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XMF 2.0.1 1 Introduction

Introduction

XMF (Kinematic Seismic Model Fitter) is a platform for "manual" fitting of a two-
dimensional layered model to a set of line common shotpoint seismograms. As XTomo-
LM, the first application of this product line, XMF is a means of solving the two-
dimensional kinematic inverse problem. However, while XTomo-LM implements exact
inversion algorithms, XMF is a workframe for empirical try-and-error approach. XMF is
released after XTomo-LM, and this is explained by the fact that in some areas, where
travel-time analysis is essential, mathematical approach makes excessive demands on
input data, while simple well-tested empirical model fitting does work. The more so, if it is
built in an appropriate environment. The developers consider both approaches as
complementary: both products share the same method of model description and have a
program interface which allows applying them to interpretation of same data.

The above mentioned layered model description assumes that both velocity function V(x,
z) and seismic horizons can be represented by a single curvilinear grid. The special ray-
tracing algorithms based immediately on the Kirchhoff and Fermat principles are
developed for such grids.

The first XMF version contained the environment and basic tools for fitting but offered no
technology. XMF 2 does offer such technological component, which allows approximation
of a two-dimensional model by a set of one-dimensional sections, each being fitted to one
seismogram using a simplified model in the vicinity of a shotpoint. The instantaneous ray-
tracing tool and efficient user interface makes fitting 1D section a comparatively easy
problem.

It takes two successive releases to put XMF 2 completely into operation. The present
release 2.0.1 introduces the preliminary study (pre-study) unit into XMF; the next release
2.1.1 will be devoted to the entire system optimization.

The XMF documentation consists of three chapters. The first one contains formal or, at
least, more or less strict description of main problem's components: input data, waves,

model, processing outline. The second chapter is devoted to XMF programs' user
interface. Finally, the third part contains the description of the pre-study unit.

The document is also used in the context help system, which can be accessed by F1 or
help buttons in almost every window of any XMF program. To make the software
functioning clear, some special terms are introduced in this document, which are not in
common use and are only means of explanation. They are printed in italic at first
appearance and are valid only in the documentation and user interface. Italic is also
applied to the names of GUI components.
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XMF 2.0.1 2 FUNDAMENTALS

FUNDAMENTALS

Input Data

XMF input data consist of:

¢ a set of common source point (CSP) seismograms registered on a seismic line;
¢ positional data.

Seismograms are delivered as SEG-Y files adapted to x86/Windows platform (SEG-Y/PC).
Exact requirements to seismic files are stated in Appendix 1. Positional data are extracted
from seismogram trace headers or from ASCII files. In that case requirements to
seismogram are minimal.

Positional data

Positional information includes numeric identifiers of sources and receivers and their
coordinates. A source identifier is its Field ID. It is also an identifier of a matching
seismogram. Receiver numbers are not used at this stage. ASCII files for positional data
form a triple of SRC, RCV and RAY files. File of the SRC type contains source IDs and
coordinates; RCV file contains coordinate of all receivers; RAY file describes "rays", i.e.
triples "source - receiver/ trace". File formats are explained in detail in Appendix 2. The
files will be referred to as SRR files, by analogy with SSR (Shot-Station-Relations) files
once used in the Focus® seismic system of Paradigm Geophysical.

Raw coordinates are integer numbers (SEG-Y scaling is not applied). One can consider the
length unit as meter, though it is not, actually, used. Within XMF, one can use the same
length unit or multiply it by 1000 (conditionally, kilometer). The base time unitis second.

Line coordinate system

Source and receiver coordinates are supposed to be defined in a local Cartesian
coordinate system (X, Y, Z) with axis 0Z directed vertically upward and line L lying in the
(X, Y) plane. In particular, UTM coordinates can be used. If L goes along OX or OY, we
have two-dimensional problem in (X, Z) or (Y, Z) coordinates. If it is not the case,

coordinates must be transformed to line coordinate system (0, X,, Z,) in which the 0,X,
axis goes along L and 0, Z, is directed vertically upward. The transformation is built in the
XMF module importing input data. It creates two data stores: Raw Positional Data Cash
and Positional Database. The former is an auxiliary data set containing coordinates in the
same form as they are written in trace headers or SRR file. The latter is main positional
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XMF 2.0.1 3 FUNDAMENTALS

data storage. It contains both raw and line coordinates of every source and receiver. The
user can view both stores as numeric tables.

We elucidate shortly how the transformation of coordinates is implemented. XMF does
not use information on the exact line position, but, instead, requires that the below
assumption is true:

scattering of sources and receivers around the planned seismic line is so small that
P) changing devices for their orthogonal projections on the line does not produce
significant errors in wave kinematics.

Keeping in mind (P), we fit a line to source point set and take it for real seismic line, which
can slightly differ the planned one. The coordinate transformation includes orthogonal
projecting of all devices onto the built line, selecting new origin O, and computing

distances from the device projections to the origin. The latter is selected programmatically
in the way that for all devices X, = 0. Z-coordinate does not change: Z, = Z. Positional

Database Viewer displays some details of the transformation.

[More complicated algorithm of building kinematically equivalent line coordinate system
is implemented in XTomo-LM Data Preparation Unit (DPU). It does not use (P) and is
designed for cases when a seismic line is laid in a rugged terrain.]

Spatial resolution

Digital model description uses 4-byte floating-point numbers in computer's memory,
which means that decimal precision is no more than 10 - 10-7. If distance between two
objects is less than the precision, they are not distinguishable. Rounding errors produce
substantial contribution in the problem. To avoid operations with too close objects, all
algorithms test distances between them against the value of resolution - the minimal
allowed distance. It is computed automatically, depends on model x-range and takes into
account, very roughly, possible rounding errors. More details can be found in XTomo-LM
documentation. If a test against resolution fails, XMF generates the resolution error. That
can happen, for example, if the user makes interfaces too close or velocity grid too thick
when editing the model.

Note. The algorithm of building line coordinate system secures that receiver line x-
coordinates do not cause resolution errors. In theory, it may happen; in this case, a
receiver generating resolution error, is excluded from the observation system. Only after
resolution test, receivers are numerated, and each receiver acquires its number as a
unique identifier.

© 2021 XGeo
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Model

Overview — Model wireframe — Velocity grid — Velocity function — Grid density — Concluding notes.
Overview

The layered model includes two components: velocity function V(x, z) u "geometry" - a
set of curves representing seismic horizons. Sampling suggests definitions of two-
dimensional grids for each component. Those grids are, generally speaking, different and
agree with precision, required for each component. Strictly speaking, the precision
depends on depth because the sounding signal loses its high-frequency components on its
way to model bottom. Nevertheless, XMF uses a single curvilinear grid for all components
(fig. 1), which, naturally, restricts the class of layered models under consideration.

Puc. 1. Model representation by single curvilinear grid.

Model wireframe

This is a mathematical abstraction underlying the XMF software. Model wireframe is a set
of simple non-intersecting curves defined on a rectangular domain D of the (X, Z) plane
and representing daylight surface line (DSL) and seismic horizons. Each curve enters D
through the left side and leaves it through the right side. A curve is called simple if its
equation has the form z = f{x), which means that its points are unambiguously defined by
their abscissas. Sampling of such curve is defined by an x-net on a segment of the 0X axis,
which is called a wireframe x-net.

It is assumed that a single x-net is used to represent all wireframe curves. This
assumption is a compromise between precision of the curve representation in upper and
lower model layers. At that the fact that ray-tracing time grows (non-linearly) with grid
density should be taken into account.

Model wireframe is created and edited by the user in the Wireframe Editor program.
However, DSL is built automatically as the lowest curve going above all sources and
receivers with some tolerance. A snapshot of Wireframe Editor is shown on fig. 1.

© 2021 XGeo
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Fig. 1. Wireframe Editor's main window.

On the snapshot, D coincides with the drawing pad covered with uniform grid, whose
verticals pass through the x-net nodes. The grid's horizontals are drawn only for
convenience, so that the cells are square. Clear, that curve points belong to verticals but
not necessary to horizontals. DSL is a model top border, which bounds from above the
model domain.

A model wireframe defines model layers. The three-layer model on fig. 1 stands on the
half-space represented by the additional fourth layer. It participates, with velocity values
at its top, in modeling of a head wave on the last interface.

Velocity grid

XMF automatically stretches two-dimensional velocity grid over the wireframe built by the
user. The grid is formed by a set of verticals intersected by a family of quasi-horizontal
curves called h-lines. They satisfy the same restrictions as wireframe curves. More grid
properties are listed below.

e When the grid is built for the first time (initial model), its verticals pass through the
wireframe x-nodes. Later, in the course of editing, a number of verticals can be
doubled several times until the resolution error occurs. At that, the new wireframe
curve points are computed by linear interpolation.

e Shape and position of h-lines are defined by XMF so that some of them coincide with
wireframe curves. A number of h-lines in model, in a layer or a sublayer can be
doubled several times until the resolution error occurs.

© 2021 XGeo
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o After the model wireframe is changed, the grid is stretched over it anew, in the way
that its structure is kept unaltered, if possible. The only exception is the case, when a
number of wireframe curves (or model layers) is changed. In that case, the grid is
built, as in initial mode], from scratch.

The standard grid subsets are shown on fig. 3 and their names - in the underline.
Additionally, the entire grid and a layer belong to standard subsets. The "subgrid" term is
also used, in a broader sense, for any grid subset.

&

Puc. 2. Grid stretched over two-layer model wireframe.
1 - cell and its vertex; 2 - subgrid; 3 - column; 4 - vertical strip; 5 - row; 6 - horizontal strip.
Numbers at top left corner show how rows (h-lines) and columns (verticals) are numbered.

Velocity function

Model velocity is velocity of P-waves. In a discrete model, it is defined at grid nodes.
Velocity value at a node is also its value in the cell, for which the node is its vertex. Thus,
velocity can be describes as a table "row-column-V" or as cell function V(cell). Though
XMF works with the discrete model, we will often apply terms used for continuous model
and write V(x, z) instead of V(cell). The term vertical profile for v(z) = V(:, z) is used
together with velocity column.

It is, sometimes, more convenient to represent velocity function a set of layer velocities:

V=V(x2z)={V,(x2),V,(x2), ... V,(x z) },

where V, is layer velocity in the k-th layer. In the initial model, layer velocities are

constant.

After editing model wireframe, velocity also changes, because grid nodes at verticals are
shifted. This dependency velocity of geometry is present in geological models as well.
Velocity function is edited in the Model Editor program. Velocity values can be changed in
any standard grid subset; any vertical profile can be edited numerically; velocity can be
interpolated and continued in different ways.

© 2021 XGeo
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Grid density

Grid density must agree with model differentiation. Thus, normally, grid density is higher
at model top and lower at its bottom. That is achieved by multi-doubling a number of h-
lines in horizontal strips. As for verticals, their frequency is constant across the model, but
can be also increased by multi-doubling. However, that operation does not increase
wireframe curve precision, because new curve points are fully defined by those of initial
curves. In order to make that obvious for the user, model wireframe is edited on its own
x-net, independently of the current grid frequency. That means that the wireframe x-net
step must be guessed at the very beginning.

The XMF settings make the grid nontrivial, even if the initial model is horizontally layered
with constant layer velocity. This is done in advance minding further model elaboration.

Securing ray-tracing computational stability requires that grid cells are not too oblong. A
ratio of the larger cell edge to the smaller one must not exceed one order, but the smaller
the ratio is the better, and smoother ray paths are.

Concluding notes

1. The restrictions on model wireframe curves define the class of layered model
permissible in XMF.

2. A single-grid representation of a discrete model become feasible due to special ray-
tracing algorithm that can work with curvilinear grids.

3. One should not consider a discrete model described above as a result of sampling a
continuous model. Such model can be used directly for description of a geological media,
the more so, that continuity is not an immanent feature of the latter.

Waves

Wave types
XMF solves forward kinematic problem for the following wave types:
e diving (strongly refracted wave whose rays return back to surface);
e reflection;
e head wave.
We use the term "head wave", not "refraction” to avoid ambiguity and with stress on the

way it is modeled. Head wave propagates along a horizon of small curvature separating
layers with velocities V, (the upper) u V, (the lower) such that V, < V,. For the layered

model, reflected and head waves have fundamental importance. The user defines which
waves are formed at each layer floor. This action is called binding waves to model layers

© 2021 XGeo
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and is a part or ray tracing task. The diving wave rays are traced always. If velocity in the
first layer is constant, the diving wave turns into the direct wave from source to receiver.

Converted waves

Converted wave travels partly as P-wave and partly as S-wave, changing its nature upon
reflection or refraction at a seismic horizon. The kinematic aspect of conversion can be
treated as change of layer velocities. If V(x,z) = { V,(x, 2), V,(x, z), ..., V. (x, z) } is model
velocity function and V, is layer velocity (of P-wave) in k-th layer, the converted wave

propagates with velocity
(#) Vix,z2)={C,;V,(x2), C,V,(x,2), ..., C'V (xz)}, 0<C, <1,

where conversion coefficient (CC) C, pertains to k-th layer and

= 1, if a wave propagates in k-th layer as P-wave;
< 1, if a wave propagates in k-th layer as S-wave.

(The term "conversion coefficient” in the above sense relates to this document only). A
converted wave traverses model layers twice: as incident wave and as reflected (head)
wave and may experience conversion at some horizons on its way. To describe the
multitude of converted waves, we need additional means.

Wave codes

Wave codes are used to represent waves in the user interface. A monotype P-wave is
encoded with a string "NT", where N is an ordinal number of a horizon at which it is
formed, T is wave type: D - for diving, R - for reflection, H - for head. For diving wave,
N = 0. Here are examples: 0D, 1R, 3H, 10R.

Now let us address a wave. For each model layer, conversion coefficient C must be
defined. By default, € = 1, but if there is a wave which propagates in this layer as S-wave, C
is set to a ratio of velocities of S- and P-wave in this layer.

A reflected (head) converted wave formed at k-th horizon is depicted with two binary (i.e.
consisting of 0 and 1) strings s and s* each of length k. s pertains to incident, s* - to
reflected (head) wave. The string elements are called conversion flags; i-th flag is 0, if the
wave propagates in the i-th layer as P-wave, and 1 if it is an S-wave, i < k. Consider wave
W reflected from the third horizon and propagating upward as S-wave. Then, conversion
flag strings for W are: s = "000", s* = "111". If we treat a binary string as binary
representation of a decimal integer, W can be encoded as "3R-0-7". Repeating the same
arguments for an arbitrary converted wave, we obtain its code in the form "NT-F-F*",
where F and F* are integers whose bits in binary representation are conversion flags.

Such encoding is not transparent but it is compact, and this is important. Of course,
encoding is performed automatically, and the user can view what is behind wave code at

© 2021 XGeo
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any moment. XMF uses 31-bit integers for Fand F* which implicitly restricts a number of
converting horizons by 31.

With given conversion coefficients and flags, wave propagation velocity can be
determined by (#) unambiguously.

Interpretation Workflow

In this section, it is shortly explained, how user work in XMF is organized as an iterative
process. Below the process steps are listed and commented on.

1. Creating a project

A project is created for processing of a seismic line or its part. The user enters project
name, path to a folder containing line seismograms and defines a source of positional
data: trace headers or text files. At project create time, XMF creates environment for
further work, in particular, necessary data structures on disc. All subsequent work
evolves within project and all created data are placed in project folder. A new project is
created not only for new data, but also for producing a new variant of interpretation.

2. Data input

The following actions are performed at this step:
e seismogram verification;

e extraction of raw positional data from trace headers or SRR files into Raw positional
Data Cache;

¢ building line coordinate system and transformation of coordinates;
¢ building Positional Database;

e creating auxiliary data sets, in particular, a detailed source list - a base data structure
in supporting of the interpretation process.

All these actions are carried out by two alternative XMF programs.

3. Creating initial model

Initial model is layered model with constant layer velocities. The user builds a model
wireframe basing on a priori (with respect to XMF) information. In the last resort, the
wireframe can consist of a set of horizontals. A number of layers can be changed later, but
at that, velocity function is lost and replaced with constants.

4. Binding waves to layers

Clearly, the interpreter determines initial model as a result of studying the wave field. At
this step, XMF must be informed about that. In a special program, for each or some layers,
the user defines a list of waves generated at the layer floor. For each wave, its type and

© 2021 XGeo
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conversion parameters are fixed as well as drawing attributes of rays and traveltime
curves used by graphic programs. Wave binding can changed in the course of processing.

5. Iterations

The term "iteration" is used for a sequence of user actions, which is repeated many times
to attain the main goal: minimal deviation of computed TX-curves from phase lineups on
seismic records. The actions of one cycle include:

a) wave binding or changing it;
b) editing model (wireframe and/or velocity);

c) changing forward problem task, i.e. samples of sources and waves participating in
ray-tracing;

d) solving forward problem; the result is the Ray Catalog database, containing all ray
traced and their ray paths;

e) examination of ray picture by ray samples defined by the user;
f) studying wave TX-curves drawn over seismograms and deviation analysis.

Actions a) u c) are not obligatory. All data generated within one iteration are placed in
the iteration folder inside the project folder.

After step 4, the user creates the first iteration folder and carries out actions a) - f). Then
he or she repeats step 5 as many times as needed. At that, XMF creates an appropriate
data structure, which is examined in the next section.

6. Next iteration

In the standard interpretation process, the user studies TX-curves on seismograms in the
N-th iteration and makes the relevant model corrections in the (N+1)-th iteration. XMF
does not forbid editing the model in same iteration, but the user should understand, that
immediately after the model changes are saved, the ray picture and TX-curves become
invalid, and forward problem solution must be obtained anew. It is sometimes convenient
to perform several trial iterations in the same folder, but every time the model file is
overwritten, a possible branch point of the interpretation process is lost, and the process
is not, normally, unidirectional.

7. Pre-study
Pre-study means a method of building a model approximation through fitting a set of one-

dimensional sections. The last document chapter is completely devoted to this technology.
Typically, pre-study is applied to turn the initial model into much better approximation
than it usually is. However, pre-study may be used for a model of any project iteration.
This is an autonomous unit of XMF, not connected formally to the process described
above. It may be placed somewhere between two iterations: the one to be refined and the
resulting one.

© 2021 XGeo
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Data and Processing Control

Processing tree — Work folder menu —Project menu —Zero iteration menu —Pe-study menu— |teration menu.

The head program XMF displays data structure as a tree (fig. 1a), whose nodes match
folders of the file system. The root note images XMF work folder - a container of all XMF
projects. The next level is filled with project nodes. When such node is expanded, iteration
nodes are displayed.

& xvF Head Program = O X

CIEIE

w XMF Head Program = O x

=l el | % ae| 2 | 2

PROCESSING TREE
~ i XMF Works

PROCESSING TREE

e 5 KMF_Works
- [Z% 0006 BarenzSea-SRR-2D

» Tk 0006_BarenzSea-SRR-2D
oo [¥5 0008_SJ99-Smg3D w3 0008_5J99-5mg3D
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4 0022_DL-2000-1 ) w78 0022_DL-2000-1
s ..» 35 0022 DL1-SMG-2009b
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0001_PreStudy | e[EW] 0001 Presty [
= 0010 E 0010 b Make Adtive
1+ 0011_After pre-study H s 00T1_After p
= 0012 S——ral 1 11) ]
T 0015_120-130 Done | eI 001512041
e [Ta] 0020 : » T 0020
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DADEV_DATA\XMF_Works a) b)

0022_DL1-5MG-2009b v o)
= 0000_InputData :

-

Display User Notes..,

Rename...
Copy to...
Delete...

Fig. 1. a)representation of data structure; b)processing tree, active nodes, project node menu.

Project and iteration names begin with four-digit string — a system number of an object.
They are assigned by XMF and serve as convenient references. The rest, optional, part of
a name is an editable user name. The first 10 iteration numbers are reserved by the
system. The first iteration folder of each project has the standard name "0000_InputData"
u is called the zero iteration folder. It contains the input data: Positional Database, initial
model and the like. The node 0001_PreStudy node is a folder for preliminary study. The
rest, with system numbers = 10, are regular iteration folders. Each iteration folder is
created by the user. System numbering may have gaps because of deleted nodes.

Processing Tree

The tree on fig. 1a is called Processing Tree because, additionally to mapping data
structure, it performs functions of a dispatcher and a controller of the interpretation
process. For that, it is provided with all required tools, accessed through 5 context menus.
Depending on which item is current or selected, one or another menu is invoked om a
right-click. On fig.1b, the project menu is invoked. Tool bar button duplicate menu
commands for most important operations.

A project or iteration node is active, if data in its folder can be created or modified. An
active project is set by the user with a special menu command. Once it is done, the last
project's iteration becomes active automatically. Therefore, it is only the last iteration of
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the current project, in which the actions making up step 5 of interpretation workflow, can
be performed. All other tree nodes of the current or any other project permit only
viewing data. Active nodes are marked with small arrow to the left of the node icon as the

menu command on fig. 1b.

A set of each menu depends on whether a project or iteration is active. In this way the
program secures the discipline. Simple commands are performed by the head program,
but, normally, it runs other XMF modules, watching that no conflict happens between the
running modules. One reason that a command is disabled is just to avoid conflicts, for
example editing the same data.

Below, commands of each menu are listed with short description and, sometimes a link
">>" to detailed discussion.

Work folder menu
Table 1.

Command

Description

Select Work Folder

Invokes a dialog, in which the user selects an item from the list
of earlier defined work folders or defines a new one with the
help of local folder browser.

Create Project

>>.

Starts the module creating a new project. In particular, it
creates a new project folder with zero iteration folder inside it

Create Project As Copy

Creates a new project as a copy of an existing one, either in full
or only with zero iteration, i.e. input data.

Rebuild Tree

Rebuilds Processing Tree anew using the work folder tree on
disk.

Project menu

Table 2.
Command Description
Displays project properties defined at create time. The user can
Properties change only import/export folder, the rest properties are
project's constants >>.
Runs a simple text editor, like Windows Notepad, for work with
Display User Notes User Notes file. The editor has a context menu with the standard

© 2021 XGeo




XMF 2.0.1

13 FUNDAMENTALS

commands. A project and each non-zero iteration have their
own user notes files.
) Accessible, if active project is free from running modules. Makes
Make Active . p J : . . &
current project and its last iteration active.
Rename Allows editing project user name if the project is not active and
is free of running modules. The system number stays intact.
Copies an inactive project folder (with its content) to a network
Copy to _
location.
Removes an inactive project from the tree and its folder - from
Delete . . : . .
disc, if only no module is working with the project data.

Zero iteration menu

The menu commands provides input of positional data and their viewing.

Table 3.

Command

Description

Extract Positional Data

Import Positional Data

Only one of these commands appears on the menu,
depending on the source of positional data. Each command
executes fully step 2 of interpretation workflow >>.

View Raw Positional Data

Runs Raw Positional data Cache Viewer >>.

View Positional Database

Runs Positional Database Viewer >>,

View Seismograms

Launches Line Seismogram Viewer for viewing the ordered
sequence of line seismogrames.

Provides creating initial model with constant velocity layers

Create Initial Model with the help of Wireframe Editor and Velocity Grid Builder
>>,
View Initial Mode Launches the graphic module Model Editor depicting model

grid with cells filled with color matching velocity values >>.

Velocity Color Spectrum

Runs Velocity Color Spectrum Manager for editing the default
velocity color spectrum >>.
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Create First Iteration

Creates the first iteration enabling the user to begin the
interpretation process.

MeHio y3na pre-study

Ta6auna 4.

Command

Description

Run Pre-study
Controller

Launches pre-study head program

Apply Pre-study Results

Creates a new iteration with user name After pre-study and put
in it the target ot partial target model >>.

Help on Pre-study

Opens the document chapter devoted to pre-study.

Iteration menu

The first four commands starts servicing operations, the rest run operations making up

an iteration.

Table 5.

Command

Description

Create New Iteration

Creates a new iteration by copying the current one. The new
iteration gets its system number and becomes active. The
current time and the source iteration number are added to the
new iteration's user notes.

Allows creating or editing an iteration's user name, if it is free

Rename )
from running modules.
Allows removing iterations with numbers in range [N1, N2],
where N1 is the number of current iteration, while N2 > N1 and

Delete Iteration(s) is defined by the user. By default, N2 = N1. Iterations, busy with
active modules are not deleted. An iteration is removed
together with its folder.

Display User Notes Displays the user notes relating to the current iteration.

Edit Model Runs Model Editor for editing velocity and geometry (i.e. model

wireframe) >>.
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Bind Waves to Layers

Runs Waver-Layer Binder to define waves formed at each (or
some) layer's floor >>.

Forward Problem Task

>>,

Runs Forward Problem Tasker for making up forward problem
task, i.e. wave and source samples for which rays will be traced

Solve Forward Problem

Runs Forward Problem Solver implementing ray-tracing in
accord with the task >>.

Forward Problem Log

Allows viewing ray-tracing log to estimate a number of lost
rays. >>.

View Ray Catalog

Runs Ray Catalog Viewer for examination of the Ray Catalog
database in the form of numeric tables >>.

View Ray Picture

Runs Ray Picture Viewer for examination of the Ray Catalog
database in graphic form, that is, as a ray picture >>.

View TX-Curves

Runs Line Seismogram Viewer (LSV) for viewing TX-curves
drawn over the seismograms. Only waves and seismograms
defined by the forward proble