, D)
ranges with different nb_part, p_lim.

2.The output particle arrival time CDF are
converted to discrete ICDF.

3.A surrogate Neural Network is obtained with
reasonably good predictions of the ICDF.

• Future(ongoing) work:

1.Analyze the well-posedness of the model.

2.Perform direct inversion with a neural
network, which predict (C, D) given ICDF.

3.Perform grid sampling with the surrogate
forward model: sample the prior distribution
of (C, D), compute the corresponding ICDF. For
ICDF with unknown (C, D), use the sample set
to provide the candidates of (C, D).

1. Stochastic definition of the diffusion time spent in the infinite matrix: 

2. Truncation of the diffusion time due to particle transfer to nearby fractures:


