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Abstract K

We are interested in imaging the interface be- sources T,

tween the concrete structure of the hydroelec-
tric dam and the underlying rock using non-

destructive seismic waves. Our method, com- o .

bining "Full Waveform Inversion" with shape o -
optimization, produces high-resolution images. 3 =

Numerical results from realistic synthetic data r,
demonstrate the method ability to accurately QS-

recover the interface with a limited number of

measurements. Ty

Keywords: Geophysics, subsurface imaging, seis- Figure 1: 2D schematic diagram for the consid-
mic waves, Full Waveform Inversion. ered excitations of the dam structure, the water

and the rock foundation.
1 Introduction

Seismic imaging consists in creating detailed im- 2 Problem setting
ages of subsurface structures using seismic waves.
In our case, these waves are generated within the
dam structure, either on its surface or through
an immersed source for non-empty reservoirs,
and then propagate through the ground. Re-
ceivers, including geophones for emerged loca-
tions or hydrophones submerged underwater, cap-
ture the reflections and refractions of these waves

The responses to excitation are described as so-
lutions to frequency-domain wave propagation
problems, involving the linear elasticity problem
in the solid medium and the acoustics problem
in the water medium, with appropriate trans-
mission boundary conditions at their interface.

as they encounter various materials. (V- g(ﬁ) + prﬁ =0 in Qy = Q,, UQ,_
Processing these measurements to reconstruct Ap+Kkp=g f in
the dam-rock interface is the objective of this 2% = Up- 7 r
study. Previous works employing geotechnical pywtt-mt=Vp-m OnLsf
techniques, such as "Seismic Reflection" and "Ver- o(u)ni = —pit on I'sy
tical Seismic Profile," have not yielded satisfac- o(0)7t = gs on Iy
jcory results. In.thls study,.vve propose leverag- o ()i = 0 on T,
ing the geophysical properties of these measure- -
ments by simulating the propagation of seismic Vp-i=0 on 'y,
waves to achieve a high-resolution image. Ulq, is outgoing
This study concerns gravity dams known for p\Qf is outgoing
having a nearly invariant shape along their lon- (1)

gitudinal direction. Hence, our study is limited
to two dimensions. The computational domain
consists of a vertical section of the dam and the
surrounding media (refer to Fig. [I). Both dam
and rock materials are treated as isotropic and
homogeneous, with dissipation.

The term ¢g; represents an emerged source on
the wall I'y and gy an immersed source in the
water 2. On-site, only one source is active at
a time. The outgoing condition is modeled using
Perfectly Matched Layers technique.
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3 The inverse problem

The proposed imaging strategy is based on Full
Waveform Inversion (FWI), a quantitative re-
construction method that involves iteratively ad-
justing an initial model by aligning correspond-
ing synthetic measurements obtained using a
model similar to (1) with the seismic data.

Given M source terms g¢i,...,9y, we can
formulate the inverse problem of determining
the interface Yex from (potentially noisy) mea-
surements:

U mes = ﬁl(zex”Fms) ce 7uMmes =~ ﬁM(Zex)|Fms7

p:anes = pl (EQX)|me7 e 7p%es x~ pM(Eex)‘mea

where I'y,s C I's and '),y C I'sp are the mea-
surements locations and U qmissible 1S a set of
admissible shapes, i.e.,

Find Zopt € U ydmissible sSuch that

argmin J(X)
Y €Uadmissible

2opt =

where the cost functional incorporates misfit terms
denoted by J; in a least squares sense, along
with a perimeter regularization term weighted
by a regularization parameter n > 0:

M
1 -, -
J(2) =5 ) I (D)lrp. = thesllZzr, .
i=0

M
1 . .
5 S DIy — acslZaqr,, ) + 715
1=0

The minimization process is conducted us-
ing the gradient descent algorithm. To compute
the gradient, we employ a shape derivative ap-
proach, enabling us to express the derivative of
the misfit terms J; with respect to the interface
> by solving both direct and adjoint problems.
This derivative can be expressed by the follow-
ing integral:

meazémmmﬁﬂw7

for a given direction & and j(X) is a function of
the direct and adjoint states and their deriva-
tives.

4 Inversion scheme

In our inversion scheme, we assume that the in-
terface can be characterized by its height, i.e.,

the coordinates of a two-dimensional curve. This
assumption is supported by engineers and spe-
cialists due to its realistic nature. The set of
admissible shapes can be expressed as following:

U admissible = {E = {(.%', f(x))a T E Ia
f= Zfi(z;i}v
=1

for some interpolation functions $ = {¢Ai}19-§nz.

Hence, J(X) = J(E) with 2 = (&1,. .., &ny)-
For =0 € R, the gradient descent algorithm
can be written as:

= =2 r(v2(EY),

where 7 > 0 is the descent step. The com-
ponents of the gradient of the misfit terms are

aa&.Jd(E) = /ERe(j(E)) ¢ (i - €,) ds, where 7

is the normal vector to the interface and € rep-
resents the vertical component of RZ.

5 Numerical results

We used synthetic measurements generated by
Code_ Aster, a reliable engineering software de-
veloped by EDF, to validate our imaging method.
We show the achievement of high-resolution imag-
ing for two sets of data with different interfaces.
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Figure 2: Illustration of sources and receivers
configuration, the initialization and the consid-
ered interface geometries.
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Figure 3: Reconstruction results for the two in-
terface configurations, using frequencies: 100 Hz
- 1000 Hz.
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