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Supplementary materials arrangement:

• Section 1 highlights the public resources to support the reproducibility and describes the
licenses of the OPENFWI data and released code.

• Section 2 illustrates the generation pipeline of velocity maps.

• Section 3 lists the configurations of seismic forward modeling.

• Section 4 introduces the format of dataset files, the practice of naming, and other details.

• Section 5 shows the network architecture design and specifies the parameters involved.

• Section 6 provides all parameters and configurations for training to guarantee reproducibility.

• Section 7 contains more illustrations of predicted velocity maps for all datasets.

• Section 8 introduces the subsurface complexity metrics with concrete numerical results and
illustrations.

• Section 9 demonstrates more details on the generalization test and analysis of the results.

• Section 10 conducts the case study of uncertainty quantification.

• Section 11 includes the robustness analysis and how to improve model robustness.

• Section 12 compares inversion results and computational cost of physics-driven methods
and data-driven methods.

• Section 13 studies if predicting 2D slices by InversionNet can have comparable results as
InversionNet3D.

• Section 14 elaborates the test strategy in the real-world situation.

• Section 15 establishes a connection from OPENFWI to passive geological inference and its
potential applications.

• Section 16 has more discussion on previous versions of datasets and current limitations of
OPENFWI.
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1 OPENFWI Public Resources and Licenses

First and foremost, the reproducibility ofOPENFWI benchmarks is guaranteed by a number of
public resources, listed below. Remarkably, we have a group (link available below) where any
related discussion is welcome. Our team also promises to maintain the platform and support further
developments based on the community feedback.

• Website: https://openfwi-lanl.github.io

• Dataset URL: https://openfwi-lanl.github.io/docs/data.html#vel

• Github Repository: https://github.com/lanl/openfwi

• Pretrained Models: https://tinyurl.com/bddzkxfz

• Tutorial: https://openfwi-lanl.github.io/tutorial/

• Google Group: https://groups.google.com/g/openfwi

The codes are released on Github underOSSlicense andBSD-3 license, as required by the Los
Alamos National Lab and the Department of Energy, U.S.A. We also attach the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 International License to the data.

2 Velocity Map Generation

In this section, we introduce the data generation pipelines. Essentially, the data generation follows
two steps: (1) synthesizing velocity mapsc and (2) generating seismic datap via forward modeling.
In the �rst step, we generate the velocity maps from three different prior information: mathematical
representations, natural images, and geological reservoir, which notably contributes to the dataset
diversity. In the second step, the seismic data is obtained from the synthetic velocity maps via forward
modeling. Figure 1 illustrates the data generation process with three priors elaborated below.

Figure 1:Data generation pipelines.The velocity mapsc are built from three different priors, then the seismic
datap are generated via forward modeling. Velocity mapsc and seismic datap are collected to construct the
four families of datasets.

Mathematical Representations:The sediments are usually deposited as �at-lying layers so that the
velocity mapc0 is initialized as a combination of multiple �attened layers with random width. To
mimic the curved folds and faults caused by the geological activities, “Vel Family” and “Fault Family”
are generated by recursively applying the following equations toc0, respectively:

ci (x; y) = ci � 1(x; ai sin(2�k i x)); i > 0; (1)

ci (x; y) =
�

c0(x + si ; ai sin(2�k i x) + s0
i ); y � f i (x)

ci � 1(x; y); y < f i (x) ; i > 0; (2)

wheresi , s0
i , ki andai are random variables ini -th iteration.f i (�) is a random linear function for

fault simulation. Pixels that are out of map's boundaries are �lled by the nearest available values.
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Table 1:Seismic Forward Modeling Con�guration

Dataset
Grid

Spacing

Source

Frequency

Source

Spacing

Source

Numbers

Receiver

Spacing

Receiver

Numbers

Time

Spacing

Time

Steps

Boundary

Grids

“Vel, Fault and Style” Family 10m 15Hz 140m 5 10m 70 0.001s 1,001 120

Kimberlina-CO2 10m 10Hz 400m 9 40m 101 0.002s 1,251 120

3D Kimberlina-V1 10m 15Hz 800m 5� 5 100m 40� 40 0.001s 5,001 100

Natural Images: “Style Family” is obtained with a style transfer networkR(�) trained with the
Marmousi model [1] as the style image and the natural imagesn from COCO dataset [2] as the
content images2. The details of the network can be referred to [3]. The velocity maps are constructed
using

c = (1 � � )R(n) + �c b; (3)

wherecb is an 1D background velocity map with linearly increasing velocity value, and� is the
weight between the style-transferred velocity mapR(n) andcb.

Geological Reservoir:“Kimberlina Family” is built under DOE's National Risk Assessment Program
(NRAP) based on a potential CO2 reservoir at the Kimberlina site in the southern San Joaquin Basin,
CA, USA [4]. The hydrologic-state modelsh are produced with reservoir-simulation scenario [5] and
then converted into velocity mapsc following the petrophysical transformation methodsP(�) [6]:

c = P(h): (4)

3 Seismic Forward Modeling Details

We follow the forward modeling algorithm athttps://csim.kaust.edu.sa/files/
SeismicInversion/Chapter.FD/lab.FD2.8/lab.html . The seismic data is simulated using
�nite difference methods [7] with the absorbing boundary condition [8] and the Ricker wavelet is the
source function. The original code in the link is written in MATLAB. To increase its computational
ef�ciency and its compatibility with the neural network, we change its scheme to 2-4 (2nd-order
accuracy in time and 4th-order in space) and rewrite it in Python. Sources and receivers are evenly
distributed on the surface. The details of the forward modeling con�guration are listed in Table 1,
including the grid spacing of the velocity maps, the central frequency of the source wavelet, and so
on. Below is an example of the acquisition geometry setting in the MATLAB script for the 1st source
in “Vel, Fault and Style” datasets:

nz=70; nx=70;
dx=10; nbc=120; nt=1001; dt=0.001;
freq=15; s=ricker(freq,dt); isFS=false;
coord.sx = 1*dx; coord.sz = 1*dx;
coord.gx=(1:nx)*dx; coord.gz=ones(size(coord.gx))*dx;

4 OPENFWI Datasets: Illustration, Format, Naming, Loading

This section contains instructions on the usage of all datasets. We emphasize that all velocity maps
and seismic data are saved as “.npy” �les, therefore, could be conveniently accessed through Python.
Other details may vary as datasets have different sizes, functions, and generation backgrounds. For
the rest of this section, we go through each dataset carefully.

4.1 Vel Family

The seismic data and velocity maps are saved in two folders,{./data} and{./model} , respectively.
The naming of �les follows the format of{data}{n} for seismic data and{model}{n} for velocity
maps,n denotes the index of a �le (starting from 1). Notice that for the samen, data and model

2For the training, we use the Github package at https://github.com/kewellcjj/pytorch-multiple-style-transfer
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become a pair. Each �le contains500samples. The training set and testing set are split as 24K/6K,
the corresponding training data are{./data1-48.npy} (paired with{./model1-48.npy} ), and
the rest are testing data. Examples are shown in Figure 2.

Figure 2:Example of velocity maps and seismic data in “Vel Family” . The left part shows one velocity map
from each dataset, and the right demonstrates all �ve channels of the seismic data. The red stars in the velocity
map indicate the location of sources while the receivers are distributed all over the surface.

4.2 Fault Family

The naming of �les can be described as{vel|seis}_{n}_1_{i}.npy , wherevel andseis specify
if a �le includes velocity maps or seismic data,n represents the number of initial �atten layers for
velocity maps generation andi is the index of a �le (start from 0) among the ones with the samen.
The sizes of training and testing datasets are 48K/6K. Examples are shown in Figure 3.

4.3 Style Family

The saving and naming of “Style Family” is same with “Vel Family”, seismic data{data}{n}
are saved in{./data} while {model}{n} are saved in{./model} , n denotes the index of a �le
(starting from 1). Each �le contains500samples. The training set and testing set are split as 60K/7K,
the corresponding training data are{./data1-120.npy} (paired with{./model1-120.npy} ),
and testing data are contained in{./data121-134.npy} (paired with{./model121-134.npy} ).
Examples are shown in Figure 4.

4.4 Kimberlina Family

The seismic data and velocity maps of Kimberlina-CO2 dataset are saved in four fold-
ers,{./kimberlina_co2_ {phase} _data} , {./kimberlina_co2_ {phase} _label} , where
{phase}denotes “train” or “test”. We use a naming convention of{data}_sim{n}_t{m} for seismic
data and{label}_sim{n}_t{m} for velocity maps,n denotes the 4-digit index of a simulation
(starting from 0), andmrepresents the timesteps from 10 to 200 (at every 10 years). Each �le contains
one sample, and for the samen andm, data and model become a pair. Examples of Kimberlina-CO2
are shown in Figure 5.
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Figure 3:Example of velocity maps and seismic data in “Fault Family” . The left part shows one velocity map
from each dataset, and the right demonstrates all �ve channels of the seismic data. The red stars in the velocity
map indicate the location of sources while the receivers are distributed all over the surface.

Figure 4:Example of velocity maps and seismic data in “Style Family” . The left shows the velocity maps, the
�rst two rows are sampled from Style-A and the last two from Style-B. The right demonstrates all �ve channels
of the seismic data. The red stars in the velocity map indicate the location of sources while the receivers are
distributed all over the surface.

In 3D Kimberlina-V13. The velocity maps are stored in{./velocity_model.tar.gz}
as {year{m}_cut{n}.npy} . m represents the injection year andn denotes the index of a

33D Kimberlina-V1 will be released athttps://edx.netl.doe.gov/ upon approval by Los Alamos
National Laboratory and U.S. Department of Energy.
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