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1 INTRODUCTION

Welcome to Seismager/2D™! Seislmager/2D is an easy-to-use, yet powerful program that
allows you to:

Read in and display your refraction data.

Control how your data is displayed.

Make changes/corrections to your data files and save them.
Pick the first breaks and save them.

Invert your data to a velocity section.

Output a travel time plot, velocity section, and other graphics.

Seislmager™ is the master program that consists of seven modules for refraction, downhole, and
surface-wave data analysis. The individual modules are Pickwin™, Plotrefa™, WaveEq™,
PSLog™, SPACPlus™, and GeoPlot™. The Surface-wave Analysis Wizard™ is not a separate
module, but automatically calls on specific functions from Pickwin, WaveEq, and GeoPlot. The
overall structure of Seislmager is shown below:

Seisimager

....... ..‘_,—-" d
....... L2t Wave processing’ .,

N e I seisimager/sw

" Downhole analysis For Goodo. data For Atom data

: .{:.' ._. ¢.‘
' o o % Dispersion curve and H/V analysis

PS 3
................. WE
Selslmager/DH :
Refraction analysis Visualization
- ~
Selslmager/ZD

Figure 1: Seislmager family of applications.

Pickwin and Plotrefa are the modules used for refraction analysis, making up the program called
Seislmager/2D. GeoPlot can be used to visualize the data beyond the tools included in
Seislmager/2D. Pickwin is the first break picking module and Plotrefa is the main analysis
program. Though we touch on some refraction theory in this manual (see appendices), this is not
meant to be a treatise on seismic refraction. It is assumed that the user has a reasonable grasp of
the main principles of seismic refraction, especially those behind the specific analysis
techniques employed by this software. Please see the recommended reading list (Appendix G)
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for some good primers on seismic refraction theory and inversion techniques. See Page 9 and
Page 124 for links to useful video clips. Also see this treatise on seismic refraction field
methods.

Seislmager/2D is a very powerful refraction package. It offers three separate inversion
techniques: the Time-term Method, the Reciprocal Method, and tomography. Both the Time-
term and Reciprocal Methods are based on “delay-times” (see Appendix E for a discussion of
this all-important concept). The main difference between the two is the method by which the
delay-times are calculated. In the Time-term Method, the delay-times are calculated
automatically (via a linear least-squares inversion technique). In the Reciprocal Time method,
the delay-times are calculated manually — much more user input is required. Each technique is
unique, and which technigque you should use depends on the goals of the survey and the
character of the data. Seislmager/2D also contains many ancillary tools that we hope you will
find useful.

Section 2 describes the software installation process. Section 3 describes the process of picking
first breaks with Pickwin. Section 4 describes in detail the various inversion techniques
available in Plotrefa. Appendix A and Appendix B provide a number of Pickwin and Plotrefa
examples, and Appendix C gives an overview of seismic refraction theory. Appendix D,
Appendix E, and Appendix F describe some of the particulars of the three inversion algorithms.
Finally, Appendix G provides a list of references for further reading on seismic refraction. A
separate booklet of examples, Seisimager/2D Examples, along with example data files and
video clips, is available for download on our web site. Please visit our site often for manual
updates and free updates of the software.

Although this manual can be printed, it was designed as an online resource, and includes
many internal and external hyperlinks. It will be updated on a semi-regular basis, and a
current version will always be available for download on our site. Be sure to display the
navigation toolbar in Acrobat Reader (as of this writing, the toggle switch was F8) to simplify
navigation:

@ ® W 0 ©

Figure 2: Acrobat Reader navigation toolbar.

If your version of Acrobat Reader does not have the above tool bar, use Alt+Left Arrow to
return to the previous view after clicking on a link.

The manual makes liberal use of color, so if you elect to print it, using color is highly
recommended. There are also links to online videos, so an internet connection is useful (some of
these videos are also available here and can be stored on your hard drive for offline viewing).

Finally, we are very interested in your constructive criticism of both this manual and the
software itself. Please contact us at sales@geometrics.com with any comments you might have.
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Note: Seislmager/2D is very complex software “under the hood” and may grow unstable and
give spurious results if many different models are run in one session or if there are unit conflicts
between modules. It is therefore best to begin a new instance of the application to run new
models. If the program does exhibit instabilities, follow this procedure:

e Close all Seisimager modules.

e In the Windows search box,

£ Type here to search Q i

Type in “SeisImager Registration.” You will see the following:

Seislmager Registration

SelsImager is already registered.

Complete installation

Wiew or change registration [ﬁ

e Select View or change registration. You will be presented with the Seislmager
Registration dialog box.

e Select Advanced options (upper right) and then press Restore all modules to default settings
and then press OK.
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Advanced options

Setting ‘

Register online temporatily ‘

Transfer registration to another PC ‘

& gsign registration ID ‘

Dielete registration |

Restore all modules to default settings L\\s ‘

Abhout Seislimager Registration ‘

[ Use 351 to access to server

Ok

Note: Throughout this manual, you will find that certain menu items are greyed out. There are
two reasons for this. The most common is that the feature is not applicable to that dataset or
that point in time. The other reason is that some items may not be available under your license.

2 INSTALLING THE SOFTWARE

The Seislmager USB stick is supplied (1) for trial evaluation of the programs, (2) for purchase,
rental, or upgrade of one or more of the programs, or (3) with purchase of an ES-3000™,
Geode™, StrataVisor NZXP™, or Atom™ seismograph, which all include the Lite version of
Seislmager/2D. The USB contains all programs and all documentation.

Occasionally, there will be a software release in between USB releases. In this situation, the
USB will be labeled with a notice to download the latest version.

Note: Even if the USB is not labeled with instructions to do so, it is best practice to download and
install the latest software prior to installation, as Seislmager is updated frequently. The USB is
convenient, especially if you do not have an internet connection. However, if you do have an
internet connection, we highly recommend that you skip the USB for installation altogether. If you
do so, be sure to download the newest documentation as well.

Note: You must have administrator rights to install the software. After installation by an
administrator, users with lower-level privileges can use the software.

Lippus/Underwood 4 Seislmager/2D Manual v. 4.0
P/N 770-00117-01 July 2024


https://www.geometrics.com/software/
https://www.geometrics.com/resource-sub/seisimager-users-manuals/

Installing the Software %} GEOMETRICS

Simplify your search

To install or update the software, click on the file named Seislmager.msi (or
Seislmager_xxxx.msi). If Seisimager is already installed on your computer, you will be
prompted to remove it or repair it. Remove the software, run Seisimager.msi again, and then
simply follow the prompts.

After the installation is complete, you will be presented with the registration screen:

n Seislmager Registration

°
e e I S m a e r Readme: Seislmager Packages and Modules | Advanced options
2:3:02
i~For all single and multi-package licenses (except for single SeisImager/2D Lite licenses, see right): For SeisImager2D Lite only:
{* 1have a registration ID Seismograph SN Register
Register
" 1do not have a registration ID Company?Affitistion |
SeisImager 2D - None SeisImager’SW : None SeislmagerDH : None
Pickwin Plotrefa WaveEq GeoPlot GeoPlot3D PSLog SPACPlus
= o 0 « = O o
- . 8 o e c ~
(@] & {5
(@) D)
r r
r &
r &
Online registration and database (optional):
User information Primary database and user sign-in
Username
. . Password
Usage information
I

If you already have a registration ID, indicate as such, type it in, and press Register. If you do
not have an ID, click | do not have a registration ID, and send your keyword and order number
or seismograph serial number to support@geometrics.com. You will be given a registration ID
that will enable the products that you purchased or rented. You may return to this screen later by
typing “SeisImager Registration” into the Windows search box at the lower left of your desktop:

A2 Type here to search oX

The programs enabled by the registration ID will be reported in a series of messages. Click OK
to accept each message.

After these messages have appeared, the registration screen will reflect the programs that have
been registered, as shown below. In this case, Pickwin Pro™ and Plotrefa Pro™ are the
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Readme: SeisImager Packages and Modules |

Seisimager

i~ For all single and multi-package licenses (except for single SeisImager/2D Lite licenses, see right)

Register

{+ I have a registration [D
MHACIKAN4TMS

" 1do not have a registration ID

For SeisImager/2D Lite onty:

Seismograph SN

Company/Affiliation |

T R

Exit
Advanced options

2302

SeisImager/2D : Pro | SeisIlmager/SW : None

Pickwin Plotrefa WaveEq GeoPlot
== =
r £ r ¥ | ¢ o
D) W @) PR D) ~
T i e
= =
r r
-
-

Online registration and database (optional):
User information

Usage information

SeisImager/DH : None

GeoPlot3D PSLog
= O
(@) @]
Primary database and user sign-in
Username

Password

SPACPlus
o

]

Typically, installing an upgrade of the software does not require re-registration, but if you are

upgrading from a version older than April 2007, you will need to re-register.

Once installed, the program modules can be opened directly through the desktop icons shown

below:

N =1 DA R DB M
&/ % s o
aPW a PR #WE & PS
Pickwin Plotrefa Wavekq PSLog
(Pick First (Refraction (Surface (Downhole
Breaks or Analysis) Wave Seismic)
Dispersio... Analysis)

o=
3

a GP

GeoPlot

(Visualize
Data)

N
R

» WZ

Surface
Wave
Analysis
Wizard

o

A

a SP+
SPACPIlus
(Download

and
Process A...

The Surface-wave Analysis Wizard is not a separate module but automatically calls on specific
functions from Pickwin, WaveEq, and GeoPlot to walk you through the analysis process. All of
the icons (shortcuts) will be copied to your desktop regardless of which program(s) has been

purchased. You may wish to create a folder for the various shortcuts to avoid cluttering on your
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desktop. Alternatively, you may elect to simply delete the shortcuts that you did not
purchase/rent the rights to.

To begin using the software, double-click the appropriate shortcut.

For registered installations, the module opens and is ready for use. The other registered modules
are ready for use as well.

For unregistered installations running in demonstration mode, you will be presented with the
message shown below. Press OK.

Pickwin

_—\ _‘I |_[I Incarrect registration D,

The program will run as a demonstration version 15 times,
The program can be opened 15 more times,

To register Seislmager with a registration 1D,
use SeislmagerRegistration.

|

S0 I

To enter a registration 1D after your 15 times in demonstration mode, go to the Windows search

box (lower left) and type “SeisImager” to find the SeisImager Registration . Rea program as
shown above. Open the register and email the keyword to support@geometrics.com with your
order number and seismograph serial number (if you purchased the software with a
seismograph), and we will reply with a registration ID to enable the version of the software you
have purchased. Once received, enter the registration ID press OK. You will see a message like
the following:

Seislmager Registration

l 1 The program is registered as Seislmager/20 Pro,

Once the software is registered, the data input dimensions of the demonstration version will be
updated to reflect the limits of the program purchased. You will see a message like the one
below. Press OK.
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Piclkwin

The Dimension size of the demo version has been updated to:
L

Mumber of traces = 512

Mumber of samples = 65536

Refer to the Options menu, under Dimension size, for more
infarmation,

This completes the description of most, if not all, possible registration pathways.

As mentioned previously, the Lite version of Seisimager/2D comes free with all seismograph
purchases, so if you have purchased Seisimager/S2D with a seismograph, you are also entitled
to the Lite version of Seisimager/2D. If you do not already have a license for Seislmager/2D,
Lite or otherwise, but would like to order a copy, please contact us at support@geometrics.com.

A general recommendation when using Seislmager is to close and reopen the software modules
or open a second instance of the software modules to start new, separate analyses. The programs
are efficient and launch quickly, so this is easy to do and will prevent complications when
processing data.

Regarding making report graphics and documenting your data processing, Seisimager includes
the ability to print graphics to a printer or pdf, as well as save images to PNG, JPG, BMP, or
GIF format. You might also find it handy to have a screen capture program such as

HyperSnap® from Hyperionics. Bitmap screen captures can be quickly and easily made at the
desired stages of processing and saved for import into Microsoft Word® or other applications.

For more advanced graphics, consider Geometrics GeoPlot.
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3 THE PICKWIN MODULE

Prior to reading this chapter, you might find it useful to view this 12-minute video on using the
Pickwin module. It will provide valuable context for what follows.

If you are new to seismic refraction, it is highly recommended that you watch the following
clips on data acquisition:-

Seismic refraction training 1-0: Geode Seismograph Field Setup (5:52)

Seismic refraction training 1-1: SCS Data Acquisition (7:41)

Seismic refraction training 1-2: SCS Data Acquisition (8:59)

Seismic refraction training 1-3: SCS Data Acquisition (6:10)

Although the above videos are based on the Geometrics Geode seismograph, they are applicable
to all Geometrics seismographs and useful even with competing seismographs.

When doing seismic refraction, the main purpose of Pickwin is to help you identify your first
breaks, pick them, and save them for input to the analysis program, Plotrefa. Once you have
read your data in, (and edited it if necessary; see below), you may optimize the appearance of
the data to enhance the appearance of the first breaks. Toward this end, you may filter the data,
change the display gains, change the distance and time scales, change the trace style, and correct
the record for timing errors. Once you have optimized the data, the program will automatically
pick the first breaks at the touch of a button, which you will then have a chance to adjust. After
the breaks have been picked, you may save them, read in the next SEG-2 file, and repeat until
all files have been picked and the picks have been saved.

After reading in your data file, as mentioned above, you may edit it. For example, you may
truncate it, de-sample it, or change the geometry information in the header. Once you have
finished editing, you may save it in the same SEG-2 format. This is a useful feature for
correcting any mistakes you may have made in the field. For instance, you may have used a
much longer record length than you needed, resulting in very large files. This feature allows you
to truncate the unnecessary part of the file and make the file smaller.

Note: Never overwrite raw field data. Always save edited data with a different file name than
that of the raw data.

The general flow of Pickwin (for refraction) is depicted in the flow chart below:
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Edit and save

SEG-2 file

Read in ; . . <
e . Adjust display Pick first Save first
L gEG—Ed:E*Eracth ¥ pararmgters " breaks " break DiﬂkS

:-,'/— PlotRefa “\'l
Figure 3: Pickwin flow chart.
Click on the = PW shortcut to start Pickwin. You will see the following:

B Pickwin -
File Edit/Display View Pickfirst arrivals Downhole seismic analysis  Surface wave analysis  Processing (A] Option  Help

HEIEEE TR T e N A T T e e e e e e e

No waveform data

Maximum number of traces = 512 Maximum number of samples = 65536

Select [Option][Dimension size] to change maximum trace and sample numbers
Current folder path - C:\Users\Craig\OneDrive'\Desktop\New folder

Select [File][Folder path] to change the folder path

The user-interface of Pickwin consists of a series of menus along with a toolbar. We will now
discuss in detail the various menus and features of Pickwin.

Lippus/Underwood 10 Seislmager/2D Manual v. 4.0
P/N 770-00117-01 July 2024



The Pickwin Module

3.1

FILE MENU

Click on File to reveal the File menu:

Lippus/Underwood
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File (F}

Open waveform (SEG2) file(D),.,
Save weaveform (SEGZ) fileds)..,
Save waveform (SEG2) file as(a)..,

Open Mcseis-3 file
Open OY0 160k (SEGT) file

Open syhthetic waveform (Bhd) file

Dpen pick file
Sawve pick file

Print windowe display (P)...
Print preview: )
Page setup (R)...

Group (File list) (&)
Dptions

1 Chlsersh, A\1007. dat

2 ChlUsersh, Msxdw2B51_MODs92
3 ChUsersh. hermp_ 000000592

4 ChUsersh, A1000.0AT

Exit (%)

11

Chrl+0
Ctrl+5

Ctrl +P
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3.1.1 OPEN WAVEFORM (SEG-2) FILE [CTRL+O]
File (F)
Open waveform (SEG2] file(0]... Ib Ctrl+ 0

Click on Open waveform (SEG-2) file, press Ctrl+0O, or press the “Open File” tool button E to
read in a record. You will see a dialog box like the one below:

U <« Seismic » Seislmager 200 » Example data v | D 0 Search Example data
Organize « New folder ==~ [ @
Examnple data ™ Name Date medified Type Size
Graphics [ 16.dat 12/19/2022 4:25 AM DAT File 580 KB
Manuals [ 17.dat 12/11/2022 &10 PM DAT File 579 KB
Movies [ 18.dat 12/11/2022 &10 PM DAT File 579 KB
Presentations [ 19.dat 12/11/2022 &:10 PM DAT File 579 KB
Software [ 20.dat 12/11/2022 &10 PM DAT File 379 KB
7 21.dat 12/11/2022 &10 PM DATFil 579 KB
Seislmager DH I—.I a - nirie
| ] 22.dat 12/11/2022 &10 PM DAT File 579 KB
Seislmager lcor
Comimlimm mmnme C1AF W < >
File name: |*.dat w | | 5eq2 file(*.dat)
Seq2 file(*.sg2)
All files(*.%)

Find the folder your data resides in and open it. SEG-2 files from Geometrics seismographs
have a .dat extension, so this is the default, and only .dat files will be displayed (another
common extension is .sg2). Choose the file you wish to read in by double-clicking on it. If there
is already data in memory, you will be presented with the following dialog box:

Open data file

(+ New file oK

" Append to present data

Generally, you will be reading in a “new” file, but you may also append records together. The
“append” option is discussed in depth in Section 3.2.9 on Page 54. Also see Section 3.1.13.1 on
Page 33.
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Simplify your search

3.1.2 SAVE WAVEFORM (SEG-2) FILE [CTRL+S]
File (F)
Open waveform (SEG2) file(O)... Ctrl+ 0
Save waveform (SEGZ) file(s)... h Ctrl+%

To save a SEG-2 file after editing, choose Save waveform (SEG-2) file, press Ctrl+S, or press
the “Save File” tool button. E| You will get a dialog box like the one above.

Type in a file name and press Save. The extension will default to the Geometrics-standard .dat.

Note: Again, be careful not to overwrite your raw field records. If you use this option, be sure
to have a copy of the raw records stored elsewhere.

3.1.3 SAVE WAVEFORM (SEG-2) FILE As
File (F)
Open waveform (SEG2] file(O]... Ctrl+0O
Save waveform (S5EG2) file(5)... Ctrl+5
Save waveform (SEGZ) file as(A)... h

Use this option to save the waveform file with any name you wish. This is the recommended
“save waveform” option, as it limits the possibility of overwriting your original raw records.

3.14 OPEN MCSEISs-3 FILE
File (F)
Open waveform (SEG2] file(0)... Ctrl+ 0
Save waveform (SEG2) file(s)... Ctrl+5

Save waveform (SEGZ) file as(4)...

Open McSeis-3 fil
pen eis-3 file .

This is identical to that described in Section 3.1.1 above. It is used to open data acquired with
the Oyo McSeis-3 seismograph. There is no particular file extension for McSeis files.
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3.1.5

OPEN OYO 160MX (SEG1) FILE

File (F)

Open waveform (SEG2] file(0)... Ctrl+0
Save waveform (SEG2) file(s)... Ctrl+5
Save waveform (SEG2) file as(4)...

Open McSeis-3 file
Open QYO 160MX (SEGT) file l}

) GEOMETRICS

Simplify your search

This is identical to that described in Section 3.1.1 above. It is used to open data acquired with the
Oyo 160MX seismograph. There is no particular file extension for 160MX files.

3.1.6

OPEN SYNTHETIC WAVEFORM (.8HD) FILE

File (F)

Open waveform (SEG2] file(D)... Ctrl+0
Save waveform (S5EG2) file(s)... Ctrl+5
Save waveform (SEGZ) file as(4)...

Open McSeis-3 file
Open OY0 160MX (SEGT) file
Open synthetic waveform (8hd] file N

This is identical to that described in Section 3.1.1 above. It is used to open a waveform file
generated by WaveEQ. Please refer to the separate Seisimager/SW manual for explanation of
this menu item. It is generally not used for refraction.

3.1.7

OPEN PiICcK FILE

A SEG-2 file must be open to use this feature. Click on Open pick file.

Lippus/Underwood
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The Pickwin Module

File (F)

Open waveform (SEG2]) file(D)... Ctrl+Q
Save waveform (S5EG2) file(s)... Ctrl+5
Save waveform (SEGZ) file as(A)...

Open McSeis-3 file
Open OY0 160MX (SEGT) file
Open synthetic waveform (.8hd] file

Open pick file N

You will see the following dialog box:

) GEOMETRICS

Simplify your search

Organize = Mew folder

Magnetics () Name
Old timesheets
Seismic
GeoEel
Publicaticns
Refraction
Seislmager 2D

Example data

Lrmmbice i A=

T < Seismic » Seislmager 2D » Example data v ]

o

Date modified

|:] Example_Pickwin_FBP_File.vs 12/11/2022 6:32 PM

2 Search Example data

Type Size

VS File 5KB

File name: | *ys

Traveltime data(*.vs)

Traveltime data(*.vs)
Phase-velocity data(*.pvs)
All data(*/%)

First break pick files that have been picked with Pickwin have a .vs extension. Choose the file
you wish to read in by double-clicking on it.

Lippus/Underwood
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3.1.8

SAVE PICK FILE

To save the first breaks, choose Save pick file.

File (F)

Open waveform (SEG2] file(O)...
Save waveform (SEG2) f_#El[SJ...
Save waveform (SEG2) fi%asl{h]...

Ctrl+Q
Ctrl+5

Open McSeis-3 file
Open OY0 160MX (SEGT) file
Open synthetic waveform (8hd] file

Open pick file
Save pick file

[

You will see the following dialog box:

) GEOMETRICS

Simplify your search

Organize * Mew folder
Old timeshee ™
Seismic
GeoEel
Publication:
Refraction

Seislmager.

Exampled ¥

Name

M < Seismic » Seislmager2D » Example data v | D

o

|J Example_Pickwin_FBP_Filewvs 12/11/20

ra
iy
jury
red
[=1
ra
P
=4
L
P
-
=

L Search Example data

= @

KB

File name: |

A Hide Folders

Save as type: | Traveltime data file for Plotrefa (*.vs)

Save

Cancel

Type in a file name and press Save. The extension will default to .vs.

Lippus/Underwood
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Simplify your search

3.1.9 PRINT WINDOW DisPLAY [CTRL+P] =
File (F)
Open waveform (SEG2) file(O]... Ctrl+0O
Save waveform (S5EG2) file(5)... Ctrl+5

Save waveform (SEGZ2) file as(A)...

Open McSeis-3 file
Open OY0 160MX (SEGT) file
Open synthetic waveform (.8hd] file

Open pick file
Save pick file

Print window display (P]... [} Ctrl+P

To print the window display of Pickwin, choose Print window display, press Ctrl-P, or press the
“Print” tool button. = You will see the print dialog box for your computer:

Properties. .. |

Status: Ready
Type: HF 0 2700 series PCL-3
Where:  USBDO1

Comment: ™ Print to file
— Print range — Copies
= Al Mumber of copies: 1 :
" Pages fmm:|1 to:
_ 2 3 2 3| ¥ Callate
= Selection 1 1

oK | Cancel |

Press Print to print the current window display of Pickwin.
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3.1.10

PRINT PREVIEW [V]

I File (F)

Open waveform (5EG2) file(O]... Ctrl+ 0
Save waveform (SEG2Z) file(s)... Ctrl+5
Save waveform (SEGZ) file as(A)..

Open McSeis-3 file

Open QY0 160MX (SEGT) file

Open synthetic waveform (.8hd] file

Open pick file

Save pick file

Print window display (P]... Ctrl+P
Print preview (V) h

) GEOMETRICS

Simplify your search

To preview the window display of Pickwin for printing, choose Print preview. You will see a
preview of the window display that will be printed:

Lippus/Underwood
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Mext Page Frew Fage Two Page Zoom In Zoorm Dut Close

|Page 1 [Pick first arrival  [time=264.5msec |dist.=-3.72m |0:amp.=1799.62 4

Figure 4: Waveform display ready for printing.

To print this display, press Print. To close this display, press Close.
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3.1.11

PAGE SETUP [R]

I File (F)

Open waveform (SEG2) file(O]... Ctrl+0
Save waveform (S5EG2) file(s)... Ctrl+5
Save waveform (SEG2) file as(A)...

Open McSeis-3 file
Open OY0O 160MX (SEGT) file
Open synthetic waveform (.8hd] file

Open pick file
Save pick file

Print window display (P]... Ctrl+P
Print preview (V]
Page setup (R]... l}

) GEOMETRICS

Simplify your search

To prepare a page for printing, choose Page setup. You will see the print dialog box for your

computer:

Print Setup

— Printer
Mame: Properties. .. |
Status: Ready

Type: HP 0 2700 series PCL-3
Where:  USBOM

Comment:

— Paper Orientation
Size: ILetter ;I % Portrait
Source: IMain Tray ;I " Landscape

Metwork... |

__ox |

Adjust the properties for printing and press OK to print the current window display of Pickwin.
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3.1.12

GRoUP (FILE L1IsT) [G]

) GEOMETRICS

Simplify your search

It is often convenient to read in a group of shot records, rather than one at a time. The Group

(File list) menu can be used to group files together and read them in all at once.

File (F}

Dpen waveform (SEG2Z) file (0.,
Save wavefarm (SEG2) file(s).,,
Save waveform (SEGZ) file as{h)..,

Dpen Mcseis-3 file

Open O%0 160K (SEGT) file
Open synthetic waveform (Bhd) file

Open pick file
Save pick file

Print window display (P)...

Print previews (W)
Page setup (R)...

Group (File list) (&)
Dptions

1 ChUzersy,, 1007, dat

2 ChlUsersh, Nsxdw?as1_MOD 52
3 Colsersh, \ermp_000000.:92

4 Chdsersh, A1000.DAT

Exit ()

Lippus/Underwood
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3.1.12.1 MAKE FILE LIST

File (F)

Group (File list) (G)

Make file list b

) GEOMETRICS

Simplify your search

To make a group, select Make file list in the sub-menu. Select a folder and choose the files you

wish to group by holding down the Ctrl or Shift key and clicking on them.

Cars
Cathy

Climate

Fly fishing
Guitar

Magnetics

Seismic
Geokel
Refraction
Seislmagel

Examble

Organize + New folder

Family Album

Less Frequently Used Shortcuts

Old timesheets

r 20
data

File name:

4 < Seismic » Seislmager 2D » Example data

Mame

| ] 16.dat
| ] 17.dat
| ] 18.dat
| ] 19.dat
| ] 20.dat
| 21.dat
| ] 22.dat

Local Geometrics - copied to OneDrive on 7292022

L 4

Date modified

12/19/2022 425 AM
12/11/2022 6:10 PM
12/11/2022 6:10 PM
12/11/2022 6:10 PM
12/11/2022 6:10 PM
12/11/2022 &:10 PM
12/11/2022 6:10 PM

"22.dat" "16.dat" "17.dat" "18.dat" "19.dat" "20.dat" "21.dat"

v

Type

DAT File
DAT File
DAT File
DAT File
DAT File
DAT File
DAT File

Seg? file(*.dat)

Open

A2 Search Example data

-

Size

Cancel

580
579
579
579
579
579
579

Press Open and you will see the following message:

Press OK:

Lippus/Underwood
P/N 770-00117-01

Pickwin

l"z 7 files have been opened.

22

Seislmager/2D Manual v. 4.0

July 2024



The Pickwin Module ) GEOMETRICS

Simplify your search

Lze information in file

OK

Iv Source position

[¥ Receiver position Cancel

Check to use source and receiver coordinates m file headers

If the correct source and receiver positions are included in the data file headers, check both
boxes in the above dialog box. The geometry will be automatically read from the file headers.
The following table will then be displayed:

File list

Index Edit D Source (m) st receiver (m)  Receiverint. (m) #ofaux.  Source index
o [ E E E i =
1 - 17 [0 [0 [1 [0 [1 | Next
2 [ [0 [o [1 [0 2 | Back
3 [ [0 [o [1 [o B |
Set g
4 - 20 [0 [0 [1 [0 [4 | z
Set # of aux
5 - |z [0 [o [1 [0 [5 |
c [z [0 [0 E O G —
.
Import
MNumber of files
V¥ Apply source coordinates from file header ¥ Active data ,'.‘—
Iv¥ Apply receiver coordinates from file header " Pacecive data

If you read the geometry directly from the shot file headers, then the geometry information
displayed in the above table should be ignored. However, this is a good place to confirm the
shot records you have included in the group (see the 1D column). If you wish to delete one of the
files in the group, check the appropriate box in the Edit column and press the Delete button.
Press OK to continue.

If the geometry data was not read from the shot file headers, this dialog box will allow you to set
up the survey geometry. For each file, enter the source position, the location of the first receiver,
and the receiver interval. For most refraction applications, you may ignore the # of aux column.

Use the Next and Back buttons to scroll up and down through the shot record IDs. Ignore the
Setup button.

Press the Export button to export the list as a text (.txt) file for import later.
Press the Import button to import an existing text (.txt) list file.

Note: The above dialog box assumes constant geophone spacings. If you have variable
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- Simplify your search

geophone spacings, and the geometry data was not recorded in the shot record files, you may
enter the geometry information under Edit source/receiver locations, etc. in the Edit/Display
menu (see Section 3.2.14, Page 68). This must be done on a file-by-file basis — read in the file,
fill in the geometry information, and save the file back out as a SEG-2 file. It is generally
advisable to set the geometry parameters in the field and record them in the shot file headers.

3.1.12.2 MAKE FILE LIST (SELECT A FOLDER)
File (F)
Group (File list) (G)

Make file list
Make file list{zelect a folder) [

This feature is identical to Make File List above, except that in this case, all you must do is
choose the folder that the seismic waveform files are in. You do not need to choose the files —
all the waveform files in the folder will be read in. This is convenient when you have a large
number of waveform files in a folder.

3.1.12.3 OPEN FILE LIST

File (F)
Group (File list) (G)

Make file list
Make file list{select a folder)
PR
Open file list {% [

Once you have created a group, you may save it for future retrieval in .txt or .xml format (see
below). To open a group, select Open file list. You will be presented with the following dialog
box:

Open data file

{+ New file OK

{7 Append to present data
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) GEOMETRICS

Simplify your search

You can append file groups in the same way you can append individual files. In this case,

choose New file and press OK:

Organize » New folder

Magnetics A Name
Old timeshests
Seismic
GeokEel
Publications
Refraction
Seislmager 20

Example data

L B 8

-

[ ] sample_File_Listxml

i <« Seismic » Seislmager 2D » Example data

Date modified

12/30/2022 5:17 AM

& Search Example data

Type

XML Document

File name: |m

v| File list(*xml)

= v [ o
Size
4 KB
>
Cancel

Choose the appropriate group file (the default file format is .xml). If the file is in .xml format,

you will see the geometry dialog box:

File list

2

B

g

o]

Setup

Set # of aux.

¥ Apply source coordinates from file header
v Apply receiver coordinates from file header

% Active data
" Passive data

Indes Edit ID Sonrce (m) It receiver (m) ~ Receiverint (m) #ofaux Source index

[ r [ [o [o [1 [o [o [20221222 5:36:9.000
[ r v [o [o [1 [o [1 [20221222 5:36:9.000
E [0 [o [1 [o [2 [20221222 5:36:9.000
[ r v [o [o [1 [o [3 [2022:1202 5:36:9 000
[« [ [o [o [1 [o [4 [20221222 5:36:9.000
|j— r (n [o fo 1 fo B [202211222 5:36:9.000
[ [z [0 [o [1 [o f6 [202212225:36:9.000

This is an opportunity to modify the geometry or to delete shot files from the group. Press OK to

display the first shot record in the group.

If the group file is in a .txt format, you will be presented with the following dialog box:
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Select file type
0K
v SEG2
( McSEIS series Cancel
(" 8 header fil=
" Unknown

Indicate the file type and press OK. The following dialog box will appear:

File name option

Prefix  |filename| 0K

Extenszion | dat Caneel
Number of digits |4

Uze information in file
v Source position

Iv Peceiver position

Prefix: Some seismographs put some sort of prefix before the file ID number, e.g.,
FILE2001.SG2. When the group file is in text format, you must enter any prefix manually. If
there is no prefix (Geometrics seismographs), leave the prefix field blank.

Extension: Different seismographs use different file extensions, such as .dat (Geometrics-
standard) or .sg2. Enter the correct extension.

Digits: Enter the number of digits in the file ID number.
Finally, indicate whether the source and receiver positions should be read from the file headers.

Press OK, and you will be presented with the Geometry menu, as above. Press OK again to
display the first shot record in the group.

Note: In general, XML format tends to be the most convenient. Whenever you have the choice,
save to XML.

Once you reach the data display, you may now page through all the shot records in the group

using the i and ¥ tool buttons. This is extremely convenient in the first break picking

process.
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Next you will be prompted for the number of auxiliary channels:

Murnber of auxiliary channels

OK

Number of auxiliary l[;.i

Cancsl

Auxiliary channels are used to record non-standard data, such as the trigger signal coming from
the source. In most refraction work, this will be set to zero.

3.1.12.4 SAVE FILE LIST (TEXT)

If you modify the file list, you must save it.

File (F)

Group (File list) (G)

Make file list

Malke file list(select a folder)
Open file list

Save file list(text) h

Choose Save file list (text) to save the group as a text file.
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3.1.12.5

SAVE FILE LIST (XML)

File (F)
Group (File list) (G)

Make file list

Make file listiselect a folder)
Open file list

Save file listtext)

Save file list(XML) l}

Choose Save file list (XML) to save the group as an XML file.

3.1.12.6

SHOW FILE LIST [CTRL+G]

File (F)
Group (File list) (@)

Make file list

Make file list(select a folder)

Open file list

Save file list(text)

Save file list(XML)

Show[Sile list(G) Cirl+G

) GEOMETRICS

- Simplify your search

Select Show file list or press Ctrl+G to display the file list that you are working with. This can be a
file list that you just created using Make File List (and have not saved), or it can be a file list that
was created and saved at another time that you have imported.
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3.1.12.7 SET Up GEOMETRY

File (F)
Group (File list) (G)

Make file list

Make file list{zelect a folder)

Open file list

Save file list{text)

Save file list(XML)

Show file list{G) Ctrl+G

Set up geometry h

Please refer to the separate Seislmager/SW manual for explanation of this menu item. It is
generally not used for refraction.

3.1.12.8 EDIT

File (F)

Make file list

hdake file list{select a folder)

Open file list

Save file listitext)

Save file list(XhdL)

Show file list{G) Ctrl+15

Set up geometry
Edit [s > Wertical stack

Atarn/MeSEIS-MTNea) - [mport CTE receiver position file

Continue.
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3.1.12.8.1 VERTICAL STACK
File (F)
Group (File list) (G)
Edit
Vertical stack (s

Please refer to the separate Seislmager/SW manual for explanation of this menu item. It is
generally not used for refraction. See Section 3.7.3, Page 94, if you are doing refraction and
need to vertically stack your records.

3.1.12.8.2 IMPORT CTB RECEIVER POSITION FILE
File (F)
Group (File list) (G)
Edit

Wertical stack
Irmport CTE receiver positian file L‘\)

Please refer to the separate Seisimager/SW manual for explanation of this menu item. It is not
used for refraction.

3.1.12.9 ATOM/MCSEIS-MT (NEO)

File (F)

Group (File list) (G)
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Make file list

hdake file list{select a folder)

Open file list

Save file listitext)

Save file list{hAL)

Showy file list{G) Ctrl+03

Set up geametry

Edit »
Atom Mo SEIS-kTiMeo) I} ¥ Open AtomMcSEIS-MMTMED) files and rmake file list
Launch bT-neo cantraller
Continue.

3.1.12.9.1 OPEN ATOM/MCSEIS-MT (NEO) FILES AND MAKE A FILE LIST
File (F)
Group (File list) (G)
Atom/McSEIS-MT(Meo)
Dpen Atarm/PAcSElS-MTMED) files and make file list [}

Please refer to the separate Seislmager/SW manual for explanation of this menu item. It is
generally not used for refraction.
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3.1.12.9.2 LAUNCH MT-NEO CONTROLLER
File (F)
Group (File list) (G)

Atormn/McSEIS-MT(Neo)

Open Atorm/McSEIS-MT{MED) files and make file list
Launch BAT-neo cantraller Ié

Please refer to the separate Seislmager/SW manual for explanation of this menu item. It is
generally not used for refraction.
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3.1.13 OPTIONS
File (F)
Options
Open waveform (38GZ) file(Q]... Ctd+0
Save waveform (SEG2) file(5)... Chrl+5

Open McSeis

save waveform (SEGZ) file as{A)...

-3 file
Open OY0 160MX (SEGT) file
Open synthetic waveform (.Bhd] file

Open pick file

Simplify your search

Save pick file
Print window display (P)... Ctrl=P
Print preview (V)
Page setup (R)...
Group (File list) (G) >
Options h ¥ Append files (select files < 50 files)
1 CALserel . \16.dat Append files (select a folder)
2 C:hUsers\..\17.dat Meglect receiver location in trace header
3 Ch\Users\..\19.dat Open text data file (multi-column data with header)
4 CAUsers\Craig\Downloads\.2 dat Open text data file [multi-column data with setting options)
Exit () Save text data file (multi-column)
SEGY options
Continue.
3.1.13.1 APPEND FILES (SELECT FILES <50 FILES)

File (F)
Options

Append files (select files < 50 files) N

This feature opens a file-read dialog box and allows you to choose up to 49 SEG-2 files to
append together.
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Note: Do not confuse “append” with “concatenate”. See Section 3.2.9, Page 54, for a
discussion of appending records. Concatenating records is used almost exclusively in surface-
wave applications.

3.1.13.2 APPEND FILES (SELECT A FOLDER)
File (F)
Options

Append files (select files < 30 files)
Append files (select a folder) h

This feature appends together all the files in the selected folder. It is useful when you have
many files to append together.

3.1.13.3 NEGLECT RECEIVER LOCATION IN TRACE HEADER

File (F)
Options

Append files (select files < 50 files)
Append files (select a folder)

Meglect receiver location in trace header .

If you did not record the correct receiver locations in the trace headers while in the field, you
can choose to ignore the trace headers by choosing this option.
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3.1.13.4  OPEN TEXT DATA FILE (MULTI-COLUMN DATA WITH HEADER)
File (F)
Options

Append files (select files = 50 files)
Append files (select a folder)

Meglect receiver location in trace header

Open text data file (multi-column data with header) [

Select this option to open a previously saved waveform file that you have saved in ASCII text
format (see Section 3.1.13.6 below).

3.1.13.5 OPEN TEXT DATA FILE (MULTI-COLUMN DATA WITH SETTING
OPTIONS)

File (F)
Options

Append files (select files < 30 files)
Append files (select a folder)

Meglect receiver location in trace header
Open text data file (multi-column data with header)

Open text data file (multi-column data with setting options)

S

Select this option to open a previously saved waveform file that you have saved in ASCII text
format (see Section 3.1.13.6 below). In this case, you will be prompted for the following
parameters:
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Read text-format file

[ File incindes header with number of samples and traces 0K

Cancsl

[ 1st column 1= time

Sampling time | 023 e
# of rows to skip import |0

3.1.13.6 SAVE TEXT DATA FILE (MULTI-COLUMN)

File (F)
Options

Append files (select files < 30 files)
Append files (select a folder)

Meglect receiver location in trace header
Open text data file (multi-column data with header)
Open text data file (multi-column data with setting options)

Save text data file (multi-column) I

You may save any waveform file as an ASCII text file. Simply read in the waveform file and
select Save text data file (multi-column). You will be prompted for a file name.
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3.1.13.7 SEGY OPTIONS
File (F)
Options

Append files (select files < 50 files)
Append files (select a folder)

Meglect receiver location in trace header

Open text data file (multi-column data with header)

Open text data file (multi-colurmn data with setting options)
Save text data file (multi-column)

SEGY options
Pt N

Selecting this item will reveal the following dialog:

SEG-Y option

Receiver distance
" MNone Cancel
(" 37-40 : Distance from source point to receiver group
(* 31-84: Group ¥ coordinate

Choose the appropriate header locations for the receiver distances or coordinates. If they were
not recorded in the field, select None.
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3.1.14 RECENT FILES

The last four files opened in Pickwin will be displayed in the File menu. To open any of these
files, just click on the file.

| File (F)

Open waveform (SEG2) file(0]... Ctrl+0Q
Save waveform (SEGZ) file(s)... Ctrl+5
Save waveform (SEGZ) file as(A)...

Open McSeis-3 file

Open QY0 160MX (SEGT) file

Open synthetic waveform (.8hd) file

Open pick file

Save pick file

Print window display (P]... Ctrl+P
Print preview (V)

Page setup (R)...

Group (File list) (G) >

Options >

(1 C:\Users\..\16.dat
2 C\Usersh,..\17.dat
3 C\Usersh,..\19.dat
W4 ChlUsersh CraighDownloads\2.da

Exit ()
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3.1.15

To exit the Pickwin module, choose Exit. You will see the following dialog box:

EXIT[X]

| File (F)

Open waveform (5EG2) file(O]... Ctrl+0
Save waveform (SEGZ) file(s)... Ctrl+5
Save waveform (SEGZ) file as(A)...

Open McSeis-3 file
Open QYO0 160MX (SEGT) file
Open synthetic waveform (.8hd] file

Open pick file
Save pick file

Print window display (P]... Ctrl+P
Print preview (V)
Page setup (R)...

Group (File list) (G) ¥
Options ¥

1 CA\Usersh..\16.dat
2 ChUsers\..\17.dat
3 Ch\Usersh..\19.dat
4 Ch\Users\CraighDownloads'\2.dat

Exit (%) N

I_\ Are you sure you want to exit?

0K | Cancel

Press OK to exit Pickwin or press Cancel to continue using Pickwin.
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3.2 EDIT/DISPLAY MENU

Note: Be sure to do any trace editing before picking your first breaks.
Click on Edit/Display to reveal the Edit/Display menu:

Edit/Display (E)

Undo(f) Ctrl+Z
Redo
Exit edit mode

Select trace
Select all traces

Selected traces b

Time shift traces
Correct shot time
Automatic shift

Correct S-wave

Filter »
Truncate traces (shorten record length) >
Resample data *
Edit source/receiver locations Ctrl+R

Copy to clipboard
Save display image to a file Ctrl+|

Save all display image to files

3.2.1 UNDO [CTRL+Z]
Edit/Display (E)
Undo() [} Ctrl+Z

To undo the last command performed, click on Undo, press Ctrl+Z, or press the “Undo” tool
button. ﬂ The last operation performed by Pickwin will be undone.
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3.2.2 REDO
Edit/Display (E)

Undo(f) Ctrl+Z

Redo h

To re-do a command that was undone, click on Redo or press the “Redo” tool button. ﬂ The
last operation that was undone will now be redone.

3.2.3 ExIT EDIT MODE
Edit/Display (E)
Undof) Ctrl+ZL
Redo
Exit edit mode I}

This is the same as pressing Cancel or Escape. There are many edit modes, such as picking first
arrivals, shifting waveforms, etc. Exit edit mode terminates all such edit modes and brings the
application to neutral.

3.2.4 SELECT TRACE [M]

Undo() Ctrl+Z
Redo
Exit edit mode

Select trace I}

Certain operations can be performed on individual traces. It is therefore necessary to first choose
which traces you wish to perform these operations on. Specifically, a trace must be selected
before it can be reversed in polarity, killed, or deleted. To enable individual trace selection, click
on Select trace.

Alternatively, you may enable/disable trace selection by pressing the Mtool button.

Select a trace for editing by clicking on it. The trace will change from black to red when it is
selected.
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B sample_File_List - Pickwin

File (F) Edit/Display (E) View (V) Pick first arrivals (P) Downhole seismic analysis (D) Surface wave analysis (5)  Processing (&) Optien (0)
Help (H)
||| 1N Wile (= (MM [4 ] F T B[~ XA | v @[S f=w ocm|n]X]
Status : in edit mode "
Source= 0.0m
10 110 210 310 410 510 610 7
T A AN S — '
] An A b
R Y Y v
R,
17 b
LN —
2 | L i N
Sy iy iy e e e
A R DT
= ey X (o, e, ] gy i B et
E gy i M M T
g e N
., AL -
proppatinte 8 I I W | B o Wy
s2 | fracssed B
. m“.".'lm pipt-0.t 'l'll'l'll‘
b B N
< > ’
time=689.9msec dist.=8.19m 3:amp.=867.69

Figure 5: Trace selection. In the above figure, Trace #1 has been selected.
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3.25 SELECT ALL TRACES
Edit/Display (E)

Undo(f) Ctrl+Z
Redo
Exit edit mode

Select trace

Select all traces h

To select all the traces at once, click on Select all traces. All the traces will turn red, and a check
mark will now be displayed next to the Select trace menu item:
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¥ Sample_File_List - Pickwin
File (F) Edit/Display (E) View (V) Pickfirst arrivals (P) Downhole seismic analysis (D) Surface wave analysis (5)  Processing (4) Option (O]
Help (H)

HEIEIRDEE I EEL T R R DY I EIE T AT I Erae el R |

Status : in edit mode

Source= 0.0m

10 110 210 310 410 510 810 T

e e N Y
3z b a B | -

E T -—'_-\/‘\ MM—"“—
3 e N S A e e
=
0 42 e N L R | e —— o —— —
= P —
Y e L e

g7 | T YV N Yy § I
bl I
52 b a P Al &
&7 i W i, iy s
72 rigger
L
€ >
| [time=677.5mzec [dist.=-8.13m [0:amp.=-2568.07 A

Figure 6: Trace selection. In the above figure, all traces have been selected.

Alternatively, you can press the E button and then drag your mouse over some or all of the
traces. This is a convenient way to select a group of traces:

Lippus/Underwood 24 Seislmager/2D Manual v. 4.0
P/N 770-00117-01 July 2024



The Pickwin Module

) GEOMETRICS

Simplify your search

B4 Ssample_File List - Pickwin

File (F) Edit/Display (E] View (V)  Pick first arrivals (P)

Downhaole seismic analysis (0

Surface wave analysis (5)

Processing (4)  Option (Q)

Help (H)
= (@] | M| We|=m[Av s v E T Bl 2K A |v |S=[=(w o lo|m|in]x]
Status - in edit mode -
Source= 0.0m
10 110 210 310 410 510 610 7
Wi
7 N A
AR A
™ ..ll| | R
17 b iam A
2 | AAAA R R e —
—%ﬁwwm
v —%M‘
A AR B oA |-
E 5 A :: ::; : CMM%
§ | —
= | B et Y Tl I e
e A i i p | N A
o AR e s Al A AR e e
e T e e e M
52 b b P AR B
&7 i KM.,,— W
72 Urigger iy A
time=660.1msec dist.=23.62m S:amp.=-91.12

Figure 7: Trace selection. In the above figure, a contiguous group has been selected by clicking and dragging the

mouse.

To de-select the traces, press the ‘ﬁ button, or click on Select trace in the Edit/Display menu.
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3.2.6 SELECTED TRACES
Edit/Display (E)

Undo(f) Ctrl+Z
Redo
Exit edit mode

Select trace

Select all traces

Selected traces % > Reverse polarity
Kill trace(s)
Delete traces(s)

Time shift traces

Correct shot time

When a trace or traces are selected for editing, the selected trace(s) can have the polarity
reversed, can be killed, or deleted:

3.2.6.1 REVERSE POLARITY
To reverse the polarity of a selected trace(s), click on Reverse polarity in the sub-menu:

Edit/Display (E)

Selected traces

Reverse polarity I}
Kill trace(s)

Delete trace(s)
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File (F) Edit/Display (E} View (V) Pickfirst arrivals (P} Downhole seismic analysis (D) Surface wave analysis (S)  Processing (&)  Option (O)
Help (H)
HEIEISSEEED | R R E IR AT I H E e Eal i)
Status : in edit mode ~
Source= 0.0m
10 1o 210 310 410 510 610 T
[
2
7
12 e
[/
17
[
2 -
Pl ot i
27 b e
L | |
32
2
E 37| b
2 N U e I
=
P 42 |- A T B
= PR N - S
47
> S R
oy iy by
57 i iy .
o e
62 q A
BT | eyt
7 Trigger
A4
< >
time=372.2msec dist.=-5.37m D:amp.=209.27

Figure 8: Polarity reversal. Red traces have been reversed.

Note that the polarity of the group of traces selected earlier has now been reversed.

3.2.6.2 KILL TRACE(S)

To “kill” a selected trace(s), click on Kill trace(s) in the sub-menu:
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Edit/Display (E)

Selected traces

Reverse polarity

Kill trace(s)
Delete tracels)

B sample_File_List - Pickwin
File (F) Edit/Display (E) View (V) Pick first arrivals (P} Downhole seismic analysis (D) Surface wave analysis (S)  Processing (A)  Option (O}
Help (H)

= (@S| | |m| W6 (= MM a (%[5 F T A XA |v |®|=[E[w o om|mx]

Status : in edit mode

Source= 0.0m

10 110 210 310 410 510 610 7

27 1

32 1

Rl m— 2k NN N PN S

B Ry e
s
N “f'“*’ﬂﬁw

time=244.4msec dist.=-16.46m D:amp.=22444.42

Figure 9: Trace kill. Red traces have been killed.

The selected trace(s) will now be “killed” (zeroed), as shown above.
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3.2.6.3 DELETE TRACE(S)

To delete a selected trace(s), click on Delete trace(s) in the sub-menu:

Edit/Display (E)

Selected traces

Reverse polarity
Kill trace(s)
Delete trace(s) h

m Sample_File_List - Pickwin

File (F) Edit/Display (E} View (V) Pick first arrivals (P) Downhole seismic analysis (D) Surface wave analysis (5)  Processing (&)  Option (0]

Help (H)
] o[ o[ N| K[[5 |IW[ v 4 v [ %[5 F [T Bk ([ & | (=W o oo [
Status : in edit mode I} .

Source= 0.0m

;E 2 e A A | —
R S—r m;"‘““”
E e
e Ay ey \ Iy q""’v""

time=483.8msec dist.=-15.79m D:amp.=46471.12

Figure 10: Trace deletion. Selected traces have been deleted.

The selected trace(s) will be deleted, as shown above.
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3.2.7 TIME-SHIFT TRACES
Edit/Display (E)

Undo(f) Ctrl+Z
Redo
Exit edit mode

Select trace
Select all traces

Selected traces ¥

Time shift traces
™

To shift the time axis of all the traces, choose Time shift traces. You will see the following dialog
box:

Shift all traces

OK

Time zhift = | 0 MEes
Cancsl

If the shift is positive(+),
waveforms go to left direction.

[ Change data length

Choose an amount of time (in milliseconds) to shift the record and press OK. The record may be
shifted in a positive or negative time direction. In the example shown below, a negative 100
msec shift has been applied.

If you wish the traces to be padded with zeros at the end, check the Change data length box.
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4 sample_File_Listxml - Pickwin

File (F) Edit/Display (E) View (V) Pick first arrivals (P) Downhole seismic analysis () Surface wave analysis (5) Processing (A4) Option (O]
Help (H)
= (||| [m| e (M4 A5 F I Bk~ (KA v |S[=[x(w oo [m[n|x]
Status - in edit mode ~
Source= 0.0m
10 110 210 310 410 510 510 T
2 I a
F . -, -
12 7 W o ——
ol
17 b
.
29 4 o
I N —
27 b ry [
s
32 b
— /,.h
E a4 - b -
o — - ] e e
=
= 42 1 N N S
e -, e
47 | 4
&z i |l . -
57 |4 i
52 b "
67 | TP
72 rigger
Y]
< >
time=687.9msec dist.=33.05m 11:amp.=-384.93

Figure 11: Trace time shift.

Note: A positive (+) value will shift the record to the left and shorten the record time of the
traces. A negative (-) value will shift the record to the right and increase the record time of the
traces.
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Edit/Display (E)

Undo(f)
Redo
Exit edit mode

Select trace
Select all traces

Selected traces

Time shift traces

Correct shot time

) GEOMETRICS

Simplify your search

Ctrl+Z

A

Depending on your triggering methodology, you may need to correct the time of the shot. This is
often the case when you use a geophone to trigger the seismograph. In the example below,
channel 25 has been connected to a geophone placed next to the source to record the actual
source time (which, in this case, came about 80 msec after the seismograph triggered).

File (F) Edit/Display E] “iew (V] Pick fiist amivalz (F] Option Help (H]

=@ e[| Wl e[| M 4 | ]38 F [ |8 |]x] |

Status : point shotmark -
Source= 0.0m Time (msec)
1] 100 200 300 400 500 600 700 800 00 1000 1100
1.0
PR
3.0
5.0 P —
7.0
9.0 - o
— —— b, A~ —— ——
£11.0 W Ry B
by e [PPSOt (S S [
<13.0 S -
= o | o | e | e
@15.0 —_.—‘.-\,-\A,\‘ o
s — e
2170 . —r 1. 1-
o gt
19.0 [ - 1 [
| A —_—
21.0 Am —
A N NN W E
23.0 j\,\,—A,-\ -
N Il i -
25.0 —v.
27.0
0

i

|Paint shot-mark. [time=823 556mse |

To correct the shot time, choose Correct shot time in the Edit/Display menu (notice that “point-
shot mark” is now displayed in the editing status mode in the upper left-hand corner). Position
the cursor along the time record to where you would like to set the correct time of the shot and
click. The time-position of the cursor will be shown at the bottom of the window.
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The traces will be adjusted for the corrected shot time, as shown below:

i Pickwin85 - HE
File [F) Edit/Display () Wiew [¥) Fick fist anivals (F] Option Help (H]

5 1|8 | = |10 == | ] | S5 [ e e

Status : No editing -
Source= 0.0m Time (msec)
1] 100 200 300 400 500 600 700 aoo 300 1000 1100
1.0
e —
3.0
[ —
50 ) . —
7.0 —_—a] O
———a ]
9.0 A (S
.  —— - -  — —
=11.0 —_—a | ———
=y ‘-—VA‘-\I«‘\/ e — -
G130 A -
= _-,A}L\F\l R P——
@15.0 —-—-—v‘u‘% - —
2170 A AAD - —r_ .. r
=) (NS N I
19.0 —Mm fo—
21.0 r—-——-mmjﬂ/——“
(I | N U D
23.0 A AL ] M
A R o S U SR
25.0 , 4
rigger
27.0
e _'l_I
Undo [Mo editing [time=472.444mse |

Figure 12: Corrected shot time.
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3.2.9 AUTOMATIC SHIFT

Edit/Display (E)

Undo(f) Ctrl+Z
Redo
Exit edit mode

Select trace
Select all traces

Selected traces ¥

Time shift traces
Correct shot time

Automatic shift l\r‘

Some styles of surveying require the ability to append shot records together. For instance, if the
goals of your survey require more channels than are available, you may overcome this by laying
out several individual spreads end-to-end, and re-occupying some or all the shot points. As an
example, suppose you wish to do a 48-channel, five-shot spread, but you only have a 24-channel
seismograph available. You may simulate a 48-channel spread (and seismograph) through the
following procedure:

e Lay out the “left” half of the spread (all 24 of your channels).

e Do your five shots as if the entire 48-channel spread is on the ground.

e Pick up the 24 geophones and attendant cables and move them over to the
“right” half of the spread.

e Re-occupy your five shots.

Once this has been completed, you have acquired the exact same data that you would have
acquired had you laid out 48 channels all at once and simply done five shots. It’s the same result,
but twice the work.

When conducting more than one shot at the same location, the physical properties of the earth
can be altered, leading to slight differences in local velocities. This, in turn, can lead to a slight
difference in travel times to equivalent geophone stations between the first and subsequent shots.
This is especially true when using explosives. To account and correct for this, it is best to overlap
one or two geophones when acquiring data in this fashion.

The Automatic shift in Seislmager/2D can then be used to correct for any change in travel times
from one occupation to the next. This is demonstrated in the following example.

Read in the first half of the spread. Next, read in the second half. You will be asked if it is new
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data, or if you would like to append it to the present data:

BT 0] ]
Fie (F)  Ediuplyy (£} Wi (0] Pabesl arrredi () Onton e (H]
| ] s o 0 = ] [ | e
Stahus { Mo edting =
Source=] 184 08 time=-&k E#imaer Tima [msech
L] 00 200 00 a0 Lon GO0 oo LLL] b 1000 1100 1200

Choose Append to present data. Next, you will be presented with the following dialog box:
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Source location etc.

Source location OK
Source location = | 103 m
[ Change Cancel
Receiven(zource) component

Comp. No.
v Change (1 (NS or default)

+ 2(EW)
3D
4

("5

" 6
~
~
~
~

T (Tranzverss)

& (Radial)
9
10
Dhiztance zhift
Distance shift= | m
| Shift

If you need to correct the source location (read from the SEG-2 file header), you may do so here.
The component number (“Comp. No.”) is used to keep different spreads separate and will
automatically increment each time you append a new file. In this case, the component number
defaulted to “2” (ignore the “EW”). You may append up to 10 files (but see discussion beginning
with Section 3.1.13.1, Page 33).

Note: The Change check box must be checked for any changes you make in the above menu to
actually take effect.

Press OK and the next file will be appended to the first:
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[ Pickwings - (=] ]
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If we zoom in, we can see that we have overlap at station 1410:
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Note that there is a slight time shift between the two. To eliminate this, select one of the
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overlapping traces (the red trace shown above), and then select Automatic shift:
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Figure 13: Trace time shift.

The entire second spread has been shifted in time to correspond with the first.

3.2.10 CORRECT S-WAVE
Edit/Display (E)

Undo(f) Ctrl+Z
Redo
Exit edit mode

Select trace
Select all traces

Selected traces >

Time shift traces

Correct shot time

Automatic shift

Correct 5-wave b
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When doing a shear or “s-wave” survey, it is common practice to do reverse-polarity shots to
facilitate the identification of shear wave arrivals. It is useful to overlay reverse-polarity shots
from the same shot point. This can be done by reading in the first shot, and then appending the
second, resulting in an overlay like the one shown below:

§# 1000_dat - M= 3
File[E] Edit/Display [E] ‘“iew [¥] Pick first amivals (E] Option Help (H)

1 o e O 1T e el T P 2

Status : =
Source= 0.0m time=129.333msec Time(msec)
1] 300 400 00 600 700 800 a00 1000 1100
1.0 1 y v, v,
30 | | a
5.0 B,
7.0 e
oA
9.0 Al vy
.
Ei1.0 -
2130 -
c A,
w15.0 EEER— ol e,
2170
=)
19.0
21.0 o
A r——
230 e AT i
25.0 7 - —
. v Rz 7
2ra W
1000.dat
4 »
[ [time=129 333mes [1000.dat I A
gstart| [ inbox - . | [l Microsot. | @aETI-[..| #sesmin. |[E 1000, @)cuM.co. | narw: st | xaRE: Sta. | | o B A T e 1202 PM

Ideally, the first shear wave arrival times will be identical for both records. However, it is often
the case that they are not — one is often shifted slightly in time. This is quite common when the
shear wave source consists of a long plank of wood or other non-point source.

To correct the s-waves to coincide at the same arrival times, click on Correct S-wave in the
Edit/Display menu:
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& Pickwin95 - -10] x

File (F) | Edit/Display E) View[¥) Pick first aivals (F) Option Help (H)
S& 4 | e |0 [ [ = s3]

Exit edit mode

Select trace

Select all races

Selected traces > P Qe J
Time shift traces

Correct shot time
Automatic shift

Fiker Q »

Truncate traces (shorten record length) »
Resample data »

Lo

8.2
8.4
8.6
8.8 ]
9.0 <A -,
9.2 ]

9.4
9.6
9.8

10.0 - s ——r—
« | »

|No editing ftime=-7.111msec | 7

A cross-correlation of the oppositely polarized traces will be done in an attempt to better align
first breaks. An example of the effect is shown below:

0 L0 100 151

Figure 14: Uncorrected shear wave pair.

] b0 100 1561

Figure 15: Shear wave pair aligned by cross-correlation.
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|:ILTER|F

| Edit/Display (E)

Undo(d)
Redo
Exit edit mode

Select trace
Select all traces

Selected traces

Time shift traces
Correct shot time
Automatic shift

Correct 5-wave

Filter (s

Truncate traces (shorten record length)

Resample data

) GEOMETRICS

Simplify your search

Ctrl+L
Ctrl+H

Filters can be used to remove noise caused by wind, traffic, and other sources. You may apply
high-cut filters and/or low-cut filters. To apply a 1000 Hz high-cut filter, press CTRL+H. Each
subsequent press of Ctrl+H will multiply the corner frequency by 0.8, so that the second press

applies an 800 Hz filter, the third press applies a 640 Hz filter, and so on.

To set a 5 Hz low cut filter, press Ctrl+L. In a similar fashion to that described above, each

subsequent press increases the corner frequency by 1.5.

Below is an unfiltered record with some high-frequency noise in the early part of the record:
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Figure 16: Unfiltered refraction record.

Here is the same record after applying a 512 Hz high-cut filter (four presses of
Ctrl+H):
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i
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Figure 17: Filtered refraction record.

Below is an unfiltered record with some low-frequency noise in the far channels:
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Figure 18: Unfiltered refraction record.

Here is the same record after applying a 38 Hz low-cut filter (six presses of
Ctrl+L):
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Figure 19: Filtered refraction record.
To disable all filters and return to the raw data, press the |E tool button.

See Section 3.7.1, Page 93, for more on filtering.

Note: Use caution when applying filters. If the cutoff frequency is too close to the dominant
frequency of the first arrivals, the arrivals will look like they are coming in later than they
actually are.
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3.2.12 TRUNCATE TRACES (SHORTEN RECORD LENGTH)

Edit/Display (E)

Undo(d) Ctrl+L
Redao
Exit edit mode

Select trace
Select all traces

Zelected traces >

Time shift traces
Carrect shot time
Automatic shift

Correct S-wiave

Filter »

Trurcate traces (shorten recard length) I} > 1024
Fesample data » 2048
Edit source/receiver locations Ctrl +R. 4096
Copy to cliphoard 813z
Save display image to a file Ctrl +| VzElen
Save all display image to files Arbitrany

To shorten or truncate the record length, click on Truncate traces (shorten record length). A sub-
menu with the Pickwin default options for truncating traces will be displayed.

Click on a default truncation of 1024, 2048, 4096, 8192, or 16384 samples to truncate the traces
to the respective record length. Clicking on Arbitrary allows you to specify an arbitrary trace
length. If an arbitrary truncation of a trace is chosen, the following dialog box will be displayed:

Data length =  |6000
Cancel

Type the desired data length in number of samples for the traces. Click OK and the traces will be
shortened accordingly. This can be useful if the record length was much longer than it needed to be
to record first breaks.
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3.2.13 RESAMPLE DATA

Edit/Display (E)

Indoif) Ctrl+7
Fedo
Exit edit mode

Select trace
Select all traces

Selected traces >

Tirme shift traces
Carrect shot time
Autormatic shift

Carrect S-uvave

Filter ¥

Truncate traces (shorten record length) >

Resample data * Every other

Edit sourcefreceiver locations Ctrl+R Every dth

Copy to clipboard B E )

Sawe display image to a file Crl +| Change sampling time Ctrl+B

Save all display irnage to files

To resample data, click on Resample data. From the sub-menu, click on one of the default re-
sampling options: Every other, Every 4", or Every 8". This can be useful if the data has been
oversampled and you wish to make the data files smaller.
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3.2.13.1 CHANGE SAMPLING TIME [CTRL+B]

Edit/Display (E)

Every other
Every dth
Every Bth

Change sampling tirme I} Ctrl+B

Set sampling time

OK

Sampling time= | 0.23 maec

Cancel

This feature allows you to resample the waveform at whatever rate you wish. This can be useful
if the waveform file is in ASCII format and the sampling rate is (somehow) incorrect. Example:
If you have a record containing 1024 samples and the sampling interval is 1 msec, the record
length is 1.024 seconds. If you change the sampling time to 2 msec, the record length will be
2.048 seconds.

3.2.14 EDIT SOURCE/RECEIVER LOCATIONS, ETC. [CTRL+R]
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Edit/Display (E)

Undo(f)
Redo
Exit edit mode

Select trace
Select all traces

Selected traces

Time shift traces

Correct shot time

Automatic shift

Correct 5-wave

Filter

Truncate traces (shorten record length)
Resample data

Edit source/recener locations I}

Ctrl+Z

Ctrl+R

) GEOMETRICS
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To edit source and receiver locations of the file to reflect that of the actual survey, click on Edit
source/receiver locations, etc. or press Ctrl+R. The following dialog box, with appropriate

parameters respective to your survey, will be displayed:

OK

Cancel

Open geometry file

Save geometry file

Shot coordinate | 105 U:t;tm Nimber of channels 2
i fest
Group interval I .
t
First geophone coordinate |0
Channel 1 2 3 4 5 6
Tnterval |1 |1 |1 |1 |1
oo 1 11 2 [ ¢ [
Back | Nest |

Edit the geometry of the survey by clicking in a box and typing in the new value. If you change
the Group interval or First geophone coordinate, you must press the Set button to affect the
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change. Only six geophones are displayed at a time. Use the Back and Next buttons to scroll
through the geophones. Click OK when changes are complete.

3.2.15 CoprY TO CLIPBOARD
Edit/Display (E)

Undo(f) Ctrl+Z
Redo
Exit edit mode

Select trace
Select all traces

Selected traces ¥

Time shift traces
Correct shot time
Automatic shift

Correct S-wave

Filter >
Truncate traces (shorten record length) >
Resample data *
Edit zource/receiver locations Ctrl+R
Copy to clipboard N

This feature copies whatever is on the screen to the clipboard. It can then be pasted into any
third-party application, such as Microsoft Word.
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This feature saves whatever is on the screen to a PNG, JPG, BMP, or GIF file.

Lippus/Underwood
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Edit/Display (E]

Undo(f)
Redo
Exit edit mode

Select trace
Select all traces

Selected traces

Time shift traces

Correct shot time

Automatic shift

Correct 5-wawve

Filter

Truncate traces (shorten record length)
Resample data

Edit source/receiver locations

Copy to clipboard
Save display image to a file h

71

SAVE DISPLAY IMAGE TO A FILE [CTRL+I]

Ctrl+Z

Ctrl+R

Ctrl+|

) GEOMETRICS

Simplify your search

Seislmager/2D Manual v. 4.0
July 2024



The Pickwin Module

3.2.17 SAVE ALL DISPLAY IMAGES TO FILES

Edit/Display (E)

Undo(Z)
Redo
Exit edit mode

Select trace
Select all traces

Selected traces

Tirne shift traces

Correct shot time

Autematic shift

Correct 5-wave

Filter

Truncate traces (shorten record length)
Resarmnple data

Edit source/receiver locations

Copy to clipboard
Save display image to a file

Save all display image to files

Ctrl+Z

Ctrl+R

Ctrl+l

) GEOMETRICS

Simplify your search

Please refer to the separate Seislmager/SW manual for explanation of this menu item. It is not

used for refraction.
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3.3 VIEW MENU
Click on View to reveal the View menu:
View (V)

" MNormalize traces
Clip traces
Trace shading -]
Murnber of traces shown *
~  Show curves

~ Pre-trigger shift

Axis configuration... Ctrl+4
Wertical axis title (Distance or Depth)
Herizontal axis title (Time or Depth)

Advanced options b

Many of the features in this menu are toggle switches — clicking on them either enables
(signified by a “v” next to the selection) or disables the feature. Most toggle switch items also
have buttons on the tool bars, and all work the same way. In the discussion below, toggle
switches are identified by a “v”” and their tool bar button, if they have one.

3.3.1 NORMALIZE TRACES v/ [ﬁ]
View (V)
"  Mormalize traces h

When traces are normalized, the maximum amplitude of each trace will be equalized. Lower-
amplitude traces (those farther from the source) will be “turned up” so that their maximum
amplitude is equal to that of higher-amplitude traces. This has the effect of optimizing the
appearance of the first breaks across the record and is recommended for picking first breaks.

An example of normalized traces is shown below, followed by a record with normalization
disabled.
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Figure 20: Refraction record with trace normalization applied.
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[ Pickwin - o | =] £
"

File (F)  Edit/Display (E} Wiew (W) Pick First arrivals (P} Option  Help (H}
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Figure 21: Refraction record with trace normalization disabled.
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3.3.2

CLIP TRACES v [ iF ]

View (V)

«  Mormalize traces

Clip traces

[

) GEOMETRICS

Simplify your search

The Clip traces feature is useful in preventing adjacent traces from interfering with each other
and obscuring the first breaks. An example of clipped traces is shown below.

| Pickwin -

File (F)  Edit/Display (E} View (W) PickFirst arrivals (P} Option  Help (H}

=10l

| 8[| = [ 11| > W [ v [ | 1 e o |
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3.3.3

~  Mormalize traces

Clip traces

Trace shading

View (V)

Mumber of traces shown

~  Show curves

~*  Pre-trigger shift

TRACE SHADING [ 4 % ]

s

¥

o

) GEOMETRICS
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Mo shading (wiggle trace)
Shade positive side

Shade negative side

In addition to the positive-shaded trace display used in the previous examples, you may also
shade negative amplitudes, or seismic traces may be displayed as simple wiggle traces. The trace
style may be changed via the Trace shading sub-menu or with the appropriate tool buttons

shown above.

An example of negative amplitude shading is shown below, followed by a wiggle-trace plot.

[ Pickwin -
File (F) Edit/Display (E) “iew (¥) Pickfirst arrivals (F)  Option  Help (H)

=10l x|

5 5| 0 = 0 0 A 5 e o ]
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Figure 23: Example of negative trace shading, with clipping applied.
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Figure 24: Wiggle trace display.

3.34 NUMBER OF TRACES SHOWN

View (V]

= Maormalize traces

Clip traces
Trace shading »
Mumber of traces shown » Show all traces
Show curves h 12
~  Pre-trigger shift 24
Axis configuration... Ctrl+A =
Wertical axis title (Distance or Depth) Arbitrary

Note: Pickwin displays all the seismic traces of a file by default.

To change the number of traces that are displayed, click on Number of traces shown. The
following sub-menu will appear with the following choices:
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Mumber of traces shown

Show all traces
12
24
43

Arbitrary

Select the number of traces you wish to display. Note that whatever is chosen, trace number 1
will be the first trace displayed. For instance, if you choose 12, traces 1-12 will be displayed.

If Arbitrary is selected, the following dialog box will appear:

Mumber of traces

OK
Number of traces 33
Canesl
Enter the number of traces to display and press OK.
T-
3.35 SHOwW CURVES ¥ | T|]
View (V)
~  Mormalize traces
~  Cliptraces
Trace shading »
Mumber of traces shown *
" Show curves [

When picking first breaks, it is often helpful to display the first break picks of prior records in the
survey as a reference. An example of this is shown below. The red line indicates the first breaks
of the current record, while the green lines represent the first breaks of several prior records from

the same seismic spread. Pressing the TT| tool button toggles the green travel time curves on and
off.
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File (F) Edit/Display E] View (V] Pick fiist amivals (] Option Help (H]

=|@[&|o| || wle || m M vl Bl E o] B| A x|

Status : Pick first arrival j
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[Pick first arival [time=19.958msec|

Figure 25: Refraction record with first arrival picks (red). Green lines represent first arrivals of previously picked
records.

3.3.6 PRE-TRIGGER SHIFT v/
View (V)
+  Mormalize traces
~  Clip traces
Trace shading ¥
Mumber of traces shown >
~  Show curves
~  Pre-trigger shift %

If you have recorded pre-trigger data (accomplished by setting a “negative delay” on the
seismograph), you may choose whether to display it (generally, you should). In the example
below, the pre-trigger data is displayed, and the shot- or zero-time is indicated by the vertical tan
line.

Lippus/Underwood 80 Seislmager/2D Manual v. 4.0
P/N 770-00117-01 July 2024



The Pickwin Module

) GEOMETRICS

Simplify your search

File (F) Edit/Display E] View (V] Pick fiist amivals (] Option Help (H]

L e e o R T T e b e S e T P e

Status : No editing -
Source= 0.0ft time=1197.626msec Time (msec)
64 -0 64 128 192 256 320 384 448 512 576 640 704 768 832 896 960
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[ —
3.0 | — P gl
—— h
5.0 T—— I
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Figure 26: Refraction record recorded with pre-trigger data.

The pre-trigger shift setting can also be controlled from the Axis Configuration dialog box.

3.3.7 AXIS CONFIGURATION [CTRL+A]

View (V)

«  Mormalize traces
v Clip traces

Trace shading

Mumber of traces shown
" Show curves

~  Pre-trigger shift

Axis configuration... N

Ctrl+ A

To change the display of the time (horizontal) axis or the distance (vertical) axis, click on Axis

configuration. The following dialog box will appear:
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Axis configuration

[T Default | Pre-trigger shift Distance axis label ——— OK
* m(ft) and msec (¢ Time axis hotizontal " 3 comp. (NS.EW,UD) Cancel
 km{lft) and zee B linmelar e iical {~ Channel number

{ Instrument number

— Time axiz —Distance (depth) axis

Time scale 1/ IQ]‘ﬁj.ﬁE Diztance(depth) zcals 1/ IEES.:IQI
Start I{l msec Start III] m

End I 1600 msac End I 70 m
Tick int. W msac Interval |j m
# of decimals Iu— # of decimals | 0

— Amplitude — Marpgin
[T Custom gain
Gain= | 0.000261935

Scale= | 0.01

The functions of most of the parameters in the above dialog box are self-evident or can be
deduced by simple trial and error. Configure the axes to your liking and press OK when finished.
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VERTICAL AXIS TITLE (DISTANCE OR DEPTH) v/

View (V]

Mormalize traces

Clip traces

Trace shading *
Murnber of traces chown »
Show curves

Pre-trigger shift

Axis configuration... Ctrl+ 4
Vertical axis title (Distance or Depth) h

This is a switch that toggles the vertical axis label on the travel time plot between distance
(surface survey) and depth (downhole survey).

3.3.9

HORIZONTAL AXIS TITLE (TIME OR DEPTH) v/

View (V)

Mormalize traces

Clip traces

Trace shading >
Mumber of traces shown >
Show curves

Pre-trigger shift

Axis configuration... Ctrl+A
Vertical axis title (Distance or Depth)
Horizontal axis title (Time or Depth) h

This is a switch that toggles the horizontal axis label on the travel time plot between time and

depth.
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3.3.10 ADVANCED OPTIONS
View (V)

| % Mormalize traces

Clip traces
Trace shading >
Mumber of traces shown >

Show curves

~  Pre-trigger shift

Axis configuration... Ctrl+A
Vertical axis title (Distance or Depth)
Horizontal axis title (Time or Depth)

Advanced options I} * +  Show maximum amplitude

" Show source location or file information

3.3.10.1 SHow MAXIMUM AMPLITUDE \/|‘"“"ﬂ|

View (V)
Advanced options

~  Show maximum amplitude

'  Show source location or file information L}

This is a switch that toggles on/off the numerical maximum amplitude of each trace. The
maximum amplitude is shown at the end of each trace:
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3.3.10.2

This toggles on/off the source location label for a travel time plot:

) GEOMETRICS
Simplify your search
Source=105_0km Time (s)
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Figure 27: Seismic record with amplitude values shown.

SHOW SOURCE LOCATION OR FILE INFORMATION v’
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Status - No editing

[Snurce=105.ﬂl-cm
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Figure 28: Seismic record with source location displayed.
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3.4 PICK FIRST ARRIVALS MENU

Click on Pick first arrivals to reveal the Pick first arrivals menu.

Pick first arrivals (P}

Pick first breaks automatically
Pick first breaks manually

Delete all picks

Linear welocity line

Delete all welocity lines

Showy traveltime curee <launches Plotrefa

Dowenhole seisrmic analysis <launches P5Log:-

34.1 PICK FIRST BREAKS AUTOMATICALLY [ # ]

Pick first arrivals (P)
Pick first breaks automatically h

To have the Pickwin module pick the first breaks, click on Pick first breaks automatically, or
click on the % button on the tool bar.

The first break picks chosen by Pickwin will appear as vertical red lines, as shown below:
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=10l x|
File (F)  Edit/Display (E) ‘iews (%) Pick First arrivals (P} Option  Help (H)
5| ]| = [ s o W 2 v [ [ 1
Status : Pick first arrival =
Source=1384.0ft time=1218.222msec Time(msec) j
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Figure 29: Seismic record showing first break picks.

Once Pickwin has automatically picked the first arrivals, these picks may be manually adjusted.

Simply position the mouse at the desired location and click. The first break pick will be updated.

Repeat until you are satisfied that the first breaks have been assigned correctly to all traces. See
B here for a video on the first break picking procedure (be sure to turn up the volume).

3.4.2 PiCK FIRST BREAKS MANUALLY v’
Pick first arrivals (P)

Pick first breaks automatically

Pick first breaks manually h

This option skips the above step of attempting to pick the first breaks automatically. You must
pick all the breaks manually from the start.
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3.4.3 DELETE ALL PICKS

Pick first arrivals (F)

Pick first breaks automatically
~  Pick first breaks manually

Delete all picks
S

If you wish to delete all your first break picks and start over, select this option.

3.4.4 LINEAR VELOCITY LINE [¥ ]
Pick first arrivals (F)

Pick first breaks automatically

«  Pick first breaks manually lb
Delete all picks
Linear velocity line l}

To measure the apparent velocity of a series of first break picks, click on Linear velocity line, or
press the X] tool button.

Next, left click at the beginning of the series, and drag the cursor to the last break in the series.
To fix the line, right click. The line will be labeled with the apparent velocity, as shown below:
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Figure 30: Apparent velocity line drawn on refraction record.

3.4.5 DELETE ALL VELOCITY LINES

Pick first arrivals (P)

Pick first breaks automatically
~  Pick first breaks manually
Delete all picks

Linear velocity line

Delete all velocity lines L}

Choose Delete all velocity lines to remove any velocity lines from the display.
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3.4.6 SHOw TRAVEL TIME CURVE <LAUNCHES PLOTREFA>

Pick first arrivals (F)

Pick first breaks automatically
~  Pick first breaks manually
Delete all picks

Linear velocity line

Delete all velocity lines

Show traveltime curve <launches Plotrefa>

A

Choosing this option will launch Plotrefa and allow Plotrefa and Pickwin to operate interactively
during the picking process. Follow these steps:

1. Create afile list (see Section 3.1.12.1, Page 22).

2. Pick the first breaks of one of the records on your list.

3. Press the |*| button to connect them (see Section 3.10.18, Page 116).

4. Select Pick first arrivals | Show travel time curve <launches Plotrefa>. Plotrefa will open
and automatically display the first breaks in a travel time plot.

5. Now, in Pickwin, make any necessary adjustments to the first breaks. Press | X | to connect
the new picks to the existing picks.

6. InPlotrefa, press ﬂ and the travel time curve will be updated with the new picks.

7. Once you are finished with the shot record, scroll in Pickwin (using the ﬂl tool buttons)
to another waveform file and repeat.

8. When all the waveform files have been picked, you may proceed with Plotrefa to invert the
data and create a velocity section.
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3.4.7 DOWNHOLE SEISMIC ANALYSIS <LAUNCHES PSLoOG>
Pick first arrivals (F)

Pick first breaks automatically
~  Pick first breaks manually
Delete all picks

Linear velocity line

Delete all velocity lines

Show traveltime curve <launches Plotrefa=

Downhole seismic analysis <launches PSLog= [

Please refer to the separate Seislmager/DH manual for explanation of this menu item.

3.5 DOWNHOLE SEISMIC ANALYSIS MENU

Please refer to the separate Seisimager/DH manual for explanation of this menu.

3.6 SURFACE-WAVE ANALYSIS MENU

Please refer to the separate Seislmager/SW manual for explanation of this menu.
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3.7 PROCESSING MENU

Processing (A

EPF {cos function taper)
Rernowve DIC

Wertical stack

Cross correlation

Auto correlation

Mute

Connect {concatenate)

Block dividing

) GEOMETRICS

Simplify your search

This menu includes various data processing tools that can be useful for both refraction and

surface-wave data.

3.7.1 BPF (COS FUNCTION TAPER)
Processing (A)

BPF (cos function taper)

This is a bandpass filter for which you can set the specific filtering parameters:

Band-pass filter

Low-cut freq. 30 Hz Cutoff |29 db/oct

High-cut freq. so00 2 Hz Cuotoff |29 dbloct

0K

Cancal

You must filter each waveform file individually. To disable the bandpass filter, press the Undo

lﬂl button.

Note: If you filter your data and save it, it will be saved in a filtered state. Be sure not to

overwrite your original data.
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3.7.2 REMOVE DC

Processing (A)

BPF (cos function taper)
Rermowe DC

s

This feature removes any DC offset that might be present in your traces.

3.7.3 VERTICAL STACK
Processing (A)

BPF (cos function taper)
Remowe DC
Wertical stack

AN

You may vertically stack (sum) two or more records together. This is handy if stacking was not
done in the field. Simply append (Page 55) two or more files together, then select Processing |
Vertical Stack.

3.7.4 CR0OSS CORRELATION

Processing (A)

EPF (cos function taper)
Rermowve DIC
Vertical stack

Cross carrelation b

You may cross-correlate all the traces against any one trace. To do so, you must select an
operator by pressing the| [ | button and clicking on the desired trace:
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3.7.5 AUTO CORRELATION
Processing (A

BPF (cos function taper)
Remowe DC

Wertical stack

Cross correlation

Auto correlation L\?

This feature auto correlates each trace with itself.

3.7.6 MUTE

Processing (L)

BPF {cos function taper)
Rermowve DC

Wertical stack

Cross correlation

Auto carrelation

hALte > Mute(picked arrival)
Connect (concatenate) Mutelapparent velocitd
Block dividing [

You may mute the record based on picked arrivals or apparent velocity.
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3.7.6.1

MUTE (PICKED ARRIVAL)
Processing (A)
Mute

Mute(picked arrival)
Mute{apparent velocity)

N

) GEOMETRICS

Simplify your search

To mute based on first arrivals, pick the arrivals and then select Mute (picked arrivals).

Click left mouse button to move one pick or drag to move a range of picks.

Source= 69.0m
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Set your mute parameters (see above) and press OK. Your record will be muted according to
these parameters. In this example, we chose to mute the traces before and after the first breaks:
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Click left mouse button to move one pick or drag to move a range of picks.
Source= 69.0m
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Figure 32: Refraction record muted based on the first arrivals.

3.7.6.2 MUTE (APPARENT VELOCITY)
Processing (&)

Mute

Mute(picked arrival)
Mute(apparent velocity) b

You may also mute traces based on apparent velocity. This is most useful when working in the
frequency domain (such as surface-wave analysis) but can be applied to refraction data as well.
Enter the range of velocities you wish to preserve:
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Click left mouse button to move one pick or drag to move a range of picks.
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Figure 33: Refraction record muted by velocity.

In general, muting is rarely applied to refraction data.
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3.7.7

CONNECT (CONCATENATE)

Processing (A)

BPF (cos function taper)
Remove DC

Vertical stack

Cross correlation

Auto correlation

Mute

Connect (concatenate)

) GEOMETRICS

Simplify your search

Please refer to the separate Seislmager/SW manual for explanation of this menu item. It is
generally not used for refraction.

3.7.8

BLOCK DIVIDING

Processing (L)

EPF {cos function taper)
Rermowve DIC

Wertical stack

Cross correlation

Auto correlation

FAute

Connect {(concatenate)

Block dividing

Please refer to the separate Seislmager/SW manual for explanation of this menu item. It is
generally not used for refraction.
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3.8 OPTION MENU

Click on Option to reveal the Option menu:

Dption (2

Dirmension size
Atarm »

meters and mysec

feet and ftfsec
Language *
Menu type >
3.8.1 DIMENSION SIZE
Option (0]

Dimension size I}

To view or change the program data input allowances, select Dimension size.

Present size reflects the current dimensions for # of sections, # of horizontal cells, and # of
vertical cells. Maximum size shows the largest possible dimensions.
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Dimension size

WARNING: The default program dimensions may be increazed; however, your PC memory OK
may be insufficient for larger dimensions. You may encounter an error next time you try to
open the program and the dimensions will need to be reduced.

To reduce the dimensions, press the Shift key when double-clicking the program

icon (consult the manual for full details).

Present size Maximum size

# of zectionz 20 000
# of horizontal cells 1000 10001
# of vertical cells 100 1001

[T Change dimension size

Paszsword for upgrads
Your keyword is I d2kps8=3 izv=31

18W3D

To change the dimensions, enter the new value(s), check Change dimension size, and press OK.
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Dimension size

WARNING: The default program dimensions may be increazed; however, your PC memory OK
may be insufficient for larger dimensions. You may encounter an error next time you try to
open the program and the dimensions will need to be reduced.

To reduce the dimensions, press the Shift key when double-clicking the program
icon (consult the manual for full details).

Present size Maximum size

# of zectionz 40 000
# of horizontal cells 13500 10001
# of vertical cells 300 1001

V¥ Change dimension size

Paszsword for upgrads
Your keyword is I d2kps8=3 izv=31

18W3D

GeoPlot

Memaory has been allocated !

Press OK and restart the program.

Note: If a very large value is entered, a warning message will appear before you are allowed to
restart the program. It is recommended that you do not proceed; select No and reduce the
dimensions.
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& The dimensions may be oo large far the PC mermary,

/.-' If 50, the program may not open and repork an error,

= Inthis case, re-open the program while pressing the shift key,
Thisz will open the Dimensions dialog box ta allow you o
reduce the dimensions,

Proceed 7

If you proceed and indeed the PC has insufficient memory, the program will no longer be able to
open. To lower the values and recover the program, open the Dimension size dialog box directly
by pressing the Shift key while double-clicking the program icon.

Note: Sometimes the program will simply crash rather than post the above message. If that
happens, use the procedure outlined on Page 3 to restore the system defaults.

If a program upgrade is purchased, the new registration password can be directly entered in the
Dimension size dialog box in the Password for upgrade field; however, it is strongly
recommended to upgrade via the Seisimager Registration program instead.

3.8.2 ATOM

Dirmension size

Atorn I} b Set up components

r

Continue.
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3.8.2.1 SET uP COMPONENTS
Option (0]

Atormn

Set up components

Please refer to the separate Seislmager/SW manual for explanation of this menu item. It is
generally not used for refraction.

3.8.3 METERS AND M/SEC v/
Option ()

hrmension size
Atom >

meters and my/sec h

If you are working in metric units, choose this option.

3.84 FEET AND FT/SEC V'
Option (O]

Dimension size
Atom >

meters and mysec

feet and ft/sec h

If you are working in British units, choose this option.
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3.85 LANGUAGE

Dption (21

Dirmension size
Atorm »

rmeters and mfsec

feet and ftfsec

Language » English

Menu type » lapanese
Chinese
Spanish

Choose your preferred language. At the time of this writing (July 2024), Chinese and Spanish
were under construction.

3.8.6 MENU TYPE
Option (O]
Dirmension size
Atom >
meters and m/sec
feet and ft/sec
Language ¥
Menuﬁpe S
Continue.
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3.8.6.1 SIMPLE v/

Option (0]

~  Simple

) GEOMETRICS

Simplify your search

Seislmager includes advanced options for very special applications that are only available if
Simple is unchecked. These are undocumented and should only be used under supervision from
Geometrics (contact support@seisimager.com). If Simple is unchecked, you will see the

following warning:

Pickwin

l“;

WARNING: Only use the Simple menu
unless instructed otherwise by Seisimager

Customer Support.

oK

| Cancel |

Pressing OK above will give you access to these features (mainly processing). To return to the

Simple menu, select Option | etc. | Menu type | Simple.

3.9 HELP MENU

Click on Help to reveal the Help menu:

Lippus/Underwood
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3.9.1 VERSION INFO

Click on Version info to display the Pickwin Version number:

Version information (Pickwin)

W Pickwin Version £.0.1.2 OK
PW| o 01, 2023

Copyright (C) 2004 - 2023

Geometries, Ine /OYO Corporation |3—

3.10 TooL BUTTONS AND HOT KEYS

SEIEIDNSI ORI (| SRR P AP Jhell ) JENLAT |

2[w 6 [Cr|Fo{ [ 4|2 || A

Figure 34: Pickwin Tool Buttons.

Pickwin includes numerous tool buttons and “hot keys”, which are detailed below. Some have
been mentioned before.

3.10.1 OPEN A FILE Ei"r“|

Use this button to open a SEG-2 file (typically, .dat or .sg2). It is the same as choosing File |
Open Waveform (SEG) File.

3.10.2 SAVE A SEG-2 FILEE

Use this button to save a SEG-2 file that you have edited. Be sure to choose a file name such that
you do not overwrite your original file. It is the same as choosing File | Save Waveform (SEG-2)
File.
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3.10.3 PRINT%

Pressing the Print button will display the Print dialog:

Printer
Mame: HP DeskJet 2700 series Properties...
Status: Ready

Type: HP D 2700 seres PCL-3
Where:  USBDO1

Comment: [ Print to file
Prirt range Copies

+ Al Number of copies: m
" Pages from: |1 to:

- FEUP IS
] | Cancel

Choose your print preferences and press OK; whatever is on the display will be printed. This is
the same as selecting File | Print window display.

3.104 UNDO

To undo the last command performed, click on ‘il

3.10.5 REDO

To reverse the Undo button, press ﬂ

3.10.6 INCREASE AMPLITUDE TooL BUTTON AND HOT KEY [ .|]

The “Increase amplitude” tool button .‘ increases the amplitude of all the traces. The up-arrow
key (T) on the keyboard accomplishes the same thing.

Lippus/Underwood 109 Seislmager/2D Manual v. 4.0
P/N 770-00117-01 July 2024



The Pickwin Module ’/):-1) GEOMETRICS

Simplify your search

D ERGeswE) Verll) ekl wm Bl Ooton Heb B

slaislo| | miule|smmf alvisE Eloe| A vix]
il s i i ]

1020 ‘::\?' / il ! l} ] A
WA

i i |

\
R ‘Ul\ { ”.'J

3.10.7 DECREASE AMPLITUDE TOOL BUTTON AND HOT KEY [ A ]

The “Decrease amplitude” tool button b decreases the amplitudes of all the traces. The down-
arrow key () on the keyboard accomplishes the same thing.
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i Pickwin85 -
File [F) Edit/Display (E) iew [v) Pick fist anivals F] Option Help (H]

5[ &[] - |1:| ] &[> M| MW7 Al S50 | G0 ] 7 e

Status : No editing -
Source= 98 Om time=101.311msec Time(msec) j
0 10 20 30 10 50 60 70 80 90 100 110 120 130
100.0 g N R
102.0 e —— —
104.0 “‘—/_‘-\_‘_/9_/_‘-\__—"—‘\_—'**__,___
106.0 frm | Mot N — T —————
108.0 e N ——
110.0 N il U i N e il S i
112.0 e e L N T T —
114.0 e e TN TN e e —
116.0 P T TN e e —
1180 I e e N e T P I,
Heoa T TN T TN e
a2 e R S e e B N R e
24.0 /—-“_/__,_‘_/‘_i\_\f/\/—\‘__/‘*
926.0 L rm—r—— T N T
©128.0 N e e N s S e I~ N pa
£130.0 /“xfm—-—q___/‘—ﬂ\_,/‘\\/'\J/‘-
132.0 I e B e e P P N
134.0 f“—"“_)_“————_’k“——/}_\/\\-—/
136.0 —— 0 T
138.0 T T T T T
140.0 e L
142.0 L ——
144.0 — e — T N
146.0 T T T
148.0
N _’I_I
[Mo editing [time=101 31 1mse |
3.10.8 INCREASE HORIZONTAL AXIS TOOL BUTTON AND HOT KEY [ =2 ]

The “Increase horizontal axis” tool button =2 increases the length of the horizontal (time) axis.
The right-arrow key (—) on the keyboard accomplishes the same thing.
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File (F) Edit/Display E] “iew (V] Pick fiist amivals (F] Option Help (H]

8] | || [ W A A 58 F ||| e ¢

Status : No editing
Source= 98 Om time=47.412msec

0 5 10 15 20

o

@

100.0
102.0
104.0
106.0
108.0
1100
112.0
114.0
116.0
_118.0
Sz
322.0
24.0
M26.0
“128.0
130.0
132.0
134.0 P macio ooy

Wi

AN

NS

NWE

i
/ﬁ

%%
z/—_\
//—
=
S

[Mo editing [time=47 412msec|

3.10.9 DECREASE HORIZONTAL AXIS TOOL BUTTON AND HOT KEY [ €]

The “Decrease horizontal axis” tool button €= decreases the length of the horizontal (time) axis.
The left-arrow key («-) on the keyboard accomplishes the same thing.
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File [E]

Edit/Display [E]

Wiew (] Pick first amivals (F] Option Help (H]

8] | || [ W A A 58 F ||| e ¢

3.10.10

Status : No editing
Source= 98 Om
0

100.0
102.0
104.0
106.0
108.0
110.0
1120
114.0
116.0

_118.0

Hz0.0

Y220

24.0

H26.0

©128.0

£130.0
132.0
134.0

time=132.872msec,
spfl 60 80 0 120 140
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—
[
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e |
!
o, |
e |
——

241

5 ¢
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o

e
255
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=
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———

=
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va

|

i
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[Mo editing [time=132.872mse |

INCREASE VERTICAL AXIS TooL BUTTON AND HoT Key [ Il ]

The “Increase vertical axis” tool button Bl increases the length of the vertical (distance or depth)
axis. Pressing the up-arrow key () on the keyboard while holding down the Shift key
accomplishes the same thing.
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File [E]

Edit/Display [E)

“Wiew [¥] Pick first amivals (E] Option  Help (H)

3B &[] | wle |- mm 2w E ]|

0

100.0
100.5
101.0
101.5
102.0
102.5
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105.5
106.0
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111.0
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3.10.11

Status : No editing
Source= 98.0m

Time [msec)
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%
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time=43.720msec
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[Ma editing

[time=43 720msec

DECREASE VERTICAL AXIS TooL BUTTON AND HOT KEY [!]

The “Decrease vertical axis” tool button ! decreases the length of the vertical (distance or

depth) axis. Pressing the down-arrow key (1) on the keyboard while holding down the Shift key
accomplishes the same thing.
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3.10.12 TRACE SHADING TooL BUTTONS Wﬂﬂ

See Section 3.3.3, Page 77.

3.10.13 CLIP TRACES TOOL BUTTON Iﬂ

See Section 3.3.2, Page 76.

3.10.14 NORMALIZE TRACES TOOL BUTTON M

See Section 3.3.1, Page 73.

3.10.15 FILTER TOOL BUTTON IF

See Section 3.2.11, Page 61.
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3.10.16 SELECT TRACES TooL BUTTON| ki

See discussion beginning in Section 3.2.4, Page 41.

B

3.10.17 PICK FIRST ARRIVALS TOOL BUTTON

See discussion beginning in Section 3.4, Page 87.

3.10.18 REGISTER TRAVEL TIMES TOOL BUTTON [*|]

) GEOMETRICS

- Simplify your search

Once first breaks have been picked for a file, press the *| button. This will connect the first
break picks with a red line. This is useful in making sure that there are no outliers that you may

have missed.
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Figure 35: Picked first breaks; *| button flagged an outlier.

Note: If a first break pick error is noticed after generating a travel time curve, simply reposition

the first break pick by clicking at the appropriate position. Then, click on the *| button and the
travel time curve will be readjusted.

3.10.19

-
SHow TRAVEL TIME CURVE TooL BUTTON \_T

See Section 3.3.5, Page 79.

3.10.20

APPARENT VELOCITY LINE TOOL BUTTON V|

At any time while displaying a shot record, you may press the V| button and draw an apparent

Lippus/Underwood
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velocity line (see below, light green). The apparent velocity will be reported at the top of the

screen:

Status : set velocity line

Push right button of mouse to complete | velocity=421.bm{sec :

(Point left end to re-start)
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Figure 36: Apparent velocity line drawn on refractor.

Pressing the button again will remove the velocity line.

3.10.21

EXIT EDIT MODE ToOL BUTTON | X ]

This tool button exits from whatever “editing mode” you might be in. For instance, if you choose
Draw velocity line, you are in an editing mode. To exit that edit mode (so you can, for instance,

select traces), you must press the A button.
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3.10.22 PAGE Up ToOL BUTTON [i]

If you have read in a group list of data files, you may page through from higher file number to
lower file number by pressing the i button.

3.10.23 PAGE DowN TooL ButTon[ ¥ ]

If you have read in a group list of data files, you may page through from lower file number to
higher file number by pressing the ¥ button.

3.10.24 CoOLOR CONTOUR TooL BUTTON (COURSE) |!

Please refer to the separate Seislmager/SW manual for explanation of this menu item. It is
generally not used for refraction.

3.10.25 CoOLOR CONTOUR TooL BUTTON (FINE) =|

Please refer to the separate Seislmager/SW manual for explanation of this menu item. It is
generally not used for refraction.

3.10.26 PLOT SEISMIC TRACES TooL BUTTON ‘ﬁ

This button reverts to the standard seismic trace display:
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Figure 37: Trace display.

3.10.27 SHow WAVEFORMS TooL ButToN | ¥

Please refer to the separate Seislmager/SW manual for explanation of this menu item. It is
generally not used for refraction.

3.10.28 SHow GEOMETRY TooL BUTTON ﬂ

Please refer to the separate Seisimager/SW manual for explanation of this menu item. It is
generally not used for refraction.
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31029  SHOW GRIDDED GEOMETRY TooL BuTTON |6

Please refer to the separate Seisimager/SW manual for explanation of this menu item. It is
generally not used for refraction.
3.10.30 FREQUENCY DOMAIN TooL BUTTON FO|

Press this button to display your data in the frequency domain. This is mainly a surface-wave
analysis tool, but it can be handy and informative in refraction as well.
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Figure 38: Seismic data shown in the frequency domain.
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3.10.31 TiME DOMAIN TooL BUTTON IM
Press this button to revert to the time domain:
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3.10.32 REMOVE FILE FROM FILE LIST ToOL BUTTON @

Figure 39: Trace display.

When working with a file list, use this button to remove a file from the list. Simply scroll to the

file you wish to remove, and press \é This can be handy if you make a group file list (see
Section 3.1.12, Page 21) and then discover that one or more of the files is noisy or otherwise

unusable.
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3.10.33 SHOw EACH ORIGINAL FILE TOOL BUTTON Hr

Please refer to the separate Seislmager/DH manual for explanation of this tool button. It
generally does not apply to seismic refraction.

3.10.34 SHOW LEFT AND RIGHT FILES TOOL BUTTON |'{|:|'|

Please refer to the separate Seislmager/DH manual for explanation of this tool button. It
generally does not apply to seismic refraction.

3.10.35 SHOW PRE-PROCESSED DOWNHOLE FILES TOOL BUTTON jﬁ

Please refer to the separate Seislmager/DH manual for explanation of this tool button. It
generally does not apply to seismic refraction.

3.10.36 SHow P WAVEFORM TOOL BUTTON ‘El

Please refer to the separate Seisimager/DH manual for explanation of this tool button. It
generally does not apply to seismic refraction.

—
3.10.37 COLOR/MONOCHROME TOOL BUTTON *
Please refer to the separate Seislmager/SW manual for explanation of this menu item. It is
generally not used for refraction.
3.10.38 SHOW MAXIMUM AMPLITUDE TOOL BUTTON |ﬁmﬂ|

See Section 3.3.10.1, Page 84.
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4 THE PLOTREFA MODULE

Plotrefa is the interpretation module of Seisimager/2D. It takes the output of Pickwin as input,
and through the application of one of the three available interpretation techniques, provides a
velocity cross-section. It includes many useful tools for facilitating data interpretation. We will
step through the various menu items in a fashion like that above, and then apply each of the three
interpretation techniques to the same dataset.

Prior to reading this chapter, you might find it useful to view the following video clips on using
the Plotrefa module:

Seismic Refraction Training 2-2: Data Processing — Plotrefa (10:14)

Seismic Refraction Training 2-3: Data Processing — Plotrefa (7:32)

They will provide valuable context for what follows.

n Plotrefa - Plotrefa

File Traveltime curve Velocity model  View Time-term inversion Reciprocal method Raytracing  Tomography Options  Help
G ] N O = [ e W o | 5 |

Mo traveltime data

£ >

Ready Mo traveltime data

Like Pickwin, the user-interface of Plotrefa consists of a series of menus along with a toolbar.
We will now discuss in detail the various menus of Plotrefa.
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The Plotrefa Module

4.1

FILE MENU

Click on File to reveal the File menu:

Lippus/Underwood
P/N 770-00117-01

File

Open Plotrefa file (traveltime data and velocity rmodel)
Append Plotrefa file itraveltime data only)
Append Plotrefa file fvelocity model only)

Save Plotrefa file

Qpen .bpk files (field first breaks)
Cpen .pik files (SIPT2 first breaks)
Open .pk files (SIPOC output)

Irmport elevation data file
Cpen borehole data file

Save (x, 7, welocity) formatted file ()
Sawve analysis resultin tabular form ()

Save raypath in tabular form ()

Copy to clip board...

Save display image to a file..,
Cptions

Print (P...
Print preview ()
Page setup (R).

Exit prograrm ()

125

Ctrl+C
Crl+l

Ctrl +P
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4.1.1 OPEN PLOTREFA FILE (TRAVEL TIME DATA AND VELOCITY MODEL)

=
File

Open Plotrefa file (traveltime data and velocity model) h

To open a Plotrefa file, click on Open Plotrefa file (travel time data and velocity model) or press
the “Open file” tool button E to read in a record. You will see a dialog box like the following:

u i <« Seismic » Seislmager 2D » Example data v | 0 O Search Example data
Organize * New folder ==« [N 9
~
Example data ™ Mame Date modified Type Size
Graphics || Example_Pickwin_FBP_File.vs 12/11/2022 6:32 PM VS File 5 KB
Manuals
Movies

Presentations
Software
Seislmager DH

Seislmager lcor

- | Plotrefa file(*.vs) v

File name:

Find the folder your data resides in and open it. Plotrefa files from Pickwin have a .vs extension,
so this is the default, and only .vs files will be displayed. Choose the file you want to read in by
double-clicking on it. You will see a travel time plot like the one below:
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Figure 40: First arrival travel time plot.
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Srale = 1] T8

Towentra= £ niwce=15F S

Soaln =1/ 305

Note: Initial Plotrefa files written by Pickwin are travel time files only. As you advance through
the interpretation, the Plotrefa file will have additional data added to it, such as elevations, layer
assignments, and a velocity model.

4.1.2

Open Plotrefa file (traveltime data and velocity model)

[

Append Plotrefa file (traveltime data only)

File

APPEND PLOTREFA FILE (TRAVEL TIME DATA ONLY)

If you have multiple spreads, you may append the travel time data together in Plotrefa. Open the
first Plotrefa file:
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E7 Plotrefa - Plotiefa ==

File  Trawelime curve  Velocity model  iew  Time-term inversion  Reciprocal method  Aaytracing  Tomography  Options  Help

@) 2| x| ]| o]l voloo]Rel | v o (]|

Status : No editing

Trawveltime
e
3

0 50 100 150 200 250 300

Distance U]
alvs Scale = 1/ 2500

[ _>I;I

Ready [Ma editing |Traveltime=-102.3ms Distance=100.0m | Goale =1/2500

Next, click on Append Plotrefa file. You will be presented with a dialog box like the one shown
below:

i <« Seismic » Seislmager 2D » Example data v | D 0 Search Example data
Organize = MNew folder ==~ [ @
-~
Magnetics ” MName Date modified Type Size
Old timesheets [ Example_Pickwin_FBP_File.vs 12/11/2022 6:32 PM VS File 5 KB
Seismic
Geokel

Publications

Refraction

Seislmager 2D
Example data

File name: | Example_Pickwin_FBP_File.vs ~| | Plotrefa files) v

Choose the appropriate .vs file to append, and double-click:
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i} Plotrefa - Plotrefa [_[O]
File Travsltims curve Velocitymodsl View Time-term inversion Reciprocal method Rayhacing Tomoaraphy  Dptions  Help

=11 Y e e e S O T

Status : No editing

[ms)
300

250

N
e

N
\\\\ /_/*‘*

)
=
=}

=
)
[
A

100 /\ /

AT T T

0 50 100 150 200 250 300 350 400 50 500
Distance (m)
alws Scale = 172000
K — ;I_I
Ready [No ediing [Travelime=51.2ms Distance=310 fn [ Scale = 1/2000 7

Figure 41: Appended seismic refraction spreads.

The two files will be appended together as shown above. You may append any number of files.

4.1.3 APPEND PLOTREFA FILE (VELOCITY MODEL ONLY)
File
Open Plotrefa file (traveltime data and velocity model]

Append Plotrefa file (traveltime data cnly)
Append Plotrefa file (velocity model only) I}

In a manner like that explained immediately above, you may append multiple velocity models
together.
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414 SAVE PLOTREFA FILE [E||]

File

Open Plotrefa file (traveltime data and velocity model)
Append Plotrefa file (traveltime data only)
Append Plotrefa file (velocity model only)
Save Plotrefa file b

) GEOMETRICS

Simplify your search

To save a Plotrefa file after editing, choose Save Plotrefa file, or press the “Save file” tool button.

E| You will be presented with a dialog box like the one below:

u i <« Seismic » Seislmager 2D » Example data v

Organize = Mew folder

N

~

Magnetics Name Date modified

Old timesheets [ ] Examnple_Pickwin_FBP_File.vs 12/11/2022 6:32 PM

Seismic
Geokel
Publications
Refraction
Seislmager 2D
Example data

Search Example data

Type

VS File

File narne: | Example_Pickwin_FBP_File.vs

- | Plotrefa file(*.vs) v

Cancel

Type in a file name and press Save. The extension will default to .vs.

4.1.5 OPEN .BPK FILES (FIELD FIRST BREAKS)

File

Open Plotrefa file (traveltime data and velocity model)
Append Plotrefa file (traveltime data only)

Append Plotrefa file (velocity model only)

Save Plotrefa file

Open .bpk files (field first breaks) N

If you picked and saved your first breaks in the field using the Geometrics first break picker, you
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-

) GEOMETRICS

Simplify your search

may read them in here — there is no need to re-pick them. Click on Open bpk files (field first
breaks). A dialog box will appear, displaying only .bpk files. Choose the files you would like to
read in by holding down the Control key and clicking on them:

ui <« Seismic » Seislmager 2D » Examnple data v | D Search Example data
Organize « Mew folder s - [H 0

Magnetics ) MName Date modified Type Size
Old timesheets [ 1001.bpk 12/30/2022 5:31 AM BPK File 530 KB
Seismic [ 1002.bpk 12/11/2022 6:10 PM BPK File 579 KB
Geokel [ ] 1003.bpk 12/11/2022 6:10 PM BPK File 579 KB
Publications [ ] 1004.bpk 12/11/2022 6:10 PM BPK File 579 KB
Refraction [ ] 1005.bpk 12/11/2022 6:10 PM BPK File 579 KB
Seisimager 2T | 1006.bpk 12/11/2022 6:10 PM BPK File 579 KB
[ ] 1007.bpk 12/11/2022 6:10 PM BPK File 579 KB

Example dat
File name: |"1[J[Zl?.bpk" "1001.bpk” "1002.bpk” “1003.bpk” "1004.bpk" "1005.bpk" "10 v| bpk files(*.bpk) v
Press Open to display the travel times:
i!% Plotrefa - Plotiefa M=l B3

File Traveltime curve Velocity modsl View Time-term inversion Recipiocal method  Rahiacing  Tomogiaphy  Options  Help

=11 Y e e e S O T

Status : No editing

[ms]

100

Traveltime

i

o ]

1150

[m)

0
1000 1050 1100
Distance
test Scale =1} 769
[ R
Ready [No editing | Traveltime=-3 4ms Distance=1182 7m

Lippus/Underwood
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4.1.6

OPEN .PIK FILES (SIPT2 FIRST BREAKS)

File

Open Plotrefa file (traveltime data and velocity model)
Append Plotrefa file (traveltime data only)

Append Plotrefa file (velocity model only)

Save Plotrefa file

Open .bpk files (field first breaks)
Open .pik files (SIPT2 first breaks) N

) GEOMETRICS

Simplify your search

If the data has been picked with the RimRock Geophysics SIPT2 picker (older models of
Geometrics seismographs), the resulting .pik files may be read in by Plotrefa in the same fashion
as .bpk files (previous section).

4.1.7

OPEN .LPK FILES (SIPQC OuTPUT)

File

Open Plotrefa file (traveltime data and velocity model)
Append Plotrefa file (traveltime data only)

Append Plotrefa file (velocity model only)

Save Plotrefa file

Open .bpk files (field first breaks)
Open .pik files (SIPT2 first breaks)
Open .Ipk files (SIPOC output) h

If you ran SIPQC in the field and assigned layers to the arrivals, an .Ipk file was created. This
simply groups together all the travel times for the spread into one file. To read in an .Ipk file,
choose Open Ipk files (SIPQC output) and double-click on the appropriate .Ipk file. You will see
a travel time plot consisting of several shots, like the one shown in the previous section.
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4.1.8 IMPORT ELEVATION DATA FILE
File

Open Plotrefa file (traveltime data and velocity model])
Append Plotrefa file (traveltime data only)

Append Plotrefa file (velocity model only)

Save Plotrefa file

Open .bpk files (field first breaks)
Open .pik files (SIPT2 first breaks)
Open pk files (SIPQC output)

Import elevation data file I}

If you measured relative or absolute geophone elevations, these should be stored in an ASCII-
columnar file as shown below:

B “Untitled - Notepad

File Edit Format Wiew Help

0.0 100.0 o
5.0101.2
10.01015
15.0 102.2
20.0 100.0
250985
30.0975
35.097.0
40.0 955
450935
50.0 92.0
55.091.0
60.0 89.5
65.0 875
70.0 855
750835
80.0 85.0
85.0 86.0
80.0875
95.088.0
100.0 89.0

b
|-

The left column is the geophone location, and the right column is the elevation. You may read in
this elevation file and incorporate it into your velocity model. Click on Import elevation data file
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and double-click on the appropriate file (there is no default extension for elevation files). The

elevation profile will be displayed:

Fie Trgwobiow curve ‘eloolymwedel W Temsioss rweion Fistipiotsl methesd  Aaviaorg  Tosogeaply  Opbers Hel

o e e e R N |

Wo efising No velncity model =~
"]
0
a4 { 4 4 { --"-H__.
- a
-3 - 1 —
B+
n } } } !
] 1 20 ] an 50 “ o [ - 100 1o (F. ]
Custance ™
Scale = 1 500
ol Ll'l
[P M3 edfrg Elarvsbors=5 Sen, Crontarac =) (i Hoale = 1 5 4H

Figure 42: Surface topography profile.

Note: Generally, it is advisable to have an elevation for each geophone. However, it is not
necessary. The program will interpolate geophone elevations from the elevation profile if

required. Shot elevations are not required.

After interpreting your data and calculating the velocity structure,

elevation profile, as shown below:

it will be drawn relative to the

&l Plotieta - Plotiefa oI
File Travelime curve  Yelocity model  Yiew  Time-term inversion  Aeciprocal method  Raptracing  Tomoaraphy  Options  Help
5| 2 | 4| |0 ]3] 01|10 | | = [V P[] ] ol || s |
No editing Layered model : # of layers = 2 =
[
92 1089
1002
= 914
& 82 826
] 739
651
72 563
475
388
52 300
0 10 20 30 40 50 60 70 80 90 100 110 120 (fs)
Distance y
Reciprocal model through delay times.vs Scale = 1/500
I _>l_I
Ready [No editing |Elevation=47 7m Distance=52 km [cale =1/ 500 7
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419 OPEN BOREHOLE DATA FILE

File

Open Plotrefa file (traveltime data and welocity model)
Sppend Plotrefa file (traveltime data anly)

Append Plotrefa file fuelocity model only)

Save Plotrefa file

Open .bpk files ifield first breaks)
Open .pik files (SIPT2 first breaks)
Qpen . pk files (SIPQC autput)

Import elevation data file

Open borehole data file b

Seislmager 2D can be used to do cross-hole tomography:

Borehole receivers

}

Tunnel formation

Figure 44: Cross-hole tomography with Plotrefa.

Select this option to open a borehole data file. An example is shown below:
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Figure 45: Sample borehole data.

This tutorial explains how to process cross-hole data with Seislmager/2D.
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4.1.10

) GEOMETRICS

Simplify your search

SAVE (X, Z, VELOCITY) FORMATTED FILE (.TXT)

File

Open Plotrefa file (traveltime data and welocity model)
Append Plotrefa file itraveltime data only)
Append Plotrefa file feelocity rmodel anly)

Save Plotrefa file

COpen . bpk files ifield first breaks)
Open.pik files (SIPT2 first breaks)
Open pk files (SIPOC output)

Irmport elevation data file
Open borehole data file

Save (%, 7, welocity) formatted file () L\?

Once you have inverted your data, you may save your velocity model in an ASCII-columnar
format for direct import into third-party graphics programs such as Surfer™. A partial x, z,
velocity file is shown below.
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/70.000000

/70.000000

98.000000

98.000000

100.000000
100.000000
102.000000
102.000000
104.000000
104.000000
106.000000
106.000000
108.000000
108.000000
109.000000
108.000000
110.000000
110.000000
112.000000
112.000000
114.000000
114.000000
116.000000

0.000000
-3.427992
0.000000
-3.175648
0.000000
-3.036011
0.000000
-2.982426
0.000000
-2.938553
0.000000
-2.8663386
0.000000
-2.796365
0.000000
-2.757409
0.000000
-2.662040
0.000000
-2.482863
0.000000
-2.349191
0.000000

0.286104
1.358415
0.286104
1.359415
0.286104
1.358415
0.286104
1.359415
0.286104
1.359415
0.286104
1.359415
0.286104
1.359415
0.286104
1.359415
0.286104
1.359415
0.286104
1.359415
0.286104
1.359415
0.286104
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4.1.11

) GEOMETRICS

Simplify your search

SAVE ANALYSIS RESULT IN TABULAR FORM (.TXT)

File

Open Plotrefa file (traveltime data and velocity model)
Append Plotrefa file (traveltime data only)
Append Plotrefa file fvelocity model anly)

Save Plotrefa file

Open .bpk files ifield first breaks)
Open .pik files (SIPT2 first breaks)
Open . pk files (SIPOC output)

Import elevation data file
Open borehole data file

Save (x, z, velocity) formatted file ()
Save analysis result in tabular form (k) %

If you wish to output your data in a tabular format, choose Save analysis result in tabular form:
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The spread contams 7 shotpoints and 24 gzeophones

o

Elev
-3.62
0.69
6.50
4.00
-5.00
1.37
6.54

B O P

mm-uilﬂ\'-ﬂ-h'-ﬂh-'l'—'g_\
.

B O .
-
]
i

reo

1 10000
1 10200
3 104.00
4 10600
5 108.00
6 11000
7 11200
§ 11400
g 11600
10 118.00
11 12000
12 12200
13 12400
14 12600
15 12800
16 130.00
17 132.00
18 13400

Hloc
T0.00
98.00
105.00
123.00
135.00
148.00
176.00

H-loe

100.00
102.00
104.00
106.00
108.00
110.00
112.00
114.00
116.00
118.00
120.00
122.00
124.00
126.00
128.00
130.00
132.00
134.00

Layer2
il4
314
349
389
215
494
4594

il4
343
411
445
428
270
3.30
345

T-Loc
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Y-Loc
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Depth
0.00
0.00
0.00
0.00
0.00
0.00
0.00

5P1

22311
22501
22841
23691
24251
25001
26.69 1
26.06 1
27.001
27441
28.001
28381
2501
30131
30881
31131
31311
31881

5F3

13.131
11691
9.001
7.281
23501
2841
7811
8811
11.061
11691
12941
13.691
14771
15881
16.94 1
16811
18191
18381

5P 4
18251
17.5011
16501
15631
14311
13381
153381
11001
9131
7691
4941
2061
2441
4771
8311
9251
9881
11501

SP5

12381
21811
21001
20501
18941
18941
18631
16.69 1
15811
14631
13501
12131
11311
9881
8691
6561
4311
2521

SP6

28131
27381
26501
25751
243811
23881
243251
12561
21691
20811
20251
19881
18811
18311
16.63 1
15691
15381
14251

5p7

34.001
33811
32811
32751
31881
31381
31501
30251
30,001
28001
27501
265881
26691
26001
25131
24191
23751
233561
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4.1.12

) GEOMETRICS

Simplify your search

SAVE RAYPATH IN TABULAR FORM (.TXT)

File

Open Plotrefa file (traveltime data and velocity model)
Sppend Plotrefa file (traveltime data only)
Append Plotrefa file (eelocity model anly)

Sawe Plotrefa file

Open bpk files (field first breaks)
Dpen pik files (SIPT2 first breaks)
Open Ipk files (SIPQC output)

[mport elesation data file
Open borehole data file

Sawe (x, 7, wvelocity) formatted file (tat)
Save analysis result in tabular form ()

Save raypath in tabular form () L\X}

This option saves the raypath data in an ASCII file. A partial table is provided below. It can then
be read into any drawing software, such as AutoCad®.
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D
70.000000 0.000000

70.000000 0.000000

16

98.000000 0.000000

98.000000 -1.104166
98.000000 -1.545832
98.000000 -1.987498
98.000000 -2.429164
98.000000 -2 870831
98.000000 -3.312497
98.000000 5520829
92 400002 -7.729160
75599998 -7.729160
70.000000 -5.520829
70.000000 -3.754164
70.000000 -3.312497
70.000000 -1.104166
70.000000 -0.662499
70.000000 0.000000

12

100.000000 0.000000

100.000000 -1.104166
99.199997 -3.312497
98.000000 -5.520829
92 400002 -7.729160
75.599998 -7.729160
70.000000 -5.520829
70.000000 -3.754164
70.000000 -3.312497
70.000000 1.104166
70.000000 - 0.662499

70.000000 0.000000

12

102.000000 0.000000

102.000000 -1.104166
101.199997 -3.312497
100.000000 -5.520829
98.000000 -7.729160
75.599998 -7.729160
70.000000 5520829
70.000000 -3.754164
70.000000 -3.312497
70.000000 1.104166
70.000000 -0.662499
70.000000 .000000

14

Table 3: Raypath data in tabular form.
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4.1.13 CopY TO CLIPBOARD [CTRL+C]
File

Open Plotrefa file (traveltime data and welocity model)
Append Plotrefa file (traveltirme data anly)

Append Plotrefa file (velocity model anly)

Save Plotrefa file

Dpen bpk files (field first breaks)
Dpen pik files (SIPT2 first breaks)
Open pk files (SIPAC output)

[mport elesation data file
Dpen barehole data file

Save (x, 7, velocity) formatted file {tt)
Save analysis result in tabular form ()

Sawve raypath in tabular form (tet)

Copy to clip board... I}s Ctrl +C

Choose this option to copy whatever is displayed on the screen to the clipboard. It can then be
pasted into another application, such as a word processor.
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4.1.14

SAVE DISPLAY IMAGE TO A FILE [CTRL+I]

File

Open Plotrefa file (traveltime data and velocity model)
Sppend Plotrefa file (traveltime data only)
Append Plotrefa file (eelocity model anly)

Sawe Plotrefa file

Open bpk files (field first breaks)
Dpen .pik files (SIPT2 first breaks)
Open Ipk files (SIPQC output)

[mport elesation data file
Open borehole data file

Sawe (x, 7, wvelocity) formatted file (tot)
Save analysis result in tabular form {tt)

Save raypath in tabular form (o)

Copy to clip board... Ctrl+C
Save display irmage to a file.. I} Ctrl +1

) GEOMETRICS

Simplify your search

You may save whatever is displayed on the screen to a file. Choices include PNG, JPG, BMP,

and GIF.
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4.1.15 OPTIONS
File

Open Plotrefa file (trawveltime data and welocity rmaodel)
Sppend Plotrefa file (traveltime data only)

Append Plotrefa file fwelocity model anly)

Save Plotrefa file

Cpen bpk files (field first breaks)
Open pik files (SIPT2 first breaks)
Open pk files (SIPOC output)

Import elevation data file
Open borehole data file

Save (x, 7, velocity) formatted file (fet)
Save analysis result in tabular form (et

Sawe raypath in tabular form ()

Copy to clip board... Ctrl+C

Sawe display image to a file.. Cirl+l

Options l} b Open .grem file (XRefraX output)
Continue.

4.1.15.1 OPEN .GRM FILE (IXREFRAX OUTPUT)
File
Open .grm file (| XRefrfax ocutput) h

Choose this option to open an existing GRM file from the Interpex IXRefraX™ application. It
can then be processed as usual.
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4.1.16 PRINT [&] ] [CTRL+P]

File

Open Plotrefa file (traveltime data and welocity model)
Sppend Plotrefa file (traveltime data only)
Append Plotrefa file fvelocity model anly)

Sawe Plotrefa file

Open bpk files (field first breaks)
Dpen .pik files (SIPT2 first breaks)
Open Ipk files (SIPQC output)

[mport elesation data file
Open borehole data file

Sawe (x, 7, wvelocity) formatted file (tat)
Save analysis result in tabular form (tat)

Save raypath in tabular form (tct)

Copy to clip board... Ctrl+C
Save display image to a file.. Ctrl +1
Dptions >
Print (F... [y ctrl+P

To print the window display of Plotrefa, choose Print, press Ctrl-P, or press the “Print” tool
button. = You will see the Print dialog box for your computer:
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) GEOMETRICS

Simplify your search

— Printer
Mame: Properties... |
Status: Ready
Type: HP OJ 2700 series PCL-3
Where:  USBO01
Comment: ™ Print to file
—~ Prirt range —Copies
& Al Mumber of copies: 1 :
{" Pages from: |1 tu:l [ [
tol3] )3 ¥ Caollate
" Selection 1 1

o]

Cancel

Press Print to print the current window display of Plotrefa.
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4.1.17

) GEOMETRICS

Simplify your search

PRINT PREVIEW

File

Open Plotrefa file (traveltime data and wvelocity model)
Append Plotrefa file (traveltime data only)
Append Plotrefa file fvelocity model anly)

Save Plotrefa file

COpen .bpk files ifield first breaks)
Open .pik files (SIPT2 first breaks)
Open pk files (SIPOC output)

Import elevation data file
Open borehaole data file

Save (x, 7, welocity) formatted file (txt)
Save analysis result in tabular form (L)

Save raypath in tabular form ()

Copy to clip board... Ctrl+C
Save display image to a file.., Ctrl+|
Options ¥
Print (P... Ctrl +P
Print prewviewn: () I}

To preview the window display of Pickwin for printing, choose Print preview. You will see a
preview of the window display that will be printed:
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refa [_[O]

§

<

100 150
Distance (i
nantes.ws scale = 1 f 454
Page 1 lle D [Travelime=53.1ms Distance=107.4m [Scale=1/454 4

Figure 46: Travel time plot ready for printing.

To print this display, press Print. To close this display, press Close.
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4.1.18

) GEOMETRICS

Simplify your search

PAGE SETUP

File

Open Plotrefa file (traveltime data and velocity rmodel)
Append Plotrefa file (traveltime data only)

Sppend Plotrefa file (velocity model anly)

Save Plotrefa file

Open .bpk files (field first breaks)
Open .pik files (SIPT2 first breaks)
Cpen.pk files (SIPOC output)

Import elevation data file
Open borehole data file

Save (x, 7, velocity) formatted file (tet)
Save analysis result in tabular form ()

Save raypath in tabular form (tet)

Copy to clip board... Ctrl+C
Save display image to a file.., Ctrl +|
Options ¥
Print {F)... Ctrl +P
Print presviewn: ()

Fage setup (R)... L}

To prepare a page for printing, choose Page setup. You will see the Print dialog box for your

computer:
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— Printer
Mame: Properties... |
Status: Ready
Type: HP D 2700 seres PCL-3
Where:  USBDO1
Comment:
— Paper Crientation
Size: ILetter LI % Portrait
Source: IMain Tray LI " Landscape

Metwarl... |

ok |

Cancel |

Adjust the properties for printing and press OK to print the current window display of Plotrefa.
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EXIT PROGRAM

File

Open Plotrefa file (traveltime data and velocity rodel)
Append Plotrefa file (traveltime data only)
Append Plotrefa file fvelocity model only)

Save Plotrefa file

Open .bpk files (field first breaks)
Cpen .pik files (SIPT2 first breaks)
Open .pk files (SIPOC output)

Irmport elevation data file
Cpen borehole data file

Save (x, 7, velocity) formatted file (o)
Save analysis result in tabular form ()

Save raypath in tabular form (et

Copy to clip board.., Ctrl+C
Save display image to a file.., Ctrl+|
COptions -]
Print (P... Ctrl +P

Print preview ()
Page setup (R).

Exit prograrm () %

To exit the Plotrefa module, choose Exit program. You will see the following dialog box:

Piclkwin

l i Are you sure you want to exit?

OK | Cancel

Press OK to exit Plotrefa or press Cancel to continue using Plotrefa.
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4.2 TRAVEL TIME CURVE MENU

Click on Travel time curve to reveal the Travel time Curve menu:

Traweltime curse

Exit edit mode
Unda... Ctrl +7
Redao

Modify traveltirmes (all shots)
kodify traveltimes {individual shot anly)

Shift a traveltime curee
Calculate traveltime difference curee

Check reciprocal traveltime

Correct reciprocal tirne automatically

Connect common source traveltime cunses

Delete a traveltime

Carrect trawveltime curve for shot offset

Display »

COmmon souUrce <-> COMMon Feceiver
Rewerse survey line

Borehole receiver type (Barehale or tunnel)

Artive »
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4.2.1 ExIT EDIT MODE [K]

Traveltime curve

Exit edit mode I}

When you are not in an edit mode, you can click and drag your mouse on the graph to measure
time distances, as shown below:

275 Plotrefa - Plotrefa [_[O[x]
File  Trawelime curve  Velocity model  iew  Time-term inversion  Reciprocal method  Aaytracing  Tomography  Options  Help
T e T e A e Y e e L R N T
Status : No editing =
[ms]
50
©
5
z )_/D
=
=
}7 Q%
0
100 150
Distance m]
nantes.vs Scale = 1322
Kl — _'I_I
Ready [Ma editing |Traveltime=25.4ms Distance=140.0m | Goale =1/322 7

Figure 47: Measuring time-distance on a travel time plot.

Also, if you double-click on a travel time, the shot location and depth for that travel time curve
will be displayed and can be edited if necessary:
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Fie Trwvohws cune Mekooly pdel Wiee Trw e pemrsn Reigeocsl methed gt Help

o] | | )] oo ][ -II-IHI_III] 1]

Skahus | Wo edifing =
[ms)
]

-—-\.‘MHI
z e
"
= .
--r:‘_‘“ "\_\h‘
4. = [y, -
. .>('>1'
= 4
r,./’ , . .
X P
) '..'.. x\\
\ \
LN N
([ 1] 150
Dwszance L
e v Beale =1 1312 -
] E— | _"lJ
Finsey o ecding [Fumepitrra=13 Sra Diatarce=1 % im [ETFE H &

You may also draw a velocity line on your travel time plot by clicking on the ™ tool button and
clicking and dragging your mouse. The velocity of the line will be displayed dynamically at the
top of the display. Right click to “set” the velocity line:

AL oz
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e T ki By b - |
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fre]
i
e
==
- |
S —
E bt
1 S o™ B ™ e
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¥ = = - "
- g [y i
b e P e
T e . o -
. el gl o T
w LW ol T
.l .
o i ar
, ¥
i Y r AL -
) i
Wlf | "
i '
ima il
Chaasce "
wpmar g om Bl = 150
-
LTI o
[TH m mimdn R L R T r | M = 1 B

Figure 48: Measuring apparent velocity on a travel time plot.

If you are in an edit mode (for instance, modifying travel times), clicking and dragging the
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mouse will alter your data, depending on the specific edit mode you are in. To get out of edit
mode, choose Exit edit mode, or press the 5 tool button.

422 UNDO [CTRL +Z] [©]

Traveltime curve

Exit edit mode
Undo... % Ctrl+Z

To undo the last command performed, click on Undo, press Ctrl+Z, or press the “Undo” tool
button ﬂ The last applicable command performed by Plotrefa will be undone.

4.2.3 REDO [ﬂ]

Traweltime curse

Exit edit maode
nda.., Ctrl+2

Redo L\\s

To re-do a command that was undone, click on Redo or press the “Redo” tool button ﬂ The last
command that was undone will now be redone.

4.2.4 MODIFY TRAVEL TIMES (ALL SHOTS) [ £ |]

Traweltirme cunse

Exit edit made

Undo.. Ctrl +Z
Redo
Modify traveltimes (all shots) I}

You may use Plotrefa to modify travel times if necessary. If you choose Modify travel times (all
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shots), you can then click and drag any travel time to a new position. Simply point at the travel
time you wish to change and click. The selected travel time will turn red:

217 Plotrefa - Plotrefa [_[O[x]
File  Trawelime curve  Velocity model  iew  Time-term inversion  Reciprocal method  Aaytracing  Tomography  Options  Help
11 T e Y S o T T T
Status : Correct traveltime curve =
[ms]
50
© M
5
T /
=
=
F el
0
100 150
Distance m]
nantes.vs Scale =1/322
Kl — _>I_I
Ready |Canect travelime curve [time=31.4ms modification=-0.0ms | Goale =1/322 7

Figure 49: Selecting a travel time to adjust.

While holding the mouse button down, drag the cursor to where you want the travel time to be,
and release:

Lippus/Underwood 157 Seislmager/2D Manual v. 4.0
July 2024

P/N 770-00117-01



The Plotrefa Module

3% Platihs - Plotesla

Fie Trawolion curve Viloolymodel View  Twstfoss reoon  Racipestsl methed  Rapbecrg Tovegaply Opeor Hep
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M= E

LI I—
Py

4.2.5

manle s e

150
=g

Seale = 1 1323

Lomwect awvslma cures

fiwestmra= 14 Jre Dtarce=14 5m IS E -

Figure 50: Modifying travel times on a travel time plot.

MODIFY TRAVEL TIMES (INDIVIDUAL SHOT ONLY)

Traweltime curse

Exit edit mode
Unda...
Reda

Ctrl+7

bodify traveltimes (all shots)
Modify traveltimes (individual shot anly) I}

Sometimes two travel times plot on top of each other, making it difficult to take control of the
one you want. When this happens, you can choose Modify travel times (individual shot only).
This allows you to first choose the travel time curve that contains the travel time you wish to

modify. Simply click on the travel time curve, and it will change color:
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Now, only travel times on that particular curve can be selected for modification. Note above that
the cursor is pointing to a travel time that is coincident with a travel time on another curve. But
only the one in the highlighted curve can be modified. Click and drag the travel time as described
above.

Note: You will notice that the curve is no longer highlighted. This feature turns itself off after
adjusting one travel time, i.e., all travel times are accessible after the first one is modified. You
must choose Modify travel times (individual shot only) again to highlight another curve.

4.2.6 SHIFT A TRAVEL TIME CURVE

Traweltirme cunse

Exit edit mode
nda... Ctrl+5
Fedo

Modify traveltirmes (all shots)
Modify traveltirmes (individual shot anly)
Ehift a traveltime curve b

You may also shift an entire travel time curve. Choose Shift a travel time curve, click and hold
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on the curve of interest (it will change colors), and drag it to the new position:
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Figure 51: Shifting a travel time curve on a travel time plot.
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Seale = 11322

Trwenitera=-£ drn Dimtance=16E Om

5

The entire curve highlighted in the previous section has been moved to a later time.

4.2.7 CALCULATE TRAVEL TIME DIFFERENCE CURVE [ ]

Exit edit maode

Unda...
Redao

Traweltirme cunse

Modify traveltimes (all shots)

Madify traveltimes (individual shot anlyd

Shift a traveltime curse

Calculate traveltime difference curee

When assigning layers to first arrivals, it is often useful to construct a travel time difference
curve. The difference curve for two shots from the same direction should be flat where the travel

times are coming from the same layer.
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This can assist in determining crossover points.

To calculate a difference-time curve, choose Calculate travel time difference curve, or press the

D tool button. Next, click on the two travel time curves you wish to calculate the difference-

time curve for.

%, Plotrela - Ploliefa [_ ][]
o et R 3 o ) s
Status : No editing -
[ms]
50
crossover point
o~ ! N d——r T‘,_.,/-'—v— e
it
D .v"ﬁ_o’
& =2
% =" =
@ ,,,,v-f’ ) e
= | o - -
"\Q"\ e .P'V/ S S
. —q o — o ol
o . o o >
u A e, >
b P B - o
Y P R e >
- toog
AN 0, ,/"/ o v4 et
s e N g 7
4 & T ,"'\/ 7 3
\ /. // L
\ / 3 7 o o
\ ‘/ \ P/
A \V; hV4
0
100 150
Distance [m]
nantes.vs Scale = 17322

[ B riers | S (kL] ES e ] i et [ FUSTRDIAGS o
Figure 52: Calculating a difference-time curve.

In the example above, the blue curve represents the difference-time curve for the highlighted
travel time curves. Note that the crossover point for the red curve is clearly delineated by the
difference-time curve. This is an extremely useful tool when crossover points are difficult to
determine.

To remove the difference-time curve, simply press the ! tool button.

See here for a video on the difference-time curve calculation procedure (be sure to turn up the

volume).
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4.2.8 CHECK RECIPROCAL TRAVEL TIME

Traweltirme cunse

Exit edit made
ndao.., Ctrl+5
Feda

Modify traveltimes (all shots)
Modify traveltirmes (individual shot only)

Shift a traveltime curve
Calculate trawveltime difference curee

Check reciprocal traveltirme L\a‘

The Principle of Reciprocity states that the travel time measured between a source and receiver is
independent of the direction of travel. In other words, if you invert the source and geophone, you
must get the same travel time. This is true regardless of the subsurface conditions — in theory at
least, the travel times must be the same.

Checking for reciprocity is an important step in ascertaining the quality of your data. If you don’t
have reciprocity within about 5%, you should recheck your travel times. Velocity models
calculated from data exhibiting poor reciprocity are likely to be invalid.

Plotrefa will check reciprocity, where appropriate, automatically. Simply choose Check
reciprocal travel time, and the program will examine the travel times and calculate reciprocity
between shots in which the conditions of reciprocity are met.
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Figure 53: Checking the reciprocal time.

In the example above, the reciprocity has been reported for the three interior shots. Both the
absolute and percentage errors are reported. The reciprocity report will be saved to a file called

“reciprocity check.txt” in the same folder in which your data is stored.

Note: Reciprocal times are calculated only for shots that are within the geophone spread. For
this reason, it is recommended that the shots at the end of the spread be located between the two
end phones at either end of the line. For instance, with a 24-channel spread, the left “end-shot”
would be between geophones 1 and 2, and the right “end-shot” would be between geophones 23
and 24. Seislmager/2D will interpolate to calculate the reciprocal times at the shot locations. If
the shot points are outside the spread, the strict conditions of reciprocity are not met, and the

program must extrapolate to estimate the reciprocity.
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4.2.9 CORRECT RECIPROCAL TIME AUTOMATICALLY

Traweltirme cunse

Exit edit maode
Unda... Ctrl+5
Redao

Modify traveltirnes (all shots)
Modify traveltimes (individual shot only)

Shift a traveltime curse
Calculate traveltime difference curee

Check reciprocal traveltime

Correct reciprocal time autarnatically I}

If the data quality is such that you cannot get better than a 5% reciprocity error, it is sometimes
helpful to have the program correct the data. This, of course, is no substitute for picking the data
correctly. It should only be used when true reciprocity cannot be achieved, because of difficulty
in picking first breaks. The program will iteratively shift the travel time curves to spread the
reciprocity error out as evenly as possible, and this will sometimes yield a better answer than if
left alone.

To correct the reciprocal times, choose Correct reciprocal time automatically:
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Figure 54: Correcting the reciprocal time.

The travel times will be shifted to minimize the errors, and a table of total error versus iteration

number will be displayed. Press OK, and a new reciprocity report will be shown:

= Plotrefa - Platiefa
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Figure 55: Reciprocal time report.
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Note: The amount of confidence in the resulting model should be inversely proportional to the
level of correction required. A model calculated from modified data is always suspect.

4.2.10 CONNECT COMMON SOURCE TRAVEL TIME CURVES

Traweltime curse

Exit edit mode
Unda... Ctrl+2
Redao

Modify traveltirmes (all shots)
Modify traveltimes (individual shot anky)

Shift a traveltime cunee
Calculate traveltime difference curee

Check reciprocal traveltime

Correct reciprocal tirne automatically

Connect common source traveltime cunses %

If you have appended Plotrefa files together, as discussed in Section 4.1.2 (Page 127), you may
connect the travel time curves from common sources together. In the example below (the same
used in Section 4.1.2), two separate Plotrefa files have been appended. However, they are still
shown as separate curves (note the gaps in the middle). Before proceeding to the layer
assignment phase, these travel time curves should be connected. You may do so by simply
clicking on Connect common source travel time curves.

Note that this feature does not make any corrections to the data. If there are source-dependent
offsets, such as those discussed in Section 3.2.8 (Page 52), they should be corrected manually by
using the Shift a travel time curve function.

In the example below, two Plotrefa files are appended:

Lippus/Underwood 166 Seislmager/2D Manual v. 4.0
P/N 770-00117-01 July 2024



The Plotrefa Module %} GEOMETRICS

Simplify your search

7 Plotrefa - Plotrefa [_[O]x]

File Travelime curve  Velocity model  Views  Time-term inversion  Reciprocal method  Raybiacing  Tomography  Options Help
T e T e e Y e R e R S S T

Status : Shift a traveltime curve
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Figure 56: Highlighting a travel time curve for adjustment.

The highlighted travel time curve (see arrow) needs to be adjusted in time before connecting.
Otherwise, the final interpretation will include an artifact due to a sudden and false jump in
travel time at that location. In the figure below, the highlighted travel time curve has been moved
down to better agree with its common-source data:
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Figure 57: Adjusting a travel time curve.

After manually correcting where necessary, you may connect the travel time curves:
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Figure 58: Connecting common-source travel time curves.
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You now have a travel time plot that should be exactly the same as the one you would have
achieved had you laid out the geophones once and occupied all of the shot points once.

At this point, it should be obvious why overlap is highly desired when using multiple spreads. As
shown in Section 3.2.8 (Page 52), this same step can be accomplished in Pickwin. Where you do
it is a matter of preference. But no matter how you do it, overlapping geophones is essential to
correct for velocity inconsistencies at the shot point.

4.2.11

You may delete a travel time by choosing Delete a travel time and clicking on it:

Lippus/Underwood
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DELETE A TRAVEL TIME

Traweltime curse

Exit edit mode
Unda... Ctrl +7
Redao

Modify traveltirmes (all shots)
kodify traveltimes {individual shot anly)

Shift a traveltime curee
Calculate traveltime difference curee

Check reciprocal traveltime

Correct reciprocal tirne automatically

Connect common source traveltime cunses

Delete a traveltime I}
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Figure 59: Deleting a travel time.

In the above figure, five travel times have been deleted.

4.2.12
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CORRECT TRAVEL TIME CURVE FOR SHOT OFFSET

Traweltime curse

Exit edit mode

Unda.., Ctrl+£
Redn

Modify traveltirmes (all shots)

Modify traveltimes (individual shot anly)

Shift a traveltime curve

Calculate trawveltime difference curee

Check reciprocal traveltime

Correct reciprocal tirme autormatically

Connect commaon source traveltime curdes

Delete a traveltime

Caorrect traveltirme curee for shot offset I}
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If the shot is beneath the surface and/or offset from the line, you may correct the travel time curve
to account for it. In general, this is good practice when the shot depth/offset is more than 20% of
the geophone spacing. Choose Correct travel time curve for shot offset, and you will see the
following dialog box:

Offset correction

Source location

lni m
Cepth lgi m
lni m

Cancel

i

Offzet

Input the source location (along the line), depth, and offset (perpendicular to the line), and the
travel times will be corrected, using the near-surface velocity, to what they would be if the source
were on the surface at zero perpendicular offset.

In the example below, the center shot of the dataset shown above has been corrected for a 2-
meter offset:
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Figure 60: Correcting travel time curves for shot offset.

The geophones closest to the shot are most affected by this correction (compare to uncorrected
data above, Figure 59).
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4.2.13 DisPLAY

Traweltime curee

Exit edit mode
Unda... Ctrl+F
Redn

Modify traveltirmes (all shots)
Modify traveltimes (individual shot anly)

Shift a traveltime cupnse
Calculate traveltime difference curee

Check reciprocal traveltime

Correct reciprocal tirme autormatically

Connect commaon source traveltime curdes
Delete a traveltime

Correct traveltirme curve for shot offset

Display Ib > Showe layer assignments

. Colar traveltime curees
Carmmaon souUrce <-% COmmaon receiver

. «  Show source lines
Feverse supsey line

Borehole receiver type (Borehole or tunnel) S el G

Active ¥

The display menu contains a sub-menu which allows you to control various display parameters of
the travel time plot. All these choices are toggle switches; you simply click on them to turn them
on or off.

If you have done your layer assignments, you may color-code them by choosing Show layer
assignments:
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i3 Plotiefa - Plotiefa

File Traveltime curve Velocity model View  Time-term inversion  Reciprocal method  Raytiacing  Tomography  Options  Help

) GEOMETRICS
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Figure 61: Drawing source lines on the travel time plot.
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If you would like to differentiate the shot gathers, you may color them different colors. Just click
on Color travel time curves:
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Figure 62: Using color in the travel time plot.
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You may choose whether to connect the sources to the near geophones. Below is the same plot
without the “source lines” drawn:
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Figure 63: Travel time plot excluding source lines.

Note: Source lines are only shown for shots within the geophone spread.

If you have traced rays through your velocity model, the travel time plot will default to
displaying both the observed and theoretical data:
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i3 Plotrefa - Platiefa
File Travelime curve Velocitymodel View Time-terminversion Reciprocal method  Rayhiacing Temogiaphy Options  Help
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If you wish to only see the theoretical data, click on the Show observed data toggle switch:
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Figure 64: Displaying only theoretical data on the travel time plot.
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42.14 COMMON SOURCE <-> COMMON-RECEIVER

Traweltime curse

Exit edit maode
Unda... Ctrl+2
Redao

kodify traveltimes (all shots)
Madify traveltimes (individual shot anlyd

Shift a traveltime curse
Calculate traveltime difference curve

Check reciprocal traveltime

Correct reciprocal tirme autormatically

Connect common source traveltime curees
Delete a traveltime

Correct trawveltime curve for shot offset
Cisplay »

Camman source <-= Carmman receiser h

It is sometimes useful to organize your travel time data in a common receiver gather rather than a
common source gather. A typical common-source gather is displayed below:
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To convert this to a common receiver gather, click on Common source <-> common receiver:
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Figure 65: Common receiver gather.
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4.2.15

To reverse the survey line, click on the Reverse survey line toggle:

Lippus/Underwood
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REVERSE SURVEY LINE

Traweltime curse

Exit edit maode
Unda...
Redao

Modify traveltirmes (all shots)
Madify traveltirmes (individual shot ankyd

Shift a traveltime cunse
Calculate traveltime difference curee

Check reciprocal traveltime

Correct reciprocal time autornatically

Connect common source traveltime curees
Delete a traveltime

Correct traveltime curve for shot offset
Cisplay

Carmman saurce <-= camman receiver

Fewverse survey line

178
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Figure 66: Reversing the survey line.
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4.2.16

Traweltime curse

Exit edit mode
Unda...
Redao

Modify traveltirmes (all shots)
Modify traveltimes (individual shot anky

Shift a traveltime cunee
Calculate traveltime difference curee

Check reciprocal traveltime

Correct reciprocal time autormatically

Connect common source traveltime curves
Delete a traveltime

Correct traveltime curve for shot offset
Display

Camman source <-= Carmman receier
Fewverse sursey line

Borehole receiver type (Barehale ar tunnel)

) GEOMETRICS

Simplify your search

BOREHOLE RECEIVER TYPE (BOREHOLE OR TUNNEL)

Ctrl+7

[

When you read in borehole data (see Section 4.1.9, Page 135), you are asked whether the
borehole is vertical or horizontal. If you make a mistake (i.e., indicate vertical when it is
horizontal or vice versa), you can correct it here. Simply select this option and it will toggle
between vertical (borehole) and horizontal (tunnel).
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4.2.17 ACTIVE

Traweltime curee

Exit edit maode
Inda... Crl+2
Redao

kA odify traveltimes (all shots)
Fodify traveltimes (individual shot anly)

Shift a traveltime cunse
Calculate traveltime difference curee

Check reciprocal traveltime

Correct reciprocal tirme autormatically

Connect comimon source traveltime curees
Delete a traveltime

Correct traveltime curee for shot offset
Display *
Camman saurce <-= Carmman receier

Rewverse supsey line

Borehole receiver type (Borehale or tunnel)

Active I} b Actreate all shots
Deactivate all shots

Hide inactive shots

Once you have picked your first arrivals and have displayed your travel time plot, it is sometimes
desirable to leave one or more shot records out of the interpretation. You might do this because
of internal inconsistencies evident in the travel times, such as poor refractor parallelism.

To deactivate a shot record, double-click on one of the travel times to display the following
dialog:
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Shot property

’ " Cancel

v Active

Note: This dialog box also allows you to update the location and depth of the shot point.

Uncheck the Active box. The shot record will either disappear altogether, or be displayed as
follows:
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Figure 67: Deactivating a shot record in a spread.

In the above travel time plot, the center shot has been deactivated. It will not be included in the
calculation of the velocity section. If it disappears altogether, the Hide inactive shots toggle
switch is thrown. Read on.
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4217.1 ACTIVATE ALL SHOTS

Traveltime curve

Active

Activate all shots b
Deactivate all shots

Hide inactive shots

If you have deactivated some of or all the shot records, you may bring them back to active status
by selecting Activate all shots.

4.2.17.2 DEACTIVATE ALL SHOTS

Traveltime curve

Active

Activate all shots
Deactivate all shots I}

Hide inactive shots

To deactivate all the shots in a shot record, select Deactivate all shots.

Note: Deactivating all shots might seem counterintuitive. However, if you have 100 shots and
only wish to view a small subset of them, it is more expedient to deactivate all of them and then
activate the subset you wish to have active one-by-one.
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4.2.17.3 HIDE INACTIVE SHOTS v/

Traveltime curve
Active

Activate all shots
Deactivate all shots

Hide inactive shots
[

) GEOMETRICS

Simplify your search

This is a toggle switch that hides and un-hides inactive shots. In the figure below, the center shot
has been deactivated and hidden. It may be made visible again by selecting Hide inactive shots

Seislmager/2D Manual v. 4.0
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Figure 68: Travel time plot with deactivated center shot hidden.
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4.3 VELOCITY MODEL MENU

Click on Velocity model to reveal the Velocity Model menu:

Velocity model

Define bottomn layer -]
Plot velocity labels

Set location of velocity labels ¥

Highlight velocity labels

Color shading »

Color <-> meonochrome ¥
~  Automatic contour interval

Manual contour interval

Show cell boundaries

Show layer boundaries

Show sources

Axis title (Elevation or Depth)

Reverse legend

Madify layer boundary (point by point)
Madify layer boundary (by segment)
Straighten layer boundary

Modify velocities (by mouse)

Maodify velocities (by dialog box)

Exit edit mode

Enable surface topography modification

Smuooth ¥

Extend velocity model to rerncte sources

Modeling *

The Velocity Model menu allows you to edit a velocity model and control its appearance. A
velocity model can be generated synthetically with the modeling module (discussed in Section
4.3.23, Page 224), or it may be calculated from seismic data. A velocity model generated from
the dataset above will be used for the purposes of illustrating the features of this menu.
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43.1 DEFINE BOTTOM LAYER
Velocity model
Define bottom layer % * Manually
Plot velocity labels Automatically
Set location of velocity labels -] [

The program automatically assigns a thickness to the bottom layer of an interpreted velocity
model. But in a refraction survey, there is insufficient information to determine the thickness of
the lowest layer detected; it is therefore assigned a “reasonable” thickness. However, by drawing
the bottom layer with a certain thickness, it can give the impression that this thickness is known.
It is therefore sometimes desirable to manually define the base of the bottom layer.

One way to deal with this is to determine the maximum thickness of the bottom layer. You can do
this if you can make a reasonable estimate of the maximum velocity for the layer below it
(perhaps you have borehole data or a deeper refraction survey nearby), and using a crossover
distance equivalent to the greatest shot-geophone distance in your survey (i.e., you just missed
seeing the next layer). Then compute the maximum depth from

dﬂpfh = Xeross Eq.‘III(-FFI +1=Va/Va+l+Va),

where Xcross 1S the assumed crossover distance, Vi is the velocity of the bottom layer, and Vq+1 is
the assumed maximum velocity.

Once you have computed a maximum depth, you may modify the base layer to reflect this. In the
velocity model below, the assumed maximum thickness has been drawn on the model (red line).
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Figure 69: Defining the base of the bottom layer in a velocity section.
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This is accomplished by clicking on manually in the sub-menu, and then clicking at various
points along the line with the mouse. You must start outside the left edge of the velocity model,
as shown above. To complete the process, click outside the right edge of the velocity model (see

cursor) above:

o Floteela  Floteclas —
Fie Torehime cuve  Veloolymadel View Tiwdom reeiion Aecprocsl seffed  Ravisorg Tovogaphy Dplora  Help
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To revert to the automatic thickness, simply select automatically.

Note that if you do compute a maximum thickness of the deepest layer, it is good practice to report

the assumed velocity of layer n+1.
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4.3.2 PLOT VELOCITY LABELS v/

Velocity model

Define bottom layer >
Plot velocity labels l}

You may choose whether to show velocity labels in the model. Below is a model with velocity
labels shown, followed by the same model without the velocity labels shown:

2 Phstael s - Pladiels

Fie Tirethere curee  Vigooly wodel View  Tewlommonmn  Recgemalietbedl Flgteoey Tovogaply Opboet Hee

o ] | ) e o o [ P[] e — | ]

Ma editing Leyered msdel ; 8 of layers = 2 =
Jmi
106
5 2,61
g * 2.5
7 210
] 1.84
1.50
[
1.33
1.07
0.81
"w | 056
T un an . 1 120 (6] 140 150 160 m 1 [lommys]
Distancs ]
nanlesws Seale = 1 J 476 =
[T I— Ll-‘
Floasy ha sdtrg [leevaon=£5 i Crrtaree=100 e Sraln s 1 F i

2t Pstisla - Phatinds

Fie Tt curve Voot sodel Vew Teelomimemion  Recgeocalmithed Fiateorg Tomegaphy Opond Heb

L= T e e s e R I

Mo editing Leyesed model © & of layems = 2 =
Imil
106
5 2.61
T 95 )
] 2.35
5 Hin
i 1.84
1 1.60
" 1.33
1.07
0.81
% | .56
] i un 1L 1 120 (F ] 140 150 160 1 1 [ormys]
Digtanc e =
nanies s Seale = 1 J 476 .
[T I— ﬂ-‘
Flaacsy P mdiurg i evason= T4 . Custance=100 e Soakw=1 &

Figure 70: Top section: velocity labels included. Bottom section: velocity labels omitted.
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4.3.3 SET LOCATION OF VELOCITY LABELS
Velocity model
Define bottomn layer >

+  Plot velocity labels

Set location of velocity labels > Manually

L5

Highlight velocity labels RIS

The locations of velocity labels may be set manually, or the program can set them automatically.
To set it manually, simply click and hold on the center of the label, drag it to the desired location,
and release:
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Figure 71: Positioning velocity labels on a cross-section.

Note: A small red line will appear under the label to indicate that you have successfully grabbed
it with the mouse.
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4.3.4 HIGHLIGHT VELOCITY LABELS v/

Velocity model

Define bottom layer »
Plot velocity labels

Set location of velocity labels »

Highlight velocity labels N

Sometimes, depending on the colors used in the velocity model, the velocity labels may be
difficult to see (the velocity model on Page 189 is a perfect example of this). As such, you may
highlight the velocity labels to make them more visible. Simply choose Highlight velocity labels
from the menu. Below is the same velocity model with the labels highlighted:
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Figure 72: Highlighting velocity labels on a cross-section.
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4.3.5 COLOR SHADING

Welocity rmaodel

Define hottarn layer -]
»  Plotwelocity labels

Set location of welocity labels *

Highlight welocity labels

) GEOMETRICS

Simplify your search

Colar shading
Color <-» monochrame

" Auytomatic contour intersal

Contour {hio lines)
> Contour fwith lines)
Mo shading

If you have done a tomographic inversion, your velocity model will not consist of discrete layers
of constant velocity like those discussed so far, but will instead resemble that shown below:
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= L B e e e e e R R RN [ = S R
No editing Smooth model : # of layers = 10 -
[m)
105
95 - —
3999
3801
85 3601
3402
3202
- 3003
= 2803
Z s 2604
2404
2205
2005
65 1806
1606
1407
1207
55 1008
308
6509
409
a5 4
70 80 90 100 110 120 130 140 150 160 170 180 [ms)
Distance (m)
velocity_model_iteration_9.vs Scale =1 /500
O — Ll_l
Ready [No editing [Elevation=31.8m Distance=141.9m [Scale =1/500 7

Figure 73: Displaying velocity cells in a cross-section.

In a tomographic inversion, the velocity model is divided into velocity “cells”. In the above
model, the velocity for each cell is displayed. This is the default setting for tomographic

inversions and is enabled by pressing the B {00l button.

Lippus/Underwood

P/N 770-00117-01 191

Seislmager/2D Manual v. 4.0

July 2024



The Plotrefa Module %} GEOMETRICS
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To create a more aesthetically pleasing velocity model, you may wish to contour the velocities.
|
Choose Contour (no lines), or press the == tool button to contour the data:

i3 Plotrefa - Platiefa M=

File Traveltime curve Welocity model Wiew  Time-term inversion  Reciprocal method  Raytracing  Tomography  Options Help
T R e e e e e R S o T S e

No editing Smooth model : # of layers = 10

[m)

108

95 - —

0.1
0.61
0.81
1.01
1.21
1.41
1.61
1.81
2.0
2.20

85

Elevation

i

2.40
2.60
2.60
3.00
3.20
3.40
3.60
3.60
4.00

65

113

a5 4
70 80 90 100 110 120 130 140 150 160 170 180 (km/s)

Distance (m)
velocity_model_iteration_10.vs Scale =1 7500

' o

Ready [Ma editing [Elevation=19.1m Distance=160.0m [Scale=1/500 4

Figure 74: Contoured tomographic cross-section.

-
If you would like to include the actual contour lines, choose Contour (with lines), or press the ﬂ
tool button:
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Figure 75: Contoured tomographic cross-section with contour lines.
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If you have a layered model (defined as seven layers or less), like the one below,
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Figure 76: Discrete layered velocity model.
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and you would like to remove the colors, choose No shading, or press the j button:

&5Plotrefa - Plotrefa =] 53]

File Traveltime curve Velocky model Wiew Time-terminversion Recprocal method Raytracing Tomography Options Help

5 (51 2 ] 0 o o s v o o o |

Status : corrct velocity boundary Layered model : # of layers = 3 =
[m)
105
03
95 e
— | | 1 = |
10
85 A — ] R —
e Y N (R N
=
c
s
3 75 2:0
]
65
55
45
1] 10 20 30 40 50 60 70 80 a0 100
Distance m)
Scale =1 {400
Boart| GO SEHSEMEBRIEIPIITARNOCOUEHENI? aw@oFMH o T
) Seismimager Manuald - ... | & NetMesting - 1 Connection | 5] CRAIG'S desktap - conir. . | B plotrefa - Plotrefa Monday

Figure 77: Layered model in black and white.

To turn color back on, press the tool button. =

Note: Only layered models can be displayed in this manner; tomographic models cannot.
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4.3.6 COLOR <-> MONOCHROME

Welocity model

Define bottom layer >
Plot velocity labels
Set location of velocity labels -]

Highlight velocity labels

Color shading *
Colar <-» monochrome I} ¥ color
" Automatic contour interval monochrome

) GEOMETRICS

Simplify your search

If you wish to show your velocity model in shades of gray, choose monochrome:

2} Plotrefa - Plotrefa
File  Traveltime curve Velocity model View  Time-term inversion  Reciprocal method  Raptracing  Tomography  Options  Help

[_ 0[]

=[] 2| x| B[]0 0] 0w E] = [Vs orlRe] < | || = =] 5]

No editing Smooth model : # of layers = 10

[m]
105
0.41

0.61

85 - ] 0.81
1.01

1.21
1.41
1.61
1.81
2.01
2.20
2.40
b5 ) ] 2.60
2.80
3.00
3.20
55 - — 3.40
1.60
3.80
1.00

Elevation
~
&

70 80 90 100 110 120 130 140 150 160 170 180 [km/s)

Distance m]

velocity_model_iteration_10.vs Scale = 11500

Feady [Na editing [Elewation=34 3m Distance=146 9m [Goale=1/500

Figure 78: Tomographic velocity model shown in monochrome.

To change it back to a color display, choose color.
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4.3.7 AUTOMATIC CONTOUR INTERVAL v/

Velocity model

Define bottormn layer *
Plot velocity labels

Set location of velocity labels »

Highlight velocity labels
Coler shading -]
Color <-> monochrome *

"  Automatic contour intersal

If you want the contour interval to be chosen by the program automatically, click on Automatic
contour interval.

4.3.8 MANUAL CONTOUR INTERVAL

Velocity model

Define bottorn layer *
Plot velocity labels

Set location of velocity labels »

Highlight velocity labels

Color shading *

Color =-> monochrome b
~  Automatic contour interval

Manual contour interval b

If you would like to set the contour interval manually, choose Manual contour interval to reveal
the following dialog box:
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Contour
Lowest velocity | 0286104 1y  /sec oK
Highest veloclly 135040 km  jepe Cancel
Contour interval 0050628 km fopr
Set the desired contouring parameters and press OK.
4.3.9 SHow CELL BOUNDARIES [@]
Velocity model
Define bottom layer I >
Plot velocity labels
Set location of velocity labels >
Highlight velocity labels
Color shading >
Color <-> monochrome H]
~  Automatic contour interval
Manual contour interval
Show cell boundaries N

If you would like to display the cell boundaries, click on Show cell boundaries, or press the Cell
tool button:
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Figure 79: Displaying velocity cells.
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4.3.10 SHOW LAYER BOUNDARIES

Velocity model

Define bottomn layer »
Plot velocity labels

Set location of velocity labels >

Highlight velocity labels

Color shading ¥

Color <-» monochrome »
'  Autornatic contour interval

Manual contour interval

Show cell boundaries

Show layer boundaries N

If you would like to display the layer boundaries of the initial model, disable the cell display and
choose Show layer boundaries:

Topmtorm cupvn Walooly rodel Weea  Tormtees e Ascpoocd rebod Agdecrg Tomoguphy Opiees Halp

101 ] o] 5 o e [ B e e = |

No eddng Smooth model © @ of layers = 10 =
Im]
s " N . . - s . N ; .
o]

S ]

m
i
o 258
P
1
% ye
3.0
38
LR )
™ o 43 1. na 14 1 148 158 168 e 188 L]
Castance =)
wplacity_model_itorssies_1ilLes Soale = 1 1 50
. ; o
Fimudy o scking Evabiany=T8 Bn [ ctarce=2E 4 S =1/ EDD I
Figure 80: Displaying layer boundaries of initial model.
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4.3.11 SHOW SOURCES v/

Velocity model

Define bottormn layer
Plot velocity labels

Set location of velocity labels

Highlight velocity labels
Celor shading

Color <-» monochrome
Automatic contour interval
Manual contour interval
Show cell boundaries
Show layer boundaries

Show sources

[

If you wish to show where the sources are located, click on Show sources:

Flodinds - Plotesl o

FuTm-HmMmdﬂm]-wum“, [ by Opiori Help
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Elawation
=
]
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) GEOMETRICS

Simplify your search

M= B

Smaath model © ¥ af layers = 10

i im 120 LET LE ]
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welncity_madel_iteation_18ws

150

160

Ma sdong Elevastiors=12 Srn Dvmnrce=117 S

e

180 [lemgs)

=
Scabe = 1 1500

Scum =1/ 500

Figure 81: Displaying source locations on velocity model.

The source locations will be shown as small circles along the model surface.
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4.3.12

AXIS TITLE (ELEVATION OR DEPTH)

Velocity model

Define bottom layer
Plot velocity labels

Set location of velocity labels

Highlight velocity labels
Color shading

Color <-> monochrome
Autormatic contour interval
Manual contour interval
Show cell boundaries
Show layer boundaries
Show sources

Axis title (Elevation or Depth)

[

) GEOMETRICS

Simplify your search

If you have surveyed the actual elevations along the survey lines, you may label the vertical axis
as an “Elevation” axis. Otherwise, you may label it a “Depth” axis. Simply click on Axis Title

(Elevation or Depth) to toggle between the two options.
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4.3.13

REVERSE LEGEND v/

| Velocity model

Define bottom layer
Plot velocity labels

Set location of velocity labels

Highlight velocity labels
Coler shading

Color <-> monochrome
Automatic contour interval
Manual contour interval
Show cell boundaries

Show layer boundaries
Show sources

Auis title (Elevation or Depth)

Reverse legend

¥

) GEOMETRICS

Simplify your search

You may reverse the legend to put high velocities at the top and low velocities at the bottom, or
vice versa. Simply click on Reverse legend to toggle between the two:
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i3 Plotrefa - Plotiefa [_[O]

File Traveltime curve Velocity modsl View Time-term inversion Recipiocal method  Rahiacing  Tomogiaphy  Options  Help

L e o e e Y S O T ST

No editing Smooth model : # of layers = 10
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Figure 82: Labeling the vertical axis on a velocity model.
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4.3.14 MODIFY LAYER BOUNDARY (POINT BY POINT) [ Bt ]
| Velocity model
Define bottomn layer *

Plot velocity labels

Set location of velocity labels »

Highlight velocity labels

Coler shading -]
Color <-»> monochrome »
Automatic contour interval

Manual contour interval

Show cell boundaries

Show layer boundaries

Show sources

Auis title (Elevation or Depth)

Reverse legend

Modify layer boundary (point by point) b

You may modify the velocities and geometry of your velocity model. This is most useful when
doing forward modeling (Section 4.3.23, Page 224).

Below is a synthetic velocity model:

_lh lmw Vpinoky model Veew  Tessem remipon Poprocsl medtod Plaghsong  Tomography Ilnlll Mg

|8 % | x| ] e e [ e | o o |

No edising

Leyored model & of layers = 3 j

2R
.36
210
.85
.54
1.33
.07
.62
056
n.3n

30 ] ] @ i [ ai il fimys)
Cuslance = =
sl = 1 FACA :J.J
Ho g ' ElrvatormEa lm Ditarce=27 5n [Scdm=l/fd5E &

To change the geometry of the velocity boundaries on a point-by-point basis, click on Modify

Lippus/Underwood
P/N 770-00117-01

Seislmager/2D Manual v. 4.0

204 July 2024



The Plotrefa Module

) GEOMETRICS

Simplify your search

layer boundary (point by point), or press the L tool button. The individual velocity cells will be
displayed. You may change the depth of any layer by clicking on a cell intersection and dragging

the red dot to the desired depth:

Fis Togvelme cuve  Vekclymossl Vew  Trs-sm rweinon  Fsopeocsl refod  Agnsorg  Tovoguohy  Ophors Help

|1 ] | e o [ e ] | o i | |

Siatue | corcd wrlocly boundary Layered model © & of laoyers = 3

FAL
1.85
1.59
1.33
100
0.82
0.56
0,30
[kemys]
Distance i -
- i = 4 i 8
T I _'I'I
Fiasy Canci vekeity bourely Elereanmreifl D Dustance<300m [oade =1 /0 =

262
236

Figure 83: Modified layer boundaries using “point-to-point” option.

4.3.15

| Velocity model

Define bottom layer
Plot velocity labels

Set location of velocity labels

Highlight velocity labels
Color shading
Coler <-» moncchrome
" Automatic contour interval
Manual contour interval
«  Show cell boundaries
Show layer boundaries
Show sources
Axis title (Elevation or Depth)

Reverse legend

Medify layer boundary (point by point)
Meodify layer boundary (by segment)
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In addition to moving individual points, you can also grab an entire segment of a boundary and
move it. Choose Modify layer boundary (by segment). Click on one end of the segment you wish
to move. A red dot will be displayed. Now, click on the other end:

Fle Tiaveltre cure  Velotly medel Vew  Troelom rveiin  Feogrocd mefed  Aghscrg Tovegashy Ophorn Help
S|a| ] 7| x| o] o) ] o] sl = s Or|Re| o] w1 ]| o]
Sinlus ; comct velocly boundary |8 segmend Layered model © & of loyers = 3 ﬂ
lim]
100 o
262 1.0
£ a0 236
= EAT]
E 1.85
w 153
(1 1.3
107
.82
0.56
0 0.30
] i} 20 n an 1] &l ™ w0 90 100 [emfs]
Distance Im] =
. - P _'I'I
Flaady e ek ] i Tl [Gedke= 1 /A =

Drag the second red dot to the desired depth:

Fia Tovalte ek W T = A imethod Ripfiscrg Tomegty Opion: Help
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E 2.36
5 2.
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# il i i i &b il i i s il [lmis)
Distance ] -
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i I L]
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Figure 84: Modified layer boundaries using “by segment” option.
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4.3.16 STRAIGHTEN LAYER BOUNDARY

Velocity model

Define bottomn layer ¥
Plot velocity labels

Set location of velocity labels >

Highlight velocity labels

Color shading »
Color <-> monochrome >
Autormatic contour interval

Manual coentour interval

Show cell boundaries

Show layer boundaries

Show sources

Axis title (Elevation or Depth)

Reverse legend

Maedify layer boundary (point by point)
Meodify layer boundary (by segrment)
Straighten layer boundary h

) GEOMETRICS

Simplify your search

If you wish to straighten the layer boundary between two points, choose Straighten layer
boundary. Click on the first end of the segment you wish to straighten:

Fie Tioveltrme cuve  Yokcly medel View T r | wehad A by Opbera Hip
=las|e|x !L!l!J!I!!I!EJ!I:I*'_-ﬂH:I:IﬁﬁJ!l—Nl
Sintus | comol welocity boundary [straighien]  Loyered model : 8 of leyers = 3 j
I
10 "y
262 10
§ 9 2.36
210
E .85
w .55
131
1.07
[T
056
n.3n
Ilu'll'll
Dwstances =
. . PR :JJ
Finaciy et wekocs bourdiarg |74 aghben|  Elevatorsid U Ditarces 3] 1n [ Scala =1/ d58 F

Then click on the other end of the segment:
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Figure 85: Straightening a layer boundary.

Elevalion

The layer segment will be a straight line between the two points.

4.3.17 MODIFY VELOCITIES (BY MOUSE)

Velocity model

Define bottom layer ¥
Plot velocity labels

Set location of velocity labels >

Highlight velocity labels

Color shading -]

Coler <-»> moncchrome »
"  Automatic contour interval

Manual contour interval

Show cell boundaries

Show layer boundaries

Show sources

Axis title (Elevation or Depth)

Reverse legend

Medify layer boundary (point by point)
Madify layer boundary (by segment)
Straighten layer boundary

Medify velocities (by mouse) b
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In addition to editing the geometry of the model, you may also edit the velocities. You can do
this via mouse or dialog box. To edit velocities using your mouse, choose Modify velocities (by
mouse). The following dialog box will be revealed:

Enter the desired velocity and press OK.

Now, click on the cells or click and drag your mouse over the region you wish to alter the
velocity of:

Fﬁ Tnnr Welocly model  Weem  Time-tem Dptons  Help
|8 % | & ]| 0] ] e !|=r|'-<;'-'~r 54 l-|r||_'l =
Siatws © comoct welacity frolociie -2 00kmis] Layered model § B of loyers = 3 j
|Gt Bt gnad of i sera]
m]
1.
2.00
5 m 1.81
& 162
i 1.43
| 1.24
0 1.0
0.a7
.68
0,49
P ] | ] 0.30
] 1] L an an 51 11 7 ] b 100 [lomsy
Distance m -
Fraacy Comect vmiofy | veocry=F (0kmet) Erwrentoreé dm Datarce=d En Scale= 1./ 054
Figure 86: Modified velocity using mouse.
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4.3.18 MOoDIFY VELOCITIES (BY DIALOG BOX)

Velocity model

Define bottormn layer >
Plot velocity labels

Set location of velocity labels >

Highlight velocity labels

Color shading -]

Coler <-»> monochrome >
~  Automatic contour interval

Manual contour interval

Show cell boundaries

Show layer boundaries

Show sources

Axis title (Elevation or Depth)

Reverse legend

Modify layer boundary (point by point)
Modify layer boundary (by segment)
Straighten layer boundary

Modify velocities (by mouse)

Modify velocities (by dialog box) l}

To accomplish the above via dialog box, choose Modify velocities (by dialog box). The following
dialog box will appear (the values have already been filled in for this demonstration):

Corecting velocity model

Cancel

Distance |D ta |-|DD

Velocty |1

Indicate the layer, distance range, and new velocity, and press OK:
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Figure 87: Modified velocity using dialog box.
The velocity structure will be modified accordingly.
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4.3.19 ExIT EDIT MODE [E]

Velocity model

Define bottom layer »
Plot velocity labels

Set location of velocity labels b

Highlight velocity labels

Color shading *

Color <-» monochrome »
" Autornatic contour interval

Manual contour interval

Show cell boundaries

Show layer boundaries

Show sources

Axis title (Elevation or Depth)

Reverse legend

Modify layer boundary (point by point)
Madify layer boundary (by segment)
Straighten layer boundary
Modify velocities (by mouse)
Modify velocities (by dialog box)
Exit edit mode

s

When modifying the geometry or velocities of the velocity model, you are in an “Edit” mode. To
exit this mode, choose Exit edit mode, or just press the E tool button.

In a manner similar to Pickwin (see Section 4.2.1, Page 154), when not in edit mode, you can use
the mouse to measure vertical distances:
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&5 Plotrefa - Plotrefa

File  Traveltime curve  Velocity model  Yiew  Time-term inversion  Reciprocal method  Rayhracing  Tomography  Options Help

) GEOMETRICS
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ENABLE SURFACE TOPOGRAPHY MODIFICATION

Velocity model

Define bottom layer >
Plot velocity labels
Set location of velocity labels -]

Highlight velocity labels

Color shading >
Color <-> monochrome >
Autematic contour interval

Manual contour interval

Show cell boundaries

Show layer boundaries

Show sources

Axis title (Elevation or Depth)

Reverse legend

Muadify layer boundary (point by point)
Modify layer boundary (by segrment]
Straighten layer boundary

Modify velocities (by mouse)

Modify velocities (by dialog box)

Exit edit mode

Enable surface topography modification h

213

Seislmager/2D Manual v. 4.0

July 2024



The Plotrefa Module

) GEOMETRICS

Simplify your search

Modifying the topography is accomplished in the same manner as modifying velocity
boundaries. However, you must enable this capability first. Click on Enable surface topography
modification, then modify the surface as described in Sections 0, 4.3.15, and 0, starting on Page

204.

43.21

SMOOTH

Velocity model

Define bottom layer
Plot velocity labels

Set location of velocity labels

Highlight velocity labels
Color shading

Coler <-» moncchrome
Autornatic contour interval
Manual contour interval
Show cell boundaries

Show layer boundaries
Show sources

Axis title (Elevation or Depth)

Reverse legend

Medify layer boundary (point by point)
Meodify layer boundary (by segment)
Straighten layer boundary

Medify velocities (by mouse)

Maedify velocities (by dialog box)

Exit edit mode

Enable surface topography modification

Smooth I}

>

Layer boundaries
Velocity (Horizontally)
Velocity (Vertically)

The layer boundaries and velocity transitions can be smoothed. To smooth layer boundaries,
choose Layer boundaries from the sub-menu:
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Figure 88: Horizontal velocity smoothing.

To smooth out vertical velocity changes, choose Velocity (vertically):
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Figure 89: Vertical velocity smoothing.
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With all three of the above smoothing operations, each time you click, a little more smoothing
occurs. For instance, in the above model, the layers were smoothed twice. In the one below, it

has been smoothed five times:

535 Plotrefa - Plotrefa
File  Traweltime curve  Yelocity model  Yiew  Time-terminversion Reciprocal method  Raytracing  Tomography  Options  Help

=l E3

||| | 4] |50 |0 ] || 7 [Vs Or|Re|«| o [ra m|m|—| x|

No editing Layered model : # of layers = 3 =
[m)
100
2.00
5 90 1.81
B 1.62
[ 1.43
[ 1.24
80 1.06
0.87
0.68
0.49
70 0.30
0 10 20 30 a0 50 60 70 80 90 100 [kmfs]
Distance (m)
nante2.vs Scale =1 454
N — ’
Fieady [No ediing [Flevation=58 &m Distance=43 &m [Goole =1/ 454 v

Figure 90: Smoothed velocity model.
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4.3.22 EXTEND VELOCITY MODEL TO REMOTE SOURCES
Velocity model
Define bottormn layer >

Plot velocity labels

Set location of velocity labels >

Highlight velocity labels

Color shading >

Color <-»> monochrome >
~  Automatic contour interval

Manual contour interval

Show cell boundaries

Show layer boundaries

Show sources

Axis title (Elevation or Depth)

Reverse legend

Modify layer boundary (point by point)
Muodify layer boundary (by segment)
Straighten layer boundary

Modify velocities (by mouse)

Moadify velocities (by dialog box)

Exit edit mode

Enable surface topography modification

Smooth >
(s

When using remote or “offset” shots, it is sometimes necessary to manually extend the velocity
model to include them. If the velocity model is not extended to include the remote shots, the data
from those shots cannot be used in the final inversion.

Extend velocity model to remote sources

When the topography is not imported, the model will automatically extend to the remote sources,
and they will be included in the inversion. However, if the topography was imported from an
elevation file, the remote sources will only be included if their elevations are included in the
elevation file. Since the elevations (and coordinates) of remote sources are not necessary
parameters to record, they are often not measured. If they are not, you will have to extend the
model manually. This is best illustrated by an example.

Below are the travel time data and the corresponding time-term inversion from a site with
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significant topography. Note that in addition to shots at the ends and within the spread, there is a
shot well off either end (“remote shots”).

Note: Seisimager/2D treats any shot outside of the spread, even the two “end shots” (see below)
as remote sources. See Note on Page 163.
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The elevation file did not include the elevations of the end shots or the remote shots, and as a
result, the data from these shots were not included in the time-term inversion:
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Figure 91: Time-term inversion. Data from "end shots" and "remote shots" have been ignored.

This can be demonstrated by running the raytracing routine through the above velocity model:

\ Pletrefa - Plotrefa
P Traveliow crve Welocty nodel  Vew  Tie-teew rversion  Reckrocd method  Raytracng  Tomography  Ogbore Melp

ECIC IR E O SRR C I i)

Lk

States - No editing

)
A0

20 -

Travelome
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9%

Distance

Travekme=-4 & Outarce=i3 O

Scale w1 )

Note that no theoretical travel times have been computed for the end or remote sources. We must
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To extend the velocity model, choose Extend velocity model to remote sources to reveal the

following dialog box:

Extend velocity model to remote sources

Distance 673 to | 100
Elevation [0 to |0

% of cells |3_

~Ending

Distance  |146  to [ 1783
Elevation [0 to |0
#ofesls  [5

Cancel

The distance values will default to the locations of the farthest remote shots. Press OK, and the
model will be extended to include them:
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Figure 92: Extending velocity model to remote sources.

Elervadiores- 73 9m Dstaros=] 196

At this point you may refine the model as usual using the tomography module, and the remote
sources will be included in the analysis. In this particular case, since the topography is significant,
a tomographic analysis is the best approach. We use the above model as the initial model and

invert;
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Figure 93: Travel time plot showing theoretical travel times for all sources, including remote sources.

Note now that theoretical travel time data have been calculated for all sources, including remote
ones. The theoretical travel times outside of the geophone spread are calculated from
extrapolated velocities and should be ignored.
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)

File Traveltime curve Velocky model View Time-terminwersion Recprocal method Raytracing Tomography Options Help
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Figure 94: Velocity model extrapolated out to remote sources.

At this point, you can trim down the result to show only the zone within the geophone spread:
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Figure 95: Trimmed result.
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4.3.23 MODELING
Velocity model
Define bottorn layer *

+~  Plot velocity labels

Set location of velocity labels »

Highlight velocity labels

Color shading *

Color <-> monochrome »
~  Automatic contour interval

Manual contour interval

Show cell boundaries
' Show layer boundaries

Show sources

Auxis title (Elevation or Depth)

Reverse legend

Modify layer boundary (point by point)
Maodify layer boundary (by segment)
Straighten layer boundary

Modify velocities (by mouse)

Modify velocities (by dialog box)

Exit edit mode

Enable surface topography modification

Smuooth >

Extend velocity model to remote sources

Modeling b » Generate new velocity model

Add random noise to traveltime data

Convert synthetic data to "observed" data

Plotrefa includes the capability of creating a custom velocity model for forward modeling
purposes. You may create a simple layer-cake initial model, and then customize it further using
the editing techniques discussed above. Once you have completed your model, you may use the
raytracing routine (discussed in Section 4.7, Page 270) to compute theoretical travel times for the
model.
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4.3.23.1 GENERATE NEW VELOCITY MODEL

Velocity model
Modeling

Generate new velocity model
Add random noise to traveltime data

Convert synthetic data to "cbserved" data

To make a new synthetic velocity model, choose Generate new velocity model to reveal the
following dialog box:

Mew velocity model

Receiver interval 25 m

0K
# of receivers 3 Cancel
# of sources |17

# of layers lli

| Use borshole recetvers

[ Use elevation data file

Specify the necessary parameters, press OK, and a velocity model will be created with default
velocities:
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Figure 96: New velocity model.
You may now customize the model as needed using the tools in the Velocity model menu.

Below is a customized version of the initial model:

!5 Plotrefa - Plotrefa [_[O]x]
File Travelime curve Welocity model View Timeerm inversion Fieciprocal methed  Raptracing  Tomography Options  Help
L e e o e Y e e e e T o Y e
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Figure 97: Customized velocity model.

If you calculate synthetic travel times using the Raytracing menu, you may add random noise to
them. Below are the synthetic travel times generated for the model above:
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Figure 98: Travel time plot generated for synthetic velocity model.

4.3.23.2 ADD RANDOM NOISE TO TRAVEL TIME DATA

Velocity model

Modeling

Generate new velocity model
Add random noise to traveltime data
Convert synthetic data to "cbserved" data

Choose Add random noise to travel time data to reveal the following dialog box:
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Add random noise

8D I 3 mesec oK

Cancsl
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Figure 99: Random noise added to synthetic travel times.

Your data will now have a random noise component superimposed on it.
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4.3.23.3 CONVERT SYNTHETIC DATA TO “OBSERVED” DATA

Velocity model
Modeling

Generate new velocity model
Add random noise to traveltime data

Convert synthetic data to "observed" data N

It is often useful to convert synthetic travel time data calculated from a synthetic model into
“observed” data. This basically tricks the program into thinking that the synthetic data is real
data, allowing you to treat it as such. This is a necessary step if you wish to invert this synthetic
data and compare the resulting model to the original input model. This forward/inverse modeling
can be very useful in testing the capabilities of the various inversion techniques on various types
of seismic models. For instance, if you wanted to test the fault-detecting ability of tomography,
you might take the following steps:

Create a faulted velocity model.

e Use the Raytracing menu to calculate the synthetic travel times.

e Add areasonable level of random noise to your data.

e Convert the synthetic data into “real” data.

e Do a tomographic inversion of the “real” data.

Compare the initial model to the calculated model.

The new synthetic data will now be displayed along with the “observed” data (below).
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Figure 100: Synthetic and “observed” data.

4.4 VIEW MENU

Click on View to display the View menu:

View

Axis configuration (manual}... Ctrl+ 4
Axis configuration (autoratic)
Apply custom axis configuration

Save current axis configuration

" Show traveltime curves
Show velocity model
Show time-term

Show raypath

Scale >
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This menu gives you control over various display parameters. It allows you to configure the axes,
determine which graphics to view, and set the scale.

441 AXIS CONFIGURATION (MANUAL) [CTRL+A]

View
Axis configuration (manual)... h Ctrl+ &

You may customize the axes of the travel time plot and the velocity section. Click on Axis
configuration (manual) or press Ctrl+A to reveal the following dialog box:

Axis configuration

[v Show axes oK
Min. Max. Int. Unit

N kT 180 10 m e

H-axis

Yeamiz | 0 100 10 ms

[ Rewverss H-amis dirsction

Select traveltime curve to be shown
Firzt zource # Last zource #

1 7

[ Show all traveltime curves

The X-axis will always be in units of length (set in the main Options menu, discussed beginning
in Section 4.9.2, Page 284); the units of the Y-axis will depend on what is being displayed when
you choose to customize the axes. If the velocity section is displayed, the Y-axis will be in units
of length. If the travel time plot is displayed, the Y-axis will be in units of time.

You may also control the number of travel time curves that are displayed. Experiment with the
various parameters to see their effects.
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View

Axis configuration (manual)... Ctrl+ &

Axis configuration (autornatic) l\
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If you would like the axes to be configured automatically, choose Axis configuration (automatic).
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443 APPLY CUSTOM AXIS CONFIGURATION

View

Axis configuration (manual)... Ctrl+ A
Axis configuration (autormatic)

Apply custorn axis configuration h

If you have created a custom axis file (see next section), you may apply that configuration to the
current plot. Click on Apply custom axis configuration. Choose the appropriate .prm file, and the
plot will be configured accordingly.

T <« Seismic » Seislmager 2D » Example data v O 0 Search Example data
Organize + MNew folder S+ [ 0
Magnetics ~  MName Date modified Type Size )
Old timesheets [ 16.dat 12/30/2022 5:31 AM DATFile 580 KB
Seismic [ 17.dat 12/11/2022 6:10 PM DAT File 579 KB
GeoEel [ 18.dat 12/11/2022 6:10 PM DAT File 579 KB
Publications [ 19.dat 12/11/2022 €10 PM DAT File 579 KB
Refraction |J 20.dat 12/11/2022 6:10 PM DAT File 579 KB
21.dat 12/11/2022 6:10 PM DATFil 579 KB
Seisimager 20 IJ 2 ) ° Aie
| | 22.dat 12/11/2022 €10 PM DAT File 579KE ¥
Example data » ¢ 3>
File name: |i v| Parameter file(*.prm) ~

4.4.4 SAVE CURRENT AXIS CONFIGURATION

View

Axis configuration (manual)... Ctrl+ 4
Axis configuration (automatic)
Apply custom axis configuration

Save current axis configuration m

If you have created a custom axis configuration manually, you may save this configuration for
use on subsequent models. Click on Save current axis configuration. You will be presented with
a dialog box like that shown above. Provide a filename and press Save.
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445 SHOW TRAVEL TIME CURVES [T ]

View

Axis configuration (manual)... Ctrl+ 4
Axis configuration (autormnatic)
Apply custom axis configuration

Save current axis configuration

" Show traveltime curves Ib

If you wish to view the travel time plot, click on Show travel time curves, or press the T tool
button.

4.4.6 SHow VELocITY MopeL [ Y]

Wiew

HAxis configuration (manual)... Ctrl+ 4
Axis configuration (automatic)
Apply custom axis configuration

Save current axis configuration

" Show traveltime curves

Show velocity model b

If you wish to view the velocity model, click on Show velocity model, or press the ¥s| tool
button.
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4.4.7 SHOW TIME-TERM [D_"']

Wiew
Axis configuration (manual)... Ctrl+ &
Axis configuration (automnatic)
Apply custormn axis configuration

Save current axis configuration

Show traveltime curves
Show velocity model

Show tire-term b

) GEOMETRICS

Simplify your search

As will be discussed in future sections, the time-term and Reciprocal Methods modules are based
on the concept of “time-terms” or “delay-times”. The calculated delay-times are used in
conjunction with the associated velocities to generate the velocity/depth section. If you would

. . . . . D
like to view the delay-times, click on Show time-term, or press the —¥. tool button. The delay-

times will be presented in a plot like the one shown below:

& Plotreda - Plotreda

Fie Trawelwme cuve Veloclymodsl Wiew  Time-leim vession  Aecigrocsl method  Raghracng  Tomography  Ogons  Help

|| 8] | 1] ] o ¢ = | Vi || R o ]

(1] =
E
T [ms]
B0
l_
2283
1810
1337
064
10 k1]
a8 108 118 128 138 148 Ifs)
Distance I
manied vs Scale = 1303
| | |
Fieady | Comsea valociy beourdaiy Trnemima-16.0ms Dttarces] 30.4m 7
Figure 101: Time-term (delay-time) plot.
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4.4.8 SHOwW RAYPATH [E]
View
Axis configuration (manual)... Ctrl+ &

Axis configuration (automatic)
Apply customn axis configuration

Save current axis configuration

Show traveltime curves
Show velocity model
Show time-term

Show raypath

S

If you have run your model through the raytracing routine (discussed in Section 4.7, Page 270),

and you would like to view the raypaths, click on Show Raypath or press the R,P tool button. A
raypath diagram like that shown below will be displayed:

Mo editing Layered model - # of layers = 3

0
-10
2.00
E 5 1.81
5 162
T 1.43
@ 1.24
w
1.08
-40
0.57
0.68
-50
0.48
0.30
50
0 10 20 30 40 50 60 70 80 80 100 110 120 (kmis)
Distance (m)
Scale =1/1000
Figure 102: Raypath diagram.
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SCALE [ﬂ!h

) GEOMETRICS
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There are several ways to set the scale of your output. If you click on Scale, you will see the
following sub-menu:

View

Axis configuration (manual)...
Axis configuration (automatic)
Apply customn axis configuration

Save current axis configuration

Show traveltime curves
Show velocity model
Show time-term

Show raypath

Scale

&

Ctrl+ 4

1:25
1:50
1:75
1:100
1:200
1:250
1:500
1:1000
1:2000
1:2500
1:5000
1:10000
1:20000
1:25000
1:50000
1: 100000
1:200000
Option

Wertical exaggeration

Choose from any one of the scales listed or click on Option and enter whatever scale you want.
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Alternatively, you may increase/decrease the scale by pressing the \!] or L tool buttons,
respectively.

If you would like to change the aspect ratio, click on Vertical exaggeration and enter the desired
ratio.

4.5 TIME-TERM INVERSION MENU

Click on Time-term inversion to reveal the Time-term Inversion menu:

Time-term inversion

Assign layer 2 arrivals
Assign layer 3 arrivals
Do time-term inversion

Do time-term inversion (set parameters manually)

Clear layer assignment

We will now discuss the first of three inversion techniques. Which technique you employ will
depend on the goals of your survey. In a fashion consistent with what we have done so far, each
menu item for each technique will be discussed individually. Examples of each of the three
interpretation techniques are given in the appendices.

The “Time-term” technique employs a combination of linear least-squares and delay-time
analysis to invert the first arrivals for a velocity section. It is a good approach for lower-budget,
simple refraction surveys, in which refractor detail is of lesser importance than gross velocities
and depths. A good example might be a rippability survey. These types of surveys are typified by
12 or 24 channels, with as few as two shots per spread. The answer usually does not need to be a
detailed one, and minimizing the time between fieldwork and the deliverable to the client tends
to trump all.

A brief explanation of the time-term technique is given in Appendix D, Page D-1.

The general flow of the time-term technique is displayed in the flow chart below:
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Elevation ’ Layers i Data
File
Tomographic
Inversion
rF 3
»
Preliminary Obsernved
» Velocity »  Raytracing > WS,
Section Theoretical

Figure 103: Flow chart for time-term interpretation technique.

45.1 ASSIGN LAYER 2 ARRIVALS

Time-term inversion

Assign layer 2 arrivals

S

A simple time-term analysis allows a two- or three-layer interpretation. If you have a three-layer
case, you should assign arrivals for the second layer first.

Read in your first breaks (.vs file) and click on Assign layer 2 arrivals. To assign layers, click on
the travel time closest to the change in slope associated with the second layer. In the figure
below, the cursor is pointing to the first travel time from the second layer for the left-most shot.
Note that all subsequent travel times for that shot are now shown in green:
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i3 Plotrefa - Plotiefa

File Traveltime curve Velocity modsl View Time-term inversion Recipiocal method  Rahiacing  Tomogiaphy  Options  Help

) GEOMETRICS
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Figure 104: Assigning layer two arrivals.
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Figure 105: Layer two arrivals assigned.
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If it is a two-layer case, you are finished assigning arrivals.

45.2 ASSIGN LAYER 3 ARRIVALS

Time-term inversion

Assign layer 2 arrivals

Assign layer 3 arrivals N

If there is a third layer, you must repeat the process for layer three. Choose Assign layer 3
arrivals and follow the procedure detailed above. In the figure below, the cursor is pointing to the
first layer-three arrival from the left-most shot:

File  Trgvoliows curve Welooly mondel 'Wieww Tt tos rwnrn R L dy Oponi Help

| | v 4] o] o e o w|=-|-=-|-¢|-rr-|-| L1

Hkahus | Leyes ascigameant
Layes W, = 3
[
m y—t—t—t—t—ttt—t— 7ttt
1ES i i || ] i | | i | | i 1 ] i ] ] i1 - ] 4 ] T B
160 4 t"\.‘ | - | N | N E— | L — | N E— | | I — | | N i |
166 44— L 4 i L < i 1. i { - i | S R ]
160 44— 4 PR 4 4 4 4 1 4 I — 4 4 a I 4 S
145 g4 { + | I — IR [ I R
140 ':-\-h | I NN NN .- (N (N N - — - . — e
138 44— N - E . . LS - . T . . - ._.ﬂ"f- 1+ - . . - .

mma——T 11— R e it
176 44— 1 4 H | S_— ! H . _a"'":d ! - __J_,,.r“.' !
[FUJE Y S T — - | I S — S —
115 4 1 oy

no 44—
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=
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B 10 F0 MW 40 W0 B0 FO BRSO 100 100 920 130 188 150 160 108 TA0 190 B0 200 2E0 I 240
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Figure 106: Assigning layer three arrivals.

Below is the full three-layer interpretation:
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i} Plotrefa - Plotrefa [_[=]
File Travsltims curve Velocitymodsl View Time-term inversion Reciprocal method Rayhacing Tomoaraphy  Dptions  Help

{51 2 | 8] ¢ 1 e i R o o | 5]

Status : Layer assignment
Layer No. =3
[ms]
170
165 =
160 [, s
155 1

i

150
145
140

130 4
125 1

115 = n
110 i -

Traveltime
=
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)
[
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.
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Ready |Layer assignment |Traveltime=-3 4ms Distance=-17.5m [ Scale=1/1000

Figure 107: Layer three arrivals assigned.

Note: When travel times from different shots coincide at a hinge point, it can be difficult to
assign layers to both travel time curves. When this happens, the best remedy is to display a
partial travel time plot, as discussed in Section 4.11.18, Page 293.

See here for a video on the layer assignment procedure (be sure to turn up the volume).

4.5.3 Do TIME-TERM INVERSION

Time-term inversion

Assign layer 2 arrivals
Assign layer 3 arrivals

Do time-term inversion h
n

Once all the layers have been assigned, you are ready to invert the data for the velocity section.
Click on Do Time-term inversion. The inversion RMS error will be displayed:
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Plotrefa

h EMS errar in matrix inversion is = 1.675304ms [3.706848%)

Note: The message above does not indicate a failure. It is reported every time you do a time-term
inversion. It is simply a measure of the quality of the least-squares inversion. The smaller the
number, the better the fit.

Press OK and the velocity section will be revealed:
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45.4 Do TIME-TERM INVERSION (SET PARAMETERS MANUALLY)

Time-term inversian

Assign layer 2 arrivals
Assign layer 3 arrivals
Do tirme-term inversion

Do time-term inversion (set pararneters manually) L}

If you wish, you may set some of the time-term parameters yourself.
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Time term method

Smoothing weight (default = 0.1) 01 OK
Canesl
¢ in matrix (default = 0.0001) 0.0001 —— |

Increasing the Smoothing weight will make the velocity boundaries smoother.

Increasing e in matrix will make the inversion stable and it will generally result in a smoother
velocity model. If you have an inversion failure, you can try increasing the e in matrix parameter.

455 CLEAR LAYER ASSIGNMENT

Time-term inversion

Assign layer 2 arrivals
Assign layer 3 arrivals
Do time-term inversion

Do time-term inversion (set parameters manually)

Clear layer assignment

M

At any time, you may clear the current layer assignments and start over. Simply click on Clear
layer assignment.
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4.6

Click on Reciprocal method to reveal the Reciprocal Method menu:

RECIPROCAL METHOD MENU

Reciprocal method

Layer assignment

Set up T' (1/2 T(ak) calculated automatically)
Set up T' (1/2 T(ab] set manually)
Delete all T' curves

Show 172 T(ab) line

Set velocity line
Adjust velocity line
Decimal places of velocity label

Delete all velocity lines

Calculate delay times
Maedify delay time (times)
Maedify delay time (velocities)

Calculate velocity model from delay time data

) GEOMETRICS

Simplify your search

The “Reciprocal Method” of interpretation is a powerful technique for solving more complex
refraction problems. It works best with highly redundant data (many shots), 24 channels or more
per shot, and requires a far greater degree of input from the interpreter compared with the Time-
term method. Like the Time-term method, this technique can provide a refractor depth beneath
each geophone, provided a delay-time for that geophone can be determined. This, in turn,
requires “overlap” — to calculate a delay-time for a particular refractor for a particular
geophone, you must have an arrival from that refractor from opposing directions. This has
implications for how the data is acquired in the field and will be discussed in further detail

below.

The general flow of a reciprocal time inversion is shown in the following flow chart:
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Figure 108: Flow chart for reciprocal time inversion.

If you are doing a simple rippability survey, the Reciprocal Method is generally overkill. You will
do a lot more work and yield a marginally more useful answer. But if you are trying to image a
fault or a buried stream channel, this technique can often provide a superior image. To learn
more about the Reciprocal Method, see Redpath (1973), and Palmer (1980, 1981, 1990).

Below is an example of a refraction record that nicely lends itself to interpretation by the

Reciprocal Method:
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Figure 109: Refractor overlap.
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Note the redundancy of the data. This is very important, because like the Time-term method, the
Reciprocal Method makes much use of the scatter of the data about a best-fit line — in this type of
interpretation, this is considered signal, not noise. It yields crucial information about the
geometry of the refractor. But scatter about the best-fit line can have several other sources, not
the least of which is errors in picking. For this reason, redundancy, achieved through numerous
shots, is critical. It helps you to separate real structures from artifacts due to picking or other
errors.

Also note the region of overlap. It is over this segment of the geophone spread where delay-times
can be calculated for a particular pair of shots. Outside of this zone, the Reciprocal Method will
not provide a solution.

We will now step through each of the items in the Reciprocal Method menu.

46.1 LAYER ASSIGNMENT

Reciprocal method

Layer assignment L\} ¥ 2nd layer
Setup T (1/2 Tiab) calculated automatically) 3rd layer
Setup T (1/2 T(ab) set manually) 4th layer

5th layer

Delete all T' curves

Layers are assigned as discussed in Sections 4.5.1 and 4.5.2, beginning on Page 239. The
Reciprocal Method menu differs from Time-term in this regard, allowing up to 5 layers to be
interpreted.

4.6.2 SETUP T’ (%2 T(ae) CALCULATED AUTOMATICALLY) [E]

Reciprocal method

Layer assignment *

Setup T' (1/2 T{ab) calculated automatically)

The T’ (“T-prime”) or “reduced travel time curve” is a useful tool for determining refractor
velocity. It essentially strips away the effects of the overlying layer, as if the shots and
geophones were laid directly on the refractor. The T’ curve is drawn relative to one-half the
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reciprocal time (*2T @v)). If you wish %2 Tap) to be calculated automatically, choose Set up 7 (%

Ty calculated automatically), or press the F 100l button. Next, click on the travel time curves
for two opposing shots, in which there is significant refractor overlap. The two travel time curves
will be highlighted, and the reduced travel times will be calculated and plotted:

a1
File Travelime curve Velocky model Wiew Time-terminversion  Reciprocal method  Rayiracing  Tomography  Options  Help
|| 5] | o 1 2 B V[P R < | o ot |
Status : No editing =
[ms]
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*
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reciprocalmodell withoutendshots.vs Scale =1]1250
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Enlarging figure scale Mo editing [Traveltime=-83.5ms Distance=205,1m [Scale =1/ 1250

Figure 110: Reduced travel time plot (magenta).

Note: The reduced travel time curve will be roughly parallel to the first travel time curve that you
click on.

In the example above, the two end-shots were chosen (right shot first), and the reduced travel
times are shown in magenta. The %2 T line is shown in black (at about 110 msec).

B See here for a video on setting up T’ (be sure to turn up the volume).
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4.6.3 SETUP T’ (%2 T(as) SET MANUALLY)

Reciprocal method

Layer assignment ¥

Set up T' (1/2 T{ab) calculated automatically)
Setup T' (1/2 T(ab) set manually)
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Figure 111: Settingup 7.’

If you wish to set the %2 T value manually, click on Set up 7" (Y2 Tab) Set manually), choose the
travel time curves, and you will be presented with a dialog box.

Enter the ¥ T ) value and press OK. The reduced travel times will be calculated and presented
as shown in the previous section.

Note that once you have calculated T’, you may fit a velocity line to it to determine the reduced
velocity (see Section 4.6.6, Page 251). If you then double-click on the T’ curve, you will be
presented with the following dialog box:
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Reduce velocity

Reduce velocity
1 km/zec Cancel

Scale ratio iV/H) 5

Type in the reduced velocity and press OK. The reduced travel time curve will appear:

Reduce velocity = 1.70 km/{s
Leftiincrease velocity, Right decrease velocity

-30

i,

70 30 50 100 110 120 130 140 150 160 170 180
Example_Pickwin_FBP_File.vs

34

Reduced traveltime (ms)

Distance (m)

Figure 112: Reduced travel time plot.

Pressing the left mouse button will increase the reduced velocity, and pressing the right mouse
button will decrease the reduced velocity. Note the effect on the reduced travel time curve with
varying reduced velocity.

46.4 DELETE ALL T’ CURVES

Reciprocal method

Layer assignment >

Setup T (1/2 T(ab] calculated automatically)
Set up T' (1/2 T(ab] set manually)
Delete all T' curves N

To make maximum use of the Reciprocal Method, you will need to calculate the reduced travel
times for all opposing shots that have refractor overlap. Once you have done so, and have used
them to calculate delay-times for a particular pair of shots (Section 4.6.10, Page 256), it is best to
delete them to avoid confusion. To do so, click on Delete all T’ curves.
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4.6.5 SHOW %2 T (ag) LINE

Reciprocal method

Layer assignment >

Set up T' (1/2 T(ab] calculated automatically)
Set up T (1/2 T(ab) set manually)
Delete all T' curves

~  Show 1/2 T(ab) line L}

You may choose whether to display the %2 T ) line on the travel time plot. Simply click on Show
Y T(ap) line to toggle it on or off.

4.6.6 SET VELOCITY LINE [¥]]

Reciprocal method

Layer assignment *

Setup T (1/2 T{al::l;l calculated automatically)
L

Set up T (1/2 T(abset manually)

Delete all T curves

~  Show 1/2 T(ab) line

Set velocity line h

After calculating the reduced travel times, you must determine the refractor velocity. To do so,
you must fit a line to the reduced travel times. Click on Set velocity line. Next, click on the left-
most travel time, within the region of refractor overlap, and drag to the right-most travel time
within this region:
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Figure 113: Setting velocity line.
Right click to complete the velocity line:
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Figure 114: Measuring velocity from reduced travel time curve.
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Simplify your search

The velocity value will be displayed.

Notice how the reduced travel times at the ends are not included by the velocity line — they are
out of the region of overlap.

See here for a video on setting a velocity line (be sure to turn up the volume).
4.6.7 ADJUST VELOCITY LINE

Reciprocal method

Layer assignment L]

Set up T' (1/2 T{ab) calculated automatically)
Setup T (1/2 T(abk) set manually)
Delete all T' curves

»  Show 1/2 T(ab) line

Set velocity line
Adjust velocity line m

After you have drawn the velocity line, you may move it to improve the fit to the data, if
necessary. Click on Adjust velocity line, then click on one end of the velocity line. A red dot will
appear to indicate that you have control:
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Figure 115: Adjusting velocity line.

Drag the end of the velocity line to the new location:
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Repeat at the other end of the line if necessary.

4.6.8 DECIMAL PLACES OF VELOCITY LABEL

Reciprocal method

Layer assignment -]

Setup T' (1/2 T(ab) calculated automatically)
Setup T (1/2 T(ak) set manually)
Delete all T' curves

~  Show 1/2 Tiab) line

Set velocity line
Adjust velocity line

Decimal places of velocity label L} o]
Delete all velocity lines 2

) GEOMETRICS

Simplify your search

Click on Decimal places of velocity label and choose the desired number of decimal places. If
you are working in units of kilometers, you will probably want to display velocities to at least

one decimal point.

4.6.9 DELETE ALL VELOCITY LINES

Reciprocal method

Layer assignrment

Setup T (1/2 T({ab) calculated autcmatically)
Set up T (1/2 T(ab) set manually)
Delete all T curves

~  Show 1/2 Tiab) line

Set velocity line
Adjust velocity line
Decimal places of velocity label

Delete all velocity lines b
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Simplify your search

For the same reason you may want to delete reduced travel time curves, you may want to delete
velocity lines once delay-times have been calculated for a particular shot pair. To do so, simply
click on Delete all velocity lines.

4.6.10 CALCULATE DELAY-TIMES

Reciprocal method

Layer assignment ¥

Set up T' (1/2 T{ab) calculated automatically)
Set up T' (1/2 Tiab) set manually)
Delete all T' curves

" Show 1/2 T(ab) line

Set velocity line
Adjust velocity line
Decimal places of velocity label »

Delete all velocity lines

Calculate delay times N

Delay-times are calculated on a shot-by-shot basis. The delay-time is defined as the additional
time required to traverse any raypath over the time that would be required to traverse the
horizontal component at the highest velocity encountered on the raypath. In the current
context, the difference between the measured travel time and the associated reduced travel time
is the delay-time (see Appendix E for more on the concept of delay-time). After computing the
reduced travel time and setting the velocity line, click on Calculate delay-times. Next, click on
the velocity label to select the velocity line. When selected, the velocity line will turn red:
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sl
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Figure 117: Selecting the velocity line.

Now you must indicate the portion of the curve to compute delay-times for. Like the velocity
line, this should include only the region of overlap. Click on the left-most travel time within the
region of overlap on the travel time curve parallel to the reduced travel time curve:
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Figure 118: Indicating which portion of curve to compute delay-times for.
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Figure 119: Section of curve for which to compute delay-times is selected.
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Simplify your search

You will be presented with the delay-times for that shot:
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Figure 120: Delay-time plot.

You should do this for all opposing shots that have reasonable overlap, and for each pair, you
should calculate the delay-times for both shots in the pair. To do so for the above shot pair, we
will calculate the reduced travel times again, but this time we will click on the left shot first:
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Figure 121: Calculating reduced travel time curve in opposing direction.

Note that the slope of the reduced travel time curve is now in the opposite direction — the reduced
travel times are the same as they were before but reversed. The delay-times for the left end-shot
shot can now be calculated from the differences between the left-hand-shot travel times and the
reduced travel times. Simply follow the procedure detailed above for the right end-shot.
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An alternative process for determining delay-times is as follows:

) GEOMETRICS

Simplify your search

After setting the velocity line, press the M tool button. Then click on the velocity label to select
the velocity line:

:
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Figure 122: Selecting the velocity line.

Now, right click to bring up the sub-menu:
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Figure 123: Calculating delay-times.

To calculate delay-times for the right shot, click on Delay-time, and then choose the segment of
overlap on the travel time plot parallel to the reduced travel times and click. The delay-times for
the right shot will be calculated and displayed:
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Figure 124: Delay-time plot.
B See here for a video on delay-time determination (be sure to turn up the volume).

To calculate the delay-times for the left shot, right click on the velocity label to bring up the
above menu again, and choose Reverse:
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Figure 125: Calculating delay-times in the reverse direction.

Position the cursor on the %2 T line and click. The velocity line will be reversed:
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Figure 126: Reverse velocity line displayed.
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Simplify your search

Select the new velocity line, right click, and choose Delay-times. The delay-times for the left shot
will be calculated and displayed.

See here for a video on the reverse-shot delay-time determination (be sure to turn up the

volume).

See here for a video on the entire delay-time determination process (be sure to turn up the

volume).

4.6.11

MoDIFY DELAY-TIME (TIMES)

Reciprocal method

Layer assignment >

Setup T' (1/2 T(ab] calculated automatically)
Set up T' (1/2 T(ab] set manually)
Delete all T' curves

Show 1/2 T(ab) line

Set velocity line
Adjust velocity line
Decimal places of velocity label *

Delete all velocity lines

Calculate delay times

Madify delay time (times) h

If necessary, you may modify the delay-times graphically, in the same manner that you can

modify the layers in the velocity model (Sections 0, 4.3.15, and 0, beginning on Page 204).

Click on Modify delay-time (times), and click on the point you wish to move:
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Figure 127: Selecting delay-time to be modified.

Drag the point to the desired delay-time and release:
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Figure 128: Modifying a delay-time.
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4.6.12

MoDIFY DELAY-TIME (VELOCITIES)

| Reciprocal method

Layer assignment

Setup T' (1/2 Tiab) calculated automatically)
Setup T (1/2 T(abk] set manually)
Delete all T' curves

Show 1/2 T(ab) line

Set velocity line
Adjust velocity line
Decimal places of velocity label

Delete all velocity lines

Calculate delay times
Modify delay time (times]
Maedify delay time (velocities)

S

) GEOMETRICS

Simplify your search

Modifying the velocities in the delay-time model is similar to modifying the velocities in the
depth model (Sections 4.3.17 and 0, beginning on Page 208). Click on Modify delay-time
(velocities), and you will see the following dialog box:

Mewr ‘i.'BlD'I.‘J.l'j" 0K

1000 M epe

Cancel

Enter a velocity value, and then click on the cells you wish that velocity to be assigned to:
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Figure 129: Modifying velocities in delay-time model.

CALCULATE VELOCITY MODEL FROM DELAY-TIME DATA

Reciprocal method

Layer assignment

Set up T' (1/2 T(ab] calculated automatically)
Set up T' (1/2 T(ab] set manually)
Delete all T' curves

Show 1/2 T(ab) line

Set velocity line
Adjust velocity line
Decimal places of velocity label

Delete all velocity lines

Calculate delay times
Maedify delay time (times)
Meodify delay time (velocities)

Calculate velocity model from delay time data h‘

Once all the delay-times have been determined, you may calculate the velocity model. Click on
Calculate velocity model from delay-time data. You will be presented with the following dialog

box:
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Calculate velocity model

Number of smoothing paszes OK
2
Cancel

If result i= incorrect, increass the
number of smoothing passes.
Usually, nse 2 or 3.

Choose a smoothing level (generally 2 or 3) and press OK. The velocity model will be calculated
and displayed:
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Figure 130: Velocity section computed from delay-times.

Note that the solution is limited to the zone of refractor overlap (45 to 180 feet). At the beginning
of this section, it was noted that to calculate a delay-time for a refractor at a geophone, a
refracted arrival from that layer is needed at the geophone from opposing directions. In this
dataset, the first few arrivals from the end shots are direct arrivals. Hence this condition is not
met toward the ends of the geophone spread, and delay-times cannot be calculated.

How can we make maximum use of the geophone spread? We must do “offset” or “remote”
shots, as discussed in the time-term section. The idea of offset shots is to move the shot far
enough off the end of the line such that all the first arrivals from that shot are refracted arrivals,
including those nearest the shot. The distance from the offset shot to the nearest geophone should
be equal to or greater than the crossover distance at that end of the line.
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Figure 131: Original dataset.

Above is our dataset again. The left end-shot is at 31 feet. The crossover distance for that shot is
at about the third geophone, or 45 feet. That means that the crossover distance is about 15 feet.
As such, we want our offset shot to be at least 15 feet to the left of the left-most geophone (it is
generally best to add 50% to account for any deepening of the refractor).

Similarly, at the right end, the crossover distance is about 25 feet. We therefore want to do a shot
at least 25 feet to the right of the far-right geophone.
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Figure 132: Original dataset with offset shots added.

Above is the same dataset with the addition of offset shots at 3 feet and 233 feet. The new
information gained from the offset shots is indicated. We now have refractor overlap over the
entire geophone spread and can calculate delay-times for all 48 geophones for these two shots.

[ =1
Fi=  Travekims ourve  Velocky modsl Vew  Time-berm inversion  Recprocsl method  Paybracng  Tomography Ophions  Help
||| ] ] o | 7 [V P[] | o o || ;|
Ho editing Layered model : ¥ of layers = 2 j
am
[
s
% b Fdd
o 16T
w 611
456
60 } ! } } ! | ! ! ! ! ! 300
3/ S0 65 60 9% 110 125 140 185 170 185 200 (=]
Distance "
reciprocalmode ! withend shots.va Seale = 1 /1250
4| ﬂ_l
Ready i eiting [Ebervationmi 11,8m Diekances 128, 8m o

Figure 133: New velocity model incorporating data from offset shots.

We now have a velocity model that covers the entire geophone spread.
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4.7 RAYTRACING MENU

Click on Raytracing to reveal the Raytracing menu:

Raytracing

Execute

Delete theoretical traveltimes

Show RMS error

Execute (set parameters manually)

As discussed in earlier sections, Plotrefa may be used to calculate theoretical travel times for any
velocity model, real or synthetic. This is very useful for pre-survey planning, and for assessing
the validity of an interpretation by either the Time-term or Reciprocal Method.

4.7.1 EXECUTE

Raytracing

Execute I},

To calculate the synthetic travel times, simply click on Execute. The travel times will be
calculated and displayed along with the observed data, and the RMS error will be reported:
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Figure 134: Observed vs. calculated data.

4.7.2 DELETE THEORETICAL TRAVEL TIMES

Raytracing

Execute

Delete theoretical traveltimes

S

If you would like to delete the theoretical travel times, click on Delete theoretical travel times.

4.7.3 SHow RMS ERROR

Raytracing

Execute

Delete theoretical traveltimes

Show EMS error |>
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If you would like to check the RMS error of the theoretical travel times, choose Show RMS error:

Plotrefa

I . RMSE = 2410751 ms (7.307105%]

4.7.4 EXECUTE (SET PARAMETERS MANUALLY)

Raytracing

Execute

Delete theoretical traveltimes

Show RMS error

Execute (set pararneters manually) N

You have a certain amount of control over the raytracing algorithm. Choosing this option will
reveal the following dialog box:

Raytracing

Number of nodes  [4
| Use straight rays Cancel

[ Save wavefront information

Enter the Number of nodes (see Section 4.8.4, Page 278), and indicate whether you want to use
straight rays. If you wish to save the wave front information, check the box.

The greater the number of nodes, the more accurate the model, but the greater the computational
time requirement.

In general, Use straight rays can be left unchecked. Checking the box increases the accuracy of
calculation in layered models with complex surface topography and/or layer boundaries.
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4.8 TOMOGRAPHY MENU

Click on Tomography to reveal the Tomography menu:

Tornography

Generate initial model
Inversion (with default parameters)

Convert into layered model

Inversicn (set parameters manually)

Tomographic inversion is the third interpretation technique provided by Plotrefa. This method
starts with an initial velocity model (usually generated by a Time-term inversion), and iteratively
traces rays through the model with the goal of minimizing the RMS error between the observed
and calculated travel times. Layer assignments are not required (except in the Time-term
inversion to generate the initial model).

Tomographic inversion is generally best used when velocity contrasts are known to be more
gradational than discrete, when strong horizontal velocity variations are known to exist, and in
extreme topography. All these cases can lead to erroneous results with the previous two
interpretation techniques, depending on the severity.

The typical flow of a tomographic inversion is shown in the chart below:

Create
Initial
Model

|
Read in
First

Breaks

b |

Read in Do time-term

Invert

L 4
[

Elevation inversion for &

File initial model Data
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P/N 770-00117-01
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Inversion
Parameters
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Figure 135: Flow chart for tomographic inversion.
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48.1 GENERATE INITIAL MODEL

Tomography
Generate initial model [\}

The first step is to create the initial model. Click on Generate initial model to reveal the
following dialog box:

Initial model for tomography (smooth velocity model)

[ Use layered model as initial model 0K
Depth to top of lowest layer 0 m Cancel
Minimum velocity 03 km  fsec
hiaximum velocity 3 km /sec
# of layers ’T
Elevation at the bottom left of the model
B
Elevation at the bottom right of the model ’W m

The chosen parameters for the initial model should bracket the possibilities. You can get an idea,
for instance, of the minimum and maximum velocities from the raw travel time curves. From
these and crossover distances, an idea of maximum depth of the deepest layer can be estimated.

Note: By far the most important parameters to get right are the minimum and maximum
velocities. If these do not bracket the actual velocities, the inversion will not converge. If you are
setting these values manually, always err on the conservative side — the maximum velocity can be
20-30% higher than the real maximum, but it should not be lower. Similarly, the minimum
velocity can be somewhat lower than the true minimum, but it should not be higher.

In any case, the best way to generate the initial model is to do a quick time-term inversion of the
data. Then, open the above dialog box and check the Use layered model as initial model
checkbox. This overrides all the other settings in the dialog box, including the minimum and
maximum velocities. If you have done a reasonable time-term inversion, the minimum and
maximum velocities from this should provide a good tomographic inversion. After doing the
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inversion, you may change the minimum and maximum velocities and re-invert if necessary. See
the tomography example (Example 4) in Appendix B.

Once you have entered the necessary parameters, press OK, and you will be presented with the

initial velocity model:

4.8.2

You may now conduct the tomographic inversion. If you would like to do so using default
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Figure 136: Initial model for tomographic inversion.

INVERSION (WITH DEFAULT PARAMETERS)

Tomography

Generate initial model

Inversion (with default parameters) h

inversion parameters (most common), click on Inversion (with default parameters). The
inversion will begin. This can take a minute or two, depending on the speed of your processor.

Progress will be shown in the upper left-hand corner. When the inversion is complete, the

velocity model will be displayed:
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Figure 137: Tomographic inversion.

To see the agrreement between the calculated and observed data, display the travel time curves by

, T
pressing the ,'['I tool button:
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Figure 138: Calculated vs. observed data for tomogram.
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4.8.3 CONVERT INTO LAYERED MODEL

Tornography

Generate initial model
Inversion (with default pararneters)

Convert into layered model h

If you are working in extreme topography, it is often better to use a tomographic approach even
in cases of very discrete velocity contrasts. You may then convert the tomogram into a layered
model to better represent the layered nature of the geology.

To create a layered model, click on Convert into layered model:

Convert into layered model

# of layers

El oK
1=t layer velocity W km/sec Cancel
Indlayervelocity |1 kmisec
idlayervelocity |2 lmisec
Mhilayerveloity |3 kmisec
Sthlayervelocity |4 kaisec
6thlayer velogity |5 kmisec
Tthlayervelocity |6 s
Sthlayervelocity |7 S
# of smoothing passes l]—

You must provide the number of layers and the velocities you wish them to have. The program
will divide the tomogram into the number of layers you specify, and the boundaries between
them will divide layers having bulk velocities matching the specified velocities. Ideally, if you
had done a layered interpretation from the start, this is what it would have looked like.

In the above example, examination of the travel time curves quickly indicates a two-layer case
with approximate velocities of 300 and 1000 feet per second.

Entering this information into the above dialog box yields the following:
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Figure 139: Layered model from tomographic inversion.

This procedure can be useful in improving the quality of any layered inversion, particularly when

layer assignments are difficult.

Note: If you wish to keep the tomographic inversion, you must save the Plotrefa file before you

convert to a layered model.

4.8.4 INVERSION (SET PARAMETERS MANUALLY)

Ternography

Generate initial model
Inversion (with default pararneters)

Convert into layered model

Inversion (set pararmeters manually) N

If the tomographic inversion achieved with the default parameters needs improvement, you may
modify the tomographic inversion parameters and try again. To do this, click on Inversion (set

parameters manually):
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Automatic reconstruction

Number of iterations | 10 OK
Option
Caneel
Advanced options

Mumber of nodes 4

Horizental smoothing
Number of smoeothing passes | |

Smoothing weight 0.3 (0.3 to 1.00)
Vertical smoothing
Number of smoothing paszes |0

Smoothing weight 0.3 (0.3 to 1.00)

Number of layers to be smoothed 3

Minimum velocity 03 m [sec

Maximum velocity 3.15 m sec

[ Velocity does not increaze with depth

Number of iterations: The number of iterations defaults to 10. In general, the better the initial
model, the fewer iterations required to arrive at an acceptable solution. If you are unsure about

the quality of the initial model, you might want to compensate by increasing the number of
iterations.

Note: The number of iterations setting applies to each inversion, and subsequent inversions are
cumulative. For example, if this parameter is set to 10, and after 10 iterations you decide to
change one of the inversion parameters and run the inversion again, the cumulative number of
inversions will be 20.

Number of nodes: Tomography divides the velocity model into cells of constant velocity, and
then traces rays through the model (see Appendix F). The number of nodes defines the density of
rays — the more nodes, the more rays (and the longer the inversion takes). The corner of each cell
is a node. In addition, there can be nodes along the sides of each cell. The number of nodes per
side is what we refer to when we talk of the number of nodes. In the cell shown below, the
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number of nodes is one.

N

Figure 140: Single-node velocity cell.
The default value is three, as shown below.

[ ] ®
L ®
® ®

* oo o0
Figure 141: Three-node velocity cell.

Horizontal/Vertical Smoothing: It is generally desirable to apply some smoothing of the cell
velocities, for two reasons: 1) it tends to produce a more pleasing velocity plot, and 2) it removes
the inevitable small-scale velocity artifacts that might otherwise be interpreted as real. On the
other hand, if you have extremely high-quality, redundant data, you may want to avoid
smoothing so as not to obscure small-scale variations. In most cases, the default values will be
suitable. Smoothing is accomplished by applying a three-term, weighted moving-average filter to
the velocity cells. Smoothing in the horizontal and vertical directions is done independently.

Number of smoothing passes: This parameter controls the number of times the weighted
average is applied in any one direction. You may run the same filter more than once. The more
passes, the more smoothing.

Smoothing weight: This is the weight of the center term in the moving average. The basic filter
equation is as follows:

Vo=Wi1Vi+W2V2+W3V3

where W1=W3 and W1+Wo+W;3; = 1.

The default value of 0.5 for W> therefore weights the center term twice as much as the other two.
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Note: The greater the smoothing weight, the less the model will be smoothed. A smoothing
weight of one will result in no smoothing at all. You may set the number of smoothing passes to
zero if you wish not to smooth the model.

Number of layers to be smoothed: This applies to vertical smoothing only. Since the resolving
capabilities of any geophysical technique, including seismic tomography, tend to decrease with
depth, it is often desirable to smooth the bottom layers more than the top layers. This parameter
determines the number of layers from the bottom of the model to be smoothed. For instance, if
the tomogram has 15 layers, setting this parameter to five will result in the bottom five layers
being smoothed.

Minimum/maximum velocity: See above for explanation. If the match between observed and
calculated data is poor, it may be that the minimum and maximum velocities need to be
decreased and increased, respectively. You may change them in this dialog box and do the
inversion again.

Note: If you used the time-term model as your initial model, the minimum and maximum
velocities in this dialog box will match those of the time-term inversion until you override them.

Velocity vs. depth: In any surface refraction inversion technique, including tomography, it must
be assumed that velocity increases with depth. However, this is not true in surface-to-borehole
and borehole-to-borehole tomographic surveys. If you are doing a borehole survey, de-select
Velocity does not increase with depth.

Note: If you de-select the above parameter, run an inversion, and then decide to run a second
inversion, be sure to de-select the parameter again, as it is selected by default.
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4.9 OPTIONS MENU

Click on Options to reveal the Options menu:

Options

Dimension size

Meters and m/sec
" Meters and km/sec

Feet and ft/sec

Language »
Edit title

Advanced options *
Menu type *
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49.1 DIMENSION SIZE

Options

Dirmension size b

Dimension size

0K

WARNING: The default program dimensions may be increased; however, your PC
memory may be insufficient for larger dimensions. You may encounter an error next
time you try to open the program and the dimensions will need to be raduced.

To reduce the dimensions, press the Shift key when double-clicking the program
icon (consult the manual for full datails).

Prezent setting Mazimum

T 63 48001

# of receivers 360 43001

16 230

# of layers

# of nodas 20 30

| Change dimension size

Pazsword for upgrads
Your keyword is | db33pdez

| 3I3W3ID

You must make sure that the program is dimensioned large enough for the dataset you are
working with. Setting the values too small will result in errors. On the other hand, it is best not to
set them much bigger than you really need, because memory is set aside to accommodate these
dimensions. It is best to set them large enough, but not much larger than required. This is less of
an issue than it used to be since most computers now come with Gb of memory. Still, it is best to
set reasonable limits.

Note: For changes to become effective, you must check the Change dimension size checkbox.
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Note: The maximum allowable dimensions are displayed and are a function of which version of
Seislmager/2D you purchased. If you choose to upgrade, we can provide a password that will
increase the maximum dimension sizes.

Note: If a very large value is entered, a warning message will appear before you are allowed to
restart the program. It is recommended that you do not proceed; select No and reduce the
dimensions.

™% The dimensions may be too large for the PC memary.
'-9-' If 30, the program may not open and repork an error,
= Inthis case, re-apen the program while pressing the shift key,
This will open the Dimensions dialog box ta allow you o
reduce the dimensions,

Proceed 7

If you proceed and indeed the PC has insufficient memory, the program will no longer be able to
open. To lower the values and recover the program, open the Dimension size dialog box directly
by pressing the Shift key while double-clicking the program icon.

Note: Sometimes the program will simply crash rather than post the above message. If that
happens, use the procedure outlined on Page 3 to restore the system defaults.

49.2 METERS AND M/SEC

Options

Dirmension size

Meters and m/sec .

This enables metric units of distance and velocity (meters and meters per second).

Lippus/Underwood 284 Seislmager/2D Manual v. 4.0
P/N 770-00117-01 July 2024



The Plotrefa Module %} GEOMETRICS

- Simplify your search

49.3 METERS AND KM/SEC

Options

Dimension size

Meters and my/sec

" Meters and km/sec I}

This enables metric units of distance and velocity (meters and kilometers per second).

494 FEET AND FT/SEC

Opticns

Dirmension size

Meters and my/sec
" Meters and km/sec

Feet and ft/sec b

This enables British units of distance and velocity (feet and feet per second).
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Choose your language:

Options

Dimension size

«  Meters and m/sec
Meters and km/sec

Feet and ft/sec
Language I},
Edit title

Advanced options

Menu type

English
lapanese
Chinese

Spanish

>

72 GEOMETRICS

Simplify your search

As of this writing (July 2024), Chinese and Spanish were under construction.

4.9.6 EDIT TITLE

Options

Dirmension size

Meters and m/sec

" Meters and km/sec

Feet and ft/sec

Language

Edit title

Clicking on Edit title will reveal the following dialog box:
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Enter title

OK

Cancsl

Enter the title you wish to have displayed on your output and press OK.

4.9.7

ADVANCED OPTIONS

Opticns

Dimension size

heters and my/sec
Meters and km/sec
Feet and ft/sec

Language »
Edit title

Advﬁ:ed options ¥
Menu type -]

4.9.7.1

Apply new topography

Shift survey line distance

Reverse ¥ axis text for clipboard copy

Simplify your search

APPLY NEW TOPOGRAPHY

Apply new topography

Options

Advanced options

3

You may use this option to read in an elevation file. This will replace any topography data you
might have read previously. See Section 4.1.8, Page 133. You will be prompted for a file name.
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49.7.2 SHIFT SURVEY LINE DISTANCE
Options
Advanced options
Apply new topography
Shift survey line distance I}
Float data
0K
Enter shuft distance
Cancel

This option allows you to advance or retreat the survey line. For example, the spread below (left)
was advanced by 100 feet (right).
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Figure 142: Advancement of seismic spread.
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49.7.3 REVERSE Y AXIS TEXT FOR CLIPBOARD COPY

Advanced options

Apply new topography
Shift survey line distance
Reverse ¥ axis text for clipboard copy N

Reverse Y-axis text for clipboard copy controls how the label for the vertical axis appears when
Edit | Copy to clipboard is selected. If Reverse Y-axis text for clipboard copy is selected, the
vertical axis label appears written top to bottom. If not selected (the default), the vertical axis
label appears written bottom to top.

49.8 MENU TYPE

Dptions
Advanced options |

hrmension size

Meters and m/sec

" Meters and km/sec

Feet and ft/sec

Language -]
Edit title

Advanced options *

Menu type I} * » Simple

Seislmager includes advanced options for very special applications that are only available if
Simple is unchecked. These are undocumented and should only be used under supervision from
Geometrics. If Simple is unchecked, you will see the following warning:
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WARMNING: Only use the Simple menu

Customer Support.

unless instructed otherwise by Seisimager
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Pressing OK above will give you access to these features, most of which are in the Options
menu. To return to the Simple menu, select Option | etc. | Menu type | Simple.

4.10

Continue.

4.10.1

HeELP MENU

VERSION INFO

Yersion info, (&)

Version information (Plotrefa)

lotrefa Wersion a.0.0.1

O

pR fan31,2023
opyTight () 2004 - 2023

Geometrics, Ine. J OV0 Corporation

o

This displays the software version.

Lippus/Underwood
P/N 770-00117-01

290

Seislmager/2D Manual v. 4.0
July 2024



The Plotrefa Module %} GEOMETRICS

Simplify your search

411 TooL BUTTONS

||| A |0 1 | s [or[Re| o o ==

Like Pickwin, Plotrefa includes numerous tool buttons, which are detailed below. Some have
been mentioned before.

4111 OPEN PLOTREFA FILE TOOL BUTTON [E]

Use this button to open a Plotrefa (.vs) file. It is the same as selecting File | Open Plotrefa File
(travel time data and velocity model). See Section 4.1.1, Page 126.

4112 SAVE PLOTREFA FILE TooL BuTtTon [ i |]

This button saves a Plotrefa file. It is the same as selecting File | Save Plotrefa File. See Section
4.1.4, Page 130.

4113 PRINT FIGURE TooL BUTTON [[&(]

Select this button to print whatever is on the screen. It is the same as choosing File | Print. See
Section 4.1.16, Page 146.

4.11.4 UPDATE TRAVEL TIME CURVE TOOL BUTTON [ﬂ]

This button updates the travel time curve in Plotrefa when first arrivals are changed in Pickwin.
See Section 3.4.6, Page 91.

4.11.5 CALCULATE THEORETICAL TRAVEL TIMES AND RAYPATHS TOOL
BuTTON [1]]

Selecting this button will calculate the theoretical travel times and raypaths for the velocity
model. It is the same as choosing Raytracing | Execute. See Section 4.7.1, Page 270.
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4.11.6 ENLARGE ScALE TooL ButTon [ ll]

This button increases the scale of the travel time plot and velocity model. Also see Section 4.4.9,
Page 237.

4.11.7 REDUCE SCALE TooL BUTTON [‘!l]

This button decreases the scale of the travel time plot and velocity model. Also see Section 4.4.9,
Page 237.

4.11.8 EXIT CURRENT EDITING MODE TOOL BUTTON []ﬁ]

Select this button to exit the editing mode you might be in. It is the same as selecting Velocity
Model | Exit Edit Mode. See Section 0, Page 212.

4.11.9 CORRECT TRAVEL TIMES TOOL BUTTON [‘ﬂ]

This tool button enables the editing of travel times in the travel time plot. It is the same as
selecting Travel time curve | Modify travel times (all shots). See Section 4.2.4, Page 156.
4.11.10 CALCULATE DIFFERENCE-TIME CURVE TOOL BUTTON ﬂ D |]

Press this button to see the difference-time curve. It is the same as selecting Travel time curve |
Calculate travel time difference curve. See Section 4.2.7, Page 160.

4.11.11 SET VELOCITY LINE TOOL BUTTON [|V]

Press this tool button to draw a velocity line on the travel time plot (see Page 155). It is the same
as selecting Reciprocal method | Set velocity line. See Section 4.6.6, Page 251.

4.11.12 SET T’ CURVE TooL BUTTON ﬂI]

Press the T’ tool button to draw a T’ curve on the travel time plot. It is the same as selecting
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Reciprocal Method | Set up 7’ (%2 Tab calculated automatically). See Section 4.6.2, Page 247.

4.11.13 CORRECT LAYER BOUNDARY BY MOUSE TOOL BUTTON [| I:I-I]

This tool button allows you to edit velocity layer boundaries. It is the same as selecting Velocity
model | Modify layer boundary (point by point). See Section 0, Page 204.

4.11.14 SHow TRAVEL TIME CURVES TOOL BUTTON [| o |]

Pressing this button will display the travel time curves on the screen. It is the same as selecting
View | Show travel time curves. See Section 4.4.5, Page 234.
4.11.15 SHow VELOCITY MODEL TooL BUTTON [E]

Press this button to display the velocity model. It is the same as selecting View | Show Velocity
Model. See Section 4.4.6, Page 234.

4.11.16 SHOW TIME-TERM TOOL BUTTON [I':'T]

The time-term (delay-time) tool button displays the delay-times. It is the same as selecting View |
Show time-term. See Section 0, Page 235.

4.11.17 SHOW RAYPATH TOOL BUTTON [E]

Choosing the “Show Raypath” tool button will display the seismic raypaths superimposed on the
velocity model. It is the same as selecting View | Show raypath. See Section 0, Page 236.

4.11.18 ScRoOLL TooL BUTTONS [ﬂl]

If you have numerous shots in a spread, you may find it convenient to only display a subset of
them at any given time. As explained in Section 4.4.1 (Page 231), you can control the number of
displayed shots in the Axis configuration (manual) sub-menu. Using our dataset as an example,
we will show only two travel time curves at a time:
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i3 Plotrefa - Plotiefa

File Traveltime curve  Velocity model Wiew  Time-term inversion  Reciprocal method  Raytiacing  Tomography

Optians  Help

72 GEOMETRICS

Simplify your search

[_[=]x]
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The left-most two shots (“shot one” and “shot two™) are displayed. We may now use the ﬂl

buttons to scroll through the spread. Pressing the ® button once will display shots two and

three:
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File Trgwohiow curve ekolymodel Wiew  Trwstoss rworsn

/Z) GEOMETRICS
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Figure 143: Displaying data for only shots two and three.

The number of shots added or removed with each press of the button is always one less than the
total number of shots displayed. If we display three shots at a time, as shown below,
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/Z) GEOMETRICS

Simplify your search

Status | Mo editing
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Figure 144: Displaying data for shots one, two, and three.

pressing the ® button once will result in shots 3, 4, and 5 being displayed:

i3 Plotrefa - Platiefa

File

Traveltime curve  Welocity model  View  Time-term inversion  Recipiocal method  Raptracing  Tomogiaphy

Options  Help

[_[=]x]

|| 2| | ]3| 0] 0] Yo|or|Re| < | oo m[m| ||

Status : No editing
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Figure 145: Displaying data for shots three, four, and five.
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4.11.19 SHow CELL BOUNDARIES TooL ButTon [,

This tool button allows you to display the velocity cell boundaries. It is the same as selecting
Velocity model | Show cell boundaries. See Section 4.3.9, Page 197.

4.11.20 SHOW VELOCITY MODEL AS CELLS TOOL BUTTON [.|]

This tool button will display the velocity cells that make up the velocity model, typically a model
created by a tomographic inversion. An example is shown below:

3.00
270
2.40
210
1.60
1.50
1.20
0.50
0.60
0.30

Elevation (m)

-52 T T T T T T T T T T T

70 80 80 100 110 120 130 140 150 160 170 180 {kmis)

Distance (m)
Figure 146: Displaying velocity model and cells.
|-
4.11.21 CONTOUR MAP TOOL BUTTON [—|]

Selecting this button will display the velocity model as a contour map, which is essentially a
smoothed version of the cell map above:
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Elevation (m)

4.11.22

o

a0

90

100

110

120

130

140

Distance (m)
Figure 147: Displaying velocity model as contour map.

150

CONTOUR LINES TOOL BUTTON [E|]

160

170

180

Simplify your search

3.00
270
240
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0.50
0.60
0.30

fkmis)

To include contour lines in your velocity section, press the “Contour Lines” tool button:

-2
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-3z

-42
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4.11.23

70
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130

Distance (m)

140
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Figure 148: Displaying contour lines.

170

180
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(kmis}

VELOCITY BOUNDARY LINES ONLY TOOL BUTTON [j]

/%) GEOMETRICS

-

You may also draw your map with just velocity boundary lines (no coloring). To do so, press the
“Velocity Boundary Lines Only” tool button:
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72 GEOMETRICS
Simplify your search
9
0.3
£
g -1
E 1.3
L -1
-21
70 80 80 100 110 120 130 140 150 160 170 180
Distance (m)
Scale=1/707
Figure 149: Displaying only velocity boundaries.
4.11.24 SELECT T’ OR VELOCITY LINE TOOL BUTTON [M]

This is a “select” button. It is generally used to select travel time and velocity curves for various

operations.
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APPENDIX A PICKWIN EXAMPLES

Example 1: Pick a Simple 5-shot Spread
e Open a SEG-2 file: &

File (F}  EdtfDasplay (E)  Wiew (V) Pickfirst arriwals (P} Oplion  Help (H)

%) GEOMETRICS

Simplify your search

(28 oo o= || = =5 e A || e ]

Stabus @ Mo editi j
Source= T time=116.0880msec Time{msec)
o o 20 30 40 50 1] T L] an iom o L 130
— LA paV
1000 b b |
1020 ‘——'—’UWHJ I M
W =N TN e T T T
106.0 ———"’UM'—\\_J \\_'_\__'f.-—"—"""“"—-——'—h-
ey ——t—— T e T T ——
1mn.e "'-'—‘—‘—'_'_"'\_.-r""d_\....f—'ﬂ_r—“"—_ I e e
nes ——t M N e TN e T
man — e b e el
M — e N e— e e T
mes —— T
EEI].I —_'_ﬁu_'_ﬂﬂ-\u,_'_,ﬁ_'_‘_'\-_uﬂ—'_‘_'_'_“"!, e
e 10 I R R I B e i A T e —
;z... —_— e T e ke L [
BH.. ey e Ty, e e e, e
W ze.0 T T P o i e B s o T e
1300 —'—‘.H_,_,_.J‘_"“H.._,_.H—H__,__n____,_.—'—ﬁ—\_\__,_.——-_
120 ——m—r e e e | pr—p——
1348 & e e, e I
1360 e || e — —
136.0 e T e L, S
140.0 e M B I I
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144.0 Sl P L By
14E.0 e e B —
1400 {"‘W"
| LlJ
o ety ey 5. 580 | | £
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e Optimize display: 0| > | [ [ [ [R[F

File [F}  Edicflasplary (E)  Wiews (W) Pick First arvivads (P} Oplion Help (H)

|2 S| ||| | = WA AR F | e A e

72 GEOMETRICS

Simplify your search

=gl x|

Status = No editing
Sources= T.0& time=152.93Imsec Timeaimsec)

o mn 20 Ell 40 50 6l i il an o

104.8
106.0
108.0
1108
2o
1140
1168
1180
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fzen
=ELR
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260
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I ! ] .
e - iy eV

b el =152 330w

Lippus/Underwood

P/N 770-00117-01 A2

Seislmager/2D Manual v. 4.0
July 2024



Appendices

e Pick first breaks: B

Fil [F}  Ecitflspdery {E)  View (V) Pich et aaiwads (P} Oplion el JH)

28|80 c- ||l | | Avfa A[R[EF G e A wx|

72 GEOMETRICS

Simplify your search

Status : Pick first arrival
Sources= T.0f time=63.12Imsec Tim e (msec)

o 1 20 30 40 50 60 I a0
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e Connect first breaks: ﬂ

8 Pic kwwin -

File (F}  EditfDesplin (E)  Wiews (V) Pick first awriwisls (P} Oplion Heldp (H)

3] 48] | o= = > |, AR | e

72 GEOMETRICS

Simplify your search

Status : Pick first arribval
Source= T0.08 time=¥1.345msec Tim e (msec)
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e Manually adjust first breaks:

File [F}  Edicflasplary (E)  Wiews (W) Pick First arvivads (P} Oplion Help (H)

22| &) | o= | | | Vo A[RTRIF ) A e

) GEOMETRICS

Simplify your search

Status = Pick first arrival j
Source= T).0f time=731.5] Imsec Timaimsec)
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e Connect first breaks again: ﬂ

Fie [F} EdifDepler (E)  View (V) Pickfirst ariwas (P} Option  Hedps (H)

2]248| | o= 1| =] > o, A B IF B )

72 GEOMETRICS

Simplify your search

Stabus : Pick first arrbeal
Source= TO.0& time=117.582msec Tim e (msec)
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Pk Frst vl =11 7. S8

e Save first break picks file (optional but recommended).

e Read in next SEG-2 file as New file: E
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8 Pickwin -

Fie [F}  Editfluspdary (E)  Wiews (V) Pick frst aariwals (P} Oplion  Help JH)

| | | o e S e

Status : Pick first arrbeal
Sources 53.08

o L)

72 GEOMETRICS

Simplify your search

Timeimsec)

mn.n
1020
104.0
106.0
108.0
1108
120
114.0
116.0
118.8
Hzoa
nERa
dza0
e b 1]
R
300
1320
134.0
136.0
138.0
140.8
142.0
144.0
146.0
148.0

time=137.36dmsec
‘ 30 4l 50 1] im lill] an nn (AL 120 130

Pich Fent wrovsl

Hrrasa 7. Mdress

e Repeat above steps until all files have been picked:
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Fiie [F} Edeflespley (F)  Meewd (V) Pack st arvivals (P} Oplion  Help ()

| ]| | = A A SR | L e

Status 2 Pick first arrbeal j

Source=1T4.0% time=119.982msec Tim e (msec)
] 70 (i) 130

1000
1020
14,0
10610
108,10
1108
1
1140
1160
118.0

Hrow

oz
dzan
bl
EE

S EIN
1380
1340
136.0
138.0
1408
142.0
144.0
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1400 i : '\_/'( AT

Pk Fast araval bimays ] | 5. S8

e When all files have been picked, save the first break picks file (mandatory?!).
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Example 2: Shear Wave Survey

1) Open a SEG-2 file: ﬂ

2) Optimize display: 8| 4| & = | | 0|/ [ 4 I‘i'ﬁlﬁlf

3) Open reverse-polarity record as an appended file (display parameters for appended will be
the same as the first file):

=10 x|
Fie [F} Edtfusploy (E) View (V) Pk Pest sk (P} Optien Help (H)
|2 8| | oo || | =5 | WA | B[R | ] A e
Status 2 Mo editing j
Source= [0 time = TEG.BETmsec Tim e (msec)
64 -y 236 336 436 535 636 936 1036
o —— ] x,...'i
30 D ' el
5.0 =
7.0 i
L / T
Za Oy | ———
Z13.0 AN .
m el | il e —— =
i 5 L
o '
190 :
2.
3.0 FENEE S .. 5 ' 3 ] Py [ _—
i 0 T ITGA TN T
5.0 V! |I|:I,'I' ._.':I j: ¥
Y
. Lﬁl
Bo editng brrays Fidke, i Troe
4) Pick the first breaks.
5) Follow the procedure described in Example 1 until all files have been picked.
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Example 3: Multiple Spreads

1) Open a SEG-2 file: g

=lo|x]
File (F}  Edit/Desphiy (E)  iews (v Pick First arriviads (P Option Help (H)
| ||| || ] = = | v A | SR | | e e
Status = Pick first arrival j
Source=|3%4 0§ time = 404.000msec Time{msac)
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Fck Frst ameval =404, 000mse
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2) Open next SEG-2 file as appended file: g

o

k|
File [F}  EdtfTesplay fE)  Wiewi (V) Pick first arvieals [P} Opbion Helg (H)

| &) | oo ] ] = o W A A B NR |  A  ee
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3) If you have overlap, select overlapping traces:

s Pickwin

File [F}  EcfTmspdery {E)  Whews (W) Pick Fiest arvivals (P} Oplion el (H)

|| 8o | | 1 ) | o 8 v s T A

=) GEOMETRICS

Simplify your search

Status : in edit mode
Source=|3%4 05

lime = Z26.222msec
200

Time({mseac)

am0 oo V100

17Hm
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1250
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r
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s
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Simplify your search

4) Use the automatic shift function to correct data:

o

k|
File [F} Edicfesplary {E)  Wiew (V) Pich First arvivals (P} Oplion Help (H)

|2 8| | oo || | =5 o A v R F I A ]

Stabus @ im edit mode =
Source=13%4 .08 time =-4.000msec Ti mea{msac)
] noo 200 Joo 400 G500 () Tom L] 00 1o0m oo 1200

o |
B

EN]
1210 - - ;"‘- $
1730 ’ A g ¥ g T—— —
1750 L XN e ——
1270 i ! ; e
12490
1310
1330
1350 ! =g .
:;;g ] ] "I " ‘ I. '\.-'!';:'_F‘ H._ .i--_--'T' 'J-r-'r
et A [ Ny iy et o e e
1430 - ! L - -

1450
147m
=R -
A5 4 ) - A= y s

= L% 4 — — . f—————————  p— —— ——
5550 - o i e S
570
y5an
CIBTm
1630
1650
167D
1690
1rm
1730
1750
1770
1790
1810
1830
1850
1870

T I——

QAEG="UAEA A

5) Pick the first breaks. #

6) Follow the procedure described in Example 1 until all files have been picked.
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Simplify your search

APPENDIX B PLOTREFA EXAMPLES

Example 1: Three-channel Refraction Survey

Most refraction surveys are conducted with seismographs consisting of 12 or more channels.
Generally, this is the minimum number of travel times you need per shot to come up with a
reasonable velocity model. Twelve or more geophones are laid out on the ground, and a series of

shots are done at intervals along the line.
Twelve or more travel times are recorded for each shot.
This style of surveying naturally leads to first arrivals being plotted relative to the source

location. Plotting all the travel time curves together in one plot (below), is therefore referred to
as a “common source gather”.

Fle Trrvelime curve  Velooly modd  View  Teeelem rversion Feogiocsl methed  Raghiacry  Tovogeaply  Dptom  Help

2|2 S| % | A w50 o] | 5w o]o|Re] | v i ]|

Status : Mo editing =
|ms)
a0
4
-
—
- p
e
o s
B
- —
.
L | t 4 N L
@ 5 T
E ",
=2 L
g g
F T4,
b
m 4 R
u,
p"
-
o
9% non 1% o 115 VEm 12% 130 135 LD 145 150
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namled s Scale = 1] 222
] I LlJ
Flesdy Mo sdirg Trosheresal2 Sva Datsros=10d b Sopls w1 S 222
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Simplify your search

If the number of channels that you have available is less than the number of travel times you wish
to record for each shot, you can take advantage of the principle of reciprocity and interchange the
geophones and the shots. This is best illustrated by an example.

Suppose you have a 3-channel seismograph, but you would like to end up with a travel time plot
like the one above, with 24 travel times per shot. Essentially, you must simulate having a 24-
channel seismograph. You can do so by placing your three geophones where the shots would
normally have been (in this example, at 98, 123 and 148 meters; see above), and doing your
shots where the 24 geophones would normally have been. Instead of only shooting at three
locations, you shoot at 24. It’s more work but results in the same thing.

To simulate the above example, you would place your first shot at 100 meters (the location of the
first geophone above). You would record three travel times, common to that source. You shot
record would appear as shown below, and the common source plot follows:

Fie[[] Edt/Tmplay(E) Weew [W] Fuck fst anwais [F] Opbon  Help [H]

== @] |l = ] A s T A

Status : im edit mode

Source= 53 0f time=166.320msec T

m & [msac) j
in Al 50 &0 7o &0 90 e 110 @@ 130
| .:.1 .‘\”,—-.“_JA_’.-\.'_.‘\__, o — —
) 'JI
| .
I

103 |1

WY YW

\

1 - - i

] '."J'I "-,-'rl .

143 - !

©_  .aa o A
\ 7 A e VoS \

\ / L

Trigger
151 1 .
L i

W1 65 K
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Simplify your search

Appendices

@
T b Ootere Hep

Fibe Troeslise cuve  Velohy odd View  Ted

|| &[ 2| x| ®|w|x| o] o] IﬂTllH-IhIMI_lIII—I L)

Slubl: 2 Mo editing —
(s
30
=

0 3 } e
o
E
=
T
i
=

n

]
. \
a5 nn s o 115 120 125 130 135 140 145 150
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-
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72 GEOMETRICS

Simplify your search

This is your first record. Next, you would move the source to 105 meters, and repeat:

HW—HEEI
. ] ty Optern_ e

enrd  (Faal

Fie  Traveliss curve  Veleohsmoded Vew T

3| @] 7| ~] e o] o)w| | |='T|Hv|~lllvl"-d|_l|l|—|[é|

Fleade

Lippus/Underwood
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Stabus @ Mo editing
s
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=
10
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%5 Tom 1% Tim 115 120 125 130 135 4@ 145 150
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Simplify your search

You would repeat the process until you had occupied all the “geophone” stations. In the end, the
common source gather would appear as follows:

. Plotieta - Plotzola

fh!mmmnﬁWﬂimm? whod R Dohmﬂ&

=|2|@| 2| x| B|w|x| o] o] )R] < ofE llll—lml

Status : No editing =
[ms)
30
l‘
: | ¥ { .
s { { " = 1
20 S SN B ) e e ey e "™ - -
- | 1~ | -+ 1 f |
2 : { LT !
g N i Skt I
" | f LS !
\ | ) 8 B oo |
. I 4%V >3 |
10 A . L D S 7 B A b S 3 -+ e e - A
| : A « [‘t., l |
i * 1 2 X 1
i f ' < D i
. ..‘-. | 3 R o1 1 A [ ‘
) f } I M 4 pd|
N4 } : 1Y [ I A
: |+ “ ! | > .‘
95 100 05 1o s 120 125 130 135 140 145 150
Distance )
Soery, Pt Seale = 1222
@
ol ' SN _,,_ﬁ-fJ
Stan| Vot | B8] Sennimage Marnst coc (B Protreta - Plotieta QL ZD ST} sum

You have acquired 24 three-channel records, rather than three 24-channel records. But since you
interchanged the sources and receivers, you must reorganize the above into a common receiver
gather. To do so, simply click on the Common source <-> common receiver toggle switch
(Section 4.2.14, Page 176):

Lippus/Underwood B-5 Seislmager/2D Manual v. 4.0
P/N 770-00117-01 July 2024



Appendices

72 GEOMETRICS

Simplify your search

IIM_EEI
e Jaaibend Bl LM“

File  Tirwshie fve  Welooh modd  Wew T

|8 7| x| w0 0| w| s IDTIM-IHMI_IIII—IQI

Status 2 Mo editing
[mis]
30
4“'-.
- "
s . .
—
- "
n.\_\_‘. gl
- 4
70 N, SR o | o = |
e
2 =T
= A
o " .
i —
= T,
o ",
.
i \::"'-\.
u"\.
",
.,
.
L]
a5 Tom 15 1o 115 120 125 130 135 LE ] 145 150
Dustance L]
nanie? e Seale =1 ]222
-
L] L3
Flesdy Mo edirg Tiawehive= 3 lva Dietarce=i7 10 [Scnls =1/ 22E |

You can now interpret the data the same way you would have had you acquired it with three
shots and a 24-channel seismograph.
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Simplify your search

Example 2: Two-layer Time-term Interpretation

1) Open Plotrefa file: g

Fibe  Tigeohiss cureg  Vekooly e Wisw T beim e slwethod Fagtracrg Towography Opbora Heip

598/712) a[u/x5lolol i ol e

Status : Mo editing =
s
140
al, s
120 _"""'_"""""‘*-.__H_‘ .-—...-f""v’r
|- L
gt »
“"\vm_‘_\ _,l—a"/rw =

Traveltime
L]
=2

RN %
| = >
| 1L
B s ¥ it ﬁ;}z
A Ww >
/ AN

Custance "
Rediprocal modelvs Heale = 1 {500

L

A

4
e

-
-
(]
=
E]
-]
L]
-
-
-]

Heady Mo edirg T B4 T Dvstarae=tfiin [Bcsle =1 /500
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2) Import elevation file (if applicable):

) GEOMETRICS

Simplify your search

Fils Travehime cures Veloolymodel  View  Tene-bemirvestson. Aoy L hy Optiors  Help
=| | &) 7 #l ....I.l!l!l!l‘r"fn‘"rl'rilblfdl!ll- I
No editing Layered model : ¥ of layers = 2 j
]
{LiE]
= _x"'ﬁh—-—h_
o oen e  — S
] S [——
BB
o o 20 im 40 50 &0 m &0 an oo (AL} 120
Distance #
Reciprocsl madelve Scale =1 /500
LT | Ll:l
Foaady Mo adirg [Ebrwationst B Distarcss] 2 Im [Scaks = 1./500 7
3) Assign layer 2 arrivals:
Fle Tuaelesecuve Vel podd Vew  Taetam reson Aecgiocs sethed  Rapa by Dptor Heg
T P T Y s v_r13|4|r|muu|-—lml
Slublu Mo editing =
[ms]
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120 jk‘_._""'_f"*"-.. ] J'-*/‘.L‘Yr-.
. b -1
Hopu | ,,"”J jie e i
Y Rana MR o sl
PR | e s h‘\"“\ < / .4-"'_.—/,
Em I 4y - ! ! [ = ! !
3 ‘-‘“‘w \\1\‘4}) /
s Limm ™ '\_‘ o r =
S Iy ~d f,.n"'\'}( [ >=‘-‘ | / J,r**”
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4 ¥ .
s \ \ A
] m 20 an 4n 50 i} m 1 an an n 2
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L] I Llﬂ
Flesdy Mo editrg [Trerveores= 125 T Diislanece=122 Fn [Sonle =1 7500
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4) Do time-term inversion:

) GEOMETRICS

Simplify your search

Fe Tavetive curer Vekocly model Varms T [ d FRmpacry Tomspaghy Doion: Hel
=S| 7| x| exe I|!|!|I|"r|‘-';°-r R -d|l-|t=l|. L
IHn editing Layered model - & of layers = 2 j
[
1z
10&a
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E 82 026
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[it4 ' 00
n m 0 k] 40 L] 2] ra H an 1o mn 1 s
Duistance L]
Reciprocal model hrough delay mes,va Seale =1/ 500
EN | .-i;l
Ry Mo edirg |Elrvatorat3 im Distance=30 Im [ Scale =1 /500 &

5) Run raytracing routine and compare theoretical travel times to observed travel times:

Flbe  Travelies cuve  Wekooby meadd View Tl Dpmaret Helg

=|2|s| || 2|e|x|o|o/v|r .I"'r ww]ﬂ-|-|m|iJ_|—| M|

Slnbla Mo editing

[mis]
idin

120 4

Custance

Reciprocal model with layer assignments and ime berm inversion Heale = 1 4 500

— ! Oh=ersed

—: Calculate

= S —
1 I - “%:\K

P L

F o T N

A

AN TN

i)

.

ol ]
‘sunl [ inkce: - Wi |-H:mh.. Mm-..lw...l-;&m.lf_nm..l gsu-]

6) If necessary, adjust picks and layer assignments and repeat steps 4 and 5
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Simplify your search

agreement is obtained between observed and theoretical travel times. Alternatively, press

on the l:|-‘tool button to modify the velocity section directly (see Section 0, Page 204).
Run the raytracing routine after each set of modifications to see the effect on the travel
time curves.
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Simplify your search

Example 3: Two-layer Reciprocal Method Interpretation
1) Calculate reduced travel times for opposing end-shots:

2) Click on I

3) Click on appropriate travel time curves.

o Plotinla - Plotrefs

Fie Tisvebma crve Velotipmodel View Tiredesnsvsiien Fcpssed method Flghaeng Tomegghe Ot Hel

||| 7| x| w5 | oo Vo o] | oo o | 1]

Status | Mo editing =
|ms=]
140
[P Y e s
100 : = -
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e T s
H
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] |
© >
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1] r d r T T
] 10 20 ] A0 50 4] ] ] an 100 110 120
Cristance "
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4) Fit velocity line to reduced travel time curve:

5) Click on ™.

72 GEOMETRICS

Simplify your search

6) Click on the reduced travel time curve at the left end of overlap zone.

7) Drag to right end of overlap zone to fit line.

8) Right click to set velocity line.

Filn Tigvslirres oatve Velotdpmosdel Wi Timedeenrrestion  Recipeocd mefhed Aabtacing  Tomogupby  Optira  Help

|G| ] % ] ] oo o V| e | o i [ |

Status @ Move velocy line =
Set beginning or ending of line to be moved
ims)
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T | i e
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160 - \._\ . -
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9) Adjust velocity line (if necessary):

10) Click on Adjust velocity line.

) GEOMETRICS

Simplify your search

11) Click one end of velocity line and drag to new location.

;' Plotinla - Plotrefs
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i medteed Fapisacing Tomegepy Opirs  Help
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_II|I| Mohels

72 GEOMETRICS

Simplify your search

Fie  Tiavsle cuve  Velociy model View  Tied
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Simplify your search

12) Select velocity line:

13) Click on E

14) Click on velocity label; velocity line should turn red.

. Plotinla - Plotrefs

HTMmMﬂm“—“ 1 pafy Opira Help
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Simplify your search

15) Calculate delay-times for first travel time curve:

16) Right click on velocity label to display menu.

17) Click on Delay-time.

;' Plotinla - Plotrefs

Fia Tivelinacurve Velociynodel View Triedseni Facipnsed methsd Flaptiaeng Tomeguply Opira Help
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) GEOMETRICS

Simplify your search

18) Click on left-end travel time within zone of overlap on travel time curve parallel to

reduced time curve.

% Plotinla - Plotrafs

Fin Tiavebms cuve Velospnodel Ve Taneleenn Reeciprocal mothod Raiacrg Tomogopby Oplirs Hel
oF ] &) | ]| !l"r L ki e 2 0 [Ell
Status : Caloalate delay fime =
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Simplify your search

19) Click on right-end travel time within zone of overlap on travel time curve parallel to
reduced time curve.

_'r| ainla - Plolels
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20) Delay-times will be displayed.

Sl Pistinla - Piohafs
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21) Calculate delay-times for opposing travel time curve:

22) Click on H to display travel time plot.

72 GEOMETRICS

Simplify your search

23) Click on M and then click on the velocity label to select the velocity line, which should
turn red.

24) Right click on the velocity label to reveal the menu and choose Reverse.
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Simplify your search

25) Click on the Y2 T ap) line.

26) The velocity line will reverse.

. Plotinla - Plotrefs
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27) Repeat (4) and (5) above to calculate delay-times for opposing shot record.
28) Delete all reduced travel time curves.

29) Delete all velocity lines.
30) Repeat (4), (5), and (6) for all other opposing shots having reasonable overlap.

31) Create a velocity model.
32) Click on Calculate velocity model from delay-time data.

33) The velocity model will be displayed.
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. Plotinla - Plolrals

) GEOMETRICS

Simplify your search

HtTlei'\l’dﬂ:bmdd\h' Rapdincing Tomogaply Opiaes Help
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Distance I
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34) Run raytracing routine and compare theoretical travel times to observed travel times.

35) If necessary, adjust picks and layer assignments and repeat steps 4 and 5 until reasonable
agreement is obtained between observed and theoretical travel times. Alternatively, press

on the .‘ tool button to modify the velocity section directly (see Section 0, Page 204).
Run the raytracing routine after each set of modifications to see the effect on the

theoretical travel time curves.
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Example 4 — Tomographic Inversion

1) Open Plotrefa file: E

) GEOMETRICS

Simplify your search
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2) Import elevation file (if applicable):

) GEOMETRICS

Simplify your search
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3) Create initial velocity model:
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4) Do tomographic inversion:

2ol

72 GEOMETRICS

Simplify your search

1 Platreis - Plot

Fie  Traeelie cureg  Visloody model  View

Tie-berm inverson  Aeopiocalmethed  Ragacrg  Tomogaphy Dpters  Help

3|2 @| 2| &] |05 0] 0w o] B s or[Re] | v || W= =]

Mo editing Emooth model @ # of layers = 15 =
[
104
a4 1
1099 =
1] b 1050
10@0
950
amn
_ T b Py
= R
Id:ll ?5“]
[T] 1 Fon
650
L101]
L]
L] T G0l
A50
A
a4 . 1 50
£l
250
200
34
L} m 20 an 40 50 (] n &0 an an 1 nzn =]
Custance "
Aeciprocal modelve Heale = 17500
L] I LIJ
Flasd Mo edieeg Ekrwatune=bd 3n DnilanceS1. e Scas =/ 80
Lippus/Underwood B-25 Seislmager/2D Manual v. 4.0

P/N 770-00117-01

July 2024



Appendices ) GEOMETRICS

Simplify your search

5) Check agreement between measured and theoretical travel times; repeat analysis with
different starting model and tomography parameters if necessary:
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6) Convert to layered model (if applicable):

=) GEOMETRICS

Simplify your search
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- Simplify your search

APPENDIX C FUNDAMENTALS OF SEISMIC REFRACTION

A simple two-layer velocity model along with its associated travel time curve is shown below.
We will use this figure as a basis for discussing the fundamental principles underlying the
seismic refraction technique.

Note: This appendix discusses the very basics of seismic refraction and is not intended to be a
complete treatment of the subject. For more in-depth discussions, see the recommended reading
list in Appendix G. The following discussion borrows heavily from Redpath (1973). Also, the
following links will be helpful in understanding what follows.

What is a seismic wave? A seismic ray?

What is Huygen’s Principle?

What is seismic refraction?

What is Snell’s Law?

What is the crossover distance?

What is apparent velocity?

What is reciprocity?

Lippus/Underwood c-1 Seislmager/2D Manual v. 4.0
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Appendices gﬂ GEOMETRICS

Simplify your search

AV
= Crossover distance x - 51{]?'3
:t: Direct arrivals from layer 2
= . ¥ '
- : Traveltime Curve
i .
A .
~N .
7
= = ~Direct arrivals from layer I
1'. Distance (X)
e
p
-« >
a f
A
i Velocity Model
]
V,
Y T EEEEEEEEEE-
d
Vs

travels at V,

The break in slope of the above travel time curve, which occurs at the “crossover distance”,
marks the point at which travel times refracted from V2 overtake direct arrivals traveling through
V1. The equation for the first segment Ty is simply
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The equation for T- is

From the figure above,

Substituting, we get

Now,

or

Referring back to the figure,

Substituting into Equation C-2,

Lippus/Underwood
P/N 770-00117-01

T—X

Equation C-1

ac cd df

T2=—+4— .
AT

ac = df = hcos(i,).

;o 2h +a
27 Vycos(ip) Vo
Equation C-2

. bc de
tan(i,) = P

¢ = de = htan(i,) .

cd = x —bc — dc = x — 2htan(i,).

C-3

) GEOMETRICS

- Simplify your search
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- Simplify your search

2h x—2htan(i;)
TZ = - .
V1 cos(ic) Vs

Equation C-3
Rearranging,

_— 2h 2htan(i,) N x p
2 =V, cos(iy) A v, "

. 1 tan(i,) N X
27 "7\ vy cos(iy) v, v,

Substituting sin(ic)/cos(ic) for tan(ic),

T, = Zh{ 1 sin(i.) } X

V, cos(ip) Vycos(ip)| v,

Rearranging,

T —oh V, V; sin(i.) N X 4
2 VWV, cos(i,) ViV,cos(i.)) V, an

V, =V, sin(i X
T2:2h{2 1 (c)}

ViV, cos(ic) V_z
Equation C-4
From Snell’s Law,

NN
sin(i;) = —.
(i) =i
Equation C-5

Substituting Vi/sin(ic) for the V2 term in the numerator of Equation C-4,

Lippus/Underwood c-a Seislmager/2D Manual v. 4.0
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Simplify your search

Vi
sin(i) v, sin(i,) N x
1V, V, cos(i.) v,

T2=2h

T, = 2hV. W_Sln(lC) + X
2 Y)Y vV, cos(i,) v,

W—Sln(lc) +£

T, =2h
z V, cos(i.) v,

1 —sin?(i,)
sin(i,) X

T, =2h{———c 4412
2 V, cos(i.) +V2

1 —sin?(i x
T2=2h{ (ic) }+—

V, sin(i.) con(i,))  V,°

Since 1-sin?(ic)=cos?(ic),

T, = 2h cos’le) ) X g
2 V, sin(i.) cos(i.))  V, an

T, = 2h { cos (i.) } x

Vo sinG)) " v,
And from Snell’s Law (Equation C-5), we substitute V1 for Vasin(ic):

cos(i.) N x

T, =2h .
’ Vi V

Equation C-6

Since

cos(i.) = m,

Lippus/Underwood
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- Simplify your search

substituting into Equation C-6 gives us

J1—sin?(i,) x
T,=2h——+ —.
g n,

Equation C-7

From Snell’s Law (Equation C-5)

V.
sin(i,) = 71,
2
SO
1% 2
sin?(i,) = (71)
2
Substituting back into Equation C-7,
A%
1-(7) .
TZ = 2h Vl + Vz
VZ
1--21
v} X
1 2
V2 X
1 2
V2
TZ = Zh. + x/V2
Vi
Lippus/Underwood C6 Seislmager/2D Manual v. 4.0

P/N 770-00117-01 July 2024



Appendices 5):1] GEOMETRICS

- Simplify your search

VZZ - V12 + X .
AR v,

For the special case of x = 0, we get

‘V V22 - V12
T, = 2h————,
‘ iV,
Equation C-8
or, using Equation C-6,

_— 2hcos(i,) .

i v,
Equation C-9
Ti is called the “intercept time”.
Again, from Snell’s Law (Equation C-5),
|%
i, =sin! 7:

Solving Equation C-9 for h and substituting,

h = 1/2T;V,/cos (sin 1V, /V,),

and

. TV,

N =

. 1 Vi
cos (sin~1 712)

Equation C-10

Alternatively, solving Equation C-8 for h yields

Lippus/Underwood c-7 Seislmager/2D Manual v. 4.0
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- Simplify your search

L1 TV,

> T——
ViV

Equation C-11

Now, using Equations A-10 or A-11, we can calculate depth (h) by measuring Ti, V1 and V2 from
the travel time graph.

Alternatively, the crossover distance can be used in lieu of the intercept time. At the crossover
distance ic, T1=T>, so we can equate Equations A-1 and A-8:

Ty ViV, v, ?

Xe AL
2h 1_1
%7

Seislmager/2D Manual v. 4.0
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Simplify your search

1 (V1V2 V1 VZ)V1V2

(V21/1V2V 1AL

1
h=—
2 VVZ_V1 e

(V =)

N7

N

Squaring both sides,

1(V, — V)?
h2=—2 1 2
VoV

Now, V»2-V12 can be factored into

Vo + V)V, = V).

Substituting,
1 m-w?
4V + V)V, =) "¢

, _1(h-W)

AL+ V)

_1 V)
IFNZEAD N

Equation C-12

Xq2,and

Seislmager/2D Manual v. 4.0
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Equations C-10 (or C-11) and C-12 are the most basic equations in seismic refraction, relating
layer thickness to the travel time plot. Although valid only for constant layer thickness,
understanding them and where they came from is essential to understanding seismic refraction in
general. The above can be extended to any number of layers. See Redpath 1973 for a good
example of a four-layer case.

The derivation for smoothly varying thickness with flat interfaces is much more complex, and
beyond the scope of this discussion. A good treatment of the varying thickness case is also
provided in the above-mentioned reference.

Lippus/Underwood c-10 Seislmager/2D Manual v. 4.0
P/N 770-00117-01 July 2024


https://www.geometrics.com/wp-content/uploads/2023/01/redpath.pdf

Appendices 5):1) GEOMETRICS

- Simplify your search

APPENDIX D THE TIME-TERM METHOD

The time-term technique is a linear least-squares approach to determining the best discrete-layer
solution to the data. The math behind this technique is comparatively simple. Referring to the
figure below,

x
-«
source receiver
k4 k J
A
. v,
/'- v,
portion of raypath traveled at V,
we define the “slowness” S as the inverse velocity:
S 1
1= v,
S 1
2 — VZ "
From Snell’s Law,
S2
sin(i,) = —.
S1
Lippus/Underwood D-1 Seislmager/2D Manual v. 4.0
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Simplify your search

Referring back to the derivation in Appendix C (see math leading up to Equation C-6), the total
travel time from source to receiver is then

t = 25; cos(i.) z + xS, .

Now, if we define

c =25, cos(i.),

then

t =2cz+ xS,

and z and S, are unknown.

The above example (Appendix A) assumes that the refractor is parallel to the ground surface. If
we expand this to the general case — non-parallel, curved surfaces, as shown below — we end up
with three unknowns rather than two: z1, z2, and Sa.
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Now, we have

Generalizing, we get

In matrix form, we get

Lippus/Underwood
P/N 770-00117-01

t =czy +cz, +x5,.

t] = Z Cijk + ijZ .

k=1

D-3

receiver
-\-\-"\-\_
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wr
Cn G GO Cm M5 5
€ Cn Oy Cop X2 | 52 L
Gy € G Cap X3 || I3 L
Ca Cp Cg Cam X4 Iy
_'_.n'f
3 le Cm! c‘mi C‘m” xm A '52 A Il'?:l

where m = number of travel times, and n = number of receivers (depths to be calculated). We can
now solve for the matrix for z;...zn and S,.
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APPENDIX E THE RECIPROCAL TIME METHOD

The reciprocal time method is a much more “hands on” approach than the Time-term Method.
Fewer assumptions are made, and the interpreter interacts with the software to a much greater
degree, providing much more input.

Generally, the Reciprocal Method should be used when the desired result needs to be as detailed
as possible. Read Palmer (1980) for a complete treatment of the Reciprocal Method.

The Reciprocal Method (and the Time-term Method, for that matter) generally requires more
data because of its use of “delay-times”, which require a refracted arrival from each direction
(see Section 0, Page 245). Ideally, data is acquired such that a delay-time can be computed
beneath each geophone. The depth is then computed from the delay-time and the velocity.

We will now introduce the concept of the delay-time.

Referring to the figure above, and following the derivation of Equation C-6 in Appendix C,

cos (i;) «x
Vi Vv,

T2:2h

It is easy to show that

hycos (i;) AB  hgcos (i,)
Typ = ———+—+———=
AB 2 v, 2

R
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P/N 770-00117-01 July 2024



Appendices

~

h,cos (i AP h,cos (i
TAP=A (c)+_+p (c)

Vi £ Vi

hg cos(ic) BP  hy,cos(i.)
A v, Vi

We define

to =Tap +Tpp — Typ -

Equation E-1

Substituting,

" v, " noo v
_ [ha cos(i.) N AB N hg cos(i.)
Vi V2 Vi

or

AP BP AB 2hycos (ic)
toc——F—+—+———.
, V» 7 Vi

Referring to the figure, we see that

Lippus/Underwood

P/N 770-00117-01 E-2
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b = {hA cos(i,) N E N h, cos(ic)} N {hB cos(i,) N BP N hp cl(;s(ic)}
1
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Simplify your search

AB = AP + BP.

Substituting,

_ 2hpcos (i)

Now, to is twice the time required for the seismic energy to travel from P to P’. We call to/2 the
“delay-time”.

Delay-time Dr at point P =

Equation E-2

Next, we shall examine the concept of reduced travel times. Computing reduced travel times is
useful because it tends to remove the effect of changing layer thickness on the travel time curve
and allows a better measurement of velocity. As will be seen, it also allows the computation of
delay-time and hence, refractor depth.
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| ,:" II']'lll‘ll [ 1
| / | | ||I I| 13
____..I-_l---- --------------------- I.".I 'I._.'! I |I |
FLa Ll _ II II
P e I——— Il

-
T | -
Il TSP L UL L

Referring to the above figure, we define 7" ap (the reduced travel time at point P for a source at
A) as T4p-. This is represented by the red arrow. Upon examination, it should be apparent that a
plot of 7” vs. X, since all that changes with the position of P is the length of the ray traveling at
V2, will be roughly linear, unaffected by changes in thickness of the layer. Further, its slope will

be 1/V>.

Mathematically, Tap’ can be expressed as follows:

1 tO
Tap = Tapr = Tpp — o

From Equation E-1, we see that

, (Tap + Tpp — Tap)
Typ = Tap — 2 .

Equation E-3

Lippus/Underwood E-4 Seislmager/2D Manual v. 4.0
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Simplify your search

Rearranging, we get

;o Tyg  (Tap — Tpp)
Lp=—t—%

Equation E-4

The above equation allows a graphical determination of the T’ curve. Refer to the figure below:

Lis 15

The travel time curves represent what you would expect to see from a velocity structure in which
the thickness of layer 1 varies with x. Tag is known as the “reciprocal time”. We have drawn in
YT as, Which is the first term in Equation E-4.

The second term,

(Tap — Tgpy
2 )

can also be determined graphically, as shown below:
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AB

I AP~ TBP

N

J.? .-":2 T 4B

Now, using Equation E-4, we can draw the reduced travel time curve by adding Tap-Tgp/2 to the
Tag/2 line:
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AB

TAF- BP

The slope of T” is 1/Vo.

We now have everything we need to calculate the delay-time at point P. Combining Equations E-
1,

(Tap + Tpp — Tap)
2 )

to = Tap —

and E-3,

(Tap + Tgp — Tap)
2 )

TA{P =Tap —
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P/N 770-00117-01 July 2024



Appendices @ GEOMETRICS

Simplify your search

we see that

Tap =Tpp —

Combining with Equation E-2,

2 Vi ’
we get
— hp cos(i.)
AP = lap v, .
Equation E-5

From Equation C-6 in Appendix C, it is fair to say that

2hp cos(i,) «x
Tpp =ty =

Equation E-6
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Combining Equations E-5 and E-6 gives

hpcos (i X
1y, = ecos o) | X

Vi V2
Equation E-7
We see from Equation E-2 that
h, cos (i)
Dop = P
TP Vl
Substituting into Equation E-7 yields
Tap = Dyp + a
AP TP v,
So the delay-time at point P is
Drp =Tygp ——.
TP AP V2
Equation E-8
Lippus/Underwood E9 Seislmager/2D Manual v. 4.0
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Depth can then be calculated by solving Equation E-2 for hp:

_ DrpVy
P cos (ip)
Equation E-9
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Simplify your search

APPENDIX F THE TOMOGRAPHIC METHOD

The tomographic method involves the creation of an initial velocity model, and then iteratively
tracing rays through the model, comparing the calculated travel times to the measured travel
times, modifying the model, and repeating the process until the difference between calculated
and measured travel times is minimized. The math is quite complex; what is presented here
assumes a working understanding of upper-level calculus and linear algebra.

The essential goal is to find the minimum travel time between source and receiver for each
source-receiver pair. This is accomplished by solving for | (raypath) and s (inverse velocity or
“slowness”). Since we know neither, the problem is under-constrained, and we must use an
iterative, least-squares approach.

Source
"""--._,_‘_‘_‘_ -
1] ) Receiver
<:: ’
T -S'
M\H‘“‘E J
\.\\\\\
\\-\

Figure F-1: Raypath through velocity cells.

Lippus/Underwood Seislmager/2D Manual v. 4.0
P/N 770-00117-01 July 2024



Appendices

Definition:

b

S = “slowness’
v = velocity

lij = raypath
t; = jv(x) = jS(x)dx

In discrete form, we get

ti = Sllil + Szliz + S3ll'3 + S4_ll‘4_ + -+ SNlN ’

or
N
j=1
Lippus/Underwood E-2
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72 GEOMETRICS

Simplify your search

We end up with M simultaneous equations (one for each travel time), and N unknowns:

tl = 11151 + L1252 + -+ llNSN
tz = l2151 + Lzzsz + -+ lZNSN

t3 = 1318; + L35, + -+ [3ySy

tM = lM151 + LMZSZ + -+ lMNSN

In matrix notation, we get:

Raypaths Model Travel time

This is the least-squares method. Generally, M > N.

Example 1: Three equations, two unknowns:

2x1 + xz S 11
4’x1 + xz S 17
6x1 + xz S 23
Lippus/Underwood E-3
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Unknowns are x1 and xz. In matrix notation, we get:

2 1\ .. (11
AX =4 1 (x2)= 17)=v.
6 1 23
(AX = ).
Matrix A is a Jacobian matrix;
fl = le‘l‘xZ_ll

f2=4x1+x2—17

f3:6x1+x2_23

or
o Of
dx; 0x,
2 1\ o, of
A=4 1)|=|"F =
6 1 dx; 0x,
o of
dx; 0x,
Error = E = AX-Y.
Lippus/Underwood Fa Seislmager/2D Manual v. 4.0
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We wish to minimize the sum of squares errors:

E=UAX-Y)T(AX -Y) = ||AX = Y||? » Minimize

We set the derivative of E to zero,

dE
T =
X 2AT(AX -Y) =0,

and solve for X:
ATA)Xx =ATy.
Back to our three equations,
fi=2x;+x,—11
fo =4x; +x,— 17

f3:6x1+x2_23

and solving,

Lippus/Underwood F.5 Seislmager/2D Manual v. 4.0
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Simplify your search

2 1
=G 49+ 1)-C 49

11
17 |= ATy,
23

=5 ) = ()=

X =(ATA)7TTATY = (—1022 2._303'3?3) (25218) - (g)

S0 X1 =3 and x2 = 5.
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Example 2:
Four cells (velocity unknown).
4 >
slowness
2 0.5
)
e

C D

1 1.5

)

5 raypaths:
\ A B
1 1
1 (8 I\
X
2 4 5

Observed travel times are:
Lippus/Underwood F.7 Seislmager/2D Manual v. 4.0
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Simplify your search

t, 2405 2.5
() (|2
T=]|t|= 1+1.5 = 2.5 |.
\t4/ \ 0.5+ 1.5 / \ 2 /
ts 2v/2 + 1.5V2 495

Jacobian matrix A (length of ray passing through each cell) is:

(1
1
L=10

¥

SO kR OO

SO O R = O
- o O
\__/

ti = Sllil + Szliz + S3ll'3 + S4_ll‘4_ + -+ SNliN

dt; l
aS; H
Equation to be solved:
1 1 0 O S 2.5
1 01 0 51 3
Ls=|10 0 1 1 |[{Z2]|=]|25|=T
S
0 1 0 1 53 2
V2 0 0 2/ 7% 495
Lippus/Underwood F-8 Seislmager/2D Manual v. 4.0
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Simplify your search

Normal equation:

4 1 1 2\ /S 12.5
rre_[1 2 0 1\[S2) [ 45 _ ¢
L'LS = 1 0 2 1]J\S) | 55 =UT.

2 1 1 4/ \S, 11.5

Sr=(01 S S3 Sp)=(@ 05 1 1.5)

e Jacobian matrix requires raypath.
e Raypath cannot be calculated without a velocity model.
e Cannot solve at once.

e Must use a non-linear least-squares method.

If the Jacobian matrix is not a constant,

y(2) = x,z—x,e7%%3

/a}’(z1) dy(zy) 8y(z1)\
0xq dx, 0x3
0y(z;) 0y(z;) 0y(z)
A= 0x4 0x, 0x3 =

\ay(zm) 0y(zp)  8Y(Zm) |

0xq dx, 0x

Lippus/Underwood F9 Seislmager/2D Manual v. 4.0
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zy —e A% —x,z,e”%A%s
z, —e % —x,z,e7%2%s

)
Zy, —e ‘m¥3  —x,z e m¥3

and parameter X is in matrix A.

Iterative Solution of a non-linear least-squares matrix:

1) Calculate theoretical value yo for initial value xo.
¥o(2) = y(z,%0)
2) Calculate residuals (4y) between theoretical value yo and y.
Ay =y —yo
3) Calculate correction value for x(4y) by the least-squares method.
(ATA)Ax = AT Ay
4) Calculate new estimate for xi.
5) Return to Step 1.

6) Stop when residual error reaches acceptable value.
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- Simplify your search

Example 3:

Model:
Zx3

y(z) = x,z — x,e”

True solution:

Eleven observed data:

v(z)

2
0.26421
1.729329
2.900426
3.963369
4.986524
5.995042
6.998176

7.99932
8.999753
9.990900

| [ W) g W] Ry ) e ] I

WO S

—
L)

Partial differentiation:
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Initial model:

Jacobian matrix A:

Lippus/Underwood
P/N 770-00117-01

dy
— =z
dxq
ay — _e—ZX3
dx,
dy
— =x,ze %3
0x3 2
X1 12
xo = xZ = 23
X3 2
F-12
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Simplify your search

/63’(21) dy(z1) aJ’(Z1)\
0xq dx, 0x;
dy(z,) 0y(z) 0y(zy)
Ay = 0x1 0x, 0x3

\a)’(Zn) 0y(z11) 0y(z11)
d0xq dx, 0x5

Z, e A% —x,z,e %13
/zz e 2% —x,, e” 7273 \
Z11 —e %11%3 —X,Z11€ 11X3

0 -1 0
1 —0.1353352832 0.4060058497
2 —0.0183156389 0.1098938333
3 —0.0024787522 0.0223087696
4 —0.0003354626 0.0040255515
=] 5 —=0.0000453999 0.0006809989
6 —0.0000061442 0.0001105958
7 —0.0000008315 0.0000174621
8 —0.0000001125 0.0000027008
9 —0.0000000152 0.0000004112
10 —0.0000000021 0.00000000618
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Simplify your search

Observed data:

YT =(-2.0000 0.264241 1.729329 2.900426 3.963369 4.986524 5995042 6.998176 7.999329 8.999753 9.999909)

Theoretical data for initial model:

Yy =(—3.0000 1.5940 3.9451 5.9926 7.9990 9.9999 12.0000 14.0000 16.0000 18.0000 20.0000)

Residual vector:

AY =Y, —Y

AY{ = (-1.0000 1.3298 2.2157 3.0921 4.0356 5.0133 6.0049 7.0018 8.0007 9.0002 10.0001)

RMSE (Root Mean Square Error):

AYT AY,
RMSE, = |——"2=159449
11
385  —0.181 0.71304
ATA,=| —0.181 1.0187 —0.057

0.71304 —-0.057 0.17743
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386.3
ATAY, = ( 0.7702

0.8728
Solve:
(AGAg)AX, = AGAY,

Get:

1.0016
AX, = | 1.0021

1.2162

New estimated value for X(X1):

X1:X0_AX

2 1.0016 0.9984
X;=(3]—11.0021|=1|19979
2 1.2162 0.7838

Calculate residuals (RMSE) from new estimation of X(X1):

Lippus/Underwood
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AYTAY,
RMSE; = |~ =0.0793

In second calculation,

385  —1.543 8.19332
ATA; =| —1.543 1.2635 —0.6652

8.19332 —-0.6652 2.02955

—1.854
ATAY, = | 0.123

—0.372

Correction is:

—0.001
AX; = | 0.002

-0.179

Corrected model is:

0.9984 —0.001 0.9994 1
X, =(19979 | —| 0.002 |=|19959 |=|2
0.7838 -0.179 0.9625 1

Residuals are:

Lippus/Underwood
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Simplify your search

AYTAY,
RMSE, = =0.0122=0
11
Summary
Simultaneous equations:
LS=T

L is a function of S (non-linear problem):

L(S)S=T

Raytracing

Initial model ST > L Jacobian matrix L (ray-paths)
~0 0

c
]E} Theoretical traveltimes

Then,

Lippus/Underwood F17 Seislmager/2D Manual v. 4.0
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ATO=T0_TOC=T0_L050.

Calculate correction:

LOASO = ATO

Correct model:

Sl = SO + ASO

In the k" iteration:

ATk = TO _Tlg = TO _LkSk

LkASk = ATk

Sk+1 = Si +ASy

Solve large matrix:

Lippus/Underwood
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Use diagonal:

Lippus/Underwood
P/N 770-00117-01

Z

ATl

~n 12
i= 1lU

Q
IR

AS,
AS,

ASp,

z At,l;,

Tl

Atli
1

:II

At;lis

'M

-~
1l
g

a2t

~

F-19

[y

n ..
l=1lU
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Simplify your searcl

Example 4:

From Example 2:

1 1 0 O S 2.5
1 01 0 Sl 3
Ls=lo0o o0 1 1 SZ = 2.5 =T
0 1 0 1 53 2
vZ 0 o v2/ * 4.949747
Initial model:
st=1 1 1 1)
Calculate residuals:
2.5 2 0.5
3 2 1
AT, =T-T=| 25 |- 2 =| 05
2 2 0
49497 2.8284 2.1213
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Simplify your search

RMSE:

ATTAT
RMSE, = |—

= 2.44949
e.g., in the first cell,
1 1 2
n (Ati/ )L-- =X 0.5 ><—><1+£><2.1213
Ag = Lj)"0 2 2 2V2
g YLy 1+1++2
= 0.53033
Similarly,
1 053033 1.53033 (Normal
_ 1 0.125 _ 1.125 .
S1 =8 +AS = 1 0375 = 1375 equatlon_ |sd
1/ \0.383883 1.383883 not required)
Lippus/Underwood Fo21 Seislmager/2D Manual v. 4.0
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Second iteration:

2.5 2.65533 ~0.1553

3 2.90533 0.09467

AT, =T-Tf=| 25 |-|275888|=]|-02589

2 \2.50888 —0.5089

4.9497 412132 0.82843

RMSE:
TTAT
RMSE, = = = 1.02243

Lippus/Underwood
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General Summary
Calculation of travel times by raytracing,
Source Recelver

\ I e Ray path

I|I ) H"'"—-..

{ l . Cell

—— ]
T — . Node
L ]
1 L
*———» * * & &

we want to calculate the shortest path between A and B
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Figure F-2: Finding the shortest path between A and B.
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3.0000

m'sec

Figure F-3: Progression of raypaths through velocity model.
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Geometrics, Inc. takes no responsibility for any interpretation of data or effects resulting from
use of the Seislmager software package or its support of the Seislmager software package.
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