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Introduction gﬂ GEOMETRICS

simplify your search

1 INTRODUCTION

Welcome to SeisImager/SW™! SeisImager/SW is an easy-to-use, yet powerful program that
allows you to analyze multi-channel active- and passive-source (microtremor) surface wave
data. SeisImager/SW includes functions to perform the following basic procedures, and more:

Input and display data.

Control how data is displayed.

Make changes/corrections to data files and save them.

Calculate and edit dispersion curves.

Invert data for a one-dimensional shear-wave velocity curve.

Invert data for a two-dimensional shear-wave velocity cross-section.
Display results in graphical form.

SeisImager™ 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 to
walk you through the analysis process. The overall structure of SeisImager is shown below:

Seisimager

LLL L

.......
......
wt®

Wave processing’ «,

W, V. Seisimager/SW

- . o g e Ye,
A .
. ' B _ o ., . Dispersion curve and H/V analysis

............ WE
Selslmager/DH :
Refraction analysis Visualization
’ PR GP
j poL CLETTPPPTE L b
Senslmager/20
Figure 1: SeisImager family of applications.
1
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Pickwin and WaveEq are the main modules used for surface wave data analysis, making up the
program called SeisImager/SW, which is available in two packages. The first, SeisImager/SW-
1D, is capable of one-dimensional (1D) analysis of multi-channel active- and passive-source
(microtremor) data, with output of a single curve of shear-wave velocity (Vs) viewed in
WaveEq. The second package, SeisImager/SW-2D, is capable of two-dimensional (2D) analysis
of multi-channel active- and passive-source data, with output of a cross-section of Vs viewed in
GeoPlot. Note that GeoPlot is its own standalone module for general data visualization. In this
manual, only the GeoPlot functions needed in the 2D surface wave analysis process are covered.
See the GeoPlot manual for full documentation of GeoPlot.

For refraction data analysis, Pickwin and Plotrefa make up the program called SeisImager/2D. A
separate manual exists for SeisImager/2D, and due to the overlap of Pickwin with
SeisImager/SW, reference is made to the SeisImager/2D manual for explanation of the common
Pickwin menus.

SeisImager is also available for rent in run-time periods of 40, 75, and 250 hours. The rental
package, by default, includes both SeisImager/2D and SeisImager/SW-2D.

Section 2 of this manual describes software installation. Section 3 describes data acquisition
methods, and Section 4 describes data analysis using the wizard. Section 5 describes the features
and capabilities of SeisImager/SW-Pro™. Section 6 explains the surface wave functions of
Pickwin, and Section 7 describes the WaveEQ functions. Appendix A goes through the basic
processing flows, and Appendix B discusses data quality control. Some theory is touched on (see
Appendix C), but this manual is not meant to be a treatise on multi-channel analysis of surface
waves (MASW) or microtremor array measurements (MAM). It is assumed that the user has a
reasonable grasp of the main principles of seismology and mathematics to understand the
principles behind the analysis techniques employed by the software. Appendix D provides links
to online tutorials with example data, and Appendix E provides a list of links to short course
material. Finally, see Appendix F for a list of recommended reading on surface wave theory and
techniques.

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 tool bar in Acrobat Reader (as of this writing, the toggle switch was F8) to simplify
navigation:

@ 0 WO 6

Figure 2: Acrobat Reader navigation tool bar.

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.

Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



Introduction @ GEOMETRICS

simplify your search

The manual makes liberal use of color, so if you elect to print it, using color is highly
recommended.

Finally, we are very interested in your constructive criticism of both this manual and the software
itself. Please contact us at seismicsales @ geometrics.com with any comments you might have.

Note: This is a general manual covering all features of all versions of SeisImager/SW. There are
several tiers of software available, all having different sets of features. If you see features
described in the manual which are not present in your software, it is because the level of
software you purchased does not include those features.

Note: SeisImager/SW includes many features that are very rarely used, and only then by a select
few, often only those who requested the features in the first place. The average user will
generally have no need for them. In the interest of completeness, these features, although not
described, are included in this manual, with a pointer to our support email. If you see something
that you think you might wish to make use of, please contact Seislmager support.

Note: Seislmager/SW 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:

¢ (lose 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

Seislrnager is alveady registered.

Corplete installation

View or change registration [ﬂ

e Select View or change registration. You will be presented with the SeisImager 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 temporarily ‘

Transfer registration to another PC ‘

& gsign registration ID ‘

Drelete registration ‘

Restore all modules to default settings % ‘

Ahout Beislmager Registration |

[ Usze 331 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.

Prior to reading this manual, you might find it instructive to watch some videos on MASW,
MAM, and H/V data acquisition and analysis:

Seismic Surface Waves Overview (5.48)

1D MASW (active-source) Field Setup and Data Acquisition — Geode Seismograph (4:53)

1D MASW (active-source) Data Processing using SeisImager/SW (30:53)

Atom Seismograph Field Operations and pro (9:37)

MAM and H/V Analysis of Atom Data (28.53)

1D MASW (active-source) and MAM (passive-source) Acquisition and Analysis using the
Atom-1C Seismograph (50:40)
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2 INSTALLING THE SOFTWARE

The SeisImager 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™, or StrataVisor NZXP™, or Atom™ seismograph, which all include the Lite version of
SeisImager/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 manual 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.

To install or update the software, click on the file named SeisImager.msi (or
SeisImager_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:
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(& T have a registration ID

,7 Register

" I do not have a registration ID

Readme: SeisImager Packages and Modules ‘ Advanced options

‘Seisimager

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

2:3:02
For Seislmager2D Lite only:

Seismograph SN Register

Company/ Affiliation ‘

SeisImager/2D : None SeisImager/’SW : None

Pickwin Plotrefa WaveEq GeoPlot
] & g o]
] &) @] o
{0 (63 £
@) (s
r =

-

Online registration and database (optional):
User information

Usage information

SeisImager/DH : None

GeoPlet3D PSLog SPACPlus
ol {5 (ol
i 2] (]
I—
=
Primary database and user sign-in

Username

Password

If you already have a registration ID, indicate as such, type it in, and press Register. If you do not
have an ID, click I 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:

£ Type here to search

N

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 register will reflect the programs that have been
registered, as shown below. In this case, Pickwin Pro™ and Plotrefa Pro™ are the programs that

have been registered.
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ﬂ Seislmager Registration

T Exit
e e I S m a e r Readme: SeisImager Packages and Modules ] Advanced options
2:3:02
=For all single and multi-package licenses (except for single SeisImager/2D Lite licenses, see right): For Seislmager2D Lite only:
& T have a registration ID Seismograph SN Register
MHACIKAN4TMY Register
" I do not have a registration ID Ciacy S thiatod ‘
SeisImager2D : Pro | SeisImager/’SW : None SeisImager/DH : None
Pickwin Plotrefa - 1 —WaveEq GeoPlot GeoPlet3D PSLog SPACPlus
€ Hone V;' r F;»': & & Viewer & Tiew it &
' o £ Staschr £ Stand £ Stancs e st
T J: o =2
Ll (+ F
= =

-
-

Online registration and database (optional):
User information Primary database and user sign-in
Username

Password
Usage information

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:

e R o] e ] e T Q= =
v U5 B5 P 55 5 P
aPW @ PR AWE #PS #mGP aWZ 5P+
Pickwin Plotrefa WaveEq PSLog GeoPlot Surface SPACPIus
(Pick First  (Refraction (Surface (Downhole  (Visualize Wave (Download
Breaks or Analysis) Wave Seismic) Data) Analysis and

Dispersio... Analysis) Wizard  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 or will be used. You may wish to create a folder for the various shortcuts to avoid
cluttering on your 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.
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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

Incorrect registration 1D,

A Y

The program will run as a demaonstration version 15 times,

The program can be opened 15 more times.
m; iﬁg% OKI’J I l
} ||

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

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

box (lower left) and type “SeisImager” to find the SeisImager Registration . R 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 b The program is registered as Seislmager/2D Pra.

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
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below. Press OK.

Pickwin

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

i

Mumber of traces = 512
Mumber of samples = 65536

Refer to the Options menu, under Dimension size, for maore
information.

This completes the description of 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/SW with a seismograph, you are also entitled to
the Lite version of SeisImager/2D. If you do not already have a license for SeisImager/2D, Lite
or otherwise, but would like to order a copy, please contact us at support@ geometrics.com.

A general recommendation when using the SeisImager suite 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 quickly launch 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 DATA ACQUISITION

SeisImager/SW includes the functions for three main processing flows, two for analyzing active-
source datasets and a third for passive-source datasets. Methods for collecting these data types
for input to SeisImager/SW are discussed in this section with specific set up instructions using
the ES-3000, SmartSeis ST, Geode, and StrataVisor NZ seismographs. The basics of running the
acquisition and data analysis software are covered, with a brief introduction to surface waves.
We recommend and refer you to the published body of literature for an in-depth discussion of
surface wave theory and survey methods (See Appendix F, Page F-1.)

Dispersion, or change in phase velocity with frequency, is the fundamental property utilized in
surface wave methods. Shear-wave velocity (Vs) can be calculated by mathematical inversion of
the dispersive properties of surface waves. Surface wave dispersion can be significant in the
presence of velocity layering, which is common in the near-surface environment. In this
application, we are concerned with the Rayleigh wave, which is also called “ground roll”, since
the Rayleigh wave is the dominant component of ground roll. Although there are other types of
surface waves, the term “surface wave”, when used in the SASW (Spectral Analysis or Surface
Waves), MASW (Multi-channel Analysis of Surface Waves), or MAM (Microtremor Array
Measurement) context has come to mean the Rayleigh wave.

There are two ways surface waves are generated. “Active-source” means that seismic energy is
intentionally generated at a specific location relative to the geophone spread and recording
begins when the source energy is introduced into the ground. This contrasts with “ passive-
source” surveying, also called “microtremor surveying”, or sometimes referred to as “refraction
microtremor” (or the commercial term “ReMi”) surveying. In passive-source surveying, there is
no time break, and ambient vibrations from energy generated by cultural noise, wind, wave
motion, etc. at various (and usually unknown) locations relative to the geophone spread is
recorded.

Surface wave energy decays exponentially with depth beneath the surface. Longer wavelength
(that is, longer period and lower frequency) surface waves travel deeper and thus contain more
information about deeper velocity structure. Shorter wavelength (that is, shorter period and
higher frequency) surface waves travel shallower and thus contain more information about
shallower velocity structure.

In this context, by their nature and proximity to the geophone spread, it can be said that higher
frequency active-source surface waves resolve the shallower velocity structure and lower
frequency passive-source surface waves resolve the deeper velocity structure. When the total
depth of interest is great enough to require use of passive-source surveys, it is still very
important to sufficiently sample the shallower depths. The shallower section will have a
relatively large impact on average IBC Vs100 (UBC Vs30) curves and the usefulness of Vs
cross-sections. In SeisImager/SW, the results from active- and passive-source surveys can be
combined to maximize the resolution and overall depth range of investigation.
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3.1 1D MASW DATA ACQUISITION

Seismic energy for active-source surface wave surveys can be created in various ways, but a
sledgehammer to strike the ground is recommended since it is a low cost, readily available item
and tends to be energetic enough for most near-surface investigations. Of course, a
sledgehammer may not be appropriate for all situations and the actual source used should be
tailored to the survey scale and goals. To signal to the seismograph when the energy has been
generated, a trigger switch is used as the interface between the hammer and the seismograph.
When the sledgehammer hits the ground, a signal is sent to the seismograph to tell it to start
recording.

Table 1 on Page 12 summarizes the parameters suggested for active-source 1D MASW surveys.
Most parameters are self-evident, but two settings to consider further, as they relate to the depth
range of sampling, are the spread length and geophone interval.

Surface waves sample to an approximate depth of their wavelength divided by three.
Furthermore, in surface wave surveying, it is assumed that the longest wavelength that can be
sampled is as long as the spread length. So, to determine the spread length, two times your depth
of interest is a good (and the accepted) rule of thumb. However, when combining active- and
passive-source results, since the passive-source survey can be used to sample greater depths, the
active-source survey spread length need not always be as long as two times the depth of interest.
To determine the active-source survey spread length, it is suggested to consider the maximum
distance that the source energy propagates and the shallowest depth of interest.

For an active-source survey with a sledgehammer, a geophone interval of 1.5 to 3 meters (5 to 10
feet) is suggested. Using a 24-channel seismograph, this would give a spread length of 35 meters
(115 feet) using the 1.5-meter (5-foot) geophone interval. Applying the 2 wavelength (or spread
length) rule of thumb, the depth of sampling would be about 17.5 meters (58 feet). Depending on
the site materials and conditions, source energy may not strongly propagate to an offset of 35
meters (115 feet), and stacking may be needed and/or the geophone interval may need to be
reduced. You must find a balance between signal propagation, geophone interval, and the spread
length. Site-specific testing and judgment should always be applied to confirm that the suggested
recording parameters are appropriate.

If you are only doing an active-source survey and will not have passive data to resolve greater
depths, it is recommended that the spread length be equal to about two times the depth of
interest. Additionally, the active-source survey can include two (or more) spreads, one with a
shorter spread and lighter weight hammer and one with a longer spread and heavier weight
hammer (or other source), to sufficiently sample a range of depths.

11
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



Data Acquisition

/) GEOMETRICS

simplify your search

Parameter

Setting

Spread configuration

Linear.

Spread length

About equal to depth of interest when
supplementing with passive-source data; about
equal to two times depth of interest if no
passive-source data available.*

Geophone interval

1.5to 3 mor 5 to 10 ft. *

Total number of geophones

12 or more, minimum of 16 preferred.

Geophone type

4.5 Hz vertical geophones, with base plates for
surveys on paved ground.

Shot locations

Minimum of one shot, located in-line and off-
end (either end) of spread; reverse shots
suggested.

Shot near offset

About 10% to 20% of spread length; an
additional shot located at about 40% of spread
length is suggested.

Source equipment

Sledgehammer (most common), 8 1bs (3.6 kgs),
16 Ibs (7.2 kg), 20 Ibs (9 kg), scale hammer
weight up with increase in spread length*, and
striker plate.

Trigger

Hammer switch taped to sledgehammer handle
and connected to seismograph trigger port.

Sample interval

0.5 ms.

1 to 2 seconds; long enough to capture the

Record length surface wave train.
As needed to improve data quality, wait for
Stacking quiet times to shoot.

*Also refer to preceding discussion in text.

Table 1: 1D MASW Acquisition Parameters.
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3.1.1 1D MASW SURVEY GEOMETRY

The geometry of a survey describes the spatial relationship of the shot and receivers. The spread
of receivers will have some configuration and relative spacing to the shot(s). When there is one
or just a few shots per survey, the geometry is simple and easy to track and record. When the
number of shots grows, and especially if the spread locations change, like for a 2D MASW
survey (Section 3.3, Page 38), recording the geometry requires more attention and effort.

3.1.1.1 1D MASW SURVEY SPREAD CONFIGURATION

For 1D MASW surveying, a linear spread configuration is used (Figure 3). The geophones are
configured in a straight line on the ground and interconnected with a spread cable (black line).
The distance between the first and last active geophones is the spread length and the distance
between the shot location and the nearest active geophone is the near offset. The resultant Vs
curve is an average over the spread and accordingly should be located at the center of the spread.

Geophone
rd K

W W W W W W W W W W YW W W W e
S - — N r
Y '
Spread length Near offset Shot point

Figure 3: 1D MASW survey spread configuration.

3.1.2 1D MASW SURVEY DATA A CQUISITION WITH GEOMETRICS
SEISMODULE CONTROLLER SOFTWARE

The data acquisition setup is illustrated using the Geometrics Seismodule Controller Software
(SCS) for the ES-3000, SmartSeis ST, Geode, and StrataVisor NZ seismographs. Other
seismographs that record data in the SEG-2 file format can also be used. In this section, the
essential software dialog boxes pertaining to acquisition of surface wave data are discussed, with
the menu paths indicated in the PATH boxes. The menus and dialog boxes are addressed in order
that they appear in the software, working from left to right on the menu bar. You may also want
to set parameters in other dialog boxes not mentioned in this section. Please refer to the separate
manual specific to your seismograph for a complete explanation of SCS. The seismograph
manuals should also be referred to for instructions on how to set up the system hardware.

The first step is to install SCS. Once this is done, launch SCS from the icon on your desktop, or
from the Start menu under All Programs | Geometrics, Seismodule Controller.
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...........................

If this is the first installation of SCS on your PC, you will be presented with a 12-digit code and
asked for a registration password. Copy and paste the 12-digit code in an email and send with the
serial number of your seismograph to support@ geometrics.com. You will be sent a 40-digit
registration password. Email is recommended because it is easy to mistype or misspeak the code
and registration password.

3.1.2.1 1D MASW SURVEY SCS SETUP

First, select Survey | New Survey to assign a Survey Name and Initial Line Number. The Survey
Name is used as the name for the survey log that is maintained during the survey. All software
activities during the survey, such as parameters set or files written to the hard drive, are saved to
the survey log. The survey log is a text file that you can recall for reference later. Press OK when
done.

Mew Survey Log File

Survey Mame |Active_Site_1 oK. |
- Cancel |
Initial Line Mumnber |4

[

Next, select Geom | Geophone interval and set the distance between each geophone in the line,
and the applicable units. Press OK when done.
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This is geophone interval of next file to be written

Geophone Inkeryal 5 FEET j

Next, select Geom | Group/Shot Locations and set up the survey geometry. In the Geometry
dialog box, it is recommended to navigate using the keyboard keys, not the mouse. The up and
down arrow keys will move the cursor between rows and the right and left arrow keys will move
the cursor between columns. Note that the Backspace key functions the same as the left arrow
key.

Below the graphical display of the spread, the parameters are viewed as rows and columns. The
row names are shown on the left-hand side and the column names are the Trace numbers shown
just below the spread graphic. The cells for Interval are offset to indicate that the entered value is
the distance between Trace 1 and 2, 2 and 3, etc.
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This is geometry of next file to be written

Shot coardinate |.2_5

UE'SD
i i i i i i i il
1 2 3 4 ) 5] i i}

Trace 1 2 3 4 5 E

Interyal | s00 | s00 | =00 | EO00 | AOO

Geophone g [T 500 [ o000 | 1500 | 2000 | 2500

coordinate

Gain | LOw' 24 | LOW 24 | LOW 24 | LOw 24 | LOW 24 | LOW 24

Use | DATA | DaTA | DATA | DAaTA | DATA | DATA

Freeze | mNO | MO | MO | NO | WO | HNO

2l |

USE LEFT/RIGHT EE%S SHIFT SHOT POIMT BY PHOME INTERWAL
OR EMTER MEW SHOT LOCATION.
PRESS ENTER “HEN DOME.
DOwt KEY FOR PHOME INTERWAL

v Ripple ] | Cancel [In Fest )

The Geophone Interval entered in the previous dialog box is shown. The default Shot Coordinate
and starting Geophone Coordinate is zero, but you may use whatever numerical coordinate
system you wish. If a value is changed, the change will “ripple” through the rest of the geophone
coordinates if Ripple is checked (the default).

Note that the seismograph and geophone cable are wired so that the seismograph is always on the
“high side”. That is, in native configuration, the nearest channel or geophone to the seismograph
is always the highest channel number. For example, with a 24-channel Geode seismograph
connected to a standard 24-takeout spread cable, when the line is set up, the nearest geophone to
the Geode will be connected to channel 24. Further on this point, if you want the source location
to be off the end nearest the seismograph, the Shot Coordinate value will need to be changed
from O to the appropriate value greater than the coordinate of geophone 24. Once it is determined
at which end of the spread the shot is located, set the Shot Coordinate to reflect that location.

Note: If the data is recorded with the wrong geometry, it can easily be reassigned in
SeisImager/SW at the time of data processing.

The default settings in the rows for Gain (how much the signal is boosted before digitization)
and Use (how a channel is used), require no adjustment. If your settings do not match the default
settings shown, go ahead and change them. For all channels, the Use row should be Data. Gain
is changed in a subsequent menu. Press OK when done.
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Next, select Acquisition | Sample Interval/Record Length and set the data acquisition timing
parameters. Delay should be set to zero. Press OK when done.

Acquisition Timing Parameters

Sample Interval

Max Length = 32.768 Sec
{20833 us Curtent File Size = 6250 KB

7 3.250 us

B2 RO us Record Length 1 Sec
0128 ms

" 0.260 ms

' 0.500 ms Delay [g Sec

71,000 ms

7 2.000 ms

" 4.000 ms

" 5.000 ms

~

16.000 ms I—IDK Cancel |

Next, select Acquisition | Acquisition filters. Check the acquisition filter settings. Acquisition
filters are permanent; any data filtered with an “acquisition” (versus “display”) filter will be
irreversibly so. Acquisition filters are not typically needed when collecting surface wave data,
and thus, should be disabled with the setting Filter Out. Press OK when done.

Acquisition Filter Parameters

Acquizition Filker 1 FILTEE OUT -

Acquizition Filker 2 |F|LTEFE auT j

ok | Cancel |

Next, select Acquisition | Stack Options and set the stacking parameters. Stacking is a way to
increase the signal-to-noise ratio by hitting the striker plate repeatedly at each shot point and
adding the files together as they are collected. Coherent signals will add, and incoherent noise
will cancel. In many cases, stacking will not be needed, and thus, the Stack Limit default value is
set to 1. If, however, you are in an urban environment and there is a high level of noise, or the
signal quality on the distant traces is low, stacking will help (but remember that what is called
“noise” in an active-source survey is the “signal” recorded during a passive-source survey). The
benefits of stacking start tapering off after ~8-10 stacks, as the S/N ratio increases with the
square root of the number of stacks. To stack 8 times, enter 8 as the Stack Limit. Press OK when
done.
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Acquisition Stack Parameters

Stack Ewery Shot.
Send, Save Data And Clear Memary Only On Stack, Limit

Stack Lirnit 1

~
r~

{¢ Auta Stack W Stack Polarity Positive
" Replace

[ Dizplay Intermediate Stacks

Auto Save iz ON

k. | Cancel

Next, select Acquisition | Preamp Gains and set the gains to All High Gain, which equals 36 dB.
All Low Gain equals 24 dB and Individual applies when non-uniform gain settings are needed.
There may be cases where the geophones nearest the shot location are close enough that they are
overdriven by the signal and the recorded waveform is clipped. In this situation, Individual gain
settings of 24 dB for the near channels and 36 dB for the rest of the channels can be used. Press
OK when done.

Note: Unlike refraction surveys, where only the first breaks are important, surface wave surveys
require the entire waveform and clipping must therefore be strictly avoided. If clipping is still
observed (signified by a red trace on the seismograph) even after setting the gains to the lowest
value, get a smaller hammer and/or swing the hammer more softly. See the “freeze” function in
the seismograph manual for more recording options if clipping becomes an issue.
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Preamp Gains

Al Low Gain
& 4ll High Gain Cancel |
" Individual

Thiz zetting anly affects all DATA
channelzs. Use 'Specify Channelz' from
men ko set preamp gains for AL
channels.

Next, select File | Storage parameters and set up the data storage parameters. The Next File
Number should be a numerical value; after each save, the name will automatically increment by
one. For the SEG-2 format, the file extension .dat is appended to the numerical name
(Geometrics seismographs). Since the survey line is called Line 1, the suggested starting file
number is 101.

Checking Auto Save will ensure that each file will be automatically saved after the Stack Limit is
reached. If this is unchecked, you will need to manually save (and clear) each file. The Stack
Limit reflects what was entered in the previous Acquisition Stack Parameters dialog box.

For the Path of saved data, enter the desired folder name. Press OK when done.

Note: When creating a folder using SCS, you can only go one folder deep.
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Data Type
¥ S5EG-2 " S5EG-D " SEG-Y

[ Drive Switching Enabled
Dive |o. | Path |CASw_Site 1 |

Select a path from lizt or type in name to create a new folder

k. | Cancel

This is the last essential dialog box in SCS for the 1D MASW survey setup.
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3.1.2.2 AFTER SETUP — ACQUIRING, DISPLAYING, AND QUALITY CHECKING
1D MASW DATA

Once the setup is complete, you are ready to begin data acquisition. An example of the main SCS
window is shown below. The number of traces in the Noise Monitor Window matches the
number of channels in the seismograph; this example shows 24 traces.
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@ Geometrics Single Geode 0S E]
15urvey 2 Geom 3 Observer 4 Acquisition SFile 6 Display 7 DoSurvey & 'Window 9 Answers OPrint . System
-
&l [ Moise Monitor Window B[] |
H 0005 mists
Client name : T2 3466 7 & 90111213 14151517 13 1920 2122 33 24
Job Number :
Line Number :
Project Title :

Trigger Holdoff 0.20s.

Trigger Sensitivity 50.

Auto Arm is ON.

Self Trigger is OFF.

Mot Using External Trigger Distribution Box

Found Line 1 Connected To Network Card: Realtel
Found 1 Geode[s]) or NZ System On Line 1
Line 1 has 3 Boards [3 Acquisition Boards and 0

System Total: Lines=1 Geodes=1 Total Boards=

Preamp Gain Style is set to High [Default 36 DB]
Geophone Interval 5.00 Feet

Shot Location 0.00 Feet

1st Phone Location 0.00 Feet, Last Phone [CH 24]
Shot Location 190.00 Feet

1st Phone Location 0.00 Feet, Last Phone [CH 24]
Shot Location 130.00 Feet

1st Phone Location 0.00 Feet, Last Phone [CH 24]

J1 5| KNl X
N AR N N R Ry R R T R N R R R R R NN R E R PR R R aER AR

SHOT LOC 13
OFFSET 15

Iz

115

2=
=i

LOCATION

TRACE
CHAMMEL 1

CHAMMEL #

GEODE # "Gl

Bl
13.8U

| R R AR RTINS R R RN KR ANRE Y AN RN R RE N ANNN R AR AN A NRRE NN (AN

ARMED SHOT: NORMALIZE  STACK O MEMORY CLEAR. SHOT LOC: 130

Figure 4: Main SCS Window

Before any data is recorded, use the Noise Monitor Window to check the line. Lightly tap the top
of the nearest geophone and watch which trace shows the largest response; it should be the
geophone with the highest channel number. Check that the response level of each geophone to a
tap is about the same. If there is a trace with a dissimilar or atypical level of noise, walk down
the line to check that the internal sensor element can oscillate freely (give a gentle shake up and
down in the vertical orientation.) Make sure the geophone is correctly and vertically planted and
that it is connected to the spread cable. It is best practice to make sure all traces are responding
properly before collecting data.

Next, check that the status bar on the bottom of the window shows an Armed condition and is
colored green. You may want to first press the “/ ” shortcut key to toggle the armed state off and
practice hitting the striker plate with the hammer.

When ready, press / to return the system to an armed state, and swing the hammer at the shot
location. Check to confirm that the system triggered, and the shot was recorded. A typical active
dataset consists of one (or more as needed) shot records. Make sure there are no red traces
indicating clipping.

When you first view the data, the display gains will probably need adjustment. One condition
that can occur is that the signal may not be visible for all traces as shown in the record below.
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e o || [E ] ER

S 1.000ms RL 1.024s DELAY Oms LOC -0.5Ft STACK 1 SAVED AS FILE 101.DAT (STACKED DATA) 01/18/2024 05:15:09.00
Chan Tz 3 4 5 & T & 8 10 1 12 13 14 15 16 1T 18 1

i )
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To adjust the display gains, select Auto Scale Traces or press the “6” shortcut key. Selecting
Auto Scale Traces causes the software to find the gain that optimizes the allotted space for each
trace in the Shot Window.
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Hot Keys Description

To further adjust the gain, highlight the Shot Window and use the right arrow key to activate the
display gain controls. If when you press the right arrow key, the Shot Display Gain Style
Parameters dialog box appears, choose Fixed Gain. Press OK when done.

Shot Display Gain Style Parameters

Gain Shyle
™+ Fized Gain
AR Cancel
" Maormalize Apply
AGC window in zamples Trace Owverlap
100 = b =

Press the right arrow key again, and as directed in the instruction box, use the up and down
arrow keys to increase and decrease the gain by the same amount for all channels.

Uze upddown to adjust gains, CLA [or ESC] when done

Press the Esc key to end.
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The Shot Window can also be zoomed in and out using the Page Down and Page Up keys and
scrolled up and down using the up and down arrow keys.

The final display settings should provide a shot record looking like that shown below:
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Figure 5: Ground roll.

Note: Red traces indicate clipping. If any traces are clipped, you must adjust the acquisition
gain settings and re-record the data.

Once the display parameters are optimized, check for the presence of dispersive surface waves.
Surface waves are relatively lower frequency, higher amplitude, and slower than other events in
the record. Ground roll in a “wedge” or “fan” shape indicates dispersion. In addition to visual
analysis, refer to Section 4 (Page 54) on how to run a field check of dispersion using
SeisImager/SW.
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After you have collected the active-source record(s) and are satisfied with the data, continue to
the passive-source survey if applicable.

3.2 MAM DATA ACQUISITION

During a passive-source survey, the seismograph records ambient vibrations generated by
cultural noise, traffic, factories, wind, wave motion, etc. There is no timing device to trigger the
seismograph.

The ideal vibration sources are steady, at a constant level, and far away relative to
the array size. The fundamental assumption of microtremor data analysis using the
spatial autocorrelation (SPAC) method of SeisImager/SW is that the signal
wavefront is planar, stable, and isotropic (coming from all directions), making it
independent of source location. A high level of intermittent noise (like nearby
passing cars) is tolerable if the sources are relatively distant (approximately equal to
or greater than one array length). Even if the intermittent noise sources are near, this
is usually countered by recording at least 20 long records (32 seconds each). Long
records make for smooth input when the records are converted from the time to
frequency domain and many records provide a statistically robust representation of
ambient vibrations.

Table 2 summarizes the recommended passive-source acquisition parameters.

25
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



Data Acquisition gﬂ GEOMETRICS

simplify your search

Parameter Setting
Spread/array configuration L-shape, Triangle, Circle, Linear, or custom.
Array size Minimum of 1 times depth of interest.
Geophone interval Up to 15 m or 45 ft; adjust to suit array

configuration and size.

Total number of geophones Various based on spread configuration.

4.5 Hz vertical geophones, with base plates
for surveys on paved ground; alternatively, if
available, 1 or 2 Hz seismometers can be

Geophone type used, especially if depth of interest is greater
than 30 m (100 ft).

Trigger Manual keyboard trigger.

Sample interval 2 milliseconds (ms).

Record length 32 seconds (s) each record, total of at least 20
records.

Table 2: MAM Acquisition Parameters.

3.2.1 MAM SURVEY GEOMETRY
Continue.
3.2.1.1 MAM SURVEY SPREAD CONFIGURATIONS

SeisImager/SW allows four preset types of passive-source spread or array configurations and a
custom option. Figure 6 through Figure 10 (not drawn to scale) illustrate the various preset
configurations. As in Figure 3, the black line represents the spread cable, and the green inverted
triangles represent the geophones.
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Of the four preset arrays, one is linear and three are 2D; that is, geophones are distributed in two
dimensions versus a line, on the ground surface. 2D arrays provide the most rigorous distribution
of data points for analysis; however, the SPAC method used by SeisImager/SW handles data
from all array types because it is independent of source location.

Consider a linear array. If microtremors propagate parallel to the survey line, the surface wave
phase velocity can be directly calculated. Conversely, if microtremors propagate perpendicular to
the survey line and reach all the geophones at the same time, the phase velocity cannot be
calculated. As the angle of propagation increases from parallel to perpendicular, the apparent
phase velocity increases. In reality, source locations of microtremors vary and energy radiates
from many directions at unknown angles to the geophones. Since angles of propagation are
unknown, with a linear array, the calculated phase velocity may be higher than the actual phase
velocity unless a method independent of the source locations such as SPAC is used.

Array size

= P
v

Figure 6: Map view of MAM survey equilateral triangle spread configuration with 10 geophones (“Triangle 10”).

Aayin

Figure 7: Map view of MAM survey equilateral triangle spread configurations with 7 (“Triangle 7 ) and 4
geophones (“Triangle 4”).

For a triangular array (Figure 6 and Figure 7), the Array size is defined as the length of a side.
The resultant Vs curve is an average over the array and, accordingly, should be located at the
center of the triangle.
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Figure 8: Map view of MAM survey L-shape spread configurations with 11 (“L117), 9 (“L9”), and 7 (“L7”)
geophones.

For an L-shaped array (Figure 8), the Angle between the branches of the L is typically 60 to 90
degrees, but technically can be as small as 0 degrees, which is a linear array. Both branches are
the same length; the Array size equals the length of the branches. The resultant Vs curve is an
average over the array and accordingly should be located essentially at the origin or near the
origin between the two branches of the L. The L-shaped array is the two-dimensional array that
is easiest to set up in the field. It can easily be constructed after an active-source survey by
turning one-half of the spread 90 degrees and adjusting the geophone intervals to span the
required Array size.

“
@ @ :> h
A

Figure 9: Map view of MAM survey circle spread configurations with 8 outer geophones on one circle and one
center geophone (“Single circle 9”) and 18 geophones in two circles and one center geophone ( “Double circle
377).

For the Double circle 37 array (Figure 9) the inner circle diameter equals one-half the outer
circle radius. For all circle arrays, the Array size equals the diameter of the outer circle. The
resultant Vs curve is an average over the array and accordingly should be located at the center of
the circle.
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Receiver spacing (geophone interval)

T Y T Y Y Y Y Y Y Y T YY T YT

1 16

Mumber of receivers (geophones)

Figure 10: MAM survey linear spread configuration using all channels, one per geophone.

For a linear array (Figure 10), the Receiver spacing equals the geophone interval and the Number
of receivers equals the number of geophones. The resultant Vs curve is an average over the array
and accordingly should be located at the center of the spread.

3.2.2 MAM SURVEY DATA ACQUISITION WITH GEOMETRICS SEISMODULE
CONTROLLER SOFTWARE

The data acquisition setup for MAM surveys involves the same dialog boxes used in the 1D
MASW survey setup. This section assumes that you have already worked through the 1D
MASW survey setup, that you are doing a MAM survey at the same site to supplement the 1D
MASW survey, and that the MAM array type is L1/ for a depth of interest of approximately 30
meters (100 feet). MAM surveys can also be performed to supplement 2D MASW. Refer to
Section 3.1.2, on Page 13, for an introduction to the 1D MASW setup process and for more
detail on the dialog boxes common to both survey setups.

3.2.2.1 MAM SURVEY SCS SETUP

First, select Survey | New Survey and assign a Survey Name and Initial Line Number. An Initial
Line Number of 2 indicates that this is a new line configuration with different geophone locations
compared to Line 1.

Mew Survey Log File

Survey Mame |F'assive_5ite1 ak. |
L Cancel |
Initial Line Mumnber |2

Next, select Geom | Geophone Interval and set the Geophone Interval to reflect the distance
between active geophones in the applicable units. Although it is common practice to set the
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geophone interval and units at the time of acquisition, this is not essential for MAM surveys
because the full geometry (configuration and Array size) will be set in SeisImager/SW at the

time of data processing.

This is geophone interval of last file read in and saved

Geophone Interyal | a0 FEET

Cancel

Next, select Geom | Group/Shot Locations to set up the survey geometry:

This is geometry of last file read in and saved

Shot coordinate ||:|
G,SEI.EIIII
A0 8 A8 A AN AN AAAAAAAA AN NS AN
1 2 3 4 5 6B 7 8 9 10 11 12 13 14 15 16 17 15 19 20 29 22 23
Trace 1 2 3 4 5 B
Iteryal | 3000 | 3000 | 3000 | 3000 | 3000
Geophone ™anpn [ eoo0 | @000 | 12000 | 15000 | 180.00
coordinate
Gain | 36de | 36dB | 3dE | 3B | ke | 6B
Use | DATA | DaTA | DATA | DATA | DATA | DATA
Freeee | nNO | WO | WO | NO | NO | NO
=1 o
USE LEFT/RIGHT KE¥S SHIFT SHOT POINT BY PHOME INTERVAL
OR EMTER NEW SHOT LOCATION.
PRESS ENTER WHEN DONE.
DOWMN KEY FOR PHOME INTERWAL
[ oK | Cancel [ In Fest ]
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Since there is no active-source at a single location, the Shot Coordinate is not applicable and
should be set to zero.

For most of the MAM array configurations that are 2D (L-shape, Triangle, Circle), you will
likely be recording on fewer channels than the total number of channels in the seismograph. The
unused channels should be deactivated. Deleting dead channels can be done in SeisImager/SW,
but it is most efficient to deactivate them at the time of acquisition.

To deactivate/activate channels, selection Acquisition | Specify channels. The same dialog box as
above will appear. Uncheck the Ripple box and in the row named Use, use the “4” key and the
right arrow key to individually deactivate the channels that have no geophone connected.

Example 1A:

For a 16-channel seismograph with a 30-foot interval spread cable, in an L11 array with
geophones 30 feet apart, the channels on the end of the spread that are not connected to
geophones are deactivated. This equals channels 1 through 5 if channel 11 is positioned at the
corner of the L, or channels 12 through 16 if channel 6 is positioned at the corner of the L.

End Example 1A.

Example 1B:

For a 24-channel seismograph with a 5-meter interval spread cable, in an L11 array with
geophones 10 meters apart, with channel 12 positioned at the corner of the L, channels 1, 3, 5, 7,
9,11, 13, 15, 17, 19, 21, 23, and 24 are deactivated.

31
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



Data Acquisition

/) GEOMETRICS

simplify your search

This is geometry of next file to be written

Shot coordinate ||:|
UD'DD
il il i
2 4 5]
Trace 1 2 3 4 5 B
Interyal | 3000 | 3000 | 3000 | 3000 | 3000
Geophone [™“nop [ 3000 | G000 | 9000 | 12000 | 150.00
coordinate
Giain | HIGH35 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 35 | HIGH 35
Use INACTIVE | DaTA  |INACTIVE | DATA  [INACTIVE | DATA
Freeee | nNO | WO | WO | NO | NO | NO
| A
1-DATA, 2-AUK, 3- N/, 4 - INACTIVE
USE LEFT/RIGHT KEYS TO SELECT CHAMMEL.
PRESS ENTER WHEN DONE.
UP KEY FOR PREAMP GaIN, DOwN FOR CHAMMEL FREEZE
[ Ripple ] | Cancel [In Fest )

End Example 1B.

The Geometry dialog box only shows linear configurations of geophones; you will not see a
graphic of the actual 2D array. This is fine; as mentioned previously, the full geometry is set in
SeisImager/SW at the time of data processing. The main setting here is deactivation of unused

channels.

Next, select Acquisition | Sample Interval/Record Length and set the acquisition timing

parameters:

Hayashi/Underwood/Lippus
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Acquisition Timing Parameters

r-u.

IO TS TS TS TS

S T

—Sample [nterval —

20833 uz
31.250 uz
62.500 uz
0.125 ms
0.250 ms
0.500 ms
1.000 ms
2.000 ms
4.000 ms
8.000 ms
16.000 mz

b ax Length = 131.072 Sec
Current File Size = 187 50 KB

Recaord Length |32 Sec

Delap ||:| Sec

o]

Caricel

Next, make sure the acquisition filters are disabled by selecting Acquisition | Acquisition Filters
and choosing FILTER OUT for each.

Acquisition Filter Parameters

Acquizition Filker 1 FILTEE OUT

Acquizition Filker 2 |F|LTEFE auT

] 4 I Cancel |

Next, select Acquisition | Stack Options and set the Stack Limit to 1 since stacking is not
applicable to MAM surveys.
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Acquisition Stack Pararneters

Stack Ewvemn Shat.
Send, Save Data And Clear Memory Only On Stack Limit

Stack Limnit 1

~
~

{¢ Auta Stack v Stack Polarity Pogsitive
" Replace

[ Dizplay Intermediate Stacks

Auto Save iz O

] | Cancel

Next, select Acquisition | Preamp Gains and make sure the gains are set to All High Gain.

Preamp Gains

Al Low Gain
& AllHigh Gain  Concel |
" Individual

Thiz zetting only affects all DATA
channelz. Use 'Specify Channels' from
menu o set preamp gaing for Al
channels.

Next, select File | Storage Parameters and set the Next File Number. Since the survey line is
called Line 2, set the Next File Number to 201. Leave Auto Save on and the Stack Limit set at 1.
For the Path of saved data, enter the desired folder name.
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Mext File Murnber |29

Data Type
¥ S5EG-2

" SEGD " SEG-T

[ Drive Switching Enabled
Dive |o. | Path |CASw_Site 1 |
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o |

Cancel

This is the last essential dialog box in SCS for the MAM survey setup.

3.2.2.2
MAM DATA

AFTER SETUP — ACQUIRING, DISPLAYING, AND QUALITY CHECKING

Once the setup is complete, you are ready to begin data acquisition. An example of the main SCS
window is shown below. As discussed for 1D MASW surveys, perform the same system checks
before starting acquisition. Check that the status bar on the bottom of the window shows an

Armed condition (colored green).
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@ Geometrics Single Geode 05 E]
150rvey Z2Geom 3 Observer 4 Acquisition SFle & Display 7 DoSurvey &Window 9 Answers OFrint . System
-
) 1 Moise Monitor Window B3]
Sample Interval 2.000 msec, Record Len 30.000 ¢ 0,002 mivbhts
Filters: FILTER QUT, FILTER OUT 12345678 910111213 14151817 181920212223 34

Geophone Interval 5.00 Meters

Preamp Gain Style is set to High [Default 36 DB)
Shot Location 0.00 Meters

1st Phone Location 0.00 Meters, Last Phone [CH
Auto Save is ON.

Saving to disk - Next File Number is 201 - Data D

Client name :
Job Number :
Line Number :
Project Title :

Trigger Holdoff 0.20s.
Trigger Sensitivity 50.

Auto Arm is ON.

Self Trigger is OFF.
Mot Using External Trigger Distribution Box I

Found Line 1 Connected To Network Card: Realtel
Found 1 Geode([s) or NZ System On Line 1
Line 1 has 3 Boards [3 Acquisition Boards and 0

System Total: Lines=1 Geodes=1 Total Boards= g z%;ii i ; gi %
% |EAARRSEARSRRRRESRRRRRRRN D
In reters || |Tl‘l-l‘l-é‘l-|‘|-|‘|-|‘|-|‘|-2|‘|-|‘|-|‘|-|‘|-|‘|-SJ‘|-|‘|-|‘|-|‘|-|‘|-L"|-|‘|-|‘|-|‘|-|‘|-|‘|-|‘|-|‘|-|‘|-|‘|J|-|‘|-|‘|-|‘|-|‘|-SJ?‘|-|‘|-|‘|-|‘|-|‘|-$‘|-|‘|-|‘|-|‘|-|‘|-l‘l-l‘l-l‘
: I

SHDT LDD

25 25 45 EE [ 7e 28 35 165 115

LOCATION

TRACE #
CHAMMEL

CHAMMEL #

GEODE # = 51
1390

Frerereh e e e f e S e e B e e e

ARMED SHOT: MORMALIZE  STACK O MEMORY CLEAR SHOT LOC: 0

Figure 11: Main SCS window.

Once ready, trigger manually by pressing the “z” shortcut key or by selecting System | Manual
Trigger.

1 Set Date/Time D17F2024 023837
2 Sounds ¥
3 Test ¥
4 Select Repeater Boardis)

5 Zerial 1FD >
& hanual Trigger I} t

T Configuration Status
B Ahlarms Setup
Channel Remapping

YWersion Mumber 11.1.68.0

0 Clase Contraller

After triggering, wait for the record to be acquired and saved. Repeat at least 19 more times.
Refer to the status bar to monitor the stage of acquisition. A record length of 32 seconds, times
20 records, equals 640 seconds or about 10 minutes total.
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A typical passive-source record is shown below. You may need to adjust the display gains with
Auto Scale Traces (“6” shortcut key).

B pickwin -
Edit/Display (E)

File (F)

Wiews (W) Pick first arrivals ()

Downhole seismic analysis (00 Surface wave analysis (5} Processing (&) Option {03 Help (H)

= [m] X

Distance {m)

rigger

|| | | 1 0 €5 =5 | e A S5 | (] | v O | | 5 [ [P0 [ 4|
Press Enter key to continue Suface Wave Analysis Wizard. 10 MAM (1) .
Source= 0.0m Tirne (ms)
0 5000 10000 15000 20000 25000 30000 35000
MWWWWW prbi hm’ ”
- vt it bl o

tirme=36754.1msec dist.=24.0dm 23amp.=0.00

Figure 12: Typical passive-source record.

There will likely be some coherent noise events representing when cars have passed or such.
Some isolated variation in amplitude usually does not significantly impact data quality. A steady
level of signal without strong changes in amplitude throughout the record and from trace-to-trace

is ideal.

In addition to visual analysis, refer to Sections 4 (Page 54) and 5.3 (Page 212) on how to run
more sophisticated checks of data quality.
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33 2D MASW DATA ACQUISITION

As with 1D MASW surveying, 2D MASW surveys use an active-source with a linear spread of
geophones. Instead of one shot, however, numerous shots are taken at incrementing locations,
and the geophone spread may not be fixed, depending on the total survey line length. (Remember
here that 1D and 2D refer to the type of results, that is, Vs curve or cross-section, respectively,
not to the spread configuration.) Acquisition of numerous shot records allows SeisImager/SW to
calculate a Vs cross-section.

Table 3 summarizes the parameters used for active-source 2D MASW surveys. The discussion
on selecting geophone interval and spread length in Section 3.1 (Page 11) applies. Passive-
source data may not be available, or if available, will only supplement a 1D Vs curve, so the
active-source energy level will have a larger bearing on the maximum possible depth of
penetration.
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Parameter

Setting

Spread configuration

Linear.

Spread length

About equal to two times depth of interest
assuming that no passive data is available; about
equal to depth of interest when supplementing
with passive-source data.

Total number of geophones

12 or more, minimum of 16 preferred.

Geophone interval

1.5 to 5 mor 5 to 20 ft; adjust according to
number of channels available and to suit required
spread length.

Geophone type

4.5 Hz vertical geophones, with base plates for
surveys on paved ground; optionally configured
in a land streamer for a towed spread.

Parameter

Setting

Shot locations

Depending on spread configuration, multiple in-
line locations at appropriate offset and interval.

Shot near offset

About 10% to 20% of spread length (applies to
configurations where this parameter does not
equal one-half the geophone interval, such as the
roll-along end-on spread).

Source equipment

Sledgehammer (most common), 8 1bs (3.6 kgs),
16 1bs (7.2 kg), 20 Ibs (9 kg), scale hammer
weight up with increase in spread length, and
striker plate.

Trigger

Hammer switch taped to sledgehammer handle
and connected to seismograph trigger port.

Sample interval

0.5 milliseconds.

Record length

1 to 2 seconds, long enough to capture the surface
wave train.

As needed to improve data quality, wait for quiet
times to shoot.

Table 3: 2D MASW Acquisition Parameters.
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3.3.1 2D MASW SURVEY GEOMETRY

The basic linear geometry of MASW surveys is described in Section 3.1.1, Page 13. The linear
spread is simple, but with the addition of numerous shots and possibly an incrementing geophone
spread, the geometry of 2D MASW surveys is more involved. To illustrate the 2D MASW
geometries, the following sections use more sophisticated plots generated by Pickwin. The
figures are based on 24-channel examples. Table 4 explains the symbols used in the Pickwin
geometry plots shown in this section.

Circle/Dot Color Meaning
Teal blue Shot point.
Yellow Receiver for which a trace (waveform) has
been read.
Black Grid point (no meaning in actual geometry).

Table 4: Selected 2D MASW Geometry Plot Attributes.

The geometries used in 2D MASW surveying, especially the roll-along end-on spread
configuration, may look familiar, as they are adopted from reflection seismology.
SeisImager/SW also utilizes the reflection concept of the mid-point, which is the point midway
between a source-receiver pair, and the common mid-point (CMP) gather, which is an assembly
of traces that have the same mid-point. For any given spread configuration, SeisImager/SW
cross-correlates every pair of traces in a shot record, gathers all correlated traces by CMP, then
stacks those traces having equal spacing in the time domain (Hayashi and Suzuki, 2004). These
additional steps advance the original MASW technique by effectively increasing the lateral
resolution and accuracy of the final Vs cross-section.

In Figure 13, the top row (1) illustrates the distribution of CMPs for a shot record (1b) and a
CMP gather (1¢). Gathering by CMP (1c¢) and adding (stacking) focuses sampling and thus
increases the signal-to-noise ratio and lateral resolution. The bottom row (2) illustrates how the
CMP concept is applied to surface wave methods. Analysis by shot record (2b) for ID MASW
poses no resolution issues as 1D MASW provides a single Vs curve averaged over the total
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length of the spread. A series of 1D MASW Vg curves could be used to construct a Vs cross-
section but processing first by CMP (2c¢) increases lateral resolution and accuracy.

Single channel record Shot record CMP gather
1. Distribution of
sampling for reflection
methods )
1a. 1b. 1c.
Original surface wave MNew surface wave method | Advanced surface wave
method (SASWY) (MASW) method (CMP-based
MASWY)
2. Distribution of —e—C00—— @o-O-oO00000 000000
sampling for active- \VAVAV AN NN
source surface wave
methods
2a. 2b. ] 2c.

Figure 13: The CMP concept applied to 2D MASW.

Another issue, not necessarily a benefit but rather something to be aware of and account for if
needed, is that the multiplicity of CMPs (the fold) tapers down toward the ends of the survey
line. Note that the higher the fold, the higher the signal-to-noise ratio. The effect is that the
lateral sampling decreases from the mid-point(s) of maximum fold to the ends of the survey line.
Methods to account for this in survey design are discussed below.

3.3.1.1 FIXED RECEIVER SPREAD CONFIGURATION

The simplest configuration for 2D MASW surveys is the fixed receiver spread (Figure 14). The
geophones are set up in a line at fixed locations and the shot is moved through the spread. The
first shot is located off-end at a near offset of one-half the geophone interval. The shot is then
advanced at an increment equal to the geophone interval so subsequent shots are located midway
between geophones. As the Shot number increases, the shot location advances by one interval
across the Survey distance.
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Figure 14: 2D MASW fixed receiver spread configuration.

The last shot is located off the opposite end by the same near offset of one-half the geophone
interval.

The Spread length (a) equals the survey line length over which there are active geophones. The
survey depth is approximately a/4 to a/2.

The fixed receiver spread is useful if the survey line length of interest is not very long, if the
survey area is confined, or if there are limited channels or time/labor resources available.

With a shot interval equal to the geophone interval, the fold will be highest at the center shot;
that is, in between the two middle geophones, and will taper down on either side. The effect of
tapering is to reduce the accuracy of analysis at depth. If full fold is desired for the entire survey
line of interest, the continuous fixed receiver spread (Section 3.3.1.2) or the roll-along end-on
spread (Section 3.3.1.3) should be used.

3.3.1.2 CONTINUOUS FIXED RECEIVER SPREAD CONFIGURATION

In many cases, one fixed receiver spread is not sufficient to cover the survey line length of
interest. So, the fixed receiver spread can be used continuously, by taking a set of shots, moving
the past receivers up-line, then resuming with another set of shots (Figure 15). First, Spread A is
set up, then 12 shots (one end-shot and 11 inner-spread shots) are taken. Receivers from sub-
spread A1 are advanced up-line to become sub-spread B1. Shooting resumes for 12 more (inner-
spread) shots, then sub-spread A2 is advanced up-line to form sub-spread B2. There will be 24
live channels for each shot. This process continues until the survey line length of interest has
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been covered.
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Figure 15: 2D MASW continuous fixed receiver geometry.

The Spread length (a) equals the survey line length over which there are active geophones. The
survey depth is approximately a/2.

The fold will be at full value when the number of shots from the start of the line equals half the
number of active geophones per shot; full fold starts tapering down when the number of shots
remaining to the end of the line equals half the number of active geophones per shot (again, if the
shot interval equals the geophone interval). For the example in Figure 15, full fold will begin at
shot 13 in between geophones 12 and 13 (between sub-spreads A1 and A2). It is best practice to
leave space at the survey site so the locations of full fold can be positioned at the beginning and
end of the survey line of interest. The fold tapering over 12 geophone intervals of 2 m equals 24
m; where the survey line of interest equals x, then the total survey line equals 24 m + x + 24 m.

This method of acquisition requires spread cables with the number of takeouts equal to one-half
the seismograph channels. This allows for the first spread cable and associated geophones to be
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picked up and advanced at the halfway point. For the example in Figure 15, with a 24-channel
seismograph, you would need two 12-takeout cables. Furthermore, having a third spread cable
and set of geophones would allow you to set up sub-spread B1 in advance and minimize
downtime in between each set of shots.

The continuous fixed receiver spread becomes tedious if your survey line is very long. An
advancement in this method with increased efficiency is the roll-along end-on spread
configuration.

3.3.1.3 ROLL-ALONG END-ON SPREAD CONFIGURATION

For long survey lines, the spread needs to be efficiently advanced by a more automated means
compared to the continuous fixed receiver spread. There are three methods to achieve this using
the roll-along end-on spread configuration.

Method A: Software roll-along: most modern seismographs are capable of rolling an active
spread of channels via software. The seismograph will require more channels than the actual
number of live channels per shot, typically 50% to 100% more. For example, if 24 channels are
the desired number of live channels, a 48-channel seismograph with 48 geophones is set up.
Using software roll-along, the 24 live channels are rolled through the total of 48. For the first
shot, channels 1-24 are active, for the second shot, channels 2-25 are active, etc. After the last
shot with channels 25-48 active, the first half of the spread is picked up and moved up-line
similar to the continuous fixed receiver spread. Note that software roll-along is not only for
rolling an active spread; it is also used with the other methods to roll geometry coordinates.

Method B: Land streamer: geophones are affixed to a “streamer” that makes gravity contact
with the ground and is towed, typically by hand or an ATV or other vehicle. The streamer
connects to a seismograph positioned on the vehicle, the number of geophones equals the
number of recording channels, and all channels are kept active for each shot. The source is
usually located in between the vehicle and the streamer or on the down-line end of the streamer,
and its location is incremented together with the streamer after each shot.

Method C: Mechanical roll box (also called roll-along switch): a separate box is connected
between the spread cables and seismograph, interfaced with a set of input/output cables. The
number of spread cable takeouts is larger than the number of seismograph channels, usually by
100%. The roll box allows the seismograph channels to be advanced up-line by mechanical
rotation of the connections between the channels and takeouts. For example, spread cables with a
total of 48 takeouts are connected to a roll box with input of 48 channels and output of 24
channels, which are transmitted to a 24-channel seismograph. For the first shot, channels 1-24
are connected to takeouts 1-24 and takeouts 25-48 are disconnected. After the first shot, the
channel connections are advanced by turning a dial on the roll box, which disconnects channel 1
and connects channel 25. The source location is incremented together with the active spread.

For all scenarios, the shot will usually have some near offset equal to about 10% to
20% of the survey line length.
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Figure 16 illustrates the roll-along end-on spread configuration with a fixed receiver spread
configuration used at the end of the line.
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Figure 16: 2D MASW roll-along end-on geometry.

The Spread length (a) equals the survey line length over which there are active geophones. The
survey depth is approximately a/2. The fold value is determined the same as for the other spread
configurations.

3.3.2 2D MASW SURVEY DATA ACQUISITION WITH GEOMETRICS
SEISMODULE CONTROLLER SOFTWARE

The data acquisition setup for 2D MASW surveys involves the same dialog boxes used in the 1D
MASW survey setup plus a few more for advanced geometry settings. This section assumes that
you have already worked through the 1D MASW survey setup and only covers the dialog boxes

that are new for 2D MASW surveying. Refer to Section 3.1.2, Page 13, for an introduction to the
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1D MASW setup process and for more detail on the dialog boxes common to both survey setups.
3.3.2.1 2D MASW SURVEY SCS SETUP

The difference between the 1D and 2D MASW survey setups is the geometry. As mentioned
previously, 2D MASW surveying involves numerous shots at incrementing locations, and the
geophone spread may or may not be fixed. The geometry can be automatically updated and
recorded to the file headers during acquisition, or it can be tracked and recorded separately by
hand in observer’s notes and assigned in SeisImager/SW during data processing. It is also
possible to manually update the geometry in the software after each shot, but this is not
recommended as it usually slows production down.

SCS can be set up to automatically increment just the shot coordinate, or both the shot and
receiver coordinates, depending on the type of spread configuration used and if the SCS roll-
along function is available. If you have the SCS roll-along function and choose to record the
geometry in the file headers during acquisition, continue with this section to set up SCS. If you
do not have the SCS roll-along function and/or choose to assign the geometry in SeisImager/SW
at the time of data processing, skip this section.

Once Section 3.1.2.1 (beginning on Page 14) has been completed, the shot and receiver
coordinates can be set up to automatically increment, depending on the configuration: fixed
receiver spread, continuous fixed receiver spread, or roll-along end-on spread.

For a fixed receiver spread configuration, the shot coordinate is set to automatically advance
after each shot. First, check that the starting shot location is set off from the spread by one-half
the geophone interval using the Geometry dialog box. Select Geom | Group/Shot Locations:
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This is geometry of next file to be written

Shot coordinate |.2_5
UE'SD
i i i il i il i i
1 2 3 4 a 5] i i}
Trace 1 2 3 4 5 B
Interyal | sO00 | 800 | S00 | S00 | 500
Geophone ™“nog [ 500 | 1000 | 1500 | 2000 | 2500
coordinate
Giain | HIGH35 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 35 | HIGH 35
Use | DATA | DaTA | DATA | DATA | DATA | DATA
Freeee | nNO | WO | WO | NO | NO | NO
| j
USE LEFT/RIGHT KEWS SHIFT SHOT POINT B PHOME INTERWAL
OR EMTER NEW SHOT LOCATION.
PRESS ENTER WHEN DONE.
DOWN KEY FOR PHONE INTERVAL
v Ripple ax. | Cancel [In Fest ]

Example 1C:

For a fixed receiver spread, with a geophone interval of 10 feet and first geophone coordinate of

100 feet, the first shot is set at 95 feet:
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Shot coordinate |EIE
TIII,S.IIIIZI
i i i il i il i i
1 2 3 4 a 5] i i}
Trace 1 2 3 4 5 B
Interyal | 1000 | 1000 | 1000 | 1000 | 1000
Geophone yonno [ 19000 | 12000 | 13000 | 14000 | 150.00
coordinate
Giain | HIGH35 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 35 | HIGH 35
Use | DATA | DaTA | DATA | DATA | DATA | DATA
Freeee | nNO | WO | WO | NO | NO | NO
| A
USE LEFT/RIGHT KEWS SHIFT SHOT POINT B PHOME INTERWAL
OR EMTER NEW SHOT LOCATION.
PRESS ENTER WHEN DONE.
DOWN KEY FOR PHONE INTERVAL
v Ripple ax. | Cancel [In Fest ]

End Example 1C.

Next, set up rolling of the shot coordinate in the Roll Parameters dialog box. Select Geom | Roll
Parameters. The Shot Roll Increment should equal 1 to advance the shot by one geophone
Interval after the previous file is saved. With a starting shot coordinate that is off-end by one-half
the geophone interval, a Shot Roll Increment of 1 will position the rest of the shots midway
between the geophones. Check Enable Auto Roll Up/Right to advance the shot to the “right” or
up-line. If your shot was on the right of the geophone spread, you would roll “left” or down-line.

Press OK when done.
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Roll Parameters

Roll Increment —————————————— Auto Roll (Auko Save only)

" Disable Auto Roll
SHOT I 1 Geophone Inkerval(s)

* Enable Auto Roll UpjRight
ACTIVE SPREAD IEI Geophone(s)
™ Enable Auto Roll Down/Left

K, I Cancel

When the Shot Roll Increment is not equal to the Active Spread Roll Increment, a warning
appears. Since the receiver spread is fixed in this case and should not roll with the shot; ignore
the warning and press OK.

Geometrics Seismodule Controller

YWarning: active spread iz not equal to shot increment, continue?

Next, activate Auto Save as required with automatic rolling. Select File | Storage Parameters:
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[v AutoSawve  Stack Limit |'|

Data Type
¢ SEG-2 " SEG-D " SEG-Y
[ Drive Switching Enabled
Dive |o. | Path |CASw_Site 1 |

Select a path from lizt or type in name to create a new folder
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o |

Cancel

e For the continuous fixed receiver spread configuration, the shot coordinate will be set to
automatically advance after each shot in the same way as for the fixed receiver spread. In
addition, after the first half of the geophones are advanced up-line, the coordinates for the
new locations occupied by geophones will need to be assigned through the Geometry dialog

box.

Example 1D:

For a continuous fixed receiver spread, with a geophone interval of 10 feet and first geophone
coordinate of 100 feet, the starting shot coordinate is set to 95 feet. The geophone coordinates are
set to 100 feet for geophone 1, 210 feet for geophone 12, and 330 feet for geophone 24.
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This is geometry of next file to be written

Shot coordinate |EIE
TIII,S.IIIIZI
i i i il i il i i
1 2 3 4 a 5] i i}
Trace 1 2 3 4 5 B
Interyal | 1000 | 1000 | 1000 | 1000 | 1000
Geophone yonno [ 19000 | 12000 | 13000 | 14000 | 150.00
coordinate
Giain | HIGH35 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 35 | HIGH 35
Use | DATA | DaTA | DATA | DATA | DATA | DATA
Freeee | nNO | WO | WO | NO | NO | NO
| A
USE LEFT/RIGHT KEWS SHIFT SHOT POINT B PHOME INTERWAL
OR EMTER NEW SHOT LOCATION.
PRESS ENTER WHEN DONE.
DOWN KEY FOR PHONE INTERVAL
v Hiplﬂﬂh ax. | Cancel [In Fest ]

After the first half of the geophones are advanced up-line, the continuing coordinates are set to

220 to 450 feet and the next starting shot coordinate to 215 feet.
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This is geometry of next file to be written

Shot coardinate |21 5

45.00?
i i i il i i i AR
1 2 3 4 3 5] i g
Trace 1 2 3 4 5 E
Irteryal | 1000 | fooo | 1000 | 1000 | 1000
Geophore “ypnpg [ 11000 | 12000 | 13000 | 14000 | 150.00
coordinate
Giain | HIGH35 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 35 | HIGH 35
Use | DATA | DATA | DATA | DATA | DATA | DATA
Freeee= | nNO | NO | NO | WO | NO | HNO
| A

USE LEFT/RIGHT EE%S SHIFT SHOT POIMT BY PHOME INTERWAL
OR EMTER MEW SHOT LOCATION.
PRESS ENTER “HEN DOME.
DOwt KEY FOR PHOME INTERWAL

v Ripple ] | Cancel [In Fest )

End Example 1D.

For a roll-along end-on spread configuration, the geometry setup will depend on the rolling
method (Section 3.3.1.3, Page 44), using either software roll-along (Method A), a land streamer
(Method B), or a mechanical roll box (Method C).

To set up using Method A, a subset, usually one-quarter or one-half of the channels, are
deactivated so that there is a uniform channel number per shot record. The active spread of
geophones is rolled through the deactivated channels. The inactive spread is continuous in the
beginning, but as the active spread advances up-line, there will be an increasing number of
inactive channels down-line and a decreasing number of inactive channels up-line.

Example 1E:

For a roll-along end-on spread using Method A, with 48 total channels and 24 live channels for
each shot, channels 25 through 48 are deactivated.
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This is geometry of next file to be written

Shot coordinate |EIE

4.00
R L L R N N N

123456789 11 13 15 47 19 21 23 25 27 20 31 33 35 37 30 41 43 45 47

Trace
Interyval

Geophone
coordinate
ain

ze

Freeze

-

¥ Fipple

22 23 24 25 26 27

| 200 | 200 | 200 | 200 | 200
| 14200 | 14400 | 14600 | 14800 | 15000 | 15200
| HIGH35 | HIGH 36 | HIGH 35 | HIGH 35 | HIGH 36 | HIGH 36
| DATA | DATA | DATA |[INACTIVE [INACTIVE |INACTIVE
| NOo | NO | NO | NO | NO | NO
1-DATA, 2-AUK, 3-N/A, 4 - INACTIVE
USE LEFT/RIGHT KEYS TO SELECT CHANMEL.

PRESS ENTER WHEM DOME.
UP EEY FOR PREAMP GAIM, DIOWN FOR CHAMMEL FREEZE

| Ok I Cancel | [In Meters |

After pressing OK, the Geometry Tool bar in the main SCS window reflects the deactivation by
greying out the symbols for geophones 25 through 48 (circled in red).

b

Figure 17: Geometry tool bar.

The Shot Roll Increment and Active Spread Increment are both set to 1, so that the shot
coordinate and the active set of geophones are advanced by one interval after each shot. Enable
Auto Roll Up/Right is checked to roll to the “right” or up-line.
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Roll Parameters

Roll Increment Auto Roll (Auko Save only)

" Disable Auto Rall
SHOT 1 Geophone Inkerval(s)

{* Enable auto Roll UpfRight
ACTIVE SPREAD |1 Geophone(s)
" Enable Auta Raoll DovwnyLeft

K, | Cancel

End Example 1E.

To set up using Method B and Method C, none of the channels would be deactivated via
software, and both the shot and geophone coordinates would be advanced after each shot. For
Method C with a mechanical roll box, the dial that sets the connections between channels and
geophones also needs to be advanced in sync with the coordinates after each shot.

For a complete explanation of the SCS roll-along function, please refer to the separate manual
specific to your seismograph.

3.3.2.2 AFTER SETUP — A CQUIRING, DISPLAYING, AND QUALITY CHECKING
2D MASW DATA

Once the setup is complete, you are ready to begin data acquisition. As discussed for 1D MASW
surveys, perform the same system checks before starting acquisition, make the same adjustments
to optimize the data display, and run the same data quality analyses.

After you have collected the active-source records and are satisfied with the data, continue to the
passive-source survey if applicable.

4 DATA ANALYSIS USING THE WIZARD

SeisImager/SW is capable of 1D and 2D MASW for active sources and MAM data analysis for
passive sources. The 1D analysis outputs a Vs curve and the 2D analysis outputs a Vs cross-
section.

Note: If you change units, you may have to change the limits of some of the axes in the phase
velocity plots in WaveEQ — this is not automatic.

Note: In general, it is best to confirm the units in Pickwin, WaveEQ, and GeoPlot and close all
three modules prior to running the wizard. Neglecting to do this can lead to errors and cause the
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program to become unstable. If this happens, the fix is to reset the modules to the factory
defaults. See Note on Page 3.

4.1 SURFACE WAVE ANALYSIS WIZARD

As discussed in Sections 1 (Page 1) and 2 (Page 5), the Pickwin, WaveEq, and GeoPlot modules
comprise SeisImager/SW and the Surface Wave Analysis Wizard automatically calls on
functions from these three modules to walk you through the processing flows. There is a flow for
processing 1D MASW active-source data (Section 4.1.1, Page 55), MAM passive-source data
(Section 4.1.2, Page 78) and 2D MASW active-source data (Section 4.1.3, Page 90).

This section provides an explanation of the wizard’s operation, processing flows, and basic
dialog box parameters. Please refer to Sections 5.3 (Page 212) and 7 (Page 320) for a complete
description and explanation of menu items and dialog box parameters (including some of the
items in the Advanced menu), and Appendix A (Page A-2) for an ordered list of the functions
used in the wizard so the processing flows can be manually reproduced.

The general processing flows as follows:

Create initial Run inversion to

Calculate :
Input data, : . V. model seek Vs mo.d-:l
cdit P dispersion  Jlhy  TIC Y that best fits
: observed data difpgfﬁmﬂglél"; =
of observed data

Figure 18: Surface wave processing flow.

The wizard is based on the Enter key. At any time, you can manually override the wizard by
entering the menus. A complete 1D dataset is considered to consist of at least one active-source
file and a set of passive-source files, and a complete 2D dataset consists of a series of active-
source files (the total number will vary depending on the survey). Passive-source results can also
be integrated with 2D MASW datasets for deeper control. Integration of datasets is done
manually outside of the wizard (Section 4.2, Page 156).

4.1.1 ACTIVE-SOURCE 1D MASW WIZARD

Double-click on the Surface Wave Analysis Wizard icon.
a WZ

The SeisImager/SW Analysis of Surface Waves dialog box appears. Select Active-source 1D

MASW and press OK.
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Seislmager/SW Analysis of Surface Waves

/Z) GEOMETRICS

Simplify your searcl

Welcore to SeislmagerSW

Please select a data processing wizard:

o teotive Somrce 10 DA SW

(" Pagsre Source (Ilicrotreraor) 1D WA

(" betree Source 20 BWASW

¢ HVSE. Analysis

O

The Pickwin module will be launched.

Pickwin

'lh

b

)

i

§

7

AN

A0 AR A

AVAVAS
W
AT N

N A
,4“1!‘1
QM
Vi

Selslmager

Pickwin Version £.0.1.2
Copyright (C) 2004 - 2023
Georetrics [ OYO

s

AR
e

IC
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/) GEOMETRICS

Simplify your search

The main Pickwin window appears. The wizard calls functions from the File and Surface Wave
Analysis menus. Press the Enter key as instructed in the upper left-hand corner of the window to

begin.

& Pickwin -

File (F)  Edit/Display (E)  View (V)  Pick first arrivals (P} Downhole seisric analysis (D) Surface wave analysis (3) Processing (&) Option (0} Help (H)
=| @S| | [ ]85 |5 00 (I &[] [ F [ (] v 0100 & [ 5w G [P 1006 [ 4[| A
Press Enter key to start Surface Wave Analysis Wizard. 10 MASW (0} ~
v
< >
| L; [~

The first step is to input the active-source data file. Highlight the file and press Open. (You may

use the Enter key.)

= S e bAAR and MASY . 3 Active v search Active 2
Organize « Mew folder =~ [ @
" Marme Date rodified Type
3 Quick access D
sy 26571,:92 1/15,/2024 5:18 Akd 552 F
B Desktop - 9
*Duwnlnads -
@ Docurments o
| Pictures -
Geoplot
rASEW Fixed rec
Seislmager SW o ¢ >
File name: | sxdw2651.552 v| | Sega filett.sg2) >

The waveform file is displayed.
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Data Analysis Using the Wizard %) GEOMETRICS

simplify your search

Mumber of traces = 24
Sampling time = 2,000 [msed
Mumber of samples = 2045

B scdw2651.592 - Pickwin

File (F)  Edit/Display (Ex  “iew (1 Pick first arrivals () Downhale seistnic analysis (D) Surface wawve analysis (5)  Processing (&) Option (0} Help (H)
| 5> = |15 A 5 5 | e A | S8 [ | | R 4 | O [5G [ [P 706 4|2 [ Al
Press Enter key to continue Surface Wave Analysis Wizard. 10 MASWY (1) -
Source= -0.5m Time (fng)
-394 -399 101 B01 1101 1601 2101 2601 3101 3601
i
20
Al
40
B0 v
a0 m b
Ant e
o A A T
. A, |
E  1m i} A
@
E 140 by Myl W- - -
g m “‘d‘ L "
160 e e T o
R i B e A e e
160 s 4+
(NI PR Y | WWMA
200 e et e T e
LA "y b it i L
PZINE WoNT R b i e o]
Rt L P W e
240 A Trigger
sxdw2Ba]. su2 b
< b3
tirme=38509msec dist.=268.41m #3:armp.=0.00

Figure 19: Shot record.

If the unit labels displayed are incorrect, open the Edit/Display menu and select Edit
source/receiver locations.
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Simplify your search

Edit/Display (E)
Undoif) Ctrl+2
Redo
Exit edit mode

Select trace
Select all traces

Selected traces »

Tirme shift traces
Caorrect shot time
Automatic shift

Carrect S-wave

Filter >
Truncate traces (shorten record length) >
Resample data »
Edit source freceiver locations I} Ctrl+R.

The Geometry dialog box appears and the Units setting allows selection between meters and
feet. The Units setting will affect the unit labels shown in the dialog boxes as well as update the
Minimum phase velocity default value used for picking the dispersion curve, which is 35 m/s or
150 ft/s. Once set (and Pickwin is closed), the assigned units will be recalled for subsequent uses
of the wizard. (It is necessary to close Pickwin to register the new Units setting. At the end of
the wizard, simply close Pickwin to register the new Units setting.)

The Geometry dialog box also reports the source and receiver coordinates saved in the file
header at the time of acquisition. If there are errors, correct them here by entering the correct
values for Shot coordinate and Group interval. Press Set to apply the new Group interval and to
recalculate the Geophone coordinates. Press OK when done.
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/) GEOMETRICS

Simplify your search

Geometry
Shot coordinate | -0.5 U:tjmters Hurmber of channels 24
" feet
Grroup nterval 10 5
et

First geophone coordinate |0
Charmnel 1 2 3 4 5 6
Interval ‘ 10 ‘ 10 ‘ 10 | 10 | 10
Sre E 19 E E (40 50

Bak | New |

)

[ o= |
Cancel

COpen geometry file |

Seve geometty file

In the waveform view, the settings can be modified to optimize the display. All these settings are
in common with SeisImager/2D for refraction data processing; refer to the SeisImager/2D

manual for a complete explanation.

The main functions needed are the Waveform amplitude |!ﬂ buttons, the Horizontal scale
HO
E[= buttons, the Vertical scale |!ﬂ buttons, and the Normalize | 'BHl button.

When done, press the Enter key to continue.
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simplify your search

sxdw2651.592 - Pickwin

File (F)  Edit/Display (Ex  “iew (1 Pick first arrivals () Downhale seistnic analysis (D) Surface wawve analysis (5)  Processing (&) Option (0} Help (H)
| 5> = |15 A 5 5 | e A | S8 [ | | R 4 | O [5G [ [P 706 4|2 [ Al
Press Enter key to continue Surface Wave Analysis Wizard. 10 MASWY (1) -
Source= -0.5m Time (fng)
-394 -399 101 B01 1101 1601 2101 2601 3101 3601
i
20
Al
40
B0 v
a0 b
At Y
100 4 A [ A e e —
= Aol
£ m A
@
E 140 Ay M A . e - —
g m “‘d‘ L "
160 e e e e
R i A e e T
160 s '
NS ISP | WWMA
200 e et e T e
Mﬁﬁiw YRR WA
220 Pt i b b, ]
N [ e o a4
240 A Trigger
sxdw2Ba]. su2 b
< b3
time=55131msec dist.=115.18m 12:armp.=0.00

Figure 20: Waveform view.

Press Yes when ready to proceed.

Procedure step confirmation

Ready to proceed? Back

Carcel |
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Simplify your search

Next, set the parameters for calculation of phase velocity. Set Phase Velocity End to suit the
maximum velocity you expect for your site.

The default value for Frequency End suits most cases. To see the extent of fundamental mode
velocity on the high frequency end, a higher value can be entered. Press OK when done.

Phase velocity-frequency transformation

Phase welocity OF

Start 0 Trls a .

ance
& End 600 g Ur
§ Daown Livranced menu

Frecueney

Start 1] Hz

Up
" End 30 Hz Down
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simplify your search

Next, set the parameters for picking the maximum amplitudes, which define the dispersion curve
on the phase velocity-frequency plot. The Minimum Frequency default value is 5 Hz if 4.5 Hz
geophones were used. If other geophones were used, their natural frequency can be entered, or
use the default value to allow the software to attempt to pick amplitude maxima toward that end
(any bad picks can be manually deleted later).

The Maximum Frequency reflects the value entered in the previous dialog box. Press OK when
done.

Min. and Max. frequency

O
Iliniroara Frequency = | 3 Hz
Caniel
Iladramrn Frequency = | 30 Hz
Abanced menn
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Simplify your search

Once the calculations are complete, a phase velocity-frequency plot is displayed with the
automatically determined maximum amplitudes, shown as red points:

B scdw2651.592 - Pickwin - [} X

File (F) Edit/Display (E} Miew () Pick first arrivals () Downhole seismic analysis (D) Surface wave analysis (3)  Processing (8)  Option (0)  Help (H)

| 5| - 6 5 O e o o [ O | RO | [ G 10 o6 [ 4[5 | A

Press Enter key to continue Surface Wave Analysis Wizard 10 MASWY (2] -
Source= -0.5m Phase velocity (m/fs)

a 100 200 300 400 500 600

Freguency (Hz)

Dispersion curve © sxdw2b51 502

c=621.9m/s wi=13.8m freq.=44.96Hz 12iamp.=0.00

Figure 21: Phase velocity-frequency plot with picks.

E
The default display settings for the phase velocity-frequency plot are Wiggle trace g Shaded
black A . Usually, the dispersion curve is more obvious in color contours. Select the Fine color

=] | e | 1|
contour |==| button to switch to a color plot and use the Waveform amplitude buttons, the

€= buttons, and the Vertical scale |.|.| buttons to optimize the display.

Horizontal scale
If you need to manually make or edit picks, you can do so by clicking at the desired pick
location. To help identify maxima, as you drag the mouse over the plot, the actual amplitude
values can be read on the taskbar /12:amp.=0.87283  where the value preceding the colon is the
frequency and the value following is the amplitude. To restore the automatically determined
picks, open the Surface wave analysis menu and select Pick phase velocity (1D).
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W4 sxdw2651.592 - Pickwin

/) GEOMETRICS

Simplify your search

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)

Gr|Fo| 10|67 4% 5 7= Aul

Dispersion curve : sxdw2651.sg2

1D MASW (2)

HEIEISE TR [ 1R RN A el 1 N AT 1SR
Press Enter key to continue Surface Wave Analysis Wizard.
Source=-0.5m Phase velocity (m/s)
0 100 200 300 400 500 600
0
2
4
6
8
10
12
)
E
T .
3
EANE
2 2
22
24
26

~

c=600.8m/s wi=15.0m freq.=40.00Hz

1122:amp.=0.00

Figure 22: Color phase velocity-frequency plot with picks.

Save the dispersion curve picks if you would like to be able to input them again later. To do so,

open the File menu and select Save pick file.

File (F3
Open waveform (SEG2) filedD)..,
Save waveform (SEGZ) file()...
Save weaveform (SEGEY file as(h)...

Open hcseis-3 file
Open OY0 160K {SEGT) file
Dpen synthetic waveform (Shd) file

Open pick file
Sawe pick file

Assign a file name with the extension .pvs and press Save.
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Simplify your search

P o Seisl., » BRI Fixed receiver w ) Search MASWY Fixed receiver o
Organize = Mew folder == - e
FALSW Fixed rec ™ Marme Date rmodified Type
Seislmager SWW

Mo iterns match your search,
SPACPIus

# Onelrive - Persar

[ This PC
g 30 Objects

[ Desktop v o« 3
File name: | sxszl235picks iy
Save as type: | Phase velocity data file for WaveEq (*.pvs) ~

# Hide Falders Cancel

Once the file is saved, press OK.

j l\_\ Phase velocity data file for WawveEq has been saved

After the file is saved, the dispersion curve is displayed with a pink line connecting the picks.
Refer to Section 6.1.3, Page 216, on how to re-input saved picks.

Press the Enter key to continue.
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Simplify your search

w sxdw2651.sg2

File (F) Edit/l D:sp]a, (E) View (V) Pickfirst arrivals (P) Downhole seismic analysis (D) Surface wave analysis (S) Processing (A) Option (O) Help (H)

SEIEIRNEETTRE] T RSP I AT = e et Es I"IAMI
Press Enter key to continue Surface Wave Analysis Wizard. 1D MASW (2)
Source=-0.5m Phase velocity (m/s)
0 100 200 300 400 500 600
0
2
4
6
8
10
12
)
r 14
=
g 16
ERERT
o
s 2
22
24
26
28
30
Dispersion curve : sxdw2651.sg2
v
< >

¢=940.5m/s wi=39.7m freq.=23.72Hz 97:amp.=0.00 [ 2

Figure 23: Phase velocity-frequency plot with picks connected by line.

Press Yes when ready to proceed.

Procedure step confirmation

Ready to proceed? Back

Cancel |

You will be prompted for Rayleigh wave or Love wave. (The vast majority of surface wave work
uses Rayleigh waves.)

ect surface wawe mode

f* Rayleigh wrave

" Love wave Cancel |
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Simplify your search

Next, the WaveEq module launches, and the dispersion curve is displayed. Note that in WaveEq,
Phase velocity is plotted on the vertical axis and Frequency is plotted on the horizontal axis.

From this point on, the wizard calls functions from the Dispersion curves and MASW (1D)
menus.

File (F) Edit (E) View (V) H/ curves (H)  Dispersion curves (D) Velocity model (W) MASW/MAM (100 () MASW/MAM (20/30) () Options (0)  Help (H)
FLUEoAEES RN &0 Y& | WP D R
Press Enter key to continue Surface YWave Analysis Wizard » D=2k V; ~
Frequency (Hz)
o s 10 15 i) 25 30 35 40 as 50
600
550
00 %
as0 x
400 \
T 380 \
= 300
= i PO
2 250
&
£z 200
[
150
100
s0
a
Dispersion curve © sxdw2651.552
v
< >
HUM

Figure 24: Dispersion curve plot.

If the plotting scales need adjustment, open the View menu and select Axis configuration.
View (V]

Axis configuration b Ctrl+A |_

Enter the desired values for the X-axis and Y-axis Maximum scale and Interval. Press OK when
done.

Axis configuration

H=
[ ez Cancel
as
1] &aa a0 ftisec
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simplify your search

Next, edit the dispersion curve as needed. Commonly, there are noisy picks on the low and high
frequency ends of the curve; a gate provides easy editing.

Follow the instructions in the upper left-hand corner of the window. The red gate is the active
gate. Use the right and left arrow keys to position the gate at the frequency up to which you want
to delete. Press the Enter key to activate the right-hand side gate and position it the same way
using the arrow keys. Press the Enter key when done, and the unwanted data will be deleted.

B Wavekq - = O
File () Edit (F) View () HA curves (H)  Dispersion curves (D) Welncity model (M) MASW/MAR (10) (- MASW/MAM (2D/3D) (T)  Options (0)  Help (H)
LG FMlEe>EN k3 Va C R R
Prese Enter key to continue Surface Wave Analysis Wizard V; ~
Frequency (Hz)
a 5 10 15 0 25 30 35 40 a5 50
&0
S50
500 i
450 l
400 \
= 350 \
=y 300 \b
E pesmena, |
S 250 —
&
2 200
[
150
100
50
o
Dispersion curve : sxdw2651.592
v
< >
MU

Figure 25: Dispersion curve plot with gate.

In addition to noisy picks on the ends of the curve, there may be outliers within the curve.
Outliers can be deleted by pressing the Selection M button, selecting the outlying points on the
curve, then pressing the Delete key. When done, press M again to disable the Selection button.
If the curve has noisy jitter, it can be smoothed by opening the Dispersion curves menu and

selecting Smoothing (individual curves). Upon selection, the curve will automatically be
smoothed.

Dispersicn curves (0]

Smoothing (individual curves) % l
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File (F) Edit(B) View () HA curves (H) Dispersion curves (D) Welocity model (M)  MASW/MAM (1D) () MASW/MAM (20/3D) (1) Options (0)  Help (H)

S MUESEHN k0 YR | B Mt Py Bp D R
Prese Enter key to continue Surface Wave Analysis Wizard Eﬂ ~
Frequency (Hz)
a 5 10 15 0 25 30 35 40 a5 50
&0
S50
500 %
450 1
400 \
= 350 \
=y 300
g s
S 250
&
2 200
[
150
100
50
o

Dispersion curve : sxdw2651.592

Figure 26: Smoothed dispersion curve.

If necessary, use the right and left arrow keys to position the left-hand gate at the frequency
below which you wish to delete data. Then press the Enter key to activate the right-hand gate and
position it the same way using the arrow keys.

When done, press the Enter key to continue.

Press Yes when ready to proceed.

Procedure step confirmation

Beady to proceed?

Back

Cancel |

Next, set up the initial model of Vs with depth. The software default setting is to calculate the
initial model from the one-third-wavelength approximation. For the Depth value, a good estimate
to start with is one-half the spread length. The default value for the Number of layers is suitable
for most cases. Press OK when done.
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Initial model for inversion

Canecel
& bvanced menn
Depth = 100 fi
#of lavyer = I 15
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Simplify your search

The initial model is displayed. Press the Enter key to continue.

File () Edit (F) View () HA curves (H)  Dispersion cures (D) Welocity madel (M) MASW/MAM (103 () MASW/MAM (20/3D) (T Options (0)  Help (H)
s NNESENEEEEEN A DY SEGY R reoe MRS AHNEEEmMMARDW SREEN?|
Press Enter key to continue Surface Wave Analysis Wizard 1 D= y; A
S-wave velocity (ft/s)
a 50 100 150 200 250 300 350 400 450 500 550
o
\
2
. L
5 |
o [N NN S S
10 |
12 |
14
16
18
20
g 22
= 24 e
éh 26
26
30
32
34
36
36
40
S-wave veloity model (initial) - sxdw2651 sg2
Average ¥s to 100ft = 473 6 ftizec
< > i
L |
Figure 27: Initial velocity model.
Press Yes when ready to proceed.
Procedure step confirmation
Beady to proceed?
Back
Canecel |
72
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0

PN 770-00118-01 July 2024



Data Analysis Using the Wizard @ GEOMETRICS

Simplify your search

Next, set the number of iterations for the inversion. The software will iterate the number of times
indicated to converge on the best fit of the modified initial model data with the observed data.
The default value of 5 for Iteration is suitable for most cases (generally, no more than 10
iterations are needed). Press OK when done.

Least Square Method

Iteration = 5 oK

Canizel

Aranced roerm

Once the inversion is complete, the final Vs curve is displayed:

73
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



Data Analysis Using the Wizard %) GEOMETRICS
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A WaveEq - - m|
File () Edit (F) View () HA curves (H)  Dispersion cures (D) Welocity madel (M)  MASW/MAM (103 () MASW/MAM (20/3D) (T Options (0)  Help (H)
EvHEEsSEN Oy i YR 5 & = o R
Prese Enter key to continue Surface Wave Analysis Wizard + ID=zh V; ~

S-vrave velocity (f/s)
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; s c 1
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34
36
38 —‘
40 ‘
S-wiawve velocty mosel (niial) : sxchv2651 502
Average Vs to 1001 = 5205 fisec
v
< >

Figure 28: Final Vs curve.

Press the Show apparent velocity model E button to overlay the one-third-wavelength
approximation (red points), which is the best indicator of the actual depth range of penetration.
By default, the shade of the model changes to light grey, starting at the deepest apparent velocity,
to call attention to the limits of the data.

A WaveEq - - m|
File () Edit (F) View () HA curves (H)  Dispersion cures (D) Welocity madel (M)  MASW/MAM (103 () MASW/MAM (20/3D) (T Options (0)  Help (H)
EvHEEsSEN Oy Rl 5 & = o R
Prese Enter key to continue Surface Wave Analysis Wizard + ID=zh Eﬂ ~
S-vrave velocity (f/s)
[ 50 100 150 200 250 300 350 400 450 500 550 600 850
o
’ T
. &
, (.
s N
0 }
[ ¥
12
‘e
14 -
16
18 =
0
= 22
= 24
5 .
b -
b
30 =
32
34
£
kS -
a0 ‘
S-wrave velocity medel (inial) : sxchn2851 52
Aoverage s to 1001 = 5205 fiisec
v
< >
MU

Figure 29: Final Vs curve with apparent velocity overlay.
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If there is good control to a depth of 30 m (100 ft), open the View menu and select Show AVS for
IBC to calculate and display the average Vs value.

ey

{7
Bis configuration Ctrl+2,

Dispersion curses

Frequency / Period
A0 Grid/Random -]

Showe one dispersion curve
Show three dispersion curves
Show all dispersion curves

Showe dispersion curses (option)
Showe armplification

Show P-wave velocity

Showe conwerked M-wvalue

Dpen M-wvalue file

Show M-wvalue

Dpen PS result file
Showe P35 result

0 50 100 150 200 250 300 350 a0 450 s00 550 600 850

Shows 2475 for [BC [s
B WaveEq - - m|
File () Edit (F) View () HA curves (H)  Dispersion cures (D) Welocity madel (M)  MASW/MAM (103 () MASW/MAM (20/3D) (T Options (0)  Help (H)
FHSoMUESEHN Ax DY gl W & = tH o R
Prese Enter key to continue Surface Wave Analysis Wizard : ID=zc y: =

Sewave velocity (f/s)

\
ol

,,,,,,,,, Q

Depth (ft)
R

<

S-wave velocity model (inverted) : sxew2651 502

Average s to 1001 = 509.0 ftisec

When done, press the Enter key to continue.
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Press Yes when ready to proceed.

Procedure step confirmation

Beady to proceed?

Back

Cancel |

/) GEOMETRICS

Simplify your search

Lastly, save the result. Assign a file name with the extension .rst and press Save.

Organize = Mew folder

Seislmager S Mame

SPACPIUs
% OnelDrive - Persor

£ This PC
_J 30 Objects
B Cesktap
=| Documents

* Dowenloads

R P v £

“ R o Seish., * BASSWY Fixed recei..

w Search MASMY Fixed receiver 2

Date modified

Mo iterns match your search,

Tepe

File narne: | sxsz_Vsfinal.rst

# Hide Folders

Save as type: | Analysis result file(*.rst)

Sawve

Cancel
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simplify your search

After the file is saved, check the fit of the calculated and observed dispersion curves. Press the
DisF
Show one dispersion curve _1 | button to display the original dispersion curve. Press the

Comparison X button to overlay the calculated dispersion curve (black line) and visually assess
the degree of mismatch. The matching error between the two curves in units of time (ms) and as
a percentage is also saved to a file called RMSE.txt in the dataset directory. The error should be
less than about 5% but will vary depending on the dataset.

If there is a high degree of mismatch, it is likely due to dispersion curve anomalies, such as sharp
changes and/or outliers, or due to low quality, noisy picks on the low and high frequency ends of
the curve. The mismatch will also be evident in the final Vs curve, usually as an unrealistic
velocity inversion or gradient. Although the mathematical inversion may be able to model these
aspects of the dispersion curve, surface waves, by their physical nature, cannot resolve relatively
abrupt or small-scale velocity anomalies. The dispersion curve should be double-checked and the
process re-run to improve the match.

A WaveEq - - O
File (F) Edit € View ) H/V curves (H)  Dispersion curves (D) Velocity model (M) MASW/MAM (10) 0 MASW/MAM (2D/3D) T Options (0)  Help H)
FdEoBPESEN *x G0 kS e Ve WD R
Press Enter key to continue Surface YWave Analysis Wizard 3 ID=2c V; ~
Frequency (Hz)
o 5 10 15 pal 25 30 35 40 a5 S0

GO0

550

500 %

450 ﬁ

400 \

350 ‘k

Phase velocity (ft/s)

Dispersion curve : sxdw2851.502

HUM

Figure 30: Comparison between calculated (black) and observed (red) dispersion curves.
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4.1.2 PASSIVE-SOURCE (MICROTREMOR) 1D MAM WIZARD

The passive-source 1D MAM Wizard process is essentially the same as for the Active-source 1D
MASW Wizard (Section 4.1.1, Page 55), with additional steps for setting up the MAM survey
geometry. This section assumes that you have already worked through the Active-source 1D
MASW Wizard and are familiar with the steps and general functionality of the wizard. The new
parts of the process are covered in detail, but Section 4.1.1 should be referred to for complete

explanation of the common steps. The main difference between the two processing flows is the
number of data files and how they are input.

Double-click on the Surface Wave Analysis Wizard icon. Select passive-source (Microtremor)
1D MAM and press OK.

Seislmager/5W Analysis of Surface Waves

1 |
Welcome to Seislrager/SW | Ok

Please select a data processing wizard:

(" Betre Sowrce 1D DIASW

{* Pagsme Source (Microtrernor) 1D WA
" Aectre Sowrce 2D LILASW

(" HVSE &nalysis

The main Pickwin window appears. Press the Enter key to begin.
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& Pickwin -

File (F)  Edit/Display (B} View ()  Pick first arrivals (P)  Downhole seisric analysis (D) Surface wave analysis (3) Processing (8)  Option (O)  Help (H)
5 [ | [ 1 O O e T 0 (00 [ (s o [P o6 [ 4[] [ A
Press Enter key to start Surface Wave Analysis Wizard. 10 MASWY (0) .
W
< >
[ 4

The first step is to input the dataset; all the data files are input at one time. Use the Shift key to
highlight the first through last file in the dataset and press Open.

eren "~

Look jn: | 12 MAM_T10_50m_5xA4 ~| &

sxaallls, sg2
sxaallld, sg2
sxaallls, sg2
sxaallle,sg2
sxaalll?, sg2

1_3“ swaaliis, sg2 +_£f| sxaalllz, sq2 -_Eﬂ swaallld, sg2

File name: 1"3:-:aa|:||]2|:|.392” "zraali0] . 202" "enaal00z =g Open ]
Files of type: 1,-’.'-." files(". ") _:j Cancel i

[” Open az read-only
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Once the selected files are open, press OK.
The first in the group of waveform files is displayed. Set the units if necessary.

m Piclowin -

File (F)  Edit/Display ()  Viewe (W) Pick first arrivals () Downhole seismic analysis (D) Surface wave analysis (3) Processing (8)  Option (0)  Help (H)
CIEISIQIE RN 1| ek I el 1A AT T |Gr|Fo| 0|38 e
Press Enter key to continue Surface YWave Analysis Wizard 10 MAM (1) ~
Source= 0.0f Tirne (ms)
-1788 3201 201 13201 15201 23201 25201 33201 35201 43201 48201 53201 55201 63201 6320
o
1 L
2 -
-y
3 Liah
4 eyt o
3 b
B i
7 -~
g “
g w L
10 * )
11 4 il
] L L e
3
L +
B
& 14 i #
15 'k
16 r
o
17
1% +
19
20 * "
J
2 f i -[ » e
2 o " ' o "
23 .
Trigger
ChlUserstcraig\Desktop\Local Geametrics\SeisriciSeislmager SWAMAM and MASW 1D (Geode linear array with 10 ft receiver spacing\Passivetsd
W
< >
time=33998.8msec dist.=26.69t 23amp.=-22.09

Figure 31: MAM record.

Unlike most active-source data, it is usually difficult to evaluate the quality of passive-source
data by viewing the shot record in the time domain. You can quickly transform the data into the

frequency domain by pressing the Frequency domain FO button. The view will change to a plot
of the frequency content or spectrum for each trace.

After pressing the Frequency domain button, press the right Horizontal scale Iil button or press
the right arrow key a few times to expand the frequency scale. What is ideal is similar frequency
content from trace-to-trace and dominant energy in the lower end of the frequency scale. The
example spectrum plot shown in Figure 32 indicates high-quality passive-source data.

To toggle back to the waveform view, press the Time domain Iﬂl button.

&

To scroll through the files, use the Show previous waveform and Show next waveform | v
buttons.

When done, from the waveform view, press the Enter key to continue.
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m Pickwin -

HEIEIBENEEED | e IE R

File (F) Edit/Display (E} Miew () Pick first arrivals () Downhole seismic analysis (D) Surface wave analysis (3)  Processing (8)  Option (0)  Help (H)

hadl 1 ENLAT

/) GEOMETRICS

simplify your search

|&[w 0 |or|Fo| e[ 4[|

== A

Press Enter key to continue Surface Wave Analysis Wizard

Source= 0.0t Frequency (Hz)

a 5 10 15 20 25

~

1D WAM (1)

30 35

Distance (ft)

freq.=24.7Hz

ChUsers\eraig\DesktopiLocal Geometrics\SeistichSeislrmager SWAMAM and MASW 1D (Geode linear array with 10 ft receiver spacing)\Passiveisid

dist.=70.85ft

23amp.=1.08

Figure 32: Example spectrum plot.

Press Yes when ready to proceed.

Procedure step confirmation

Ready to proceed?

Back

Carcel |

Next, set the array geometry for the SPAC calculation. Select which 2D array type was used and
the Array size or select Linear array and enter the Receiver spacing and Number of receivers.
This example is based on a Triangle 10 array with an Array size of 50 meters. Press OK when

done.
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SPAC for passive data

- Geometry K
r~ Dfault arrays
2D armays Canel
_lnan.gle —

™ Triangle 4
¢ Triargle 7 dbranced menm
" Triangle 10
" Triangle 13
~L shape Open array file

i

L

L3
{ILS
L1
L9
L1
L13

 Single circle 5
" Dotble circle 37
COA

& CCA3
& CCLE

[~ Use center recefver

— Linear atvay

Recenver spacing = I 10 ft
Nurnber of recervers = I 24

L shape 24
" L24(12th geaphorne is at comer) DS
[ DAS data
Fotation = I i] degrees
€ Ilanual amray
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The rest of the steps are identical to the Active-source 1D MASW Wizard. Proceed to calculate
phase velocity and pick the dispersion curve.

Set the Phase Velocity End to suit the maximum velocity you expect for your site. passive-
source energy is generally traveling deeper and thus at higher velocities, so you will likely want
to set a higher Phase Velocity End than what was used in the active-source wizard.

The default value for Frequency End suits most cases. To see the extent of fundamental mode
velocity on the high frequency end, a higher value can be entered. Press OK when done.

Phase velocity-frequency transformation

Phase welocity oK
Start 0 ftia - :
ance
Up
{+ End 1200
e Do A dvanced mernn
Frequency
Start 0 He
Up

" End 15 Hz Diovwn

The Minimum Frequency default value is 2 Hz. If 4.5 Hz geophones were used, energy below 4.5
Hz may have been recorded, though dampened according to the characteristics of the geophone.
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It is suggested to leave the default value of 2 Hz to allow the software to attempt to pick the

amplitude maxima

to this end (any bad picks can be manually edited later).

Min. and Max. frequency

DK
Iliniroarn Frequency = | 2 Hz
Caniel
Iylaxirenra Frequency = |15 Hz
Adranced menn

Convert the phase velocity-frequency plot to fine color contours, adjust the gain, and check the
automatically determined dispersion curve picks. Save the dispersion curve picks if desired.
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¥4 Pickwin - - O X
File (F) Edit/Display (E) View (V) Pick first arrivals (P) Downhole seismic analysis (D) Surface wave analysis (S) Processing (A) Option (0) Help (H)
| @] 1] ] € =5 ||\ J4r [ [NR[F | B kS (0K A | [W= 25w 6 [Gr[Fof 0[] 45 | | Anl
Press Enter key to continue Surface Wave Analysis Wizard. 1D MAM (2) 2
Source= 0.0ft Phase velocity (ft/s)
0 50 100 150 200 250 300 350 400 450 500 550 600
0
1
2
3
4
5
6
¥ gz
=
< 8
=
= 9
10
1
12
13
14
15
Dispersion curve : sxdw2671.sg2-sxdw2680.sg2
v
< >
[ |e=12.1t/s wi=0.0ft [freq.=17.24Hz |490:amp.=0.92 [ 2
Figure 33: Phase velocity-frequency plot with dispersion curve picks.
Procedure step c
7
Ready to proceed? Back
Canecel |
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Once the dispersion curve is imported to WaveEq, edit the curve as necessary using the gates, the
Selection button, and/or Smoothing (individual curves).

File (F) Edit () View () H/V curves (H) Dispersion curves (D) Velocity model (M) MASW/MAM (10) () MASW/MAM (20/3D) ) Options (Q)  Help (H)
BdE - ABeESEAN kB Ve [ | B FH M Py P O R
Press Enter key to continue Surface YWave Analysis Wizard V; ~
Frequency (Hz)
o 5 10 15 20
600
550 rx
500 'l “‘
450 'l \
400 l \
S [N
= 300 g A , \\%m
=
: LY,
< 250
B e d N |
2 200
o
150
100
50
0
Dispersion curve © sxdw2671.sg2-sxdw260. 552
v
< >
HUM

Figure 34: Dispersion curve and gate for removing spurious or noisy picks at the ends of the curve.

File (F) Edit(B) View () HA curves (H) Dispersion curves (D) Welocity model (M)  MASW/MAM (1D) () MASW/MAM (20/3D) (1) Options (0)  Help (H)

sHEo@lEESEN k3 Vr || tH B O R

Prese Enter key to continue Surface Wave Analysis Wizard + ID=zp V; 2

Frequency {Hz)

Phase velocity (ft/s)

Dispersion curve | sxdw2671.s92-sxdw2680. 592

Figure 35: Trimmed and smoothed dispersion curve.

Set the maximum depth for the initial Vs model. A good Depth estimate to start with is the
length of the array. Accept the default value or increase as desired for Iteration.
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Initial model for inversion

DK
Canecel
Lbranced menn
Depth = IT ft
# of layrer = IT
R
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A WaveEq -

File (F) Edit(F) View () HA curves (H) Dispersion curves (D) Welocity model (M)  MASW/MAM (1D) () MASW/MAM (20/3D) (1) Options (0)  Help (H)

/) GEOMETRICS
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Depth (ft)

120

140

160

180

200

20

240

S NBESNNEEREEERA A DY W CEFY W r e Y S Y EIEEEEMMAMEPD W SRENNE ¢
7~
sl

Prese Enter key to continue Surface Wave Analysis Wizard +ID=

S-vrave velocity (f/s)

50 100 150 200 250 300 350 400 450 500 550 600 850

—

S-upsve velochy model (intisl) | sxchw 2671 S02-sxow2680.592

Average ¥s to 1001t = 5046 filsec

L |

Figure 36: Initial Vs model.

Least Square Method

5

Iteration =

Canizel

Aranced roerm

88

Hayashi/Underwood/Lippus

PN 770-00118-01

SeisImager/SW Manual v. 4.0
July 2024



Data Analysis Using the Wizard %ﬂ GEOMETRICS

simplify your search

Once the inversion is complete, the final Vs curve is displayed. For an indication of the actual

depth range of penetration, press the Show apparent velocity model E button to overlay the
one-third-wavelength approximation. If there is good control to a depth of 30 m (100 ft), open
the View menu and select Show AVS for IBC to calculate and display the average Vs value.

File tFy Edit{E) Wiew (¥) HA curves (Hy  Dispersion curves (D) Melocity model (M) MASWMAM (1D} () MASWMANM (20/30) (T)  Options (O)  Help (H)
sHgvlPesEHNE x kL Oy e VR by Oy L L) 5] R
1 D= -

Press Enter key to continue Suface Wave Analysis Wizard
S-wave velocity (ft/s)

a a0 100 130 200 230 300 330 400 430 500 550 600 630 o0

Depth (ft)
¥

S-wvave velocity model (inverted) : sxdvw2671 sy2-sxdw 2680 sg2

Average Ve to 100ft = 538 5 fifsec

MUM

Figure 37: Vs curve with Vi shown (red dots).

Lastly, complete the wizard by saving the results and check the fit between the calculated and
observed dispersion curves.

Refer to Section 4.2, Page 156, on how to combine active- and passive-source dispersion curves
from a given site and obtain one high-resolution Vs curve over the entire sampled depth range.
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4.1.3 ACTIVE-SOURCE 2D MASW WIZARD

The Active-source 2D MASW Wizard process is essentially the same as for the Active-source 1D
MASW Wizard (Section 4.1.1, Page 55) and passive-source 1D MAM Wizard (Section 4.1.2)
with additional steps for setting up the 2D MASW survey geometry. This section provides a
complete treatment of the 2D MASW wizard process covering Pickwin, WaveEq, and GeoPlot,
so much of the detail will be familiar if you have already run the other processing flows. Note
that GeoPlot is its own standalone module for general data visualization. In this manual, in
Section 4.1.3.1 (Page 119), only the GeoPlot functions needed for viewing 2D MASW initial and
final Vs cross-sections are covered. See the GeoPlot manual for full documentation of GeoPlot.

Double-click on the Surface Wave Analysis Wizard icon.
a WZ

The SeisImager/SW Analysis of Surface Waves dialog box appears. Select Active-source 2D
MASW and press OK.

Seislmager/5W Analysis of Surface Waves

1 |
Welcome to Seislrager/SW | Ok

Please select a data processing wizard:

(" Betre Sowrce 1D DIASW

(" Pasgstve Sonrce (Microtrernor) 1D WA
o Lot Source 20 LIASW

(" HVSE &nalysis

The Pickwin module will be launched.
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Pickwin

SeisIrnager I\A\S\‘

Pickwin Version 8.0.1.2

Copyright (C) 2004 - 2023

Geometrcs  OVO

N — —

The main Pickwin window appears. The wizard calls functions from the File and Surface Wave
Analysis menus. Press the Enter key as instructed in the upper left-hand corner of the window to

begin.

Pickwin -

File (F)  Edit/Display (E)  “Wiews () Pick first arrivals (F) - Downhole seisrmic analysis (D) Surface wave analysis (S)  Processing (& Option (0)  Help (H)

5| @[5 | | €5 5 I v & A 36 [ o | v I & | (O 5 [0 [ 6 | | A
Press Enter key to start Surface Wave Analysis Wizard. 20 MASYY [0) ~

The first step is to input the dataset; all the data files are input at one time. This is done by
making a new file list. Select Yes: make new file list.
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Piclkowin

Ilake newr file list ?

| ez : make new file list | Ma : use existing file list

Use the Shift key to highlight the first through last file in the dataset and press Open.

“— v P e Seisl.. » MASW Fixed recei... v Search MASW Fixed receiver o
Organize = Mew folder = ~ [H 9
» - o A
I This PC Marne Date modified Tyt
. | ] sxsz0252.5q2 141472024 12:49 Phd 3G
) 30 Objects -
| ] sxsz0253.5g2 1/1472024 12:49 Phd 3G
B Desktop | | sxs20254.52 1/14/2024 12:43 PM SG
F] Documents | | sxsz0255.592 141472024 1242 PM 56
& Downloads || sxsz0256.592 11472024 12:43 Pha 3G
D Music | ] sxs20257.592 1/1442024 12:43 Ph 565
= Pictures Q sxsz0258 592 141472024 12:49 Ph 3G
B videos | ] sxsz025995g2 141472024 12:49 Phd 3G W
- . . .- R { )
File narme: ‘"sxszUESQ.ng" "3x3z0235,592" "sesz v| seg? filel*.sg2) ~

Once the selected files are open, press OK.

Piclkowin

l"z 25 files hawe been opened.

Next, indicate whether the source and receiver coordinates stored in the file headers should be
used for the geometry. Explanation of the wizard assumes that the correct source and receiver
coordinates were saved to the file headers; working on that assumption, check Source position
and Receiver position to apply the header information to the geometry. Press OK when done.
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Lse information in file

0K

v Source position

v Recefver position Cancel

Check to use source and recemer coordinates in file headers

A list of the files is presented in the File list dialog box. Note that if the coordinates from the
header are to be applied, they will not be reflected here in the Source, I*' Receiver, and Receiver
int. columns; the Apply source coordinates from file header and Apply receiver coordinates from
file header boxes will be checked. (If coordinates need to be entered manually, press Set up to
enter the pattern that describes the geometry. Refer to Page 223 for a full explanation of how to
enter coordinates manually.) Press OK when done.

File list
Inkx Edit 1D Source (f1) Ist receiver () Receiverint (f)  #ofame  Source index
D 23 o E E o 0 l %
1 i P [0 [0 [1 [0 [1 | Mext
2 i P [0 [0 1 [0 [2 | Back
3 | [0 [0 [1 [0 [3 |
Set
4 i =T [0 [0 [1 [0 [4 | =
Set #of anx.
5 a0 [0 [0 [1 [0 |5 [
@ [ [0 [0 [1 |0 ¢ | QDEME
7 . P [0 [0 [1 [0 |7 | Export
3 | [0 [0 [1 [o E | Trport
] i P [0 [0 [1 [0 E |
Number of files
v Apply source coordinates from file header {* Active data ’25—
[v Apply receiver contdinates from file header ™ Passive data
Next, assign the file list a unique line name:
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String input
Enter a string of characters (less than 255 characters) for line nawme O
Line 1 Cancel

The first in the group of waveform files is displayed:

Pickwin -
File (Fy  Edit/Display (B} View () Pick first arrivals (P)  Downhole seismic analysis (00 Surface wave analysis (5)  Processing &) Qption (&) Help {H)
S| (|| |15 0 = A 4 v % | A | | A& | o= O[O [0 6] | | A
Press Enter key to continue Surface Wave Analysis Wizard 2D MASW (1) ~
Source= -0.5f Time (ms)
0 200 400 500 800 1000 1200
Il
0 - e
2 l}v"-'“ r I i
4 \(’ I"!, rr e e e 2 :
: W= ——
g ‘f v |, ™. Ww»&»————-—-—:
r !‘ o a T a el m e ] L
" L/ [l ala s e T L =
S b ,‘ " M,M\MM—-_-—-—J——-_-—:
% 14 “" Y g Ry P S SR
. Sy S
W o ol ol —
g f, 11,'| ' N ' ' g
. ’ ' ' v # P g
20 —— NV'Y e e S
_— i
n ] 1‘ ey e
24 ~‘Trigger ’
ClUsers\eraigiDeskiop\lLocal Geometrics\Seismic\Seisimager SWAMASYY Fixed receiver\sxsz0235.s92
v
< >
time=2274msec dist.=30.9%t 23amp.=0.00

Figure 38: Waveform plot, 2D active-source, fixed spread.

Check the units. If the unit labels are incorrect, open the Edit/Display menu and select Edit
source/receiver locations.
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Edit/Display (E)
Indofd)
Redo
Exit edit rmode

Select trace
Select all traces

Selected traces

Tirne shift traces
Correct shot time
Automatic shift
Correct S-wave

Filter

Truncate traces (shorten record length)

Resarmple data

Edit sourcefreceiver locations

/) GEOMETRICS
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The Geometry dialog box will appear and the Units setting allows selection between meters and
feet. The Units setting will affect the unit labels shown in the dialog boxes as well as update the
minimum phase velocity default value, which is 35 m/s or 150 ft/s. Once set (and Pickwin is
closed), the assigned units will be recalled for subsequent uses of the wizard.

Geometry
Urnits
Shot coordinate |05
{(» reters
" feet

First geophone coordinate

Futober of channels

Group interval 1
Set
0

Charmel | 2 3

Interval | 1 ‘ 1 | 1

o R 2
Bk |

Ok

[ o= ]
Cancel

| Open geometty file |

| Save geormetry file |

Note: Assigning the wrong units will cause errors in the calculations of dispersion curves, so it

is important to make sure they are correct.
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At the end of the Pickwin wizard (when WaveEQ opens), simply close Pickwin to register the
new Units setting.

In the waveform view, the settings can be modified to optimize the display. All these settings are
common with SeisImager/2D for refraction data processing; refer to the SeisImager/2D manual

for complete explanation. The main functions needed are the Waveform amplitude |.|.|
buttons, the Horizontal scale e= buttons, the Vertical scale |.|.| buttons, and the

. HO
Normalize | 'FM] button.

&

To scroll through the files, use the Show previous waveform and Show next waveform | v

buttons.

When done, press the Enter key to continue.

File (Fy Edit/Display (B} Wiew (W)  Pick first arrivals (P} Downhole seismic analysis (D) Surface wave analysis (5 Processing (&%) Option (00 Help (H)

| |8 | o | 1 0 5 55 | | e 5 [ [ [ | O & [ 0 [ P10 |26 | | = Al
Press Enter key to continue Surface Wave Analysis Wizard. 20 MASWY (1) -
Source= 11.4m Time {ms)

a 600 700 800 a0a 1000

Distance (m)
o

20

25 | Trigger

C:\lsersteraig\Desktop\Local Geometrics\Seismic\Seislmager SWAMASW Fixed receivefsxsz0247 sg2

tirme=774.8msec dist.=34.67m 23amp.=-0.00

Figure 39: Waveform plot, 2D active-source, fixed spread.

Press Yes when ready to proceed with calculation and assignment of the geometry.

Procedure step confirmation

Ready to proceed? Back

Cancel |
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Once the geometry calculation is complete, the file list with geometry assignments is saved as an
.xml file named with the tag set earlier in the process. Press OK. This list can later be opened
directly without having to reassign the geometry.

Piclkowin

Source-receiver geometry is completed
Analysis resultwas saved into ChUsers\craighDesktopilocal

GeometricahSeismidseislmager SWARMASYW Fixed receiveriline
1.xml!

A plot of the geometry will be displayed. Press the Enter key to continue.

Pickwin -
File (F  Edit/Display (E)  Wiew (W) Pick first arrivals (F) - Downhole seismic analysis (D) Surface wave analysis (S)  Processing (4)
Dption (0} Help (H)

| |5 | | |0 € | I e 4 S [ 0 I R & | 0 W [o O

Press Enter key to continue Surface Wave Analysis Wizard. 2D MASW (2) ~

a5 Distance () 235

o

(}OOOOOOOOGGOOOOOOOOOSOOOO

OOOOOOOOOOOOOOOOOOO%OOOOO
jeReleReReRoReReReloRoRoReloReReRotoRoReRoRe o ReRe]
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[+ReRe R R R R R+ R+ R+ R R RO RO RN RO R IR+ R REROR SRR
[eReloRoReRoRoReReloRoRoRoloRoRoRoloRoReReRol o RoRe]
GOOOOOOOOGGOOOS{)OOOGOOOOO
OOOOOOOOOOOOOSOOOOOOOOOOO

Shot Mo,

o
[eReR R R R R Re R+ R+ R+ R RO RORIR RO R ¢ R+ R4 RORER SRR

o
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Figure 40: Geometry plot, 2D active-source, fixed spread.

Press Yes when ready to proceed.
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Procedure step confirmation

Ready to proceed? Back

Phase velocity calculation for CMP

Bin size | 7 . 0K
First distance | 0 1 —
ALcE
Last distance [23 m -
_ _ . Ilethod

s variable spacing (check if
[ source spacing is not the }

multiple of recemver spacing) O (ligee-roiie o @i

Next, calculate the CMP cross-correlation gathers. The First distance and Last distance are taken
from the first and last coordinates of the geophone spread, and the Bin size is automatically
calculated as two times the geophone interval. The default value for Bin size is recommended.
The effect of increasing the Bin size is to reduce the resolution of the final Vs cross-section.

Check the Use variable spacing box if your source interval is not a constant — you will be
prompted for the “minimum spacing difference” in percent. The meaning of this parameter is
best illustrated by example:

Assume your receiver spacing varies about a nominal spacing of 3 meters. If this parameter is set
to 10%, then a spacing of 3.2 meters or 2.9 meters would be considered to be 3 meters. However,
a spacing of 3.4 meters would be considered to be 3.4.

In general, we recommend you use a constant source interval that is a multiple of the geophone
interval.

Input float
)
Enter rainiranrn difference of spacing (%) 1
Cancel
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If you check Show option menu, you will be prompted to supply a minimum and maximum

offset:

Phase velocity calculation for CMP

ITiraranrm offset | 45 f 0K

Wladraumm offset | LeHID ft ]

Iethod

{* Cross-correlation average

(" Coherence average

The most common Method used is the Cross-correlation average. The main difference between
Cross-correlation average and Coherence average is that the former is a time domain

calculation, and the latter is frequency domain. The outcome is essentially the same 98% of the
time, and Cross-correlation average is the recommended method.

Press OK when done.
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Phase velocity-frequency transformation

Phase welocity oK
Start 0 s - :
ance
& End |2000 Up
s Do Ldvanced et
Frequency
Start o He
Up

Next, set the parameters for calculation of phase velocity for the CMP cross-correlation gathers.
Set the Phase Velocity End to suit the maximum velocity you expect for your site.

The default value for Frequency End will suit most cases. To see the extent of fundamental mode
velocity on the high frequency end, a higher value can be entered. Press OK when done.
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Min. and Mazx. frequency

(0]
Ilinivonra Frequencyr = | 3 Hz
Canecel
Ilaxdromn Frequency = |40 Hz
dbranced mern

Next, set the parameters for picking the maximum amplitudes, which define the dispersion curve
on the phase velocity-frequency plot. The Minimum Frequency default value is 5 Hz, if 4.5 Hz
geophones were used. If other geophones were used, their natural frequency can be entered or
use the default value to allow the software to attempt to pick amplitude maxima toward that end
(any bad picks can be manually deleted later).

The Maximum Frequency reflects the value entered in the previous dialog box. Press OK when
done.

Once calculation of phase velocity and picking of dispersion curves is complete, the picks are
automatically saved as a .pvs file named with the applicable tag. Press OK. Refer to Section
6.1.2, Page 215, on how to re-input saved picks.
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Pickwin

Dispersion curves were saved inta
Calsersicraigh\Desktopilocal GeametricahSeismidhseislmager
T SWARASW Fixed receiveriline 1.pws

The first in the group of CMP cross-correlation gathers is displayed. To scroll through the files,
A

and Show next waveform | ¥ buttons.

use the Show previous waveform

4 Pickwin -
File (Fy Edit/Display (B} Wiew ()  Pick first arrivals (P} Downhole seismic analysis (D) Surface wave analysis (5 Processing (&) Option (O} Help (H)
3| |8 | o | 0 S5 | | - 5 [ [ B[ 00K | [z [P 10 |06 [ | | = Al
Press Enter key to continue Surface Wave Analysis Wizard. 2D MASW [4) -
Source= 2.0m Time (ms)
[t} 200 400 600 &00 1000 1200

1 "

2

3 L=y

Distance ()

C\Userstcraig\Desktop\local GeometricstSeismic\Seisimager SWAMASW Fixed receivericmp 002200 sg2
cmp_000000. sg2-crmp_002200. 592

tirme=792.1msec dist.=19.15m Tiamp.=-0.03

Figure 41: CMP cross-correlation gather.

To display a file with a specific geometry, press the Geometry ﬂ button to toggle to the
geometry view. The geometry of the waveform file currently displayed in the waveform view is
highlighted in red.
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4 Pickwin -
File (Fy  Edit/Display (B}  Wiewe (W)  Pick first avivals (P} Downhole seismic analysis (D) Surface wave analysis (5 Processing (&) Option (00 Help (H)
| bl 5 | | N R 5 | =5 | O [ [ S0 |0 [ [ || & | w [ |5 W [ D7D | [ A
Press Enter key to continue Sudace Wave Analysis Wizard, 20 MASW (4) ~
00 Spacing (m) 220
1 LE ¢ B+ B B o]

4 ¢ # & &« #®# *+ @ . . . . . . . .
s (eI B e E R R A - D I - B < R e B <] . . . . . .
= Lol e B e - - e - B e = T - o I - I« ] . . .
5 LOR S s ¢ e D - e - N+
= L ¢
= [e B B R R - - T - T S - R - T - - - I <
@ Lol e B B e R - B s = E = - O D - = . .
[ o o o o o o 90 o o o o o o 0 @
g Lo T B S S B S B S S S S @ .
= (e B e e R - I+ . . . . @
5 12 o o @

w
< >
time=505.8msec dist.=15.02m Tarp.=0.01

Figure 42: Geometry plot. Trace locations of Figure 41 shown in red.

Use the Show previous waveform / and Show next waveform | ¥ buttons to select the
geometry of a waveform file to display.

4 Pickwin -
File (Fy  Edit/Display (B}  Wiewe (W)  Pick first avivals (P} Downhole seismic analysis (D) Surface wave analysis (5 Processing (&) Option (00 Help (H)
| |5 | o N R 65 | =5 O [ v S s 0 [ [ | & [ ||z W[ e[| [ 4] 5] | A
Press Enter key to continue Surace Wave Analysis Wizard, 20 MASW (4) ~
oo Spacing (m) 220
1 LER e B+ B B o]
s & © © ¢ °© © ©
o [ B EE R - - - DT - B - B ¢ R & ) . . . . . .
= L B B - - - < D e - T < T e e I <] . . .
o Lol B R B D 2= T = - S - B - T e R« D = H e e ) .
2 [T T B - TR < T+ B O < T - R - JOK <K - T + B < S < B < B+ B « B« B < I ¢
= 4 &« # & &« &« &+ & &« & & ¢ &« & & & &« & & .« &
o L B B R B - D R - B - T e B - R < T - - D . .
[ o o o o ¢ Qo o o o Qo o o o O R B . .
g Lo S B S S S SR S S S S @ .
= [e - B e B eI - < . . . . ]
o1z R D X o
w
< >
time=675.6msec 4 |dist.=T 46 Garnp.=0.03

Figure 43: Paging through the geometry file.

Toggle back by pressing the Waveform ﬂ button to display the selected file.
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Pickwin -
File (F)  Edit/Display (E) View (W)  Pick first arrivals (F)  Downhaole seismic analysis (D) Surface wave analysis (5)  Processing (&) Option (O)  Help (H)
HEIEIRIEE I EEEN 1 1R I YA R 1 (N AT 1 e e (e s P e = s Pl 2
Press Enter key to continue Surface Wave Analysis Wizard 2D MASW (4) -
Source= 12.0ft Time (ms)
500 600 700 800 900 1000 1100
1 -Am‘&
———
3
a =
7 .
q et |
g I —
E?J 11 ——— | ————— — L
S N [ | —
w 13 I A — -
=] | o o o] e ] | -
15 N R STl P s
— A e ] PR S S . R,
17 _-\,..._,‘\,‘._AM_,__W\AN_»
e, S N N R
18
ClserstcraigiDesktoptlocal Geometrics\SeismiciSeislmager SYWAMASW Fixed receivericmp_002200.sg2
crmp_000000. sg2-cmp_002200. sg2 v
< >
time=6164msec dist.=23.18ft 17:amp.=-0.09

Figure 44: Pressing waveform button to display the file corresponding to red dots in Figure 43.

Press the Enter key to continue.

Press Yes when ready to proceed.

Procedure step confirmation

Ready to proceed?

Back

Cancel |

Next, the WaveEq module launches, and the dispersion curves are displayed. From this point on,
the wizard calls functions from the Dispersion curves and MASW (2D) menus.
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File (F)  Edit (E) View (V) H/V curves (H)  Dispersion curves (D) Velocity model (M) MASW/MAM (100 () MASWMAM (20/30) Ty Options (03 Help (H)
EHecMUESEAR bWk xR L] D

Press Enter key to start Surface Wave Analysis Wizard. 2 ID=a3 s

Frequency (Hz)

500

450

400

350

300

250

200

Phase velocity (m/s)

150

100

Dispersion curves : crp_000000, sg2-crp_002200. 542

Figure 45: Dispersion curves.

If the plotting scales need adjustment, open the View menu and select Axis configuration.
View (V]

Axis configuration b Ctrl+A |_

Enter the desired values for the X-axis and Y-axis Maximum scale and Interval. Press OK when
done.

Axis configuration

Canizel

[ Log

axds
1] 1000 50 frisac

Press the Enter key to continue.

Next, there is a series of three dispersion curve editing functions to remove low quality, noisy,
and higher mode picks that are typically present on dispersion curves and can skew or cause
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instabilities in the inversion. The default settings for these functions are suitable for most cases.
Any of the editing steps can be skipped by pressing No. Refer to Section 7.5, Page 433, for a
complete explanation of the dispersion curve editing functions.

Select Yes.

The edited dispersion curves are displayed. Press the Enter key to continue.

File (F)  Edit (E) View () H/W curves (H)

| es

Lutoraatically filter lonar qualitsy and higher mode data ?

Ha

Dispersion curces (D) Velocity model (W) MASWAMAM (100 (I3 MASW/MAM (20730 Ty Options () Help (H)
EHeofUESEAR bWk xR

500

450

400

350

300

250

200

Phase velocity (m/s)

150

100

Press Enter key to continue Surface VWave Analysis Wizard

+ ID=a3

Frequency (Hz)

o
o
[o.ul

g0

@l
fst:3

Dispersion curves : crp_000000, sg2-crp_002200. 542

Figure 46: Filtered dispersion curve; low-quality, higher mode data removed.

Press Yes when ready to proceed.

Procedure step confirmation

Ready to proceed?

Back

Carcel |
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Select Yes.

Set up miniranrn and rmaarn frequencyr (editing gate) ?

| Fes | Mo

Follow the instructions in the upper left-hand corner of the window. The red gate is the active
gate. Use the right and left arrow keys to position the gate at the frequency-phase velocity point
up to which you want to delete. Press the Enter key to activate the right-hand side gate and
position it the same way using the arrow keys. When done, press the Enter key to delete the
picks outside of the gates.

File (F) Edit (B} View () H/V curves (H)  Dispersion curves (D) Velocity model (W) MASW/MAM (107 () MASW/MAM (20/30) (T) - Options (O} Help (H}
FHSoMUES AN AR LY B M D
Press Enter key to continue Surface VWave Analysis Wizard y; Q

Frequency (Hz)

500

450

400

350

300

250

200

150
o o omstn @
ha e e ale
100 bl 55 it G

Phase velocity (m/s)
@l
oW
P ©
oo

%
3
i3
4
B

Dispersion curves : crp_000000, sg2-crp_002200. 542

Figure 47: Editing the dispersion curves using gate.

The edited dispersion curves are displayed. Press the Enter key to continue.
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A WaveEq - = [m]
File (Fy Edit () View (V) HAV curves (H)  Dispersion curees (D) Velocity model (M)  MASW/MAM (10) (3 MASW/MAM (20/30) Ty Options (0} Help tH)

sHdsolBESHEEEN<» « p x XA EFEEF PN r e PR EINEEEmMMAMPDY s RIENE Y
=~
sl

Press Enter key to continue Surface VWave Analysis Wizard 2 ID=a3

Frequency (Hz)

500

450

400

350

300

250

g0

200

Phase velocity (m/s)

150

100

Dispersion curves : crp_000000, sg2-crp_002200. 542

v

) i
Figure 48: Trimmed dispersion curves.
Press Yes when ready to proceed.
Procedure step confirmation
Beady to proceed?
Back
Cancel |
Select Yes.
Wavekq
Automatically smooth data nsing 20 median filter ?
| es I Ha
The edited dispersion curves are displayed.
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File (F)  Edit (E) View (V) H/V curves (H)  Dispersion curves (D) Velocity model (M) MASW/MAM (100 () MASWMAM (20/30) Ty Options (03 Help (H)
EHeofUESEAR d bWk x DY YR MY Fp D R

Press Enter key to continue Surface VWave Analysis Wizard 2 ID=a3 s

Frequency (Hz)

500

450

400

350

300

250

200 z
150 \g%“

100 E&Q“gﬁe' gt

KELE EUEE SR S

Phase velocity (m/s)

Dispersion curves : crp_000000, sg2-crp_002200. 542

Figure 49: Smoothed dispersion curves.

This is the last editing step. Press the Enter key to continue.

Press Yes when ready to proceed.

Procedure step confirmation

Beady to proceed?

Back

Cancel |

Next, set up the initial models of Vs with depth. These individual curves are used to interpolate
an initial cross-sectional model. The software default setting is to calculate the initial models
from the one-third-wavelength approximations. For the Depth value, a good estimate to start
with is one-half the spread length. The default value for the Number of layers is suitable for most
cases. Press OK when done.

109
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



Data Analysis Using the Wizard g} GEOMETRICS

Simplify your search

Initial model for inversion

Carcel

Bibranced menn

Depth = I 15 m
#of lavyer = IT

Once the initial cross-sectional model is calculated, the number of curves used in the model is
reported. Press OK.

Wavekq

Mumber of dispersion curves = 11

— Murmber of HA curwes = 0

The initial model file is automatically saved. Press OK.
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WaweEq

Aralysis result [initial model] was saved into
Calsersicraigh\Desktopilocal GeametricahSeismidhseislmager
SWARASW Fixed receiver\sxaa_analysis_result.pws

The first in the group of individual initial models is displayed.

File (F)  Edit () View () HAfcurves (H)  Dispersion curves (D) Velocity madel (M) MASW/MAM (1D) () MASM/MAM (20/30) () Options (0} Help (H)
FHEoFTESHE APk xLOYREEERERPYH YRS HIHEEEMMANIRD W SR d
Press Enter key to continue Surface Ware Analysis Wizard 3 ID=aa Eﬂ =
Index=0 Distance=0.00m
S-wave velocity (m/s)
o e 100 150 200 250 300 a0 400 450 s00
’ C
; -
4
[
& L
8
10
E
=
B 12
o
o
14
18
18
bl
S-wave velocty model (initial) : cmp_000000 sg2-cmp_0022001.592
v
< >
[HUM

Figure 50: One of several initial velocity models.

To control the velocity curve display, use the Velocity section 1 E and Velocity section next
h':ﬁ buttons to view one, or three curves at a time, respectively. With either setting, the Show
previous Ii and Show next ILI buttons and the Home \i and End Iil buttons allow you to

move through displays. The Velocity section all Iﬁl button displays all velocity curves.
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File (F) Edit(E) View (v) H/V curves (H) Dispersion curves (D) Velocity model (M) MASW/MAM (10) () MASW/MAM (20/30) (T} Options (0)  Help (H)

FHSoEleElN a4k dwkx IRV ve Ve 5 = L] D R

Press Enter key 1o continue Surface Wave Analysis Wizard + ID=sa e

S-wave velocity (mis)

0 s0 100 150 200 250 300 350 400 450 500

L il b
8
10
E
=S 12
a
14
18
18
Fil
Sewvarve velocity modlels (iritial) | ciip_000000 352-cmp_D02200.562
v
< >

Figure 51: Display of several initial velocity models.

Press the Show apparent velocity model E button to overlay the one-third-wavelength
approximation (red points), which is the best indicator of the actual depth range of penetration.
By default, the shade of the model changes to light grey, starting at the deepest apparent velocity,
to call attention to the limits of the data.

File (F) Edit(E) View (v) H/V curves (H) Dispersion curves (D) Velocity model (M) MASW/MAM (10) () MASW/MAM (20/30) (T} Options (0)  Help (H)

FHSoEleElN b LY PN R Ve HEE i 8] R

Press Enter key 1o continue Surface Wave Analysis Wizard + ID=sa e
Index=0 Distance=0.00m
S-wave velosity (ms)

0 s0 100 150 200 250 300 350 400 450 500

3
& —‘
10
E
=S 12
a
14
18
18
Fil
S-wvarve velocity model (initial) | emp_000000 sg2-cmp_002200 552
v
< >

Figure 52: Velocity model showing 1/3 wavelength approximation.
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DisF DisF
For the dispersion curves, the Dispersion curve 1 Ll and Dispersion curve next He:t] buttons, the

Show previous |i| and Show next IL' buttons, the Home |i| and End |!| buttons, and the

DisF
Dispersion curve all Iﬂl button, function the same as described for the velocity curve display.

Procedure step confirmation

Ready to proceed?

Back

Carcel |

Wavekq

Do neversion ?

Yes : perform version | | Mo : showr mitial model I

Select No: show initial model to display the initial cross-sectional model in GeoPlot (to skip this
step, select Yes: perform inversion).

The GeoPlot module launches. Press OK. Refer to Section 4.1.3.1, Page 119, for an explanation
of the GeoPlot functions used for viewing initial Vs cross-sections.
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WA Untitled - GeoPlot

File (F)  Scale (3)  Miew () Edit (E) Calculation (C)  Drawing tools (00 Geological section (G)  Options (0)  Help (H)

D|w|c| & M| e M= S=[—] 1] 252575 &~ AR mW<s|<[ms el ﬂJ_
7 ~

Press Enter key to save file. Return to WaveEq when done viewing model.
Line ID=aa 2D surface-wave method

S-wiave velocity cross-section : Line ID=aa

S-wvave velocty

Depth (m)

160
20

140

120

100

40

o

10 20 30

Distance (m)

| 4

Figure 53: Initial model.

When done viewing the initial model in GeoPlot, press the Enter key to save the file and then
return to WaveEq to run the inversion.

In WaveEq, press the Enter key and press Yes when ready to proceed.

Procedure step confirmation

Beady to proceed?

Back

Cancel |
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Select Yes: perform inversion.

Wavekq

Do irvrersion 7

Wes © perform irrversion | | Mo : showr intial miodel I

Set the number of iterations for the inversion. The software will iterate the number of times
indicated to converge on the best fit of the modified initial model data with the observed data.
The default value of 5 for Iteration is suitable for most cases. Press OK when done.

Least Square Method

5

Iteration =

Aranced roerm

Note that depending on the dataset size, the inversion can be computationally intensive and may
take some time to complete. Also, the higher the Iteration value, the longer the process will take.
In the Windows Task Manager, WaveEq may report as “Not Responding”, but if the memory
usage is dynamically changing, this indicates the process is running properly.

Once the inversion is completed, press OK.
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Wavekq

f l\‘ Irversion completed

Once the final cross-sectional model is calculated, the number of curves used in the model is
reported. Press OK.

Wavekq

Mumber of dispersion curves = 11

= Murmber of HA curwes = 0

The final model file is automatically saved. Press OK.

Y Inwerted resultwas saved into ChlszersscraigyDesktoptlocal
i l"_\. GeametricaSeismicieisimager SWARASW Fixed
T receiversxaa_inwerted_resultpws

The first in the group of individual final models is displayed.
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B waveEq - - m]
File () Edit(E) View () HAVcurves (Hy Dispersion curves (D) Welocity model (M) MASW/MAM (1D) () MASW/MAN (2D/30) () Options (0)  Help (H)
sHEoFfle>EE LS P Ell i fre VR B EE M o R

Press Enter key to continue Surface Wave Analysis Wizard » ID=aa =

Swave velocity (m/s)

0 50 100 150 200 250 300 350 400 450 500

Depth (m)

S-wave velocity models (infial) : cmp_000000.5g2-cmp_002200 592

Figure 54: Plot of several individual final models.

Check the fit of the calculated and observed dispersion curves. Press the Show one dispersion

curve ' button to display one of the original dispersion curves. Then press the Comparison X
button to overlay the calculated dispersion curve (black line) and visually assess the degree of
mismatch. The matching error between the two curves in units of time (ms) and as a percentage
is saved to a file called RMSE.txt in the dataset directory. The error should be less than about 5%
but will vary depending on the dataset. You can page through the various dispersion curve

comparisons by using the 4 ¥ pyions.

If there is a high degree of mismatch, it is likely due to dispersion curve anomalies such as sharp
changes and/or outliers or due to low quality noisy picks on the low and high frequency ends of
the curve. The mismatch will also be evident in the final Vs curve, usually as an unrealistic
velocity inversion or gradient. Although mathematical inversion may be able to model these
aspects of the dispersion curve, surface waves, by their physical nature, cannot resolve relatively
abrupt or small-scale velocity anomalies. The dispersion curves should be double-checked and
the process re-run to improve the match.
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File (F) Edit () View (W) H/ curves (H)  Dispersion curves (D) Welocity model (M) MASW/MAM (D) () MASW/MAM (2D/30) (T} Options (0)  Help (H)

sHdSoMUeS AN A Uk DR R W Fy B D R

End of Surface Wave Analysis Wizard  ID=aa o
Index=5 Distance=10.00m
Frequency (Hz)

[ 5 10 15 20 25 a0 35 a0 5 0
500
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200
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0

Digpersion curve : crmp_000000. sg2-cmp_002200.592

Figure 55: Original (red) vs. calculated (black) dispersion curve.

Press the Enter key to continue.

Press Yes to proceed.

Procedure step confirmation

Beady to proceed?

Back

Cancel |

The GeoPlot module launches again to display the final Vs model. Press OK. Refer to the next
Section (4.1.3.1) for an explanation of the GeoPlot functions used for viewing final Vs cross-
sections.
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A Untitled - GeoPlot
File (Fy  Scale (5)  View (v Edit (E) Calculation (C)  Drawing tools () Geological section (G)  Options (0} Help (H)

D|w|a| | HmX| el W= S=]0] 555 3|~ Al mmls|e<(mfs o 1
= -

Press Enter key to save file. Return to WaveEqg when done viewing model s
Line [D=aa 2D surface-wave rmethod

S-wave welocity cross-section : Line ID=aa

S-wave velocity

BED

500

400

330

280

240

Depth (m)

200

160
20

140

120

100

a0

60

40

40

0 10 0 30 (mis)

Distance {rm)

Figure 56: Final Vs model.

Refer to Section 4.2, Page 156, on how to combine active and passive-source dispersion curves
for a given site and maximize the depth range of the cross-section.

4.1.3.1 THE GEOPLOT MODULE SURFACE WAVE ANALYSIS FUNCTIONS

After the Surface Wave Analysis Wizard launches GeoPlot, the main GeoPlot window appears,
and the subject model is displayed. The subject model may be an initial or final model. The
model is outlined in red to indicate is it active for editing.
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B Untitled - GeoPlot

/) GEOMETRICS

Simplify your search

File (F)  Scale {3)  Wiew (V) Edit (E)  Calculation {C)

Drawing tools () Geological section (G} Options (O}

Help (H)

D& & WX ) EEE S=—] 1] 5[5

Press Enter key to save file. Return to WaveEq when done viewing model.

S-wave welocity cross-section: Line ID=aa

Depth (m)

20

40

10 20

Distance (rm)

30

S-wave velocity

NN TTTESSETEEEE
= A

Line ID=aa

2D surface-wave method

Figure 57: 2D velocity model.

To optimize the display of the model, first select the Scale menu and select Fit in window to
maximize the display area.
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Scale (5)
1/25
1/50
1/75
17100
1/200
1/230
1/500
1/1000
1/2000
1/2500
1/5000
1/10000
Optien

Change vertical/horizontal ratic
Fit in window k Ctrl+F

Show scale

Press Yes to auto-scale the display.

GeoPlot

| Change vertical/harizaontal ratio?

Yes Ma

Use the Enlarge scale !l and Reduce scale |ﬂ buttons to further adjust the plot size.

121
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



Data Analysis Using the Wizard /) GEOMETRICS
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& Untitled - GeoPlot

File (Fy  Scale (5 Wiew (W) Edit (B} Calculation (C)  Drawing tools (D) Geological section (G Options (03 Help (H)

D= |Q| S| X s BEE =] ] 25257 &~ AR W< mfs ol ¢
7

Press Enter key to save file. Return to WaveEq when done viewing model.
Line ID=aa 2D surface-wave method

S-wave welocity cross-section: Line ID=aa

S-wave velocity

Depth (m)

160
20

140

120

100

40

Distance ()

| E 4

Figure 58: Re-scaled 2D velocity model.

If the axes need adjustment, open the View menu, and select Axis configuration.
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View (V)
~ Tool bar (T)
" Status bar (5)

Select section(s) to display

Cell boundaries
Cell layer boundaries

Wertical velocity boundaries

Show shaded cells

Shaded cells with contour lines
Shaded contours without lines
Shaded contours with lines
Monochrome

Contour lines only

Layer boundaries (for layered models anly)

Axis configuration [}

Ctrl+ 4

/) GEOMETRICS

simplify your search

Enter the desired values for the X-axis and Y-axis Min, Max, and Interval. The unit label fields
reflect the units imported with the model from WaveEq. To make changes to the labels, enter the
desired text in the Unit fields.

Axis configuration

¥ _ais |n |3n |1n ||:m:|

[ Set Interval {and hiax) automatically

[ Beverse X-ads direction

Deecitnal places Vertical axds

f« 0 (Mone) (" Elewation

1 (¢ Depth
" Time

Carcel

When Show grid lines is checked, blue horizontal and vertical lines will be displayed at each tick
mark. Checking Set Interval (and Max) automatically will allow the tick intervals to dynamically
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increase when the scale is reduced to prevent the axis labels from overlapping; the Max values
cannot be fixed in this mode. Reverse X-axis direction causes the horizontal scale to decrease to
the right. Decimal places O (None) or I sets the number of significant digits for the axis tick
interval values. When Depth (the default) is selected for the Vertical axis, the values are positive
below zero; conversely, when Elevation is selected, the values are negative below zero.

Axis configuration

IvIin Ivlax Interval  Unit
s |0 [22 10 [ () Cancel
Vs |-1n |n |1n ||:m:|

[ Set Interval (and Iax) automatically

[ Reverse X-axs direction

Diecitral places Vertical avis

o 0{None) " Elevation

1 {* Depth
(" Tirne

If you wish, you may indicate the approximate depth of penetration along the cross-section.
Refer to Figure 52. Note that according to the 1/3 wavelength rule, penetration at that location
(left end of section) is significantly less than is shown above in Figure 58. In general, penetration
tends to be deepest near the center of the spread, tapering off toward the ends. This is because the
frequency range toward the ends of the line is relatively narrow, limiting depth penetration.
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/%) GEOMETRICS

N

Data Analysis Using the Wizard

Figure 59: All 11 Vs profiles plotted side-by-side.

of red dots, marked by a transition from dark to light grey) toward the ends. Max Vg is a measure

Figure 59 shows each Vs profile along the survey line. Note the tapering of max Vr (max depth
of data “reliability” and is a good estimate of the depth of penetration. If we select View |

Advanced options | Show reliability (this is toggle switch), we can see this reflected in the cross

section:
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A Untitled - GeoPlot

File (Fy  Scale (%) Wiew ()  Edit () Calculation (C)  Drawing tools (00 Geological section (G) - Options (33 Help (H)

D|@|a| o mmX| o RS S=—] 0] 55F7 &~ Alm e mfs ol v
= A

Press Enter key to save file. Return to WaveEq when done viewing model.

0 -

Line ID=aa 2D surface-wave method

S-wiave welocity cross-section : Line [D=aa

S-wave velocity

Cepth (m)

w0 | 160

30

Distance {m)

Figure 60: S-wave velocity section with Show reliability enabled. Compare to Figure 59.

The pale-colored zone is the “zone of unreliability”. The top of this zone represents the
approximate depth of penetration based on the 1/3 wavelength approximation (max VR).

If you wish, you may remove the unreliable data and only display the zone of reliability. To do
so, select Edit | Advanced options | Delete unreliable data:
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A Untitled - GeoPlot

File (Fy  Scale (%) Wiew ()  Edit () Calculation (C)  Drawing tools (00 Geological section (G) - Options (33 Help (H)

D|@|a| o mmX| o RS S=—] 0] 55F7 &~ Alm e mfs ol v
= A

Press Enter key to save file. Return to WaveEq when done viewing model.

0

Line ID=aa 2D surface-wave method

S-wiave welocity cross-section : Line [D=aa

S-wave velocity

Cepth (m)

20 160

30

0 10 20

Distance {m)

Figure 61: S-wave velocity section with unreliable data deleted.

Next, if you wish, open the View menu and select Contour interval | Automatic | Linear scale to
automatically adjust the contour interval.

View (V)
~  Tool bar (T}
‘s | Status bar (S)

Select section(s) to display

Cell boundaries
Cell layer boundaries

Vertical velocity boundaries

Show shaded cells

Shaded cells with contour lines
Shaded contours without lines
Shaded contours with lines
Monochrome

Contour lines only

Layer boundaries (for layered models only)

Axis configuration Ctrl+A
Contour interval ¥ Automatic ¥ Linear scale
Contour interval values ? Manually set by range Log scale L\\’
Invert scale Manually set by interval
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BA Untitled - GeoPlot

File (Fy  Scale (%) Wiew ()  Edit () Calculation (C)  Drawing tools (00 Geological section (G) - Options (33 Help (H)

D|=(d| & HEX| o= == 1] 550 3~AmE mWs < ms o] v
7 ~

Press Enter key to save file. Return to WaveEq when done viewing model.
Line ID=aa 2D surface-wave method

0 -

S-wiave welocity cross-section : Line [D=aa

S-wave velocity

205
10 195
185
174
164
153
20 143
133
122
112
101

Cepth (m)

30

o 10 20 (mis)

Distance {m)

Figure 62: 2D velocity model, coarse velocity contours. Red outline and red-circled number indicate that section is
active and available for editing.

=
Press the Fine color contour I!l button to increase the display resolution.
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BA Untitled - GeoPlot

File (Fy  Scale (%) Wiew ()  Edit () Calculation (C)  Drawing tools (00 Geological section (G) - Options (33 Help (H)
D\ S| MM i lEE =] 0] 25257 S~ Al mms 2] ms ol 2]
Press Enter key to save file. Return to WaveEq when done viewing model. y; ~
Line ID=aa 2D surface-wave method
S-wiave welocity cross-section : Line [D=aa
O
S-wave velocity
205
10 195
— 185
£ 174
=
=1 164
a 153
20 143
133
122
12
101
a0 91
o 10 20 (mis)
Distance {m)
W
< »
| 4
Figure 63: 2D velocity model, fine velocity contours.
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Data Analysis Using the Wizard

Repeating Figure 59 for convenience, we can compare the series of 1D Vs curves to the 2D

velocity section:

10
12
14
16
15

20

wave velocity section with unreliable data deleted.

Figure 64: Comparison of 1D VS curves to S
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Adjusting the axes and rescaling, we get the following:

BA Untitled - GeoPlot
File (Fy  Scale (%) iew ()  Edit (B} Calculation (C)  Drawing tools (00 Geological section (G) - Options (03 Help (H)

D]e|e| & Nl - mEE S=—] 0] 25507 R~Alm mme|s|c[mfs o ¢
&

Press Enter key to save file. Return to WaveEq when done viewing model.
Line ID=aa 2D surface-wave method

O -

S-wiave welocity cross-section : Line [D=aa
S-wave velocity

E 195
4
E=] 160
T
o 126
a | L =l
[mizec)

1} 2 4 B a 10 12 14 16 18 20 22

Distance (m)

B 8 w0 & « £ 6 3 3 & @ MW @ v v,

Figure 65: Final S-wave velocity section.

This would be a good time to save your velocity section.

To save a custom contour file so that it can be applied again later, open the View menu, and
select Contour | Save contour file.
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View (¥
"  Tool bar (T)
w  Status bar (5)

Select section(s) to display

Cell boundaries
Cell laryer boundaries
Vertical velocity boundanes

Show shaded cells

Shaded cells with contour lines
Shaded conbours without lines
Shaded contours with lmnes
Monochrome

Contour [ines anly

Layer boundanies (for layered models only)

Axis configuration Ctrl+A

Contour interval » Automatic 3
Contour interval values H Manually set by range

Irveert scale Manually set by intenval

Reverse scale Open contour file

Use red frarme for & selected section Save contour file I~

Assign a file name and press Save.

« v 4 < Seislmager SW > MASW Fixed receiver v | Search MASW Fixed receiver 2
Organize = Mew folder B 4 0
Documents o # Marne Date rmodified Type
= Pictures 4 B 1/17/2024 6:52 A Text Document
Ative | RMSE_ZD 1172024 6:52 AN Text Document
RSN Fixed rec
Seislmager S
Timesheets

@ OneDrive - Persor

3 This PC
g 3D Objects
[ Desktop
Docurnents
A Downloads i >
File name: | -
Save as type: | Contour file(™.tt) ~

» Hide Folders Cancel

132
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



Data Analysis Using the Wizard ’/%1) GEOMETRICS
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Next, edit the title of the cross-section by opening the View menu and selecting Labels.

Wi ()
" Tool bar (T
«  Status bar (5)

Select sectionis) to display

Cell boundaries
Cell layer boundaries

Wertical velocity boundaries

~  Show shaded cells
Shaded cells with contour lines
Shaded contours without lines
Shaded contours with lines
bMonochrome
Contour lines anly

Layer boundaries (for layered models only)

Sxis configuration Ctrl +2,
Contour interval ¥
Contour intersal walues >
Imvert scale

Fewverse scale
Ise red frarme for a selected section

Show gearnetry on Google Map

Labels I}

Enter the desired text in the Title, Scale, and Units fields and press OK when done.

Edit title and legend

Title oK
S-weave welocity cross-section : Live ID=aa
Cancel
Srale Unata
S-weave velocity (toizec)
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If you do not want to display the Title, open the View menu, select Labels to display, and

uncheck Title.

Viewe W) | Edit (B} Calculation (C) Drawing tools (D) Geological section (G)

" Tool bar (T)

Op

" Status bar (5)
Select section(s) to display

Cell boundaries
Cell layer boundaries

Wertical welocity boundaries

+  Show shaded cells
Shaded cells with contour lines
Shaded contours without lines
Shaded contours with lines
FMonochrome
Contour lines anly

Layer boundaries ifor layered rmodels anly)

Beis configuration Ctrl +4,
Contour interval »
Contour interval values -]
Imvert scale

Rewverse scale
e red frame for a selected section

Show geornetry on Google Map

Labels
Labels to display I} o Title

Wertical section spacing

Corwert units {data)

Now is a good time to save the GeoPlot file. If you are running the wizard, press the Enter key,
and the file will be automatically named and saved with the extension .geo. Press OK and return

to WaveEq to continue the wizard.

To save the file manually, open the File menu and select Save GeoPlot file as.
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File (F)
Mew GeoPlot File
Open GecPlot File (0] Ctrl+ 0
Save GeoPlot File (5) Ctrl+5
Save GeoPlot File as (A) b

At this point you may be asked if you wish to add latitude and longitude coordinates to your

survey line:

Geographic coordinates are not completed for some
section(s)].

Do you want to set up latitude and longitude now 7

Coordinate may also be entered later through Cirl + &,

If you answer Yes, the following dialog will appear:

Cross-section title Start EW{longituds)-start HS(latitude)-start End EW{longituds)-end NS(ktirade)-end  Mumber of nodes oK
E T - ode | M
. ‘Swsvevelncllycmss section : Line [D=as 0 ‘U \u o0 |u |u [ o ap —
2
3 I} Hext
s
5
6 Ho. of sections
7 1
8
]
10
& Latitnds end longitude LatfLong to Japansse KT ‘ Lat/Long to UTM ‘
Clighoard
€ UTM(UTMzone= | 157 ) poo
" Japamese XV (coondinate murdber= | 197 ) Latituds Chock clipbond
Longituds Flip LatiLong
I~ Reverse X and ¥ ({N-5, TE-W)

Enter the coordinates and press OK. If you choose UTM coordinates, be sure to indicate the
correct UTM Zone.

Assign a file name with the extension .geo and press Save.
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/) GEOMETRICS
Simplify your search
E Save As
u « Seismmic » Geoplot » Data w search Data 2
P
Organize « Mew folder == = o
E This PC 2 Marre Date modified Type o
P 3D Objects [ 20 MASW(China NT).gea 03072023 10021 AkA GEC File
i a_all_newngeo Q170023 813 Add GEC File
[ Desktop 9
—. i Borehole_example.gen Q170023 813 Add GEC File
|£| Docurnents u pieg
$ Download [] Cambined_ws_Final.gea 1/20/2024 320 PM GEC File
mivrloads -
| ] FWTRAMKS Bbit).gen 107772023 10011 Akd GEC File
D Music [ L2-2e.gen 9/1/2023 £:13 At GEO File v
= Pictures v € >
File names: | MASW_20_Sencma_Valley e
Save as type: | GeoPlot file(*.geo) ljé ~
~ Hide Folders Cancel

When you are done editing, open the Edit menu and choose Select section to edit | none to
deactivate the cross-section and turn off the red outline.

Edit (E)
Mo active editing

Select section to edit B} none I} |
Apply settings to other sections 1
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BA Untitled - GeoPlot

File (Fy  Scale (%) Wiew ()  Edit () Calculation (C)  Drawing tools (00 Geological section (G) - Options (33 Help (H)

D|=|a| & WX - BEE S=] 0] 25250 k]~ AR w2 |m]s ol 2
= A
sl

Press Enter key to save file. Return to WaveEq when done viewing model.
Line ID=aa 2D surface-wave method

0 -

S-wiave welocity cross-section : Line [D=aa

S-wave velocity

205
10 195
185
174
164
153
20 143
133
122
112
101

Cepth (m)

30

o 10 20 (mis)

Distance {m)

| 4

Figure 66: Deactivated velocity section (red outline removed).

To capture an image of the cross-section for report graphics, open the Edit menu, select Copy to
clipboard, and then paste the image into the program of choice.
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Edit (E}
Mo active editing

Select section to edit ¥

Apply settings to other sections

hodify layer boundary (point by point)
Modify layer boundary (by segrment)
Straighten layer boundarny

Extent of deepest layer *
Smoaoth section ¥
Extract data >
Data walue »
Selected ohject »
Selected section ¥
WY coordinates (latitude - longitude) >
Groundwater ¥
Copy to clip board h

/) GEOMETRICS

simplify your search

Copy to clipboard (option) allows you to select which features are included with the image

capture.

Draw section

[v Section OE
il e Canizel
v s lahels

[v Section title
v Color legend
[v Scale

To output the cross-section data in text format for input into other data visualization programs,
open the File menu and select Save (x, z, variable) formatted file (.txt).
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File (F3
Mewe GeoPlot File
Open GeoPlot File {0} Ctrl+0
Sawve GeoPlat File (5) Ctrl+%

Save GeoPlot File as (&)

Import 20 section from database

Upload a current 20 section to database

Dpen Refraction {ws), Surface-wave( pws), or Resistivity( ows) files

Save Refraction (ws), Surface-wave(pws), or Resistivity(ows) files

Open RES2DIMY file ()

Save (x, =, wariable) formatted file {tt) I}

Assign a file name with the extension .£xt and press Save. You will be given the option to save

gridded data:

Horzontal direction oK
i = ’ Cancel
= madmum = 220
¥ interval = o

Vertical direction

7 wininm = 01 GAE6
£ madrnin = 0
7, interval = 1

[ Lpply interpolation
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Enter the minima, maxima, and interval and whether you wish to apply interpolation. Press OK.

The effect of interpolating is to smooth the Vs model. To see the effect, try it both ways.

4 < Seislmager SW > MASW Fixed receiver v O Search MASW Fixed receiver yel
Organize Mew folder i - (7]
Timesheets M Mame Date rrodified Type )
@ OneDrive - Persor |:| 2DMABEN Fized spread.gen 172024 T2 Ak GEQ File
i e Line 1 11772024 6:33 &bkd Microsoft Edge
- iR Qe 11742024 652 A Micrasoft Edge
- 3D Objects [ Line 1pws 1/17/2024 6:33 AM PV File
I Desktop [ phase_velocity_curves,pus 1417/2024 €:51 &bA PYS File
@ Daocurnents |j S-velocity_model_20_iteration_1.pws 11772024 6:52 Akd PW'S File
; Downloads |_'| S-welocity_rmodel 2D _iteration_2.pws 1782024 @52 AbkA s File
J’ Music |j S-welocity_rmodel 2D _iteration_3.pws 172024 @52 AkA s File
= pict |J S-velocity_model_20_iteration_d.pws 11772024 0:52 Akd FW'S File
| Pictures =
] | | S-welocity_model_20_iteration_5.pws 1A 2024 £:52 Ak WS File
W videos [ sxan.ps 1A7/2024 651 AM PVS File
& Local Disk (C:) [ sxaa_anakysis_result.pvs 1/17/2024 6:51 AM PVS File v
* v o< >
File name: | Final_VsModel_Output I i
Save as type: | (x, z, variable) formatted file (*.%) w
» Hide Faolders Cancel

The file has a space-delimited format with the x-value, z-value, and velocity at that z-value listed

in rows.
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B Final_vsModel_Output - Note.. —

File

=

B e B L B B B R Y BT VY VY Ry Wt L R Y VT R R e el el

Ln1, C 1005

Edit  Format  MWiewr

» BIEEEEE
» BIEEEEE
« BRREEE
. BEEEEE
» BIEEEEE
» BIEEEEE
« BRREEE
. BEEEEE
» BIEEEEE
» BIEEEEE
« BRREEE
. BEEEEE
» BIEEEEE
» BIEEEEE
« BRREEE
. BEEEEE
» BIEEEEE
» BIEEEEE
« BRREEE
. BEEEEE
» BIEEEEE
» BIEEEEE
« BRREEE
. BEEEEE
» BIEEEEE
» BIEEEEE
« BRREEE
. BEEEEE
» BIEEEEE
» BIEEEEE
« BRREEE
. BEEEEE
» BIEEEEE
» BIEEEEE
« REREEE
. BEEEEE

FIRARAEARAA

-8.416667
-1.354167
- 2. hEEEEE
-3.854167
-5.416667
-7.18756a
-9, 166663

-11.354167 211.934421
-16. 25682 211.519745
-23.7588ad 212, 247375

-8.416667
-1.354167
- 2.5 EBEEEE
-3.3854167
-5.416667
-7.18756a
-9. 166663

-11.354167 211.99&723
-16. 258862 211,.561691
-23.758ead 212252686

-8.416667
-1.354167
- 2. hEEEEE
-3.854167
-5.416667
-7.18756a
-9, 166663

-11.354167 212.136398
-16. 2568662 211.658696
-23.758804 212263631

-8.416667
-1.354167
- 2.5 EBEEEE
-3.3854167
-5.416667

-7.18756a
-4 1TRARARRR

YWifindawes (CRLF)

Help

89 . 865432
06 . 938695
168 .385878
135.894211
172.795578
218.539566
211.330653

98, 861234

97 . S4Eled

167 .649139
1363556857
173.584854
218, 356849
211.422745

91776763

938, 267123

168.412323
138.872268
176 . 4adaa7
218, 6822694
211.712189

93, 154724
95.845818
1e9. 155174
146, 962264
188,282761

269, 232758
M7 E81ATER

UTF-8

/) GEOMETRICS

simplify your search

Some other useful GeoPlot functions include the following:

opening and appending other cross-sections.
applying a saved contour file.
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Simplify your search

displaying the contour interval values.
inverting and reversing the velocity scale.
applying settings from one cross-section to others.

More than one cross-section may be displayed at one time: for example, the initial and final
models for a given dataset. With one cross-section already open, open the File menu and select
Open GeoPlot file to open and append another cross-section to the display.

File (F)
Mew GeoPlot File
Open GeoPlot File () l} Ctrl+ O

Select Append to present data and press OK.

Open GeoPlot file

Ok

f* Mew file

Caneel
" Append to present data
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(China NT).geo - GeoPlot

File (F}  Scale (5 Wiew ) Edit () Calculation (C)  Drawingtools (D) Geological section Gy Options (0 Help (H)
- = e
D[ S| MWK oo (M= S == || 5[5]7 G|~ [AlE mm|s] (s o ¢
Mo active editing 5 2
Click right mouse button to re-draw display
Chiba NT 20 MASW (Sowave velocity section
2 .‘(»ﬂ bg" ) L’e.\‘v ..J“\b' - & L’A’Fr b
@ 25 ol Ly M e 4 A YA A s
24 el ,—,,’\“5 l/ ‘/ ‘/‘ ‘/ ‘\/ v y S-wave velociy
» [ [~ [ [ | | |
- ss wd s s ho s sl w s 5| w s w 5w s s o s s fo s | 298
E 5 ] 267
5 16 238
T 14 208
3
ulj 12 179
180 7 150
B ] 120
4 ] L
2 62
i 5 10 15 20 25 30 5 40 45 50 5 &0 65 70 5 a0 a5 a0 a5 (migec)
Distance (m)
Chiba NT 20 MASW [Sowave velocity section
25 (w.{l- E’\ ) ) sl ] i st
@ = P SR N 2 2" Py 47 27 o7 i
21 (’,—,,’\r"} L X 13 L o 13 }/ S-weave velooity
22 [ [V |
— 20 55 1 ! s ho 1 s| 1+ 5| o ot s 1 |t s o1 s fo 15 | 500
E 5 [ I = J;ég*—— | I : = I 380
5 18 e i | 280
f T L 220
3
oo 160
10 130
2 100
7 70
2 40
i s 10 15 20 25 30 5 40 45 ] 5 &0 65 0 5 a0 a5 a0 a5 (migec)
Distance (m) )
€ >
‘C\lck right maouse button to re-draw display |EIev.=1T.9(m) Dist,=106.9(rm) v

Figure 67: Appending a velocity cross-section to display more than one at once. The circled number and red outline
indicate which section is active now.

To select between cross-sections, click on the cross-section number. When selected, the circle
around the cross-section number and the cross-section outline turns red. When there is more than
one cross-section displayed, open the View menu and choose Select section(s) to display should
you wish to uncheck a cross-section to remove it from the display.

View (V)
~  Tool bar (T)
" Status bar (5)

Select section(s) to display l}
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Select section(s) to display

Display Titls 0K

v 1 | Chiba NT 2D MASW (S-wave velocity section)

Cancel
v 2 | b-Ting

:

Hext

Mo, of sections

|

To change the vertical separation between the cross-sections, Open the View menu and select
Vertical section spacing.
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Wi ()
" Tool bar (T
«  Status bar (5)

Select sectionis) to display

Cell boundaries
Cell layer boundaries

Wertical velocity boundaries

~  Show shaded cells
Shaded cells with contour lines
Shaded contours without lines
Shaded contours with lines
FMonochrorme
Contour lines anly

Layer boundaries ifor layered rodels anly

Bxis configuration Crl+2,
Contour interval »
Contour interval walues >
Imeert scale

Fewverse scale
Ilse red frame for a selected section

Show geornetry on Google Map

Labels
Labels to display *
Wertical section spacing h‘

Enter the desired spacing and press OK.

Vertical spacing between sections

Ok

20
HH) Clancel

To apply a saved custom contour file to another cross-section, open the View menu and select
Contour interval | Open contour file.
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View (V)

e
s

Tool bar (T)
Status bar (5)

Select section(s) to display

Cell boundaries
Cell layer boundaries

Vertical velecity boundaries

Show shaded cells

Shaded cells with contour lines
Shaded contours without lines
Shaded contours with lines
Menochrome

Centour lines only

Layer boundaries (for layered models only)

Axis configuration Ctrl+A
Contour interval >
Contour interval values >
Invert scale

Reverse scale

Use red frame for a selected section

Highlight the contour file and press Open.

Automatic

Manually set by range
Manually set by interval
Open centour file

Save contour file

/) GEOMETRICS

Simplify your search

Organize =

@ OneDrive - Persor

T

<« Seismic » Geoplot » Data

Mew folder

MAASY Fixed rec ™ Marre
Seislmager S
Timeshests

D Calculationldata

D Exxtraction by rouse horizantally

[ 2D MASW(China NT).geo
I:] 20 MASWChina MT)_wertical_average

[&] Search Data

W

Date modified

10772023 724 Abd
030/2023 12:39 P
93072023 12:37 PM
101072023 7:00 AM
101172023 7:33 AM
1017172023 7:27 A
101172023 711 AM
1041172023 7:44 AM
11772024 747 Abd
9¢5/ 2043 744 AM

1041172023 £:48 AM

B3 This PC £ PickedData
_J 30 Ohbjects D Position_distance_file
I Desktop |j Pasition_file
@ DECaRERES @ RectangleGrid
5] SeislmagerServerLog
* Downloads -
Musi |_'| Showd¥Map
J’ <L D Test_extract
&= Pictures
Widenos
‘i Local Disk {C:)
LV 4
File narme:

v| Caontour file(*.txt)

Type

Text Docurment
Text Document
Text Docurment
Text Docurment
Text Document
Text Document
Text Docurment
Text Docurment
Text Document
Text Document

Text Docurment

Cancel

To overlay the values of the contour intervals, open the View menu and select Contour interval
values | Show values.
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View (V)
" Tool bar (T)
" Status bar (5)

Select section(s) to display

Cell boundaries
Cell layer boundaries

Vertical velocity boundaries

Show shaded cells

Shaded cells with contour lines
Shaded contours without lines
Shaded contours with lines
Menochrome

Contour lines only

Layer boundaries (for layered models only)

Axis configuration Ctrl+ A
Contour interval *
Contour interval values *

/) GEOMETRICS

Simplify your search

Show values |\> |

n 2DMASW Fixed spread.geo - GeoPlot
Scale (5 Wiew (W)

D= S| WX WSS S=—] 1] 52575 &~ Al

File {F} Edit (E) Calculation {C) Drawingtools (D) Geological section (G)  Options (O}

Help (H)

<[> <(ms o] ¢
& -

Press Enter key to save file. Return to WaveEqg when done viewing rmodel.
Line ID=aa

S-wave welocity cross-section : Line ID=aa

S
2D surface-wave method

@ o 70 TTO

5 120 =0 a0
=

g 120

2 200

150

S-weave velocity

=00
280
160
100
40

Distance {rm)

20

(mizec)

Soale(H) = 1158
Soale(V) = 11317

Figure 68: Displaying contour interval labels.

If the font size of the contour interval values needs to be increased, open the View menu and

select Contour interval values | Set up.
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View (V)
~  Tool bar (T)
‘wf Status bar (5)

Select section(s] to display

Cell boundaries
Cell layer boundaries

Vertical velocity boundaries

Show shaded cells

Shaded cells with contour lines
Shaded contours without lines
Shaded contours with lines
Monochrome

Contour lines only

Layer boundaries (for layered models only)

Axis configuration
Contour interval
Contour interval values

Invert scale

Ctrl+ A

/) GEOMETRICS

Simplify your search

Show values

Set up b

Increase or decrease the Font size as desired. The default Minimum separation at which the
values appear suits most displays. If No fill is checked (the default), there will be no background
behind the values.

Contour value plot setup

Font size 40
Ilinivroaen separation 150
v Mo fill

Ok

Canicel
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H 2DMASW Fixed spread.geo - GeoPlot
File (Fy  Scale (%) Wiew ) Edit{E) Calculation () Drawing tools (00 Geological section () Options (0} Help (H)

D@ S| M| e W= 2= 0] 5257 B[~|AlE| (> [ms el 1]
& ~

Press Enter key to save file. Return to WaveEqg when done viewing rmodel. sl
Line ID=aa 2D surface-wave method

S-wave welocity cross-section : Line ID=aa
@ - t SG "|I [B]0] | LY ; Sonvave velocity

120 130 140 150 500

280
200 160
100
10 ; 40

3
g 180
3

0 10 a0 [mizec)

Distance [m) Scale(H) = 14158
Soale(v) = 16317

Figure 69: Modifying contour interval labels to make them more visible by increasing font size.

Uncheck No fill to turn on a white background:

H 2DMASW Fixed spread.geo - GeoPlot

File (F)  Scale () View (W) Edit(E) Calculation (C) Drawing tools (07 Geological section (G)  Options (0} Help (H)
= .= T
D||a| & MmR| el S S=—] 1] 5(5F7 &~ Al W] ms ol 1
Press Enter key to save file. Return to WaveEyg when done viewing rmodel. V;. ~
Line ID=3a 20 surface-wave methad
S-wave velocity cross-section : Line ID=aa
@ - S0 TOO Ty ; S-wave velocity
E 120 130 140 150 500
= 280
2 180
z 200 160
100
10 . . 40
o 10 20 tmisec)
Distance (m) Scale(H) = 1158
Scale(v) = 11317
w
< >

Figure 70: Modifying contour interval labels to make them more visible by adding a white background.

The colors and contours used in the above section are “standard” surface wave colors. These can
be changed if you like. A quick way to do so is to open the View menu and select Contour
interval | Automatic | Linear scale.
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Wiewe (W)
~  Tool bar (T}
" Status bar (5)

Select section(s) to display

Cell boundaries
Cell layer boundaries

Wertical velocity boundaries

Showe shaded cells

Shaded cells with contour lines
+~  Shaded contours without lines

Shaded contours with lines

Monochrarme

Contour lines anly

Layer boundaries (for layered madels anly)

Axis configuration Ctrl+48,

Contour interval > Automatic > Linear scale |>,
Contour interval values b Manually set by range Log scale

D_Sonoma_Valley.geo - GeoPlot

File (Fy  3cale (3 Wiew ) Edit{E) Calculation (C) Drawing tools (D) Geological section (G} Options (0} Help (H)

D & WM cifp WEE == 1] 557 &~ AR W |s<|mfs e LH_
5 oA
o

Press Enter key to save file. Retumn to ¥WaveEg when done viewing rmodel.
Line ID=aa 2D surface-wave method

O "

S-wave velocity cross-section : Line ID=aa

S-wwave velocity

a0

Depth (ft)

100

150

100 150 200 250

o
w
=1

[ B

Figure 71: Cross-section displayed with non-standard colors.
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To invert the color gradient of the scale, open the View menu and select Invert scale.

View (V)
~  Tool bar (T) f
= Status bar (5)

Select section(s) to display

Cell boundaries
Cell layer boundaries

Wertical velocity boundaries

Show shaded cells

Shaded cells with contour lines
Shaded contours without lines
Shaded contours with lines
Monochrome

Contour lines only

Layer boundaries (for layered models only)

Axis configuration Ctrl+ 4
Contour interval >
Contour interval values >
Invert scale h

Note: This function does not work on standard surface wave contours and colors (Figure 69 and

Figure 70).
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2D_Sonoma_Valley.geo - GeoPlot

/) GEOMETRICS

Simplify your search

File (F)  Scale (3 Wiew ) Edit{E) Calculation (C) Drawingtools (D) Geological section (G)

Options ()

Hel

p(H}

D= S X G- EEE =] 1] 2550

®

Depth (ft)

50

100

150

Press Enter key to save file. Return to WaveEg when done viewing rmodel.

S-wave welocity cross-section : Line ID=aa

NN TTEEETEEKIN
7 A

2D surface-wave method

Line [D=aa

=1

S-weave velocty

W

>
07

Figure 72: Inverting the velocity color scale (compare to Figure 71: Cross-section displayed with non-standard

colors.).

To flip the direction of the scale so that it increases downwards, open the View menu, and select

Reverse scale.
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View (V]
"  Tool bar (T)
" Status bar (5)

Select section(s) to display

Cell boundaries
Cell layer boundaries

Vertical velocity boundaries

Show shaded cells

Shaded cells with contour lines
Shaded contours without lines
Shaded contours with lines
Monachrome

Contour lines only

Layer boundaries (for layered models only)

Axis configuration Ctrl+ A,
Contour interval

Contour interval values

Invert scale

Reverse scale h
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a MASW_2D_Sonema_Valley.geo - GeoPlot

File (Fy  3cale (3 Wiew ) Edit{E) Calculation (C) Drawing tools (D) Geological section (G} Options (0} Help (H)
D|d| & M| i WEE == 1] 2557 A AR mm < mfs ol v
5 A
]

Press Enter key to save file. Retumn to ¥WaveEg when done viewing rmodel.
Line ID=aa 2D surface-wave method

o

S-wave velocity cross-section : Line ID=aa

S-wwave velocity

a0

Depth (ft)

100 576

150

100 150 200 250

[=]
4]
=

<

[ B

Figure 73: Reversing the polarity of the velocity scale bar (compare to Figure 72).

To apply the settings for a given cross-section to the current display, open the Edit menu and
select Apply settings to other sections.

Edit (E]
Mo active editing

Select section to edit >
Apply settings to other sections Ib

Check the Settings to be applied from the active Section No. to indicate which attributes should
be applied to other cross-sections checked under Sections to be applied.
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Apply settings to other sections

Section Mo, I 1

[ Cortonr interval

[~ Contour color

| Axis

[T Lowrest layer shading
I Flags

[T Logging results

[T Lines

[ Texts

[ Ground water lewel
[T XY coordinate

—aettings tobe applied ———

—oSections tobe applied ——

1
2

_l
U A

s

(s}

Ok

Cancel
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4.2 COMBINING ACTIVE AND PASSIVE-SOURCE RESULTS

Typically, MASW datasets will have higher frequency content and MAM datasets will have
lower frequency content. Once the active- and passive-source dispersion curves are picked for a
given site, it is simple to combine the curves to obtain the highest resolution over the entire
sampled depth range. This section assumes that you have already worked with the wizard and are
familiar with the processing flow.

4.2.1 CoMBINING 1D MASW AND MAM RESULTS

Double-click on the WaveE(q icon:

¥

B
Sy
=

Open the dispersion curve result file for either the 1D MASW active- or MAM passive-source
dataset by opening the File menu and selecting Open 1D phase velocity curve or H/V spectrum
file (.rst).

File (F)
Open 1D phase velocity curve or H/V spectrum file (.rst) |> l

For this example, the passive-source result file is opened first. In general, it is best to input raw
dispersion curves so that any smoothing is applied to the composite curve. Highlight the file and
press Open.

1 <« W Data » Sonoma County v O Search Sonorma County 2
Organize - Mew folder ==~ [ @
0 This PC 2 Marne - Date rmodified Type
I 3D Objects | ] Active_Moadel.rst 152002024 425 Akd R:TH
I Desktop | | Passive_Maodel.rst 172072024 4:42 Ak R=TH
= Documents
; Downloads oo Il = 7
File name:! [ Passive_Modelrst v| 10 dipersion curve data(*.rst)
Cancel
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Use the same File menu function to open the result file for the 1D MASW dataset.

1 <« W Data » Sonoma County v O Search Sonorma County 2

Organize Mew folder ==« [H e
I This PC & Marme - Date modified Type
_. 3D Objects |j Active_Model.rst 172072024 4125 b RSTH

I Cesktop |:| Passive_bodel.rst 172042024 4:.42 dpAg RETH

@ Docurnents

; Downloads w = s

File narme! [Active_bodelrst v| 10 dipersion curve data(*.rst)

To combine the 1D MASW dispersion curve with the MAM curve, select Append to present
data. Press OK when done.

Append data

" Mewr data )4

{+ Append to present data Cancel

If you have more dispersion curves to append, say from additional active-source shots for the
same spread, repeat these steps.

The dispersion curves will typically have some overlap. If the curves are not aligned, double-
check the picks. Usually, the problem lies in noisy or spurious picks on the high frequency end
of the passive-source dispersion curve and/or the low frequency end of the active-source
dispersion curve.
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File (Fy  Edit () ‘Wiew &) HAV curves () Dispersion curves (0] Velocity model (M) MASW/MANM (100 () MASW/MAM (207300 (T)  Options (0)  Help (H)
SUE& AlesmE X x D v i Ve L] W Bp D R
Site name -
Frequency (Hz)
Q & 10 15 20 25 30
4000 ————
3800
3600
3400
3200
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2800
2600 i
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% 2000 \%‘
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o
Dispersion curve : Passive_Model rst
.
5 >
HUM

Figure 74: Combined 1D MASW and MAM dispersion curve.

Open the File menu and select Save 1D phase velocity curve or H/V spectrum file (.rst) to save

the combined results as a new file.

File (F)

Open 10 phase velocity curve or H/Y spectrum file (.rst)

Save 10 phase velocity curve or H/V spectrum file (.rst)

Assign a file name with the extension .rst and press Save.

i <« IW Data ¢ Sonoma County w O Search Sonama County yel
Organize « Mew folder it o
[ This P Marne [ate modified T ™
_J 30 Objects |J Active_Model.rst 172042024 2:25 Ahd R
I Cesktop |J Passive_bodel.rst 172072024 .42 AkA B!
AH v £ >
File name: | Combined_&ctive_and_Passive.rst v
Save as type: | Analysis result file(*.rst) ~
» Hide Folders Cancel

Hayashi/Underwood/Lippus
PN 770-00118-01

158

SeisImager/SW Manual v. 4.0
July 2024



Data Analysis Using the Wizard

/) GEOMETRICS
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Edit the dispersion curve as needed and save the edited results as a new file if desired.

8 avetq - = @
File (Fy  Edit (E) Wiew () H/ curves (H)  Dispersion curves (D) Velocity model (M) - MASMWMAR (100 () MASW/MAM (20/30) (T)  Options (0)  Help (H)
G oMUESHN XA LD s Ve ] PP D R
Site name )
sl
Frequency (Hz)
0 s 10 18 P 2 a0
o0 —
3600
3600
3400
3200
3000
2800
[
2600
2400 “\
g 2200 &
% 2000 x"
% 1800 B
8 1600
§ 1400 E‘
1200 \
1000 “ﬁsg‘
500 ‘EL"'“'-
w0 |
400
200
o
Dispersion curve - Combined_Active_and_Passive rst
v
< >
NOM

Figure 75: Edited combined dispersion curve.

Generate an initial model by opening the MASW (1D) menu and selecting Initial model.

RALEM BN (100 (1

Imitial model

Set the maximum depth for the initial model.
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Initial model for inversion

Ok
Canecel
& bvanced menn
Depth = 100 fi
#of lavyer = I 15
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Run the inversion by opening the MASW (1D) menu and selecting Inversion (LSM).

MASW,/BAM (10 (1)
Initial model

|nversion (L5M) h

Accept the default value or increase as desired for Ilteration.

Hayashi/Underwood/Lippus
PN 770-00118-01

Least Square Method

Iteration = 5 D

Cancel

& ranced roerm
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Once the inversion is complete, the final Vs curve is displayed.

B Wavetq -
File (F) Eclit () View ) HAV curves () Dispersion curves (D) Velocity model (M) MAS/MEAM (1D} () MASW/MAM (20/3D) () Options (0)

G oMEESER A AL DY k]

Help (H)

/) GEOMETRICS

simplify your search

Site name

Seweave velocity (/s

o 200 400 E00 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
i I

of

Depth (ft)
5

S-wave welocity model (inverted) | Combined_sctive_and_Passive rst

Figure 76: Final Vs curve.

In the dispersion curve view, compare the observed and calculated dispersion curves.

File (F) Edit () View (V) HAV curves (H) Dispersion curves (D) Velocity model (M)  MASW/MAM (10 () MASW/MAM (20/3D) (T)  Options (0)

UG MEESENE Ll vF

Help (H)

M Ve L]

Site name

RMSE = 120.843252 fi/sec
Frequency (Hz)

0 s 0 15 Fii 25
4000

Ell

3800

3800

3400

3200
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2800

2500 P

2400 ‘\
2200 &*
Y
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1200 ‘\
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0 e
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400

200

Dispersion curve ; Combined_Active_and_Passive.rst

Figure 77: Observed vs. calculated dispersion curves.
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Save the final result by opening the File menu and selecting Save 1D phase velocity curve file
(.rst).

4.2.2 COMBINING 2D MASW AND MAM RESULTS

Double-click on the WaveE(q icon.

3
a W

Open the dispersion curve result file for a 2D MASW dataset by opening the File menu and
selecting Open 2D/3D phase velocity curve file (.pvs).

File (F}
Dpen 10 phase velocity cupse or HAY spectrum file (rst)
Save 10 phase velocity curve or HA spectrurm file (rst)

Import 10 phase velocity curee or HAY spectrum from database
Update1D phase wvelocity curve ar HA spectrurn in database
Upload 10 phase welocity curve or HA spectrurm to database

Open 10 phase wvelocity curve or HA spectrurm file (xml)
Save 10 phase velocity curve or HA spectrurm file (xml)

Dpen 20/30 phase velocity curee file {puws) b

In general, it is best to input raw dispersion curves so that any smoothing is applied to composite
curves. Highlight the file and press Open.

u <« MAM 1D and MAS., » Active v Search Active 0
Organize « MNew folder =~ ™ @
O This PC 6 Marme Date rodified Tep ™
i 30 Objects | ] Line 1.pws 142072024 1:58 Ph4 Py
M Desktop | | phase_velocity_curves.pws 172072024 1:47 PRA Py
B Docurments | | S-velacity_model_20_iteration_1.pws 142072024 1:54 P P
* 0 load | ] S-welocity_model_20_iteration_2.pus 12002024 1:54 PR TS
ouwvnloads
| | S-velacity_model_2D_iteration_3 . pws 142072024 1:54 P Py v
M usi n
J’& usic LI N
File name: |Line T.pws v| Plotrefa file (*.pas) w
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The number of imported dispersion curves is shown. Press OK.

WawveEq

Mumber of dispersion curves = 11

Mumber of total phase velocity data = 733

The first in the group of dispersion curves is displayed.

File (F) Edit(E) Miew () HAfcurves (H) Dispersion curves (D) Welocity model (M) MASW/MAM (1D) f)  MASW/MAM (20/3D) (T)  Options (0} Help (H)

FHS- MEESER 4B d» ol B Y’ -] iy Ep O R
Index=0 Distance=0.00m s -
Frequency (Hz)
[ 5 10 15 2 25 Ell 35 40 45 50
2000
1800
1600
1400
> 1200
£ A
Fay 1000
s 50}
2
k) faos
H a00
b
[ 00 8
400
200
o

Dispersion curve : Line 1.pvs

MUM

Figure 78: One of a group of raw, unedited 2D MASW dispersion curves. Note higher modes.

Edit the dispersion curves as needed.

Open the dispersion curve from the MAM dataset by opening the File menu and selecting Open
1D phase velocity curve or H/V spectrum file (.rst).

File (F)
Open 1D phase velocity curve or H/V spectrum file (irst) l}

Highlight the file and press Open.
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- v P <« MAM 1D and WA, » Passive w 0 Search Passive 2
Organize + MNew folder - [ 9
Seislimager SW¢ ™ Marne Date modified Type
Sonama County | Passive_Dispersion_Curve.rst 1/20/2024 2:21 PM RTFi
& OneDrive - Persar
[ This PC
g 30 Objects
[ Desktop v £ »
File name: | Passive_Dispersian_Curve.rst v| 10 dipersion curve data(*rst)  w

Select Append to present data to combine the MAM dispersion curve with the 2D MASW
dispersion curves. Press OK when done.

Append data

" Mew data )4

f+ tppend to present data Cancel

If a velocity model is detected, it is recommended that you append it as well:

| Read and append velocity model 7

Next, a prompt asks whether the MAM dispersion curve should be appended to only the
currently displayed 2D MASW dispersion curve or to all the 2D MASW curves. The MAM
dispersion curve should be appended to each MASW curve. If it is only appended to one MASW
curve, it will create a velocity anomaly at depths with no adjacent data. Note that appending the
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MAM dispersion curve to all MASW curves effectively extrapolates the MAM dispersion curve
across the 2D MASW survey line. Considering that the horizontal resolution of MAM data is
approximately equal to the sampled depth, extrapolating MAM results across a 75 or 100 m long
2D MASW survey line is reasonable. However, as this is an extrapolation, it should be done with
care and is not recommended where large variations in velocity are thought to exist.

Press Yes to append the MAM dispersion curve to each of the 2D MASW dispersion curves.

| Append to all dispersion cunees 7

Yes Ma

The first in the group of composite dispersion curves is displayed. The MAM and MASW
dispersion curves will typically have some overlap. If so, you may see the following message:

P

'\'-I There are different index data.
k. = 4 Awerage same frequency?

If the curves are not well-aligned, double-check the picks. Usually, the problem lies in noisy or
spurious picks on the high frequency end of the passive-source dispersion curve and/or the low
frequency end of the active-source dispersion curve. If they are essentially aligned, the most
common course of action is to take the average by answering Yes to the prompt above.
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A waveq - - o

File (F) Edit(E) View(¥) HA cures (H) Dispersion curves (D) Velocity rodel (M) MASW/MAER (10) () MASW/MAM (2D/3D) () Options (0} Help (H)

FdES-oAEEmN AP U A GDYRWEEE i %R < i FY B D R

Index=2 Distance=40.00m ¥

Frequency (Hz)

[ 5 10 15 20
1400

1200

1000

%
400 ‘%j‘ig&&()

Phase elosity (m/s)
o
g8

Digpersion curve : Combined_dispersion_cures. pvs

Figure 79: Combined 2D MASW and MAM dispersion curves.

Open the File menu and select Save 2D/3D phase velocity curve file (.pvs) to save the combined
results as a new file.

File (F}
Dpen 10 phase velocity cupse or HAY spectrum file (rst)
Save 10 phase velocity curve or HA spectrurm file (rst)

Import 10 phase velocity curee or HAY spectrum from database
Updatel1D phase velocity curee or HA spectrum in database
Upload 10 phase welocity curve or HA spectrurm to database

Open 10 phase wvelocity curee or HA spectrurm file (xml)

Save 10 phase velocity curee or HA spectrurm file Cxml)

Open 2030 phase velocity curve file {pws)
Save 20130 phase welocity curve file {pes) I}

Assign a file name with the extension .pvs and press Save.
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ﬂ Save As
— v P w S, s BAAM 1D and .., 3 v Search kAR 1D and MAASW 2, 0
Organize « Mew folder == - 9
[ This P e Marme a Date rmodified Type
_J 3D Objects Bt 172072024 2:31 PM File fo
I Desktop Passive 12052084 2:43 PR File fo
|::‘] Docurments
A nNirsnlnads i >
File nare: | Combined_dispersion_curves.pvs v
Save as type: | Plotrefa file (*.pvs) w

- Hiidke Palders Eean

Edit the dispersion curves as needed and save the edited results as a new file if desired.

File (F) Edit(E) View() HAVcurves(H) Dispersion curves (D) Velocity model (M) MASW/MAM (10) () MASW/MAM (2D/30) (T) Options (0) Help (H)

& MEESER AW AXKGDEYRWEEN It R B FY Bp D R

Frequency (Hz)

[ 5 10 15 20
1400

1200

1000

800

Phase velarity (mfs)
2
8

Dispersion curves - Combined_dispersion_curves. pvs

Figure 80: Edited and combined 2D MASW and MAM dispersion curves.

Generate an initial model by opening the MASW/MAM (2D/3D) menu and selecting Initial
model.

hALE MR (207300 (T)
Showe 20 welocity model <launches GeoPlot:

Showe 30 welocity model <launches GeoPlot30-

Initial maodel [s

Set the maximum depth for the initial model.
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Initial model for inversion

0K

Carcel

Bibranced menn

Depth = a0 m
#of lavyer = IT

Run the inversion by opening the MASW/MAM (2D/3D) menu and selecting Inversion (2D/3D:
All data).

RSN BASRA (20300 (T)
Showe 20 welocity model <launches GeoPlot:

Showe 30 welocity model <launches GeoPlot3D

Initial model

lFeersion (20A300A) data) %

Accept the default value or increase as desired for lteration.
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Least Square Method

Iteration = 5 D

Cancel

& kranced rern

Since you are working with a line of 1D Vs models that can vary significantly, you will be
prompted for a “regularization weight’:

Horizontal regularization

Ok

Begulavization weight = 0.5

Carnicel

This sets the degree of “smoothness” of the resultant 2D section. In most cases, the default value
of 0.5 will suffice.

Note that depending on the dataset size, the inversion can be computationally intensive and may
take some time to complete. Also, the higher the Iteration value, the longer the process will take.
In the Windows Task Manager, WaveEq may report as “Not Responding”, but if the memory
usage is dynamically changing, this indicates the process is running properly.

Once the inversion is complete, the first in the group of individual final models is displayed.
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File (F) Edit(E) View (%) H/V curves (H) Dispersion curves (D) Velocity model (M) MASW/MAM (D) () MASW/MAM (2D/30) () Options () Help (H)
FdS-MPESER A X LS PN s M Ve HEE L} D R
Index=10 Distance=200.00m & -
S-wave velocity {m/s)
a 200 400 600 500 1000
o
5 VJJ
10
K
o
v
0 o
.
2 <
s
€ 0
= .
@ 30 =
2 S
.
35 .. lmy
.
.
40
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45
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50
Swwvave velocty model (inverted) : Combined_dispersion_curves pus
v
< >
MUK

Figure 81: First in the group of final Vsmodels.

Display the final cross-sectional model in GeoPlot by opening the MASW/MAM (2D/3D) menu
and selecting Show 2D velocity model.

MASW/MAM (20730 (T)
Show 20 velocity model <launches GeoPlot> b
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A Untitled - GeoPlot

File (F}  Scale (3)  ‘iew (W) Edit (E)  Calculation () Drawing tools (D) Geological section (G} Options (03 Help (H)

NEEIEN TTTEE T R ENNN T TTEEETEE K
= A

S-wave velocity cross-section

@ S-wvave velocity

25 _ 72

E 854

= 737
o

z 513

5
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Distance (m)
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Figure 82: Final velocity cross-section.

Save the final model display as a .geo file by opening the File menu and selecting Save GeoPlot
File.

File (F)
Mew GeoPlot File
Open GeoPlot File (O] Ctrl+0
Save GeoPlot File (5) b Ctrl+5

Assign a file name with the extension .geo and press Save.
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u i < Seismic » Geoplot » Data v | Search Data 2
Organize * Mew folder == - o
Sonoma County ™ Marme Date modified Type "
@ OneDrive - Persor [ 2D MASW(China NT).qeo 03072023 10:21 &M GED File
—— |:| a_all_new.geo 912023 813 &M GEQ File
= This PG [ Borehole_exarnple.gen 0142023 513 AM GEO File
-1 3D Objects [ FWTRNKS(S3bit). gen 10/7/2023 1011 &M GEQ File
I Desktap [ L2-2e.gea B/1/2023 B:13 A GEOC File
@ Documents |:] section.geo 9/1/2043 8:03 28 GEC File "
A Downloads i v
File name: | Combined_Vs_Final.geo I w
Save as type: | GeoPlot file(*.gec) ~
~ Hide Folders Cancel

In the dispersion curve view, compare the observed and calculated dispersion curves.

A WaveEq -

File (F) Edit(E) View(\) HA/curves (H) Dispersion curves (D) Velocity model (M)  MASW/MAM (1D) () MASW/MAM (2D/30) (T)  Options (0)  Help (H)
FHS MUEESHEEENAr (B A QY E A SEFTHr e Y R Y ENNEEMMA PO Y SREEE Y| |
Index=3 Distance=60.00m e
RMSE = 36 255571 misec

Fraquancy (Hz)

[ 5 10 15 20
1400

1200

1000 q

00

600 \
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200

Phase velarity (m/s)

Dispersion curve : Combined_dispersion_curves. pus

v

[ oMl 4

Figure 83: Observed and calculated dispersion curves.

Save the final result by opening the File menu and selecting Save 2D phase velocity curve file
(.pvs).
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5 SEISIMAGER/SW- PRO: FEATURES AND CAPABILITIES

SeisImager/SW-Pro adds

1) The ability to invert H/V data for S-wave velocity (next sections).
2) Include higher mode data in the analysis (Section 5.2, Page 192).
3) Joint inversion of H/V and dispersion curve (Section 5.3, Page 212).

These features are described below.

5.1 INVERSION OF H/V

In SeisImager/SW-Pro, an H/V curve can be used for inversion of S-wave velocity similar to
using a dispersion curve. Currently, H/V curve processing is only available for one dimensional
analysis. It should be noted that inversion of the H/V curve for Vs is not as robust as inversion of
dispersion curve data. So, it is difficult to obtain accurate S-wave velocity models from H/V data
alone. However, prior information may be used to estimate an appropriate initial model and to
increase inversion accuracy. H/V data can also be integrated with dispersion curve data to carry
out a joint inversion. Integrating H/V data can increase the accuracy and penetration depth in the
dispersion curve inversion. See Section 5.1.1, beginning on Page 174.

5.1.1 H/V DATA ACQUISITION AND PROCESSING
Continue.
5.1.1.1 THEORY OF THE H/V SPECTRUM

A three-component microtremor measurement at a single station has been widely used for
estimating site characterization of earthquakes. The method has been referred to as the Nakamura
method, HVSR (Horizontal Vertical Spectral Ratio) or simply H/V. In the SeisImager/SW
application and this manual the word “H/V” is used for referring to the three-component
microtremor measurement.

Over the last few decades, the theory of H/V has been the subject of controversy. Conventional
theory of H/V was that microtremors mainly consisted of body waves and a peak frequency of
H/V corresponded to the resonant frequency of site. Based on this theory, the depth to bedrock
(D») is calculated from the peak frequency of H/V (f) as follows:

D, =Vs; = f+4

Here, Vs is the S-wave velocity of the first layer.
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Recently, it is generally agreed that microtremors mainly consist of surface waves and the H/V
corresponds to ellipticity of the Rayleigh waves. SeisImager/SW assumes the latter theory and
has introduced an inversion of H/V in which observed H/V data is compared with theoretical
ellipticity of Rayleigh waves. In a calculation of theoretical H/V, higher modes of Rayleigh and
Love waves can be considered. The conventional and latest theories of H/V are comparatively
illustrated in Figure 84.

Multiple reflection
(conventional)

Short wave-length surface-waves

Rayleigh wave Ellipticity i T

(latest)

Long wave-length surface-wawves

Figure 84: Conventional (top) and latest (bottom) theories of H/V.

5.1.1.2 H/V DATA ACQUISITION

A typical H/V Spectrum dataset is shown below:
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Figure 85: Typical H/V dataset.

An H/V analysis uses three-component ambient vibrations generated by cultural noise, traffic,
factories, wind, wave motions, etc. The ideal vibration sources are steady and at a constant level.
The fundamental assumption of the H/V analysis is that sources are located at an infinite
distance, and seismic energy is stable and isotropic (coming from all directions). To best
accommodate and approximate this assumption, the H/V analysis requires a long record length.
The required record length depends on the depth of investigation. The greater the depth of
investigation, the longer the required record length. Table 5 shows typical required record length
versus depth of investigation.

Depth of Required Sample | Number of File Number of
Investigation Total Interval Samples Record Files
(m) Record (ms) Length
Length (sec)
(min)
<5 5 2 16384 32 10
2-30 10 4 16384 64 10
30-100 20 8 16384 128 10
100+ 30 8 16384 128 15

Table 5: Typical required record length vs. depth of investigation.

Depth of investigation relates to a frequency range of processing. Deeper investigation requires
long-period geophones or seismometers. The required frequency range and sensor depending on
the depth of investigation is shown in Table 6.
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Maximum Depth of Minimum Frequency Sensor
Investigation (m) (Hz)
100 0.5 4.5Hz
1000 0.2 1Hz or 2Hz
> 1000 <0.2 Long-period
seismometer

Table 6: Required frequency range and sensors based on desired depth of investigation.

5.1.1.3 H/V DATA ANALYSIS

This section provides a description of the H/V Spectrum Data Analysis Wizard and associated
functions. The wizard automatically calls on specific functions from the Pickwin and WaveEq
modules to walk you through the analysis process. The H/V wizard and associated functions are
included in both the SeisImager/SW-1D and SeisImager/SW-2D packages.

Some theory is touched on, but this manual is not meant to be a treatise on the H/V Spectrum
(Nakamura) method. It is assumed that the user has a reasonable grasp of the main principles of
seismology and mathematics to understand the principles behind the analysis techniques
employed by the software. See Appendix F for a recommended reading list.

51.14 H/V SPECTRUM DATA ANALYSIS WIZARD

Double-click on the Surface Wave Analysis Wizard icon:

ii
W2
The SeisImager/SW Analysis of Surface Waves dialog box appears. Select HVSR Analysis and
press OK:

Seislmager/5W Analysis of Surface Waves

Welcome to Seizlmager/5W !
Please select a data processing wizard:

(" Active Source 1D MASW

OK

(" Paszsive Source (hMicrotremor) 1D BAAN
(" Actrve Source 2D MASW
(v HVSER Analysis

The Pickwin module is launched:
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Pickwin
SeisImager
— Pickwin Version 8.0.12
= i [ | | Copyright (€) 2004 - 2023
] | | Geometrics/ QYO
." =
) A

The main Pickwin window appears. The wizard calls functions from the File and Surface Wave
Analysis menus. Press the Enter key as instructed in the upper left-hand corner of the window to

begin.

& Pickwin -

File (F) Edit/Display (E} View (V) Pickfirst arrivals (P}  Downhole seismic analysis (D) Surface wave analysis (5] Processing (4)  Option (Q)  Help (H)

||| [ | | 5 5 | I A4 e S5 (] e 0 R A | 6 [P |10 o6 P [ | A
A

Press Enter key to start Surface Wave Analysis Wizard. H spectrum analysis (0)
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The first step is to input the dataset; all the dataset files are input at one time. Use the Shift key to
highlight the first through last file in the dataset and press Open.

= v A o hAAR 10 and M., » Passive v O Search Passive 2

Organize Mew folder E ~» [N o
I This pC " [ xdw26715g2 | | sxdw2678.592
§ 30 Objects | | sxdwi672.592 | sxcwi679.392

| | sxdw26733g2 || sxcw2680.592
| | sxcw?674.392
| | sxcw?675.392

B Desktop
@ Dacuments

& Downloads || sxchw2676.592
J‘! Plusic |j sxchw 2677592
=1 Dictiiras ¥
File name: |"sxdw268ﬂ.592" "suchi2671.592" s V| Segé file(*.sq2) ~

Once the selected files are open, press OK.

l"z 10files have been apened,

The first in the group of waveform files is displayed. In this example, a 24-channel seismograph
was used, and the files contain 21 traces of system noise in addition to the traces from the two
horizontal and one vertical geophone components. The noise traces will be deleted at a later
stage of the wizard.
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B Pickwin - = m} X
File (F) Edit/Display (E) Wiew (M) Pick first arrivals (P} Downhole seismic analysis (00 Surface wawve analysis (5] Processing (&) Option (03 Help (H)
] || | | 0 € I A S 8 O o O [ 2 G [ [P 026 [ || A
Fress Enter key to continue Surface Wave Analysis Wizard HfY spectrumn analysis (1) ~
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CUsersicraig\Desktop\local Geometrice\Seismic\Seisimager SWASW Data\WaAl 10 and MASW 2D (Geode linear array with 10 ft receiver spacing)\Pas
W
< >
time=58370.1msec dist,=31.30ft 23:amp.=12.560

Figure 86: MAM waveform file.

If the unit labels displayed are incorrect, open the Edit/Display menu and select Edit
source/receiver locations:
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Edit/Display (E)

Undo(Z)
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/receiver locations L\}

Copy to clipboard
Save display image to a file

Save all display image to files

Ctrl+Z

Ctrl+R

Ctrl+1

/) GEOMETRICS
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The Geometry dialog box appears and the Units setting allows selection between meters and
feet. The Units setting will affect the unit labels shown in the dialog boxes. Once set (and
Pickwin is closed), the assigned units will be recalled for subsequent uses of the wizard. (It is
necessary to close Pickwin to register the new Units setting. At the end of the wizard, simply
close Pickwin to register the new Units setting.)

The Geometry dialog box also reports the source and receiver coordinates saved in the file
header at the time of acquisition. This is not applicable for H/V spectrum datasets. Press OK

when done.
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Channel 1 2

Urnits
Shot coordinate |0
" meters

e feet

Futober of channels

Group interval 1
Set
First geophone coordinate |0

Interval | 1 ‘ 1

ot ||

Ok

[ o= ]
Cancel

| Open geometty file |

| Save geormetry file |

In the waveform view, the settings can be modified to optimize the display. All these settings are
common with SeisImager/2D for refraction data processing; refer to the SeisImager/2D manual

for complete explanation. The main functions needed are the Waveform amplitude |ﬂﬂ

buttons, the Horizontal scale €= buttons, and the Vertical scale |ﬂﬂ buttons. When done,

press the Enter key to continue.
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B Pickwin - = m}
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time=73677.0msec dist,=8.26ft Biamp.=0.00

Figure 87: MAM waveform file.

Press Yes when ready to proceed.

Procedure step confirmation

Ready to proceed? Back

Cancel |

Next, the Fourier spectrum is calculated. To run this function outside of the wizard, select
Surface wave analysis | Calculate Fourier spectrum:
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Surface uwawve analysis (35) |
Phase welocity-frequency transformation Ctrl+D
Stack as Shot Cross-Correlation (SCC) gathers (10 active data)

Pick phase welocities (100
Showe phase welocity curve (100 <launches WawveEq -
Calculate Shot Cross-Correlation (3CC) gathers >

Spatial Autocorrelation (SPACY for 10 passive data

Calculate CMP Cross-Correlation (CMPCC) gathers
Phase welocity-frequency transformation and picking (20/30)
Show phase velocity curves (20300 «<launches WifaweEq =

Calculate Fourier spectrumm %
Showe HAY spectrurm <launches WaveEq:

Sdvanced options »

Once the calculation is complete, the spectrum is displayed. Press the Enter key to continue.
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CUsersicraig\Desktop\Local Geometricet\Seismich\Seisimager SWASW Data\WAM 10 and MASW 20 (Geode linear array with 10 ft receiver spacing)\Pas
gxidwb7 1 sy2-sndw2600. sg2
W
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Figure 88: Frequency domain view of waveform view of Figure 87.

Press Yes when ready to proceed.
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Ready to proceed? Back

Carcel |
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If there are more than 3 traces, the following message will appear. In H/V analysis, only three
traces (two horizontal components and one vertical component) are used. Unnecessary traces
must be deleted as follows:

Pickwin

More than 3 traces have been detected and anly 3 traces are
used to calculate

— the HAY spectrum. In the next display, all the traces will be
selected [colored red).
Deselect [click on] the 3 traces you wish to keep [they will turn
black], and then
press the Delete key to remowve the remaining red traces,

Press OK and all traces will be selected (colored red).
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Press Enter key to continue Surface Wave Analysis Wizard. H/V spectrum(3) |:|
Sources Q.0m Frequency (Hz) W
a 5 10 15 2 -] 3 35 40 45 50 55 -] (]
Q
) L
1 o ]
&
[l
3 [
l
10 t
E
;‘ 12
:E 1
o
3
[freq=78Hz  |dist=867m [D:amp.=0.00001 | A
-
Figure 89: Spectrum plot, all traces selected.
Deselect (click on) the three traces you wish to keep (they will turn black).
& Pickwin -
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CUsersicraig\Desktop\Local Geometricet\Seismich\Seisimager SWASW Data\WAM 10 and MASW 20 (Geode linear array with 10 ft receiver spacing)\Pas
gxidwb7 1 sy2-sndw2600. sg2
W
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Figure 90: Spectrum plot, three traces selected.
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Press the Delete key to delete the remaining red traces. Three traces will remain.

& Pickwin -
File (Fy  Edit/Display (B} View () Pick first arrivals (P Downhole seismic analysis (D) Surface wave analysis (3) Processing (8)  Option (0} Help (H)
||| | 5 5 O | [ 4 e 0 T o | & [ [ e G [P [ TD[06 [ 44| [ Aw
~

Press Enter key to continue Surface Wave Analysis Wizard. HAY spectrum analysis (3)

Source= 0.0ft Frequency (Hz)

o a mn 13 20 23 30 33

22 u__—&

23

Channel number

CillsersheraigiDesktopilocal Geometricst\SeismiciSeislmager SWASW Data\WAM 10 and MASW 2D (Geode linear array with 10 ft receiver spacing)\Pas

sxdw2B671. sg2-5dw2680. sg2

freq.=12.2Hz dist, =220 Ziamp.=1.61

Figure 91: Spectrum plot, all selected traces deleted.

Press the Enter key to continue. Press Yes when ready to proceed.

Procedure step confirmation

Ready to proceed? Back

Carcel |

The H/V calculation dialog box appears. Set each component using the Up and Down buttons.
The index of the channel number must start at O and it must be O, 1 or 2 when three traces

remain. Press OK when ready to proceed.

187
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



SeisImager/SW- Pro: Features and Capabilities @ GEOMETRICS

Simplify your search

H/V calculation

Sensor component (0 ko 23 Drawing order {0 ; top, 2 ; botkom)

Up Up Cancel
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Diown
L

1 L Horizonkal (% M3}
Dawn Diawin
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2 Yertical (Z 1 LD
Drowen Do

Diowin

HOH

% Mumber of HWSR data is 1310,
C Dowouwant to interpolate to reduce data 7

Yes Ma

Once the Fourier spectrum is calculated in Pickwin, the spectrum is held in memory for import to
WaveEq. WaveEq is used for detailed editing, analysis and making figures for the final report.
WaveE(q can be opened separately and can read in the text file that contains the 3-component
spectrum data. But this single step is the easiest way to automatically launch WaveEq and import

a spectrum just calculated in Pickwin. In this step, H/V is automatically calculated and shown in
WaveEq.

Below is an example of an H/V curve shown in WaveEq. The peak frequency of H/V is marked
as an orange circle, and the value of the peak frequency is shown in the bottom left corner of the
window:
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File (F) Edit(E) View (%) H/V curves (H) Dispersion curves (D) Velocity model (M) MASW/MAM (D) () MASW/MAM (2D/30) () Options () Help (H)

eSS Te>NNE B Lk R Ty My Ep D .
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: m/
w0 Mz(m
RETAR AN At A b A
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HIY Spectrum : sxew2B71 S2-5xehw2680 502
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HIY peak ampitude = 4.109
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Figure 92: H/V plot showing peak frequency.

If the plotting scales need adjusment, select View | Axis configuration or press Ctrl+A.

Enter the desired values for the X-axis and Y-axis Minimum, Maximum scales, and Interval. Both
axes can be plotted in linear or log scale. Press OK when done.

Axis configuration

Dlinirantn Dladranre Interwal oK
Lads I 100 Hz
¥ Log Cancel
vl gy 100
v Log
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File (F) Edit(E) View (%) H/V curves (H) Dispersion curves (D) Velocity model (M) MASW/MAM (D) () MASW/MAM (2D/30) () Options () Help (H)

FUsgoAMUESEN & L1 ] W FyEp O

Freguency (Hz) ~

o1 1 10 100

HY

01
HiY spectrum : sxdw2871 su2-swow2680. 52

HI pesk frequency = 4.349 Hz
Hiv pesk ampltuce = 4109
HI pesk clarly = 2308

Figure 93: H/V plotted with log scale.

Next, edit the H/V curve as needed. In the H/V curve, lower frequency data contains information
of deeper structure and higher frequency data contains information of shallower structure. Table
7 summarizes the general guideline of frequency and depth of interest.

Frequency (Hz) Depth of interest (meters)
0.1t00.5 > 100
0.5t02 20 to 100
2to 10 2 to 20
> 10 <2

Table 7: Frequency vs. depth of interest.

H/V data outside of the depth of interest is meaningless and it is better to remove it. Follow the
instructions in the upper left-hand corner of the window.
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File () Edit(E) View ) HAV curves (H) Dispersion curves (D) Valocity model (M) MASW/MANM (1D () MASW/MEM (20/30) T Options () Help (H)
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Press Enter key to continue Surface Wave Analysis Wizard 1 ID=

Frecuency (Hz)

HAY

HIY Spectrum : sxew2B71 S2-5xehw2680 502
v

Y

Figure 94: Final H/V plot.

Press Yes when ready to proceed.

Procedure step confirmation

Beady to proceed?
Back

Cancel |

Lastly, save the result. Assign a file name with the extension .rst and press Save.
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_ Passive 172172024 7:48 A File fo
30 Objects
Deskt
! esktop I N
File name: | Analysis_Result.rst -
Save as type | Analysis result file(®.rst) w
A Hide Folders Save Cancel
5.2 INVERSION USING HIGHER MODES

Traditional analysis of surface wave data generally assumes that a dispersion curve mainly
consists of a fundamental mode. Higher modes may dominate in several types of velocity
structures, such as a model in which a high-velocity layer overlays a low-velocity layer or a
model in which a high-velocity layer is embedded in low-velocity layers. To include higher
modes in inversion, Seislmager/SW-Pro introduced several new algorithms, such as a Genetic
Algorithm (GA) and inversion with variable layer thickness. Figure 95 below shows a phase
velocity-frequency plot that includes higher modes.

Fireguency (Hz)
__an 1 2 0
aum = T T = T
. | '
200 - 1 1
000 i i nt . L
M
£
Figure 95: Fundamental mode (dots) along with higher modes.
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SeisImager/SW (Pro only) allows users to include higher modes in the inversion and therefore to
analyze complex velocity structures more accurately. Observed and theoretical phase velocity
modes are not identified by SeisImager/SW-Pro analysis.

In an active surface wave method, observed data is defined as the maximum amplitude phase
velocity calculated at each frequency using the multi-channel analysis of surface waves (MASW)
method (Park et al., 1999). In the passive surface wave method, observed data is defined as the
phase velocity that yields the minimum error between observed coherence and the Bessel
function calculated through the Spatial Autocorrelation (SPAC) method (Aki, 1957). Examples
of phase velocity images for active and passive surface wave data are shown in Figure 96 below.

S e -05m numrm
o =0 4

) ) s S e ——

e O R A0

Fraquency (Hz)

Fraquancy (Hr)

[

Figure 96: Examples of phase velocity images for active (top) and passive (bottom) surface wave data.
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In calculation of higher mode phase velocities, both phase velocity and its relative amplitude
(medium response) are calculated simultaneously. Theoretical phase velocity is defined in the
following two ways. First, the phase velocity is defined as the velocity that has the maximum
relative amplitude at each frequency. Secondly, the phase velocity is defined as the weighted
average of all modes. The relative amplitude is used for calculating weighted average data.
“Maximum” will correspond to phase velocities calculated with the first method, and “averaged”
will refer to phase velocities calculated with the second method. In WaveEq, in the case of
Rayleigh waves, maximum amplitude-calculated phase velocities are shown as light blue circles,
and averaged phase velocities are shown as yellow circles. They are shown as blue and green,
respectively, in the case of Love waves. Figure 98 shows an example of theoretical “maximum”
and “averaged” phase velocities for the velocity model shown in Figure 97. See Hayashi (2012)
for some examples of higher modes.

Daapahy i)

Sl Iy RO © FTCE- 1

Figure 97: Example velocity model.
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Figure 98: Example of theoretical “maximum” (top) and “averaged” (bottom) phase velocities for the velocity
model shown in Figure 97. Medium response curves shown in the top image correspond to the relative amplitude of

the designated mode with respect to the fundamental mode.

There is no established rule for how to calculate theoretical phase velocities including higher
modes. In observed data, different modes can be isolated if the geophone array size is relatively
bigger than the wavelength of interest. Generally speaking, active surface wave methods use
relatively larger arrays in terms of wavelength of interest compared to passive methods.
Therefore, we propose using “maximum” phase velocity for active method processing and

“averaged” phase velocity for passive surface wave data.
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Figure 99 shows theoretical phase velocity images for the velocity model shown in Figure 97.
The top and bottom figures correspond to the dispersion curve calculated with Multichannel
Analysis of Surface Waves (MASW) and the passive method (SPAC) respectively. The MASW
data was acquired with a 96m linear array, and the SPAC data was acquired with a 10m
triangular array. It is clear that MASW dispersion curves appear similar to “maximum” phase
velocities and SPAC results are more similar to “averaged” phase velocities. Figure 100 shows
an example of phase velocity change due to array size or geometry. In the example, synthetic
data for the velocity model shown in Figure 97 is used. It is obvious that an increase in array size
results in clear separation of different mode phase velocities.
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Figure 99: Theoretical phase velocity images for the velocity model shown in Figure 97. Top image corresponds to
phase velocity curve derived from the active method (MASW) and bottom is that of passive method (SPAC).
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Figure 100: Change of phase velocities calculated by MASW and SPAC due to array sizes or geometry. Synthetic
data for the velocity model shown in Figure 97 is used in the calculation.

Higher mode data is also important in the calculation of theoretical H/V. In SeisImager/SW,
theoretical H/V is defined in two ways. The first definition of H/V corresponds to the Rayleigh
wave fundamental mode, and the second method assumes Rayleigh and Love wave higher
modes. In the higher order method, the ellipticity of the Rayleigh wave and medium response
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(relative amplitude) of Rayleigh and Love waves are calculated for each mode. Horizontal and
vertical amplitudes are calculated from the ellipticity and medium response values. Figure 101
shows an example of theoretical H/V. The solid black line indicates an H/V of Rayleigh wave
fundamental mode, and the yellow circles indicate Rayleigh and Love wave higher modes.

H/V including Rayleigh and Love higher modes
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Figure 101: Example of theoretical H/V for the velocity model shown in Figure 97.

5.2.1 How TO HANDLE HIGHER MODES IN SEISIMAGER/SW

Calculation of the fundamental and higher modes can be activated by selecting the i#l and L
buttons on the tool bar. Once the fundamental mode or higher mode button is activated, select the

Calculate Theoretical Dispersion Curves button X and WaveEq calculates the designated mode.
Note that the setting for the calculation of theoretical dispersion curves is applied to forward
modeling the theoretical data used in inversion processing as well. The detailed setting of higher
modes calculation can be changed under Options | Settings:
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5.2.1.1 MAXIMUM AND AVERAGE VALUE

As mentioned earlier, the theoretical phase velocity may be calculated under “averaged” or
“maximum’ dispersion curve assumptions. Activate Maximum value or Average value in the
Settings sub-menu to switch methods. We recommend using Maximum value or Average value
for MASW and SPAC respectively.

5.2.1.2 SETUP (PHASE VELOCITY CALCULATION)

Select Options | Settings | Setup (Phase velocity calculation) to change the settings for higher
mode calculations of phase velocity. The following dialog box appears when the fundamental

mode calculation is selected (press T ¥l on the tool bar). Note that the Number of modes is
hardwired to one.

When M i selected, the Number of modes is changeable and will be a larger number. Use 5 to
20 for the number of modes. The computation time is proportional to the number of modes
integrated. Calculating five to ten modes is suitable for most cases. Use 20 to 50 if the data
includes significant higher modes that are due to a high-velocity thin layer underlying a low-
velocity layer.
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5.2.1.3 INVERSION WITH CHANGING THICKNESS

In SeisImager/SW, S-wave values are calculated while assuming a fixed number of layers and
thicknesses. Inversion requires many layers, typically 10 to 20, and the flexibility of the
inversion is somewhat restricted. In SeisImager/SW-Pro, the thickness of each layer can also be
optimized in the inversion. Parameterizing layer thickness allows you to use a velocity model
with a smaller number of layers, such as 2 to 5. You can choose an appropriate velocity model
parameterization and inversion method depending on the data characteristics and purpose of
investigation. Table 8 summarizes the suggested selection of model parameterization and
inversion methods.
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Model Parameterization
Small layer number Multi-layer model (>10
(<7 layers) layers)

1D dispersion VS and thickness VS only
curve

1D H/V VS and thickness VS only

Thickness only
Data 1D dispersion VS and thickness VS only
curve and H/V

2D dispersion VS only VS only

curves

Table 8: Suggested selection of unknowns in inversions depending on model parameterization.

5.2.14 INVERSION USING GENETIC ALGORITHM

As mentioned before, in complex velocity structures, higher modes may dominate in a particular
frequency range and cause dispersion curves to look discontinuous. Higher modes can be
represented as “maximum” and “averaged” phase velocities. As shown in Figure 99, “averaged”
phase velocity is generally smooth and continuous while “maximum” phase velocity is
discontinuous. SeisImager/SW uses a non-linear least squares method (LSM) for inversion and
cannot handle discontinuous dispersion curves, such as those in “maximum” phase velocity
curves, which may contain higher modes. It is generally difficult to separate the fundamental
mode and the higher modes correctly, and traditional inversion methods based on the Jacobian
matrix cannot be applied.

To overcome these difficulties, SeisImager/SW-Pro introduced a new inversion method using a
Genetic Algorithm (Yamanaka and Ishida, 1995). Genetic Algorithm (GA) 17 is a search method
that mimics the process of natural evolution and is routinely used to generate useful solutions to
optimization and search problems. The method is characterized as a global search method and
can mitigate convergence upon local minima. One clear disadvantage of GA is that the method
requires a large amount of forward modeling compared to the conventional iterative non-linear
least squares method.

Computation time of inversion generally increases as the amount of data increases, the number
of layers increases, whether GA is used, and higher modes are included. Select the appropriate
inversion method depending on character of data, model parameterization, and purpose of
investigation. Summary of calculation methods of dispersion and H/V curves are shown in Table
9. General guidelines for selection are summarized in Table 10.
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Data Acquisition Modes Appearance Forward Inversion
method modeling
Dispersion Active Fundamental | Discontinuous | Fundamental LSM
curve (MASW) Higher Continuous Maximum GA
Passive Fundamental | Discontinuous | Fundamental L5M
(MAM) Higher Continuous Averaged LSM or GA
H/WV Passive Fundamental | Discontinuous | Fundamental GA
Higher Discontinuous |  Averaged GA

Table 9: Calculation methods of dispersion and H/V curves.

Data Data Forward Maodel
acquisition modeling Small layer Multi-layer
number model
(<7 layer) (10 layer <)
1D dispersion curve MASW or Fundamental LSM, GA LSM
(fundamental mode) MAM
1D dispersion curve MASW Maximum GA GA
(higher mode) MAM Averaged LSM, GA LSM
ID HV H/V Fundamental GA GA
H/V Averaged GA GA
1D dispersion curve | MAM and Fundamental GA GA
and H'V H/V Averaged GA GA
2D dispersion curve MASW Fundamental LSM LSM
(fundamental mode)
2D dispersion curve MASW Maximum GA GA
(higher mode)

Table 10: Selection of inversion methods depending on model parameterization and higher modes.

5.2.14.1 PARAMETERS FOR INVERSION USING GENETIC ALGORITHM

The following dialog box appears when carrying out inversions using the Genetic Algorithm
(GA). The GA is a random search in which many models are randomly created. The degree to
which the final model fits the observed data depends on how many models were used in the
inversion and several other factors. The total number of models calculated in the GA is equal to
the number of “iterations” times the “population”. Computation time of the GA is directly
proportional to the total number of models incorporated. Both the number of iterations and the
number of populations can be between 20 and 100. Default values (50) are suitable for most
cases.
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5.2.14.2 CONSTRAINTS FOR INVERSION USING GENETIC ALGORITHM

After the initial GA parameter setup, the following dialog appears:
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Velocity model inversion with GA
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Current welocity resersal = | 0 Yo
(" Increasing with depth

(" Decreasing with depth

Search area

[v Use constant search area

Search area for velocity (defanlt="20%0) 20 ¥

Ilin and raay. velocity
v Diefine min. and max. velocity

Ilin. welocity 300 mfsec
Ilaz. welocity 1950 mfsec
Search method
(+
("
{

[ Fixhattom layer velocity

A) Constraint

Four different velocity models can be assumed. Typical dispersion curve and velocity models
considered are summarized in the figures shown below. Note that the bottom layer (the deepest
layer) must have the highest velocity in all models.

A.1) No constraint

The velocity of each layer can be of any value except that of the bottom layer. The inversion
with no constraint tends to be unstable and it is advised to use this option with caution.
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S-wave velocity

Depth

Figure 102: S-wave velocity model with no constraint.

A.2) Setup allowed velocity reversal

Define the total velocity reversal (inversion) against the maximum velocity in percent. The total
velocity reversal (inversion) is the summation of the velocity decrease (a+b-+c). The Allowed
velocity reversal (P) is expressed by the following equation using the maximum velocity d.

a+b+c
P(nfﬂ-} = T x 100

The Allowed velocity reversal (P) option allows a percentage of velocity inversion. Natural
ground may have a slight velocity reversal, particularly in the shallow (shallower than 100 m)
region. So, a default value of 20% of the Allowed velocity reversal is selected. S-wave velocity is
generally increasing at greater depths, and it is recommended to use the Increasing with depth
option if the investigation depth is greater than 100 m.
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Phase velocity S-wave velocity

Frequency Dep"'th

Figure 103: S-wave velocity model with allowed velocity inversion.

A.3) Increasing with depth

Velocity must increase with depth with this option. This option is suitable when the phase
velocity smoothly increases as frequency decreases or if the depth of investigation is greater than
100 m.

Phase velocity S-wave velocity

Frequency Depth

Figure 104: S-wave velocity model having increasing velocity with depth.
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A.4) Decreasing with depth

Velocity must decrease with depth with this option except for the bottom layer. Use this option
when phase velocity increases as frequency increases. S-wave velocity generally increases with
depth in the natural ground, so phase velocity is usually inversely proportional to frequency. The
dispersion curves and S-wave velocity structures associated with this option are quite unusual. S-
wave velocity values that decrease with depth are usually associated with artificial structures
such as paved surfaces, embankments, soil modification, etc.

Phase velocity S-wave velocity

Frequency Depth

Figure 105: S-wave velocity model having decreasing velocity with depth. All methods assume the bottom layer has
the highest S-wave velocity.

5.2.1.5 2D INVERSION INCLUDING HIGHER MODES USING GENETIC
ALGORITHM

The Genetic Algorithm is the recommended inversion procedure for incorporating higher mode
data. As mentioned in Section 5.2.1.4 (Page 201), higher mode dispersion curves are
discontinuous and may not be handled optimally by traditional inversion procedures. A Genetic
Algorithm approach may handle discontinuous, higher mode data more optimally. Since the
Genetic Algorithm is time consuming compared to the non-linear least squares method,
SeisImager does not simply apply it to all dispersion curves. The Genetic Algorithm is only
applied to one location — one dispersion curve and associated 1D model — out of all data along a
survey line. Velocity models at other locations are modified with the calculation result of the
Genetic Algorithm applied to one location. For this reason, it is better to call the inversion a
“pseudo 2D inversion”. Figure 106 below shows the processing flow of a 2D inversion using the
Genetic Algorithm. The inversion procedure is summarized as follows: At first, theoretical phase
velocities are calculated for dispersion curves and associated 1D velocity models at all locations
(Figure 107). Observed and theoretical phase velocities are compared and residuals (RMSE:
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root-mean-square error) are calculated for all locations. A dispersion curve and an associated 1D
velocity model that has the largest residual (RMSE) is selected. An inversion using the Genetic
Algorithm is applied to the 1D model that has the largest residual. The Genetic Algorithm
randomly generates many velocity models and calculates theoretical phase velocities for the
models. All velocity models and associated theoretical phase velocities are stored in memory
during the inversion (Figure 108). The result of the Genetic Algorithm for the 1D model that has
the largest residual is used for that location. For other locations, memorized theoretical phase
velocities are compared with each observed dispersion curve and a 1D model that yields
minimum error is used for the model at each location (Figure 109). Refer to Section 5.2.1.4 on
Page 201 for further details of inversion using Genetic Algorithm.

Dispersion curves and initial 1D velocity models
|

|
Calculate theoretical phase velocities for all 1D models

V.

Compared with observed phase velocities and calculate residuals

|
|
v
Select a dispersion curve and an associated 1D
velocity model that has the biggest residual (RMS)

Wl

Apply inversion using Genetic Algorithm to the 1D
model that has the biggest residual
I
Keep all velocity models and associated theoretical
phase velocities in memory during the inversion

Wl

A result of Genetic Algorithm to the 1D model that
has the biggest residual 1s used for that location
|
W
For other locations, memorized theoretical phase velocities are compared with
each observed dispersion curve and a 1D model that yields minimum error is
used for the model at each location

Y
Final 2D S-wave velocity model

Figure 106: Processing flow of a 2D inversion using Genetic Algorithm.
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Genetic Algorithm is applied

to a model has the biggest error
- -,

't \

» Distance

Vélocity models

| r I
w F 848

) Calculate residuals

— e ——— -
i 8 8 B & B 5 &N § B B B B |

Biggest error
Distance

>

Figure 107: Selection of dispersion curve and velocity model for Genetic Algorithm in 2D.

Genetic Algorithm
Is applied to the model
has the biggest error

. :

\H\\W
. \f
A

N
AT,

\
!

o

r

During Genetic Algorithm many
models are generatedand
associated theoretical phase
velocities are calculated. All models
and theoretical phase velocities are
memorized.

Figure 108: All velocity models and associated theoretical phase velocities are kept in memory during inversion
using Genetic Algorithm.
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Figure 109: Memorized theoretical phase velocities are compared with each observed dispersion curve and a 1D
model that yields minimum error is used for the model at each location.

5.2.1.6 HIGHER MODES OF LOVE WAVES

The higher modes of Love waves can be calculated and used in inversions. Rayleigh and Love

waves can be switched by buttons on the toolbar (_RJ for Rayleigh waves and H for Love
waves). In Figure 110, the fundamental mode of Love waves is shown as a blue line. For higher
mode calculation, “maximum” and “averaged” modes are shown as blue and green respectively.
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Figure 110: Display of theoretical dispersion curve for Love waves.
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53 JOINT INVERSION OF DISPERSION CURVE AND H/V

Phase velocity data and H/V data can be used in an inversion simultaneously to further constrain
the model (Suzuki and Yamanaka, 2010). As mentioned before, it is difficult to obtain an
accurate velocity model from H/V data alone. Dispersion curve inversion solutions are generally
non-unique and may not always be accurate. Incorporating H/V and phase velocity data in a joint
inversion scheme allows for the production of a more constrained final model and may also
increase depth of investigation. Generally speaking, information contained in H/V data is limited
compared to dispersion curve data. Therefore, if there are both phase velocity and H/V data, it is
better to use phase velocity data to construct the S-wave velocity model, until data misfit is
sufficiently low. Once the error between observed and theoretical phase velocities is deemed
small enough, H/V data may be incorporated into the inversion process. The suggested
processing flow is shown below (Figure 111). See Section 7.7.4.3 on Page 493 for an example of
a joint inversion.
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Dispersion curve H/V curve

Initial S-wave
velocity model

!

Inversion using phase velocities
I

e
L 4

Inverted S-wave
velocity model

Modified 5-wave
velocity model
Joint inversion using both phase

velocities and H/V data

W]

Final S-wave
velocity model

Figure 111: Suggested processing flow for joint inversion.

6 THE PICKWIN MODULE SURFACE WAVE ANALYSIS FUNCTIONS
Continue.
6.1 FILE MENU

The File menu functions essential or uniquely used for surface wave data processing are covered
in this section. For a complete description of the File menu functions common to SeisImager/SW
and SeisImager/2D, please refer to the separate SeisImager/2D manual.
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File (F)
Opern waveform (3EG2) file(On,,, Ctrl+0O See Section 6.1.1 Page
Save weaveform (SEG2) file (5. Ctrl+5 214 —

Save wavefarm (SEG2Y file asih)...

Open MeSeis-3 file
Cpen OYO 160k (SEGT] file

Open synthetic waveform {Bhd) file
See Sections 6.1.2,

Ot picls e 6.1.3,and 6.1.4
Save pick file (starting on Page 215)
Print window display (P).. Ctrl+P

Print prewview: (W)
Page setup (R)...

Group (File list) (5} » See Section
6.1.5, Page 219

Options >

1 CiUsersh, AT00T. dat

2 Chlsersh, \sxdw2a51_MOD sg2
3 Chlsersh, hermp_000000,592

4 Chlsersh, A 1000.DAT

Exit ()
6.1.1 OPEN WAVEFORM (SEG2) FILE [CTRL+O] E
File (F3
Open waveform (SEG2] file(D].., I} Ctrl +0

To open a 1D MASW active-source data file in SEG-2 format, select Open Waveform (SEG2)
file.

Depending on the model of seismograph used to collect the data, the Files of type setting may
need adjustment for SEG-2 formatted files. Geometrics seismographs use the file extension .dat
and OYO seismographs use the extension .sg2.

After setting the Files of type, highlight the file and press Open.
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A <« MAM 1D and M., » Passive v 0 Search Passive 2
Organize Mew folder =~ O @
0 This PC ad N_ame Date rmodified T ™
B 30 Objects | sxel2673.592 1/20£2024 12:49 P s
| ] sxchwi2674.592 1/20/2024 12:49 P s
[ Desktap .
: [ sxchwi2675.592 1/20£2024 12:49 P s
[l Docurments | sxdwi676.:92 1/20/2024 12:49 P 5
& Downloads | sxdwi677.592 1/20/2024 12:49 P 5
D Music [ sxcwi2678.592 1/20/2024 12:49 P SCw
= Dirtrivas v £ ¥
File name: |sxdw26?3.592 V| Al Files %) -
6.1.2 OPEN SYNTHETIC WAVEFORM (.8HD) FILE

File (F)
Open waveform (SEG2) file(D),., Chrl +0
Save waveform (SEG2) file (). Ctrl+%

Save weaveform (SEG2Y file asih)...

Open kcSeis-3 file
Open OY0 1a0M (SEGT) file
Dpen synthetic waveform (Bhd) file I}

To open a waveform file generated from a synthetic velocity model, select Open synthetic
waveform (.8hd) file. Highlight the file and press Open.
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&« v < SN » MARSW Fixed recei... v 0 Search BMASW Ficed receiver 2
Organize Mew folder =~ O @
0 This PC ad Marne N Date rmodified T ™
I 30 Objects | ] Wavefarm_data_DWihd,8hd 11652024 822 Phd gk
I Desktop | ] swsz0259.592 11472024 12: A9 Phd S
B Documents | ] swsz0258.592 11472024 12: A9 Phd S
| ] swsz0257.592 1142024 12:49 Phd =
; Downloads
_ | ] swsz0256.592 1142024 12:49 Phd =
J’ Music [ surrrMIEE £n 3 1414520024 170 DhA o ¥
= Dirtiivar ¥ £ >
File name: |Wauefnrm_data_DWM,8hd W | IACSEIST file(™.*) ~
6.1.3 OPEN PICK FILE

File (F)
Open waveform (SEG2) file(D),., Chrl+0
Save waveform (SEG2) fileds).., Ctrl+5

Save weaveform (SEG2) file as(a)..,

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

Open pick file I}

To use this function properly you should start with a new instance of Pickwin, not one in which
data has already been processed. Double-click on the Pickwin icon to start a new instance; you
need not close any other open Pickwin windows beforehand.

Open pick file is used to open a file of saved dispersion curve picks with the file extension .pvs.
First the waveform file(s) from which the dispersion curve picks were derived should be opened
by selecting the applicable Open <___> file function or the Open file list function. Next, select
Open pick file. Adjust the Files of type setting to show Phase velocity data (*.pvs) types,
highlight the file, and press Open.
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&« v <« MAM D and MA,.. » Active v 0 Search Active 2
Organize Mew folder =~ O @
0 This PC ad Marne Date rmodified T ™
I 30 Objects |_'| Active_dispersion_cupses pws 152002024 231 P By
I Desktop |_'| Line 1.pws 172002024 1:58 P Py
Ifl Docurmernts |_'| phase velocity cupses,pys 172072024 1:47 PR P
7 Sveloc model 20 _iteration_1.pws :
; 0 o Swelocity del_2D 1.p 172042024 1:54 Pt P
ownloads N
| ] S-welocity_model_2D_iteratian_2.pws 152042024 1:54 Phd Py
J’ Music [ Sovsalrrits mamdal 30 ibarstine T e 1420520724 1.64 DhA o ¥
= Dirtiivar ¥ £ >
File name: |phase_\.-'e|l:n:it‘_-,-'_cur\.fes.p'-.-'s V| Phase-velocity data(”.pvs) =

The dispersion curve picks will not be visible until the phase velocity is recalculated. Refer to
Section 6.2.2, Page 254, on how to calculate phase velocity.

6.14 SAVE PICK FILE
File (F)
Dpen weaveform (SEG2) file (.., Ctrl+0
Save weaveform (SEG2Y file (S, Ctrl+5

Save waveform (SEG2) file asid...

Open McSeis-3 file
Open OY0 1a0M3 (SEGT] file
Open synthetic waveform {8hd) file

Open pick file
Sawve pick file l}

To save dispersion curve picks, select Save pick file. Assign a file name with the extension .pvs
and press Save.
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4 i <« MAM 1D and M., * Passive w O Search Passive 2
COrganize » Mew folder == - o
0 This PC ad Marne Date rmodified T ™
_J 3D Objects D initial_rmodel ps 12002024 259 Phd B
I Desktop D Swvelocity_model 2D _iteration_T.pews 152002024 3:01 P By
= Docurments D Swvelocity_model 2D _iteration_2,pes 152002024 3:02 P By
- I_j Sevelacibe Fadel T iteratinn T mnes 150052 2N Pha B, -7
; Downloads v £ >
File name: | initial_model.pvs "
Save as type: | Phase velocity data file for WaveEq (*.pvs) ~

- Hide Foldes o

Confirmation that the file has been saved is displayed. Press OK.

Piclowin

f IE Phase velocity data file for WawveEq has been saved

In the phase velocity-frequency plot view, the picks will be connected by a pink line.
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&# 1001.dat - Pickwin

File (F)  Edit/Display (E)  Wiew (W) Pick first arrivals (F)  Downhole seismic analysis (D) Surface wave analysis (5) Processing (2
Option (0} Help (H)

AEIEIREEE] 1 e A = el e

Press Enter key to continue Surface Wave Analysis Wizard. 10 MASW () .

Source=244.0f Phase velocity (ftés)
0 500 1000 1500 2000

Frequency (Hz)

Dispersion curve ; 1001.dat

£ >
| |e=0.0ft/'s wi=0.0ft [freq.=-0.88Hz [2:arnp.=-0.00 4|

Figure 112: Phase velocity-frequency plot.

6.1.5 GROUP (FILE LIST)

The functions included in Group (File List) allow processing of a range of records, as with a
MAM or 2D MASW dataset.
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Dpen waveform (SEG2) file (D)., Ctrl+0
Save weavetarm (SEGZY file(s).., Ctrl+35
Save waveform (SEGZ) file asih)...

Dpen McSeis-3 file
Open OY0 160M (SEGT) file
Open synthetic waveform {Ehd) file

Open pick file
Sawve pick file

Printwindow display (P)... Ctrl+P
Print prewviev ()
Page setup (R)...

Group (File listh (&) L\\!. > Make file list
Make file list{select a folder)
Open file list

Options *

1 ChlUsersh, A\1001. dat

2 ChUsersh, Asxdw2B51_MOD 592
3 ChUsersh. hemp_000000.592

4 TiUsersh, \1000.0AT

Save file listitext)
Save file listOERAL)
Show file list{E) Ctrl+i3

Set up geometry

Exit ()
Edit »
Atorm Mo SEE-MTNe o) »
6.1.5.1 MAKE FILE LIST
File {F)
Group (File list) (5]
kdake file list I}

A File list is an inventory of data files from any given survey, and includes essential information
for each waveform trace, such as the associated field file identification number and source and
receiver locations. For surveys where multiple files are processed together, such as MAM or 2D
MASW, the dataset must be input by making a file list.

To make a list of files, select Make File List. After setting the Files of type, highlight the set of
data files to be opened by using the Shift key to select a range of files or the Control key to select
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individual files. If All files is showing for the Files of type setting, take care not to inadvertently
select non-data files as this will cause an analysis error.

y « W Data » Sonora County w | ) Search Sonorma County 2

Organize Mew folder e M @

Seislmager W [ q001.dat | ]5004dst [ ]5001.dat | | 5018.dat
Sonorma County zo0t.dat | |5005.dat | |S012.dat | ] 5019.dat
| ]3000.dat | |5006.dat | | S013.dat | | 5020.dat

& OneDrive - Persar - = =
|_‘] A0, dat |_'] 5007.dat |_'] S014.dat

B8 This PC [5000.dat [ ]5008.dat | ] 5015.dat
3D Objects | |5002.dat | |5009.dat | | SO16.dat
W Desktop | |5003.dat | |5010.dat | | S017.dat
W
File name: | "5020.dat" "5001,dat” "5002.dat" "¢ ~ | | Seq2 file(*.dat) "

Open Cancel

Confirmation that the files are input is displayed. Press OK.

Piclowin

l"} 20files have been apened,

Next, you will be prompted to set up the geometry. For MAM datasets, the source locations are
not applicable, and the geometry of the spread/array is set in a separate dialog box. Any
coordinates saved in the file headers are not needed, so leave the boxes for Source position and
Receiver position unchecked and press OK.

Use information in file

[ Sowurce position LI
[ Recefver position Cancel
Check to uze source and recerer coordinates in file headers
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Next, the File list dialog box presents the data files listed by file /D. No action is needed for
MAM datasets. Press OK to proceed to viewing the waveform files.

File list
Index  Edit jin Source (ft) 1st recetver (1) Recetver int. (ft) #ofawe  Source index
0 5001 [0 [0 [1 [0 [0 | Carvel
1 | so02 [0 [0 [1 [0 [1 | Mext
2 ~ |[so003 [0 [0 1 [0 [2 [ Back
3 ~ {5004 [0 [0 [1 [0 [3 |
Set 1
4 | s005 [0 [0 [1 [0 [ | &
Set #of awx.
5 — |s006 [0 [0 [1 [0 [5 |
[3 5007 [0 [0 [1 [0 [ M
7 | so0s [0 [0 [1 [0 [7 | Brvrark
g ~[sooe [0 [0 [1 [0 B | Impont
[} —  [s010 [0 [0 [1 [0 [s |
Hurnber of files
[~ Apply source coordinates from file header & betive data ’20—
[T Apply recetver conrdinates from file header " Passive data

For 2D MASW datasets, if the geometry was saved in the file headers during acquisition, check
Source position and Receiver position to apply those coordinates and press OK.

Use information in file

v Source position e

v HReceler position

Cancel
Check to use source and recemer coordinates in file headers

Next, the File list dialog box presents the data files listed by file ID. Even if Source position and
Receiver position were checked in the previous dialog box, note that the actual values from the
file headers will not yet be shown here in the Source, I*' Receiver, and Receiver int. columns.
Checking Source position and Receiver position in the previous dialog box activates the Apply
source coordinates from file header and Apply receiver coordinates from file header options in
this dialog box. If those options are checked, the coordinates from the file headers will be
applied.
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File list

Index  Edit D Soures (ft) istreceiver (ff)  Receiverint (ff)  #ofaux  Sourceindes
0 3001 [0 [0 [1 [o [0 | ool
1 - [s002 [0 [0 [1 [0 [1 | Nest
2 ~  [s003 [0 [0 [1 [o 2 [ Back
3  [so04 [0 [0 [1 [0 [3 |
Sat 1
4 3005 [o [o [1 [o [4 | £
Set # of aux.
5 ~  [so06 [0 [0 [1 [0 E |
6 r 5007 | 0 | 0 | 1 | 0 6 Delete
7 r |s008 [0 [0 [1 [o | | Rersr
8 - 009 [0 [0 [1 [o B [ Import
9 - [so10 [0 [0 [1 [o B |
Number of files
[V Apply source coordinates from file header " Active data ’20—
¥ Apply receiver coordinates from file header " Passive data

If coordinates are to be imported from the file headers, confirm that Apply source coordinates
from file header and Apply receiver coordinates from file header are checked. Press OK to
proceed to viewing the waveform files.

If coordinates are not to be imported from the file headers, coordinate values can be entered here
in the Source, 1°" Receiver, and Receiver int. columns individually or by setting up and applying
a geometry pattern via the Set up button. The default setup parameters are as shown below.

st sourzce 05 ]

Source
interval 2 I Canrel

(" WVanahle recerrer
Oftset fromm somrce to 1st 05

’ 1m
Teceret
{* Fied recerver
First recerver position
B 1] m

Fecerrer
interial 1 m

1°" Source is the location of the first shot. The Source interval is the spacing between each shot.

For a dataset collected with a rolling spread, that is, the geophone locations were not fixed, check
the Variable receiver option. The Offset from source to 1*' receiver is the distance from the shot
to the nearest live geophone (the near offset). It is assumed that the line has been shot from
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lowest to highest channel number, indicated by a positive number for the Source interval. If the
data was shot toward the lowest channel number, the Source Interval should have a negative
number to indicate that the source rolled in this direction. This case can occur when using a
Geometrics seismograph where the channel nearest the seismograph (and PC controller) is the
highest by default, and the first shot was located at this end of the line.

For a dataset acquired with a fixed receiver spread, where the shot was moved through the
spread, check the Fixed Receiver option. The First receiver position is the location of the first
live geophone.

The Receiver interval is the spacing between geophones.
Example 2A: Set up a Fixed receiver geometry for the sample 2D MASW dataset with no file

header coordinates. The dataset consists of 97 shots with the first and last shots off-end at 0.5 m
near offsets, 24 geophones located at 0 to 23 m, and equal source and receiver intervals of 1 m.

Starting at the geometry prompt, Source position and Receiver position are left unchecked.

Uze information in file

Ok

[ Sowree position

[ Recefver position Cancel

Check to nse source and recerer coordinates mn file headers

The File list dialog box shows the file IDs, but only default values for the Source, I* Receiver,
and Receiver int. columns. Also, Apply source coordinates from file header and Apply receiver
coordinates from file header are unchecked.

File list

Index Edit  ID Source () Ist meiver () Recefverint (m)  #ofawx  Source index
0 i T [0 [0 1 [0 [0 | el
1 i T [0 [0 [1 [0 [1 | Hext
2 — [s003 [0 [0 1 [0 [2 | Back
3 ~ [so04 0 0 1 0 3
e e | | | D e .
4 ~ [s00s [0 [0 [1 [0 [4 |
Set #of anx.
5 A T [0 [0 [1 [0 |5 [
6 — [so07 [0 [0 1 [0 |6 | Dk
7 ~ [so0e [0 [0 [1 [0 [7 | Export
3 — [s000 [0 [0 [1 [o E | Trport
] ~ |so10 [0 [0 [1 [0 E |
Number of files
[~ Apply source coordinates from file header {* Active data ’20—
[™ Apply receiver contdinates from file header ™ Passive data
Through the Set up dialog box, enter and apply the applicable geometry values.
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Property

15t somree 05 ]9

Source
interal 1 m Cancel

(" Variahle receler
Oftset frorn somrce to 1st 05

’ 1m
IECETVET
{* Fred recerver
Firat recemver position
B 1] m

Fecerer
interial 1 m

The File list dialog box now reflects the geometry pattern.

File list
Index  Edit jin] Souree () lst recerver () Recefver int. (1) #ofawr  Sowrce index L
0 01 [05 [0 1 [0 [0 | !
1 002 LE [0 [1 [0 1 | Hext
2 I ETE [15 [0 [1 [0 [2 | Back
3 —  [so04 [25 [0 1 [0 E [
Set y
4 i T |35 [0 [1 [0 [4 | =
Set #of anzx.
5 | 5006 [45 [0 [1 [0 5 |
I3 —  [s007 [55 [0 [1 [0 I3 | %
7 | so08 |65 [0 [1 [0 [7 | Export
g | so0s [15 [0 [1 [0 B | Irpont
3 I T B [0 [1 [0 E [
Murdher of files
[ Apply source coordinates from file header {* Active data ’20—
[ Apply recefver coordinates from file header " Passive data

End Example 2A.

Example 2B: Set up a Variable receiver geometry for a sample 2D MASW dataset with no file
header coordinates. The dataset consists of 25 shots with a near offset of 4 m, 24 geophones
located at O to 46 m, and equal source and receiver intervals of 2 m.

Starting at the geometry prompt, Source position and Receiver position are left unchecked.
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Uze information in file

™ Source position
[7 Recetver position
Check to nse source and recerer coordinates mn file headers

Ok

Cancel

/) GEOMETRICS

Simplify your search

The File list dialog box shows the file IDs, but only default values for the Source, I* Receiver,
and Receiver int. columns. Also, Apply source coordinates from file header and Apply receiver
coordinates from file header are unchecked.

File list
Indx Edit D Source (rn) lstreceiver(m)  Receiverint {m) Hofauwx Soure index
0 I TR [o [o [1 [o [0 [
o [ O [ (o ol
P ol o S N o el
Emla e [ T [ ol Emnl
o e O [ e
o [ [ T [ F |
o i o S o o ol
o [ N [ ol
Fr [ F— [ [Co ol
o [ O [ (ot
[~ Apply souree coordinates from file header @ Botive data

[~ Apply teceiver conrdinates from fils header € Dassive data

=)
L=

Pl bl e

Cancel

3
ES

iar

Set up
et # of aux.
Delete

Export

Tmport

=z
5] &
-
5
|

Enter and apply the applicable geometry values in the following dialog box:

Property

15t somree I -4 n

0K

Source
interal I 2 m Cancel

% Variahle recelier

Ciffzet frorn source to 1st I 4 i

TECET EY

{ Fixed recerver

First recerver position I 0 1

Fecerer
interial I E m
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The File list dialog box now reflects the geometry pattern.

File list
Index  Edit jin Sourece {m) 1st receiver {m)  Recefverint. {m) #ofawe  Source index L
0 [0 E [0 2 o o | QCmel
1 i T -2 |2 E [0 [1 | Mext
2 002 [0 [ 2 [0 [2 [ Back
3 ~ [so004 [2 [6 2 [0 E |
Set 1
4 ~ 005 |4 E |2 |0 E | -
Set #of awx.
5 — |s006 [6 [10 [ [0 [5 |
I | so07 E [12 E [0 ] M
7 ~ |so0g [10 [14 E [0 [7 | Export
g ~[sooe [12 | 16 E [0 B | Impont
[} —  [s010 [14 12 E [0 [s |
Hurnber of files
[~ Apply source coordinates from file header & betive data ’20—
[~ Apply recetver coordinates from file header ™ Pageive data

End Example 2B.

Additional functions in the File list dialog box include the Next and Back buttons, which allow
scrolling through the next, or last, ten file IDs, respectively. For users of OYO seismographs, an
auxiliary channel is automatically recorded; the number of the auxiliary channels can be
indicated by pressing on the Set # of Aux. button. If any file needs to be deleted from a list, check
the Edit box next to that file ID and press the Delete button.

Once the geometry assignment in the File list dialog box is complete, press OK to save the
changes and proceed to viewing the waveform files.

To view the assigned geometry again, the File list dialog box can be directly accessed at any
time through the Show File List function.

6.1.5.2 MAKE FILE LIST (SELECT A FOLDER)
File (F)

Group (File list) (5]

kake file list
kdake file list{select a folder) I}

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.
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6.1.5.3 OPEN

FILE LIST

kdake file list

File {F}

/) GEOMETRICS

Simplify your search

Group (File list) (5]

hdake file hstiselect a folder)

Dpen file list

To open an existing file list that was previously saved in a .zxt or .xml format, select Open File

List. Highlight the file list and press Open.

+

COrganize »

I This PC
) 30 Objects
[ Desktap

<« 30 Data ¢ Sonoma County

Mew folder

Seislrmager SW & L File_list

Sonorna County

@ Onelrive - Persor

W

File narme: |File_list

w O Search Sonama County 2
- IH o
v| File list(xml} v

The waveform files with assigned geometry are displayed.
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& 2001.dat -

/) GEOMETRICS

simplify your search

B

Q||| |15 9 | W Ao v [ |

| 7 0 | e

File (F)  Edit/Display (Ey  Wiew (M) Pick firstarvivals (F)  Downhole seismic analysis (00 Surface wawve analysis (5) Processing (8)  Option (03 Help (H)

[Ge[Fo[70 26 [ 4[4[ [ =] An

Status : Mo editing

Source= 0.0f Time {ms)
o 100 200 300 400 s00 E00 Too 800 ana 1000 1100
30
S0
! P S——
90 A ,._LW‘V‘A-_*‘“
e _—
= {
o 130  E——— _\A\rv_._.k_,_g_.
i - [ —
E 150 o e ]
B gy (e T ot o, e e i et
= 170 e 2
190 7% M"%
P oy m
oo | O i

3001, dat

~

Mo editing tirme=1089.2msec dist.=203.32ft 23armp.=0.00 3001, dat
Figure 113: Waveform display.
6.1.54 SAVE FILE LIST (TEXT)
File (F)
Group (File list) (5]

kake file list

hAake file list(select a falder)

Dpen file list

Save file listtext) I}

Once a file list has been generated, it can be saved as a text file by selecting Save file list (text).

File lists should always be saved in the dataset directory.

Assign a file name with the extension .zxt and press Save.
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4 i <« 30 Data ¢ Sonoma County w O Search Sonama County 2

COrganize » Mew folder T - o

B This PC ® [J100l.dat [ ]5000.dat [ ]5005.dst [ ]5000.dat [ ] 5013.dat

[2000dat [ ]5002.dat [ ]5006.dst [ ]5010dat [ ] S014.dat

L

§ 3D Ohjects L
| ]3000.dat | [3003.dat | |5007dat | | 3011.dat | | 3M3S.dat | ]

L

[ Desktap
| J4000.dat | | 500.dat | [5008dat | [5012dat | ] 3016t g
= Documents
; Downloads v £ >
File name: | File_list.txt V|
Save as type: | File list(*.) ~
~ Hide Folders Cancel

The file is formatted in space-delimited columns by file ID, shot location, geophone location,
receiver interval, and auxiliary channel number.

B File list - Notepad

File Edit Format Miew Help
5801 B, 80000 B, B0000E 1. 00006 B o~
5807 0.880000 6, 880000 1. 800008 &
SEHED O,00E0E0E 0, BEEEEE 1, BBEEEE &
S8Ed B, 80000 B, 880005 1. 800668 &
SEES B, EE000E B, 80006E 1. 800EEE &
SEEE B.880000 6, 800000 1. 800008 &
SEE] O, 000800 O, BEEEEE 1, BBEE0E
S8EE B.EE0000 B, 880006 1. 800068 &
SEEY B, EE000E B, B000EE 1. 90EEEE &
5810 B.888000 6, 880000 1. 800008 &
5811 0.880000 6, 880006 1. 800068 &
5 T 5 L s B 55 e I 55515
58153 B.880000 B, 800005 1. 800658 &
56814 0.880000 6, 800006 1. 000668 &
5815 0.880000 6, 880000 1. 800068 &
5 LI 5 s B 55 I 55515
5817 B.880000 6, 800005 1. 800668 &
5015 B.880000 6, 800006 1. 000668 &
5819 0.880000 6, 880000 1. 800068 &
5 e B 5 s B 55 e I 5555 .
L 10&%s  Windows (CRLF) UTF-&
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6.1.5.5 SAVE FILE LIST (XML)

File (F)

Group (File list) (&)

Make file list

hake file list(select a folder)
Open file list

Save file listitext)

Save file listlEhAL)

/) GEOMETRICS

Simplify your search

L

Once a file list has been generated, it can be saved as an .xml file by selecting Save file list (xml).
File lists should always be saved in the dataset directory. The XML format and the dataset
directory are the default format and file location used by the 2D MASW wizard.

Assign a file name with the extension .xm! and press Save.

Organize * Mew folder

P
@ Onelrive - Persor

[ This PC
_J 30 Objects
[ Desktap

JE2E Y S, i 7

A <« 3 Data » Sonoma County v | D

Mo iterns match your search,

Search Sonoma County 2

File name: | File_listxml

Save as type: | File list(*.xml]

» Hide Faolders

Save Cancel

The file is formatted in XML with general line information at the top followed by the shot
location, geophone location, receiver interval, and auxiliary channel number for each file ID.
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=7&ml wersion="1,0" encoding="shift_JIS" 7=
- =linex=
zline_name=line_name</line_names
zline_id=0=/line_id=
Zoww_menuz=0</suw_menus
<fila_typez0</file_typex

/) GEOMETRICS

simplify your search

<apply_source_position=0</apply_source_positions
<apply_receiver_position=0</apply_receiver_position=

- =file_lists
- =file=
=file_name=sxlb0201.5q92</file_name=
<id=201</1d=
<file_type=0</file_types

<shot_distance=-0.500000</shot_distances
<first_receiver=0.000000</first_receivers
<receiver_interval=1.000000=/receiver_interval=
<number_of_auxiliary=0=</number_of_auxiliar =

=/file=
- =file=

<file_name=sxlb0202.sq2 < /file_namez
Zid=202</d>

=file_type=0</file_typex
<shot_distance=0.500000</shot_distance:
<first_receiver=0.000000<//first_receivers
<receiver_interval=1.000000</receiver_intervals
=hnumber_of_auxiliary=0</number_of_auxiliary=

</ filez

6.1.5.6 SHOW FILE LIST [CTRL+G]

File (F)
Group (File list) (5]

Make file list

hake file list(select a folder)

Open file list

Save file listitext)

Save file listCXRAL)

Show file list(3) [y cti+g
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To open the File list dialog box, select Show file list. The File list dialog box is displayed and
reflects the current geometry assignment for the subject dataset.

File list
Index Edit  ID Saurce (ft) lstreceiver () Receiverint. (f)  #ofawx  Source index
o ET [0 [0 1 [0 [0 202471121 5.19.24 000 !
[T Jsm2 [0 [0 [1 [o [1 202411121 5:19:24.000 Hext
[z sz [0 [0 [1 [0 [z [202471121 51924000 Back
[z [soo4 [0 [0 1 [0 E [ 202471721 511924 000 o
[a r Jas [0 [0 [1 [0 [4 [ 202411721 5:19:24.000 %Mﬁm
[5 r [s008 [0 [0 [1 [0 |5 [ 202411721 511924 000 4
[6  r Jar [0 [0 1 [0 I3 [202401721 5:19:24.000 Dk
ERR [0 [0 [1 [0 [7 [ 202471121 51924000 Export
IS— - IW [0 [0 [1 [0 B | 2m24r1r21 5:19:24 000 Traport
[ Jam [0 [0 [1 [0 E | 202411121 5:19:24.000

Hurber of files

[~ Apply source coordinates from file header + botive data ’2”—
[ Apply receiver coordinates from file header C Passive data

6.1.5.7 SET UP GEOMETRY

File (F)

Group (File list) (5]

Make file list

hake file list(select a folder)

Open file list

Sawe file listitext)

Save file listCXRALY

Shoy file list(5) Ctrl+G

Set up geormetry I}

In SeisImager/SW, the 2D MASW process requires calculation of CMP locations (refer to
Section 3.3.1, Page 40, for explanation) before the dispersion calculation. The 2D MASW file
list with source and receiver locations is used to find the CMP locations.

To calculate CMP locations for a 2D MASW file list, select Set up geometry. First, the number
and location of CMPs are calculated using the source and receiver coordinates. A report of the
number of sources and receivers detected in the file list and the number of CMPs calculated from
the source and receiver coordinates is displayed. Press OK.
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Pickwin

Mo, of sources = 13
| Mo, of receivers = 24
Mo, of CMPs = 70

Next, the total number of waveform traces and the maximum range of the survey geometry are
calculated and reported. Press OK.

Piclkowin

! Total number of shot gather traces = 312
__I_l Fange of sourcefreceiver geametry = -5.0ta 2350t

Up to this point, the waveforms have been handled as an assembly of traces as opposed to
individual traces. Obviously, at the time of acquisition, traces are assembled in a shot record (or
“shot gather””) by common shot location. At this point, the waveform for each trace will be
individually assigned a CMP coordinate so that at a later step the traces can be assembled into
CMP cross-correlation gathers by CMP location. If no errors were detected in the previous
calculations, press OK to Input waveform data.

Pickwin

h Input waweform data 7

| Ok | Can-:ellf\} |

The number of traces assigned a CMP coordinate is reported and should equal the Total number
of shot gather traces reported previously. Press OK.
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Pickwin

h 312 of 312 shot gather traces input

Once complete, a plot of the source-receiver geometry is displayed.

4 Pickwin -

File (F) Edit/Display (E)  Wiew (V)  Pick firstarrivals (P)  Downhole seismic analysis (0) - Surface wave analysis () Processing (&) Option (0) - Help (H)

| | | |5 O 4 | S [ ] O & | O ) W O[O [ 10 o6 [ 4| |

S0 Distance (ft) 2350

Shot Ma

&
[eBRcBN IR R sl - e Bl

QOO0 0 00000
[eBR BN+ R RE e BN el IR Bl
oo 0C00 008000
CoooCo0eo0 e 00D
[eERcIE - RE e B« e B BB BRI+
[eBRcBN IR R sl - e Bl
QOO0 0 00000
[eBR BN+ R RE e BN el IR Bl
oo 0C00 008000
oo 0C00 008000
QOO0 00008000
[eBRcBN IR R sl - e Bl
@
[eBRcBN IR R sl - e Bl
CoooCo0eo0 e 00D
[eERcIE - RE e B« e B BB BRI+
[eBRcBN IR R sl - e Bl
QO COoQO0C oSO 0O
[eBR BN+ R RE e BN el IR Bl
[eBR BN+ R RE e BN el IR Bl
CoooCo0eo0 e 00D
[eERcIE - RE e B« e B BB BRI+
[eERcIE - RE e B« e B BB BRI+
QOO0 0 00000

v
< >

Mo editing time=2339.7msec dist,=139,54ft 14:amp.=180.83 CUsersheraighDesktop\Local Geome

Figure 114: Source-receiver geometry.

Table 11 summarizes all the attributes used in geometry plots. The horizontal axis — Distance —
is the distance along the survey line. The vertical axis — Shot No. — is the number of the shot as
the data was sequentially collected.
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Circle/Dot Color Meaning
Teal blue Shot point.
Yellow Receiver for which a trace has been read.
Dark blue Receiver for which no trace has been read.
Red Receiver for which traces are selected and
can be viewed in the waveform display.
Black Grid point (no meaning in actual geometry).

Table 11: 2D MASW Geometry Plot Attributes.

&

The Show previous waveform

and Show next waveform | ¥ buttons can be used in the

geometry view to select a waveform shot record to display; these buttons can also be used to-

scroll through waveform files in the waveform view. Press the Waveform ﬂ and Geometry ﬂ

buttons to toggle between the views.

If there is an error and no waveform data is input, the geometry plot will appear with a dark blue
circle for each receiver missing a waveform trace. If an input error occurs, double check that all
the dataset files are in one directory and that the geometry assignment is correct; then start over

with the Set up geometry process.
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m Pickwin -
File (F)  Edit/Display (E)  Wiew &) Pick first arrivals (F) - Downhole seismic analysis (D) Surface wave analysis (5 Processing (8)  Option (03 Help (H)

5| |8 o | - |5 € A 4 e S [ [ e O O 2 W6 [ 0o [ |2 A

=30 Distance (ft) 233.0

Shot Mo,

LR DR BE BE BE BN B R IR BE B BN
LB BRI B BE BN BN N B B BN BN
L IR BE BE BE BE BN BN BE BE BN BN K
LI BE BE BE N NE R N R R B K
LR DR BE BE BE BN B R IR BE B BN
L EE BE B BE BE BN BN B BN B BN I
LI BE BE BE BECNE R N N B BB
LR DR BE BE BE BN B R IR BE B BN
LB BRI B BE BN BN N B B BN BN
L EE BE B BE BE BN BN B BN B BN I
LI BE BE BE N NE R N R R B K
LR DR BE BE BE BN B R IR BE B BN
=]
LB BRI B BE BN BN N B B BN BN
L IR BE BE BE BE BN BN BE BE BN BN K
LI BE BE BE N NE R N R R B K
LB DR B B BE BN BE B B B BN NN
LR BE B B BE BN BN B B B BN I
LI BE BE BE N NE R N R R B K
LR DR BE BE BE BN B R IR BE B BN
LB BRI B BE BN BN N B B BN BN
L IR BE BE BE BE BN BN BE BE BN BN K
LI BE BE BE N NE R N R R B K
LR DR BE BE BE BN B R IR BE B BN
L EE BE B BE BE BN BN B BN B BN I

W
< >

Mo editing tirne=2339.7msec dist.=139.54ft 1darnp.=180.85 CivdsershcraighDesktopilocal Georn

Figure 115: Source-receiver geometry. Blue circles indicate missing traces for those points.

6.1.5.7.1  VERTICAL STACK
File (F)
Group (File list) (5]
Edit
Vertical stack [s |

Vertical stacking is most employed after MASW data acquisition using Atom or McSeis-MT
Neo acquisition units, both of which record continuously. Vertical stacking is part of a process
leading up to MASW inversion. The general process is as follows:

1. Detect events in Atom files (SPACPlus).

2. Cut out shot gathers and save them as SEG-2 files (SPACPIlus). The files are saved as a file
list.

3. Use the file list created by SPACPlus or create a file list of the SEG-2 files in Pickwin.
4. Stack the shot gathers in Pickwin.
5. Setup acquisition geometry.

237

Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



The Pickwin Module Surface Wave Analysis Functions %} GEOMETRICS

simplify your search

6. Process as usual (Section 4, Page 54).
To stack the data, you must first assign source indices to the shot gathers. Each set of shot
records to be stacked must have the same source index:

Assign the same index to files to be stacked.

1%t shot location

I~ Apply receiver coordmates from file header (" Passive data

" |Source inde:
- _
2 1]
Index Edit D Sowrce (m) Istreceiver (m) Receiver int. (m) # of aux. |Source index L
[0 r Jo o [ [z | [ | [ e ’07
1 r [e 0 0 0 1 E \mJ :
Fr N o o o (o 1
DR B L . N F e oo 1 - 2" shot location
[+ r fo [o [0 2 [0 [+ [Fooriic 13585716
2 of aux.
5 r e 0 0 0 3 [Pooriiis 13:5920152 M 1
[6 | [n 1 io [o 2 [u [ [ 0/1/16 141028.108 Dickete N
7 r [o 0 0 0 7 [ooriiss 14:1035. Export 2
Fr o [o— [0 [0 [+ [Jooracistosziss Tmport 5
9 & |D 0 0 0 9 [ 0071716 1412557 660 -
Number of fles
[~ Apply source coordinates from file header @ Active data ~— Bl 2
3

Figure 116: Setting up source indices prior to vertical stacking.

Once the source indices have been updated, simply select File | Group (File List) | Edit | Vertical
stack. The records will be stacked and displayed, and the path and file name of the stacked
record will be displayed beneath the waveform display.

6.1.5.7.2 IMPORT CTB RECEIVER POSITION FILE

File (F)
Group (File list) (5]
Edit

Wertical stack
Import CTE recepver position file b

As mentioned above, Atom and McSeis MT Neo seismographs record continuously. Each

seismic sample is tagged with a GPS-referenced UTC time. In the process of setting up a survey
using these single- or three-channel modules, the modules are powered up asynchronously, with
some beginning data recording earlier than others. Once all modules are up and recording, actual
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data acquisition may start. This means that much of the data on each module is garbage, and to
varying degrees from module to module.

This is much different from the conventional method using a seismograph like a Geode, where
all the channels begin recording simultaneously and are often referenced to a source trigger.

Before Atom or McSeis MT Neo data can be processed, it must be pre-processed and saved to a
conventional SEG-2 format, as if it were acquired using a Geode or other conventional
seismograph.

SPACPIus reads raw Atom or McSeis MT Neo files. It then automatically examines the data
from all the modules and divides it into “common time blocks”. In a typical MASW survey,
there are three common time blocks: one for the “huddle test” (see the Atom/SPACPIlus manual),

one for active data, and one for passive data. These common time blocks can then be saved in
SEG-2 format for MASW processing using SeisImager/SW and WaveEQ.

6.1.5.8 ATOM/MCSEIS-MT(NEO)
File (F)
Group (File list) (5]

Atarn /M cSEIS-MTiNea) I& ]

Continue.
6.1.5.8.1 OPEN ATOM/MCSEIS (NEO) FILES AND MAKE FILE LIST
File ¢F
Group (File list) (5]

Atorm Mo SEIE-MTiMeo) »

Open &tormMcSEIS-MMTMED) files and make file list I}

Note: This feature is included here for convenience, but it is recommended that you use
SPACPlus to pre-process the data into “common time blocks” and save them to SEG-2 files.
SPACPlus provides useful tools, including tools to remove noise events from passive data, such
as passing vehicles. Those tools are not available here (see the SPACPlus manual).
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This feature opens a group of raw Atom or McSeis MT Neo files and creates a file list, which is
automatically saved as a series of SEG-2 files.

Select the folder containing the files. You will be presented with the following screen:

Read all seismograph 0K

@ Read all seismographs Componet to be read

Cancel

@ Z(V)
Read single seismograph
-1 |1m}m}3 ~ 7 ‘100054
~ 2 |1m}m}? ~ 8 ‘1000&1
~ 3 |1m}m}s ~ 9 ‘1000&2
~ 4 |1uuu43 ~ 10 ‘1[}[][}68
5 |1uou44
~ 6 |1mm45

[ Save all waveform data to an ASCII file

Choose which seismograph’s data you wish to read (generally, you will want to read all of them
at once; this is the default). Next, indicate which component to read. Most often, you will be
working with single-channel units, in which case the single component detected will be assumed
to be Z (vertical).

In the process of creating the group file, you may choose to save all the Atom/McSeis data to
ASCII waveform files — simply check the box.

Pressing OK will reveal the following:
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Time tables

Start time Data lengthi{min.) oK
1 20185252090 20.7333 Cancel
2 2018 5 25 20 30 40 5 46667
3 2018 525 2046 0 113

This indicates that three blocks of data have been detected — each seismograph was turned on and
off three times. Each is designated by the date and UTC time at the beginning of the time block.
In this case, we will begin with the first data block. Press OK, and you will be given the
opportunity to edit the start time:

Setup start time for processing

Ok

Press OK again, and the following geometry display will be presented.
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Number of seismographs = ,10—

Number of traces = ,10—

Number of samples = [311000

Latitude Longitude X (m) ¥ (m)

| 100003 | 37.400425 | -121.838982 | 598334.88 | 4139873.44
[100007  [37.400803 [-121,889035 [ se8329.93 [ 413989317
| 100008 | 37.400833 | -121.833038 | 598329.33 | 4139918.69
[ 100043 |[37.400743 [-121.889280 | s98308.08 | 4139908.45
[100044  |[37.400828 | -121.683478 | 538230.65 | 4139895.48
[100045  |[37.400528 [-121.889283 [ 528308.04 [ 4139834.59
[ 100054 |[37.400548 [-121.889107  [ss8323.66 | 4130887.00
[1000s1  |[37.400898 [-121.889112 [ se8323.02 [ 4139003.63
[1000s2 [ 37.400588 [-121.889278 [ se8308.40 [ 4133892.36
[100068  |[37.400818 [-121.889137  [sss320.91 [ 4130894.73

Spacings (m)

[ 100068 [ 100082

25.46

9.15

25.39

18.80

30.26

16.38

8.21

9.15
12.73

32.55

21.55

33.63

16.09

18.01

7.7

16.18

18.46

100061
3244

12,54
16.32
15.71
33.37
2422

16.65

100054
17.60

8.80

32.20

28.52

15.79

100045
29.06

23.50

40.19

23.80

20.52

100044
49.41

39.34

45.10

100043 100008 100007
44.10 20.34

26.68 25.52

23.61

Surface wave files, particularly those for passive data, tend to be very long (and large). It is
usually desirable to divide each trace up into a series of shorter traces to make them more
manageable. Before doing so, you are given the opportunity to apply a 0.1 Hz low-cut filter to

the data:

Mo

In general, a filter is not necessary, and unless you have a strong DC component, you should

press No here.

The next dialog box allows you to enable/disable “block dividing” and to set the length of each
“sub” trace. In general, it is desirable to work with traces of 16k or 32k samples (or less); at the
standard passive data sample interval of 4 msec, this works out to 1 or 2 minutes.

Select a trace length and press OK.
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Mumber of FFT samples
Number of data in a trace = 524288 OK
Data length = 200715 sec

Cancel

& Block dividing

— Number of FFT zamples

4096 16384  sec

8192 32768  sec
¢ 16384  §5536 sec
32768 131072 sec
i~ 63336 262144 =sc
131072 524288 =sac
262144 104838 sec
" 524288 200715 sec

" No block dividing

Next, you will be asked if you wish to read the source and receiver positions from the file header.
Do not check the boxes; this information will be incorporated prior to the spatial autocorrelation.

Use infarmation in file

™ Source position =L

™ Receiver position Cancel

Check to use source and receiver coordinates in file headers

Press OK.

You will now be presented with the file list. Indicate whether the data is passive or active and
press OK.
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Index  Edit
r F
[T r
r
Fr
r
[ r
o
[ ¢
[ r
o
™ Apply source coordinates from file header
[~ Apply receiver coordinates from file header

D

—

—

—
—

Cancel

Back

Set up

Set # of aux

Delete

o e e

Source (m) st receiver (m)  Receiverint. (m) #ofaux.  Source index
o o £ o o]
o o E o o |
o o E o o |
o o £ o o |
o o E o o |
o o E (CH C
o o E oo
o o E o o |
o o E (C C
o o E (O I

o Active data
" Passive data

Number of files —
37

The first block of data for each trace will be displayed. In this case, there are 10 Atoms of one

channel each, and 37 time blocks. You may scroll through the time blocks using the | / | v |
buttons. Each time block has already been saved as a SEG-2 file; the path is displayed below the
trace display.

Status : No editing
File list - file = 1/37

Source= 0.0m

100003

100007

100008

100043

100044

100045

100054

100081

100062

100068

]

5001

0 10000

15000 20000 25000

30000

Time (ms)

35000

40000

45000

50000

55000 60000 65000 70000

i
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i
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s
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o
w,:.

Trigger

C:\Users\Craig\OneDrive\Desktop\Local Geometrics - copied to OneDrive on 7292022\Seismic\Seisimager SW\Sample Atom Datal18052519\McSEISMT_NEO_0525200900_0000.sg92

Figure 117: Waveform display from Atom or McSeis.

You may now process as usual. See Step 3 on Page A-5.
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6.1.5.8.2 LAUNCH MT-NEO CONTROLLER

File (F)

Group (File list) (&)

Atarn /Mo SEIS-MT{Mea) »

Open StormMcSEIS-MTNED) files and make file list
Launch b T-neao cantraller I}

ICS
h

Pickwin can be used as a data acquisition controller for the McSeis MT Neo seismograph from

OYO Corporation. This feature launches that controller.
6.1.5.9 APPEND FILES (SELECT FILES < 50 FILES)
File (F)
Options
Append files (select files < 50 files) [

This feature opens a file-read dialog box and allows you to choose up to 49 SEG-2 files to
append together.

6.1.5.10 APPEND FILES (SELECT A FOLDER)

File (F}
Options

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

This feature appends together all the files in the selected folder. It is useful when you have a
large number of files to append together.
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6.1.5.11 NEGLECT RECEIVER LOCATION IN TRACE HEADER

File (F}
Dptions

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

Meglect receiver location intrace header I}

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.

6.1.5.12 OPEN TEXT DATA FILE (MULTI-COLUMN DATA WITH HEADER)

File (F}
Dptions

Sppend files (select files « 50 files)
Sppend files (select a folder)

Meglect receiver location in trace header

Dpen text data file (rmulti-colurmn data with header) I}

Select this option to open a previously saved waveform file that you have saved in ASCII text
format (see Section 6.1.5.14 below).
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6.1.5.13 OPEN TEXT DATA FILE (MULTI-COLUMN DATA WITH SETTING
OPTIONS)

File (F}
Options

Sppend 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)
Dpen text data file (multi-colurmn data with setting options) b

Select this option to open a previously saved waveform file that you have saved in ASCII text
format (see Section 6.1.5.14 below). In this case, you will be prompted for the following
parameters:

Read text-format file

[+ File includes header with number of samples and traces 0K

Cancsl

[ 1st column is time

Sampling time | 0.23 T
# of rows to skip import | 0
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6.1.5.14 SAVE TEXT DATA FILE (MULTI-COLUMN)

File (F}
Dptions

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

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

Zave text data file (multi-column) h.

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.

6.1.5.15 SEGY OPTIONS
File (F}
Dptions

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

Meglect receiver location intrace header

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

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

SEGY options h

Selecting this item will reveal the following dialog:
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Receiver distance
" Mone

(" 37-40 : Distance from source point to receiver group

* 31-84 : Group ¥ coordinate

Cancel |

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

6.1.6 RECENT FILES
File (F)
Open waveform (SEG2) file(D).., Chrl +00
Save weavefarm (SEG2Y file (5., Ctrl+5

Save weavetorm (SEG2Y file as(h)..,

Open McSeis-3 file
Open OY0 160K (SEGT) file
Dpen synthetic waveform (Shd) file

Open pick file
Sawe pick file
Print window display (P)... Ctrl+P

Print prewview: ()
Page setup (R)...

Group (File list) (&) >
Dptions ¥
1 ChUsersh, \T000.DAT I}

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.
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6.1.7 EXIT
File (F)
Opern waveform (3EG2) file(On,,, Ctrl+0O
Save waveform (SEG2) file(S)... Ctrl+3

Save wavefarm (SEG2Y file asih)...

Open MeSeis-3 file
Open OY0 1600 (SEGT) file
Open synthetic waveform {Bhd) file

Open pick file
Sawe pick file

Print window display (P).. Ctrl+P
Print prewview: (W)
Page setup (R)...

Group (File list) (5} ¥
Options >
1 CihUsersh, \1000.0AT

Exit () h

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

Piclwin

l i Are you sure you want to exit?

K | Cancel

Press OK to exit Pickwin or press Cancel to continue using Pickwin.
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The single Edit/Display menu function essential or uniquely used for surface wave data
processing is covered in this section. For a complete description of the Edit/Display menu
functions common to SeisImager/SW and SeisImager/2D, refer to the separate SeisImager/2D

manual.
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Edit/Display (E

ndolf)
Feda
Exit edit mode

Select trace
Select all traces

Selected traces

Time shift traces

Correct shottime

Autormatic shift

Correct S-urave

Filter

Truncate traces (shorten record length)
Resample data

Edit sourcefreceiver locations

Copy to cliphoard
Save display image to a file

Save all display image to files
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6.2.1 EDIT SOURCE/RECEIVER LOCATIONS [CTRL+R]

Edit/Display (E)

Undo() Ctrl+£
Reda
Exit edit mode

Select trace
Select all traces

Selected traces >

Tirme shift traces
Caorrect shot time
Automatic shift

Correct S-wiave

Filter ¥
Truncate traces (shorten record length) >
Resarmple data *
Edit source/receiver locations I} Ctrl +R

To change the unit labels shown in the displays and in the dialog boxes, select Edit
source/receiver locations to open the Geometry dialog box.

The Geometry dialog box allows selection of units and reports the coordinates saved in the file
header at the time of acquisition or in the file list for a single waveform file currently displayed.

To set the unit labels, select between meters and feet. The unit setting also updates the minimum
phase velocity default value, which is 35 m/sec or 150 ft/s. Once set (and Pickwin is closed), the
assigned units will be recalled for subsequent uses of the program (it is necessary to close
Pickwin to register the new Units setting).

252
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



The Pickwin Module Surface Wave Analysis Functions

Geometry

/) GEOMETRICS

simplify your search

Urnits
Shot coordinate |05

{(» reters

" feet

Group interval

First geophone coordinate

Futober of channels

1
1]

Ell oK

Cancel

Open geometty file |

Save geormetry file |

Charmel | 2 3 4 5 é

Interval | 1 ‘ 1 | 1 | 1 ‘ 1

o R ERN R N E
Bk | et |

The Geometry dialog box can also be used to set up or edit the source-receiver geometry for
single shot records for 1D MASW. For 2D MASW, the File list and Set up geometry functions

should be used.

To set up or edit the geometry for a single 1D MASW shot record, enter the location of the shot
in Shot coordinate. Enter the Group interval and First geophone coordinate, then press Set to
calculate all the Geophone coordinates. Next and Back can be used to scroll through the
coordinate values in sets of six channels. Press OK when done to apply the changes. A new SEG-
2 file will need to be saved by opening the File menu and selecting Save SEG?2 file to preserve
the changes, otherwise they will need to be made each time the shot record is input.
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6.2.2 CorY TO CLIPBOARD
Edit/Display (E)

ndoif) Ctrl+5
Fedo
Exit edit rmaode

Select trace
Select all traces

Selected traces ¥

Tirme shift traces
Carrect shot time
Automatic shift

Carrect S-uave

Filter »
Truncate traces (shorten record length) >
Resarmple data »
Edit saurcefreceiver locations Ctrl+R
Copy to clipboard I}

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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6.2.3 SAVE DISPLAY IMAGE TO A FILE [CTRL+I]

This feature saves whatever is on the screen to a PNG, JPG, BMP, or GIF file.
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Edit/Display (E)

ndald) Ctrl+2
Redao
Exit edit mode

Select trace
Select all traces

Selected traces >

Tirne shift traces
Correct shot time
Automatic shift

Correct S-wiawve

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

Copy to clipboard
Sawve display image to a file L\\!. Ctrl +|
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6.24 SAVE ALL DISPLAY IMAGES TO A FILE
Edit/Display (E)

Undold) Ctrl+2
Fedn
Exit edit maode

Select trace
Select all traces

Selected traces »

Time shift traces
Correct shot time
Autamatic shift

Caorrect S-wave

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

Copy to clipboard
Sawve display image to a file Ctrl +|
Sawve all display image to files %

If you are working with a file list, this feature saves all shot gathers (or phase velocity images) in
the file list to a PNG, JPG, BMP, or GIF file.

6.3 SURFACE WAVE ANALYSIS MENU

The Surface wave Analysis menu contains the functions needed for calculating phase velocity
and picking dispersion curves. The menu is divided into five sections, the top for functions that
pertain to 1D MASW (active) and MAM (passive) data processing, the second for ID MAM
(passive) data processing (SPAC), the third for 2D/3D MASW (active) and MAM (passive) data
processing, the fourth H/V data processing, and the fifth for advanced options. For purchases of
SeisImager/SW-1D, the third section is greyed out. For purchases of SeisImager/SW-2D, all five
sections are active.
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Surface uwawve analysis (35)
Phase velocity-frequency transformation
Stack as Shot Cross-Correlation (SCC) gathers (10 active data)
Pick phase velocities (107}
Showe phase welocity curve (100 <launches WaveEq -
Calculate Shot Cross-Correlation (SCC) gathers

Spatial Autocaorrelation (SPAC) for 10 passive data

Calculate CMP Cross-Correlation (CMPCC) gathers
Phase velocity-frequency transformation and picking (20,/30)
Show phase velocity curves (20/30) <launches WaweEq

Calculate Fourier spectrurn

Showe HAY spectrurm <launches WaveEq:

Sdvanced options
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6.3.1 PHASE VELOCITY-FREQUENCY TRANSFORMATION [CTRL+D]

Surface wwawve analysis (3

Phaze welocity-frequency transformation l} Ctrl+D

To transform one MASW shot record or CMP cross-correlation gather from the time to
frequency domain and to calculate the phase velocity for each frequency, select Phase velocity-
frequency transformation.

For a MAM dataset, the same function is used to generate a phase velocity-frequency plot, but
first the dataset must be processed by the 2D Spatial Autocorrelation function. Refer to Section
6.3.6, Page 276, for a complete explanation.

Once selected, set the boundaries for the phase velocity calculation in the Phase velocity-
frequency transformation dialog box. The radio buttons can be ignored as they only apply
when using the software on a seismograph with integrated PC.
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Phase velocity-frequency transformation

Phase welocity oK
Start 0 s - :
ance
& End [1000 Up
s Do Ldvanced et
Frequency
Start o He
Up
" End 30 Hz Diovwn

The Start Phase Velocity and Start Frequency are set fixed at 0.

For End Phase Velocity, enter the approximate maximum velocity expected for the site. If you
find that the end velocity in the calculated phase velocity-frequency plot is too low or too high,
the calculation can simply be re-run.

For End Frequency, adjust the default value to capture the bandwidth of fundamental mode
surface wave signal. The default value of 30 Hz is suitable for most cases. Again, it is simple to
adjust this value and re-run the calculation if you want to experiment with this setting.
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The default dialog box format hides the Advanced menu. Pressing on Advanced menu reveals
the rest of the parameters with default values for active-source (shown on left) and passive-
source (shown on right) processing. These parameters are automatically updated by the software
depending on the type of data being processed. Typically, none of the settings need to be
changed.

Phase velocity-frequency transformation Phase velocity-frequency transformation

Iederval | 10 ok

Frequency Frequency
Stut |0 e Stat |0 Hz -
F
End Ei] Hz P.m ™ End ki Hz -

Ilods Crirection Frequency
% Shot gather || ¢ Forwand Resalation
~ CMP & Backward 1

COrptian
OfFeet mnge used in tmnsformation

éﬂ 1o 100000 m

Ilethad
* Fhass shifk

i SPRC

Wirve narmber limit Lm

The Phase Velocity Interval defines the resolution at which the calculation steps through the
range of velocities indicated. Increasing this value reduces the resolution. During the picking
stage, if the phase velocity-frequency plot lacks resolution, the resolution can be improved by
reducing this value.

Mode of Shot gather or CMP gather applies to 2D MASW processing where shot gather traces
are assembled into CMP gathers. This parameter is automatically updated by the software
depending on the type of data being processed.

Direction of Forward means that the shot coordinate is less than the coordinate of the first
geophone. Backward means the shot coordinate is greater than the coordinate of the first
geophone. The software assumes that the same gain was used on all traces and automatically
attempts to determine the direction. This is done by comparison of the amplitudes of the first and
last traces. If the last trace amplitude is smaller, the software assumes a Forward direction and
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vice-versa for Backward. If you have recorded with individual gain settings, you may want to
check that the software correctly determined the direction.

The Frequency resolution controls how finely phase velocity is calculated. If this value is
increased, the resolution will be reduced. This value cannot be less than 1 and must be an integer.

The Offset range used in transformation sets the range of traces used in the transformation. This
is a difference, not actual coordinates. Offset is the distance from the shot to any given receiver.

This is mainly used for muting out near-source effects in 2D MASW data processing and is not

applicable for ID MASW.

Method indicates what procedure will be used. This parameter is automatically updated by the
software depending on the type of data being processed. For active-source data processing, the
Method is Phase shift. For passive-source data processing, the Method is SPAC by 2D. The
Wave number limit is the high frequency limit used to avoid aliasing when fitting Bessel
functions in the SPAC process. The default value of 100 is relatively large and suitable for most
cases.

Upon completion of the transformation, a phase velocity-frequency plot is displayed. A trend of

peak “amplitudes”, which corresponds to the degree of fit for each frequency, should be obvious.
It is typical for the widths of the peaks to broaden as the frequency decreases because the signal-
to-noise ratio tends to decrease with frequency.
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Figure 118: Phase velocity-frequency plot.
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6.3.2 STACK AS SHOT CROSS-CORRELATION (SCC) GATHERS (1D ACTIVE
DATA)

Surface weave analysis (5)

Phase velocity-frequency transformation Ctrl+D

Stack as shot Cross-Correlation (SCC) gathers (10 active data) b

In 1D MASW processing, shots having different shot locations cannot be stacked in the time
domain. For example, two opposite end-shots, as shown below, cannot processed together as raw
data. SeisImager first must calculate Shot Cross-correlation (SCC) gathers and then stack the
SCC gathers. The phase velocity image can then be calculated from the stacked SCC gathers.

Source=-10.0m Time (ms) Source= 79.0m Time (ms)
o 200 400 600 800 1000 1200 1400 1600 [V} 200 400 600 800 1000 1200 1400 1600

mj
e
&

Distance (m)
istance

Figure 119: Shot cross-correlation gathers.

The concept of an SCC is illustrated below:
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Figure 120: The Shot Cross-Correlation Gather (SCC).

The above schematic is summarized below using two shot gathers:
Shot Cross-correlation
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Figure 121: Stacked SCC from two shot gathers.

The processing flow is shown in Figure 122.
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Figure 122: Processing flow from raw shot gathers to phase velocity image using stacked shot-correlation gathers.
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To calculate and stack the SCCs, use the following procedure:

1. Make a list file of raw shot gathers:

File (F)
Open waveform (SEG2Z) file{O)... Ctrl+ 0
Save waveform (SEG2) file(s)... Cirl+5

Save waveform (SEG2) file as{A)...

Open McSeis-3 file
Open OY0 T60MX (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) 3 Make file list

Make file list(select a folder)

Cpen file list

Save file list(text)

Save file list(XML)

Show file list(G) Ctrl+3

Options »

1 ChlUsersh..\Shot_1m.sg2
2 ChlUsersh.. \concatenate
3 ChAlUsersh..\Shot_-20m.sgd

4 C:\Users\..\18.dat
Set up geometry
Exit ()
Edit H

Atomn/McSEIS-MT({MNeo) ¥

T <« Seislmager 2D » Exampledata » Single spread v O X Search Single spread
Organize Mew folder B ™ @
~
Seismic  * Name Date modified Type Size
Atom [ 16.dat 1/1/2023 1:24 AM DAT File 113 KB
Geokel ] 17.dat 12/11/2022 6:10 PM DAT File 579 KB
Publicati ] 18.dat 12/11/2022 6:10 PM DATFile 579 KB
Refractio | ] 19.dat 12/11/2022 6:10 PM DAT File 579 KB
Seislmag _u 20.dat 12/11/2022 6:10 PM DAT File 579 KB
B anypl u 21.dat 12/11/2022 6:10 PM DAT File 579 KB
| ] 22.dat 12/11/2022 6&:10 PM DAT File 579 KB
Single
Toram e
File name: |"2?_‘dat" "16.dat" "17.dat" "18.dat" "19.dat" "20.dat" "21.dat" v| Seg2 file(*.dat) v
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2. Confirm the number of files:

Pickwin

L 7 files have been opened.

3. Check the source and receiver position boxes (assuming they are correct in the header):

Use information in file

0K

V¥ Source position

[V Receiver position Canesl

Check to use source and receiver coordinates in fils headers

4. Confirm the file IDs and update the source and receiver locations if necessary:

File list
Index Edit D Source (m) 1st receiver (m)  Receiverint. (m)  #ofaux.  Source index
[o i FTS [o [o [1 [o [o [ el
|1 r |1] jo jo 1 [o [1 [ Next
[2 r [ [o [o [1 [o [2 | Back |
|3 r |19 [o [o [1 [o [3 | o
U
|4 r |2o jo jo 1 [o [4 [ 4'13
Set # of aux. |
|j - |21 |0 |o |1 |o |5 |
[6 i [o [o 1 [o |6 [ ﬂl
_ Bt |
_ fmpott |
Number of files —
¥ Apply source coordinates from file header % Active data I o
¥ Apply receiver coordinates from file header " Passive data

5. In the Surface wave analysis menu, select Stack as Shot Cross-correlation (SCC) gathers (1D
active data):
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Surface wwawve analysis (3)
Phase velocity-frequency transformation Ctrl+D |
Stack as Shot Cross-Correlation (SCC) gathers (10 active data)
Pick phase welocities (107}
Showe phase velocity curve (107 <launches WaveEq -
Calculate Shot Cross-Correlation (SCC) gathers >

Spatial Autocorrelation (SPACY for 10 passive data

Calculate CMP Cross-Correlation (CRMPCC) gathers
Phase velocity-frequency transformation and picking (20,307
Show phase velocity curves (20/30) <launches WaveEq =

Calculate Fourier spectrurm

Showe HAY spectrurm <launches WaveEq:

Sdvanced options *

6. If each file contains the correct shot location, press Yes. If not, choose No and the program will
infer the shot locations based on trace amplitude.

:l Do you want to use shot location in trace header 7

The calculated SCC gathers will appear. Make sure there is no time-shift among files (traces).
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Status : No editing

File list : file = 1/6
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Figure 123: Calculated SCC gathers.

Now you must stack the SCC gathers.

7. In the Surface wave analysis menu, select Calculate Shot Cross-correlation (SCC) gathers |
Stack SCC gathers:

Surface wave analysis (5)
Phase velocity-frequency transformation Ctrl+D
Stack as Shot Cross-Correlation (SCC) gathers (10 active data)
Pick phase welocities {10
Shouw phase wvelocity curee (100 <launches WaveEq -
Calculate Shot Cross-Correlation (SCC) gathers h b Calculate SCC gather

Spatial Autocorrelation (SPAC) for 10 passive data S 86 geidness

Calculate CWP Cross-Correlation (CWPCC) gathers
Phase wvelocity-frequency transformation and picking (20,/30)
Showe phase welocity curves (20/30) <launches WaveEq:

Calculate Fourier spectrurm

Showe HAY spectrum <launches WaveEq -

Advanced options >

The stacked SCC gather will appear:
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Figure 124: Stacked SCC gather.

You are now ready to calculate the phase velocity image.

8. In the Surface wave analysis menu, select Phase velocity-frequency transformation:

Surface wawve analysis (5)
Phase welociby-frequency transformation % Crl +[ |
Stack as Shot Cross-Correlation (SCC) gathers (10 active data)
Pick phase welocities (107
Showe phase welocity curve (100 <launches WawveEq»
Calculate Shot Cross-Correlation (3CC) gathers >

Spatial Autocorrelation (SPAC) for 10 passive data

Calculate CMP Cross-Correlation (CMPCC) gathers
Phase wvelocity-frequency transformation and picking (204300
Show phase velocity curves (20/30) «<launches WifaweEq:

Calculate Fourier spectrurn

Showe HAY spectrurm <launches WaveEq:

Sdvanced options »

9. Set up the display parameters and press OK:
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Phase velocity-frequency transformation

The phase velocity image will appear:
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Figure 125: Phase velocity-frequency plot.
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6.3.3 P1CK PHASE VELOCITIES (1D)
Surface wawve analysis ()

Phase velociby-frequency transformation Ctrl+D
Stack as Shot Cross-Correlation (SCC) gathers (10 active data)
Pick phase wvelocities {107 b

To automatically pick the maximum amplitudes on the phase velocity-frequency plot which
define the dispersion curve, select Pick Phase Velocity (1D).

Set the frequency bounds for automatic picking in the Min. and Max. Frequency dialog box.
For active-source data processing (shown on left), the Minimum Frequency default value is 5
assuming that 4.5 Hz geophones were used.

For passive-source data processing (shown on right), the Minimum Frequency default value is 2
assuming that 2 Hz seismometers were used. If the dataset was acquired with 4.5 Hz geophones,
the Minimum Frequency can be increased to 5 if desired; however, there may be signal below 5
Hz and any spurious picks made between 2 and 5 Hz can easily be deleted manually. It is not
crucial that this value be precisely correct.

The value shown for the Maximum Frequency reflects in Fourier space the value closest to that
set in the Phase velocity-frequency transformation dialog box.

Man. and Max. frequency Man. and Max. frequency
0K 0K
Minitwern Frequeneyr = | 5 Hz —I Ilinitern Frequeney = |2 Hz
Canwel Canwel
Ilvdmues Frequency = | 30 Hz Ilvdmues Frequency = |13 Hz
Shvanced mema Shvanced mema
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The default dialog box format hides the Advanced menu. Pressing on Advanced menu reveals
the rest of the parameters with default values for active-source (shown on left) and passive-
source (shown on right) processing. These parameters are automatically updated by the software
depending on the type of data being processed. Typically, none of the settings need to be
changed.

Min. and Max. frequency

Min. and Mazx. frequency

Cancel

Ldvanced menn

Ilindrourn Frequency = | 5 Hz

Mavdrum Frequency = | 30 Hz
[w Use median filter

#of saraple for edian filter= |3

Setup roun. and mazx. wavelength
[w Warvelergth limitation

Ilavdrom wavelength = | 2 tires
Ilinirr wavelength = ,2— times

Setup rain. and maz. phase velocity

Iliniraum phase velocity = 35 s
Ilaxirurn phase velocity = 00 tols

Setup area for phase-velocity picking
[ Use current phase-velocity as miniraurn velocity for picking

Phase-velocity area = | 100 mfs

Cangel

A cdheanced menu

Ilirdvomn Fregqueney = | 2 Hz

Mazdrmnr Frequency = | 15 Hz
v Use median filter

# of sample for median filter= | 5

Setup run. and maz. waelength
v Wavelength limitation

Iaxdrum wavelsngth = | 4 tirnes
Inlinirontn wavelength = ,4— titnes

Setup . and maz. phase velocity

Ilinirenrn phase velocity = 0 ol
Masinmm phase velocity = 200 s

Setup area for phase-velocity picking
[ Use current phase-velocity as miviranra velocity for picking

Phage-welocity area= | 100 mls

After the dispersion curve is automatically picked, if Use Median filter is checked, a median
filter is applied to remove noisy picks. The median filter is a moving window filter sized by the
number of samples for the median filter. For high tolerance of noisy picks, a large number would
be set for the number of samples. The default value of 5 is suitable for most cases.

The Wavelength limitation defines the wavelength (phase velocity divided by frequency)
boundaries for picking. If this option is checked, the limits as defined will be used for picking.
The Maximum wavelength limit is calculated by the total offset or array length multiplied by the
scalar value entered. The Minimum wavelength limit is calculated by the geophone interval
multiplied by the scalar value entered. For active-source processing, the default value is 2 and for
passive-source processing the default value is 4.

On the phase velocity-frequency plot, the Maximum wavelength setting controls the slope (x/y)
of the upper blue line (nearly parallel to the x-axis) and the Minimum wavelength controls the
slope of the lower blue line (nearly parallel to the y-axis). To widen the limits of picking, that is,
the separation between the blue lines, enter a value greater than 4 for the Maximum wavelength
and a value less than 4 for the Minimum wavelength. Refer to Page B-8 for more information on
the Maximum wavelength and Minimum wavelength.
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The Minimum phase velocity is the lowest phase velocity for which a pick will be made. For
active-source data, depending on whether the units are set to meters or feet, the default value is
35 m/s or 150 ft/s, respectively. For passive-source data, it is 70 m/s or 70 ft/s. The Maximum
phase velocity is the highest phase velocity for which a pick will be made. For all types of data
and regardless of units, the default value is 1000 m/s or ft/s.

On the phase velocity-frequency plot, a trend of peak amplitudes should be obvious. If it appears
that there is only noise below a particular phase velocity on the lower frequency end, that
velocity should be entered for the Minimum phase velocity to focus the picks to the velocity
range of the amplitudes associated with the dispersion curve. Otherwise, noise with amplitudes
larger than those for signal will be picked. On the higher frequency end, if there is a higher
mode(s), the velocity between it and the fundamental mode can be entered for the Maximum
phase velocity to help prevent the amplitudes associated with the higher mode from being picked
(even with these limits set, further editing of the dispersion curve will likely be required in
WaveEq).

Upon completion of picking, the phase velocity-frequency plot with dispersion curve picks (red
points) is displayed.

dource= -0.5m Phase velocity (misec)
1] 50 100 150 200 2h0 300
1]
a H
4 -
b 1\ —
ﬁ 8 :' ﬁ'\ —
T 10 oy —
U PR v " —
E 14 — 1\1‘\_ —
@ 1B — ——
3 18 FY ‘\\"I —
e =
L 22 E : - \.\
24 Y 1
26 ir s L : — —
P o kx_ —
3a

Dispersion curve : sxkabill .sge

Figure 126: Phase velocity-frequency plot with peak frequency picks.

Picks are automatically made at the mathematical maximum amplitude for each frequency. The x
and y-pairs of phase velocity and frequency define the dispersion curve. The automatic picks can
be manually edited with the mouse by individually clicking on a new point or by dragging the
mouse over a range of frequencies to set a range of new picks. Manual picking is facilitated
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|
using the Fine color contour I:I button to switch to a color plot and the Waveform amplitude

| T | U , Horizontal scale |S|2I, and Vertical scale |.|.| buttons to optimize the gain and
scale. (These functions are common with SeisImager/2D; refer to the SeisImager/2D manual for
a complete explanation.) To help identify maxima, as you drag the mouse over the plot the
amplitude values can be read on the bottom bar 12:amp.=0.587283  where the value preceding the
colon is the frequency and the value following is the amplitude.

Any picks lying on the y-axis have a phase velocity value of zero and are automatically excluded
from further analysis.

6.3.4 SHOW PHASE VELOCITY CURVE (1D)

Surface wave analysis (3)

Phase velocity-frequency transformation Ctrl +[
Stack as Shot Cross-Correlation (S3CC) gathers (10 active data)

Pick phase welocities (107

Shiowe phase velocity curve (100 <launches WawveEq » I}

Once the dispersion curve is picked in Pickwin, the picks are held in memory for import to
WaveEq. WaveEq is used for detailed editing, inversion, and additional analysis. WaveEq can be
opened separately and a .pvs file read in, but this single step is the easiest way to automatically
launch WaveEq and import a dispersion curve just picked in Pickwin.

To automatically launch WaveEq and import the dispersion curve from Pickwin, select Show
phase velocity curve (1D).

WaveEq is launched and the dispersion curve plot is displayed. The unit labels set in Pickwin
carry over. Note that in WaveEq, Phase velocity is plotted on the vertical axis and Frequency is
plotted on the horizontal axis. Refer to Section 7.3.2, Page 344, for a complete explanation of
this plot.
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Figure 127: Dispersion curve. Includes quality plot.
6.3.5 CALCULATE SHOT CROSS-CORRELATION (SCC) GATHERS
Surface wave analysis (3)
Calculate Shot Cross-Correlation (3CC) gathers I} * Calculate 5CC gather

Stack SCC gathers

The functions in this menu are identical to those described in Section 6.3.2 above below. The
only difference is that in this menu, the functions work on individual shot gathers, whereas the
menu item described in Section 6.3.2 works on file /ists. However, the process is the same. In
general, it is uncommon to apply these functions to individual shot gathers, and the items in this
menu are rarely used.
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6.3.5.1 CALCULATE SCC GATHER

Surface wawve analysis ()

Calculate Shot Cross-Correlation (SCC) gathers

Calculate SCC gather b

See Section 6.3.2 above below.

6.3.5.2 STACK SCC GATHERS

Surface weave analysis (5)

Calculate Shot Cross-Correlation (SCC) gathers

Calculate SCC qather
Stack SCC gathers I}

See Section 6.3.2 above below.

6.3.6 SPATIAL AUTOCORRELATION (SPAC) FOR 1D PASSIVE DATA

For MAM datasets, the function 2D Spatial autocorrelation uses the SPAC method to analyze
the signal coherency between multiple observation points in a receiver array (independent of
source location). Once the signal coherency spectrum is known, phase velocity can be
determined by finding the best fit between theoretical and observed coherency. A tutorial on
using the SPAC method in SeisImager/SW method can be found here.

Surface wave analysis (3)

Phase velocity-frequency transfarmation Ctrl+D
Stack as Shot Cross-Correlation (SCC) gathers (10 active data)

Pick phase velocities (107

Show phase velocity curve (107 <launches WiawveEq -

Calculate Shot Cross-Carrelation (SCC) gathers >
Spatial Autocarrelztion (SPAC) for 10 passive data I}
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Once selected, set the geometry of the passive-source array in the 2D SPAC dialog box. Refer
to Section 3.2 , Page 26, for an explanation of the different array types and Array size.

SPAC for passive data

~ Geometry
— Dfalt arrays

2D arrays Cancel
~Inangle —————————
¢ Triangle 4
* Triangle 7
& Triangle 10
¢ Triangle 13
~L shape Olpen array file |
L3
LS
L7
L9
& L1l
T L13

s

" Single circle §
" Double circle 37
CCA

 CCA3
o CCLE

A rray gize = I 20 m

r Linear array
 Linar arvay [~ Three component (3C) data

[~ Use center recerver

— Three comporent (3] data

& Wertical
 Radial

" Transverse

L shape 24

" L24(12th geaphore is at comer) ~DAS
[~ DAS data

Rotation = I 0 degrees

" Iilanual array
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The default dialog box format hides the Advanced menu. Pressing Advanced menu reveals
options to define a Manual array, Open array file, Save array file, and to set Data storage

parameters.

SPAC for passive data

Greometry
Difault arrays
20 atrays

I'nangle
(™ Triangle 4
(" Triangle 7
(¥ Trangle 10
(™ Trangle 13
L shape
L3
L5
LY
L9
L1l
(I3

¢ Single cirle 9

" Double circle 37
CCA

" CCAS
" CChd

Armaysize= |20 o)

Lirear array
(™ Lirear arvay

[ Use center receTver

[~ Use receiver distance in trace header

L shape 24
L 24{12th geophone is at cormer)

Fotation = i] degrees

" Ivlanual arvay

Open array file
Save array file

Data storage
[ Beverse cable direction
Start channel = 1] (charme] nurher starts at 0)

Urmsed chanmels (space delivated, starts from 0) =

Three cormponent (3C) data

[~ Three corponent (3C) data
(' Vertical
" Radial

(" Transverse

Das
[~ D&S data

Data storage allows a particular array geometry to be applied to other data. Reverse cable
direction will flip the channel order, Start channel sets the new start channel number, and
Unused channels allows dead or unused channels to be deleted.

If your array does not conform to one of the standard geometries, a Manual array can be defined
in a simple space-delimited text file where each row is a pair of x- and y-coordinates.
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B untitl.. — O

File Edit Format  Wiew Help
LBEEEEE B, GREEEE
LBEEEEE 16, BREEEE
LERBEEE 20, BBBEHEE
LEEEEEE 36, BRE00E
BEEREE A6, BREEEE
LBEEEEE L, BREEEE
EBBEEE BE . BBEBEHEE
LBEEEEE FE, 880000
160, BEEERE B, GREEEE
28, 00688 B, OREEBEE
38, BE00EE 6, BEBHEaE
A8, BE00EE B, B800EE
S8, BEREEEE B, OPEEHEE
BH. BEEEEE B, OPEEBEE
8. 000888 6, D800

VIR T o BV IV T 3

Windows (CRLF) UTF-8

=

Once the Array file is prepared, press Open array file, highlight the file, and press Open.

A <« 3 Data » Sonoma County v O Search Sonoma County 2
Organize Mew folder E ~» [N o
@ This PC " d Manualderay L15 |J Spac2h
|j Passive_Model,rst |J SPACED _irmaginang.cohb

_J 30 Objects

e =] PhasevelocityTransformationSPAC || SPAC2DAI
eskto -
- P =] readme = TerraGen
= Documents IJ RMSE
& Downloads || sPaC2D.coh
J‘s usic
= Dirtiirac S ’
File narme: |Manualrﬂ.rray_L15 V| Array file (") N

If changes are made to an existing Array file, press Save array file to revise the file or to save a
new file with a different name.
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y b <« 30 Data ¢ Sonoma County v O Search Sonorna County ye
COrganize » Mew folder T - o
& OneDrive - Persor " @ Looking south 1 =| ManualBrray_L13 =| RMZE
@ Looking south 2 | | Passive_Model.rst || SPACZD.coh
£ This pC =| mam_geometry =] PhasebelocityTransformationSRAC =| SpaciD
i 30 Obijects =| mam_spacing =| readme || SPACZD_imagin
[ Desktap
I PR +- & >
File name: | ManualArray_L15_R1.txt w
Save as type: | Array file(*.*) ~
~ Hide Folders Cancel

Once the 2D Spatial autocorrelation process is complete, a signal coherency plot is displayed.

Source= 0.0m Frequency (Hz)
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Coherence : sxaal001. sg2-sxaal020 sg2

Figure 128: Signal coherency plot.

Coherence is the similarity between all possible pairs of geophones, in this case in a triangle
array with 10 geophones, with an array size of 50 m. The separation between each geophone pair
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is plotted on the y-axis as Distance and the coherence between each of those two traces is plotted
as a function of Frequency on the x-axis.

Consider the geophone separation of zero, the coherence is 1 shown by a bar, or horizontal line
shaded black, across all frequencies. At a distance of zero, a trace is compared with itself and
there is 100% similarity or coherence of 1. Generally, as geophone separation increases,
coherence decreases. Coherence also tends to be higher at lower frequencies and decreases with
higher frequencies.

The shape of a coherency curve by nature is a Cosine function with 1D arrays and a Bessel
function (decaying Cosine function) with 2D arrays (shown above). The coherency curve for
each separation is well shaped (calculated from what is considered an ideal dataset). Compare
this with the coherency plot for a 60-foot L1/ array that shows poor coherence for all separations
greater than zero (shown below).

Source= 0.0f Frequency [sz
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Figure 129: Coherency plot showing poor coherence for non-zero separations.

In the field, coherence is a quick calculation and can be readily performed to confirm that MAM
datasets will yield good results.
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6.3.7 CALCULATE CMP CROSS-CORRELATION (CMPCC) GATHERS

Surface wawve analysis ()

Phase velocity-frequency transformation Ctrl+D
Stack as Shot Cross-Correlation (3CC) gathers (10 active data)

Pick phase velocities (10}

Show phase velocity curve (107 <launches YWawveEq -

Calculate Shot Cross-Correlation (SCC) gathers »

Spatial Autocaorrelztion (SPAC) for 10 passive data

Calculate CMP Cross-Correlation (CMPCC) gathers Ib

Once a 2D MASW dataset has a file list and its geometry has been assigned, the traces can be
assembled into CMP cross-correlation gathers. The steps include calculation of cross-
correlations between every pair of traces in each shot record, gathering of correlation traces by
CMPs, and time domain stacking of correlation traces having equal spacing. The effect is to
improve the lateral resolution and accuracy over what is normally achieved with conventional
2D MASW. Refer to Hayashi and Suzuki (2004) for a complete explanation of the process.

First, a file list with assigned geometry is opened using the Group (File List) menu, Open File
List or Make File List and Set up Geometry, as applicable. Once opened, select Surface Wave
Analysis | Calculate CMP Cross-correlation (CMPCC) Gathers.

You will be prompted to make a new (and different) file list. The new file list is built using the
existing file list held in memory; the original file list itself is not overwritten. For the new file
list, the source and receiver locations in the existing file list are replaced with CMP locations and
CMP cross-correlation gather names. Press OK.

l . Make new file list ?

(0] 4 | Cancel

Next, set the parameters for organizing the CMPs for the phase velocity calculation. The Bin size
is automatically calculated as two times the receiver interval. In this application, a bin is a
discrete length that divides the survey line. Within one bin, traces are sorted based on mid-point
locations and then stacked to obtain one output trace with increased signal-to-noise ratio. The
effect of increasing the Bin size is to reduce the resolution of the final Vs cross-section. The
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default value for Bin size is suitable for most cases. The First distance and Last distance are
taken from the first and last coordinates of the receiver spread in the file list. Press OK.

Phase velocity calculation for CMP

Bsize El f N
|EI

First distance ft
Cancel
Last distance 230 ft
. . . Ilethod
Tze warishle spacing (checl: if
| source spacing is not the

multiple of recenver spacing) R

[ Show option menn (" Coherence average

CMP cross-correlation traces are calculated, and CMP cross-correlation gathers are assembled. A
new set of CMP cross-correlation gather SEG-2 files are written to the dataset directory with the
name cmp_XXXXX.sg2 where the X values are the CMP locations.

X |

| Calewlating CIWP Cross-Correlation (CIWVIPCC) gathers

Confirmation that the CMP cross-correlation gathers are calculated and assembled is displayed;
press OK.

Piclowin

h CMP files hawe been calculated !

The number of CMP gathers is reported; press OK.
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Pickwin

I_\ 103 of 103 CMP gather traces input

Once calculation of the CMP cross-correlation gathers is complete, a plot of the CMP cross-
correlation gather geometry is displayed. Refer to Table 5 in Section 6.1.5.7, Page 233, for
explanation of the geometry plot attributes and display functionality.

The horizontal axis, Spacing, is the separation or spatial distribution of the cross-correlation
traces. The vertical axis, CMPCC Gather No., is the number of the CMP cross-correlation
gather.

This example shows the highest fold occurs for the center shots which have the most traces.

& Pickwin -
File (Fy Edit/Display (E) View (W) Pick first arrivals (P} Downhole seismic analysis (D) Surface wave analysis (3 Processing (&) Option (O} Help (H)
| | 5 [ o | N M 5 =5 [ | & [ R [ O B (BRI A | [ |28 W GrlFDmo[e4 |7 [ [[=]A
Fress Enter key to continue Surface Wave Analysis Wizard. 20 MASW (4] "
100 Spacing () 2oa
e o @ ©°o o 0o o @ . .
s & = = ©° @ = ® & & = @
s . & o @ w o @ o o o °o © o
o e o o o o 0o o e e o . .
E [ ] o] Lol @ o] @ =] o] o]
@ e o o °o o o a =3 - I s B @
§ [- 2N - - T - SR B < T ) (-2 - T - T - B+ . @
= o) o o) o o < o o o) o o) o &
° o o o o « © o o - : : o
"M e =« o o . . . @
¥
< >
time=2723.0msec dist.=221.05f¢ 11iamp.=0.10

Figure 130: CMP cross-correlation gather geometry. Highest fold occurs in center shots where trace counts are the
highest.
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PHASE VELOCITY-FREQUEN CY TRANSFORMATION AND PICKING
(2D/3D)

Surface weave analysis (5)

Phase velocity-frequency transformation Ctrl+D
Stack as Shot Cross-Correlation (3CC) gathers (10 active data)

Pick phase wvelocities (10

Showy phase welocity curve (100 <launches WawveEq:-

Calculate Shot Cross-Correlation (3CC) gathers »

Spatial Autocorrelation (SPAC) for 10 passive data

Calculate CRP Cross-Correlation (CRMPCC) gathers
Phase velocity-frequency transformation and picking (2043070 %

Once CMP cross-correlation gathers are assembled, select Phase velocity-frequency
transformation and picking (2D/3D) to transform the time domain gathers to the frequency
domain, to calculate the phase velocity for each frequency, and to pick the maximum amplitudes
which define the dispersion curves. For 2D MASW, the transformation and picking are
combined into this one function.

The Phase velocity-frequency transformation dialog box (shown on left and Advanced menu
shown on right) is the same as that explained in Section 6.3.1 on Page 258. Press OK when done.
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Phase velocity-frequency transformation

Phase welocity

Start I} fiis
B0 e

f®  End

Freguency

Start ] He
40 Hz

" Emd

K

Cancel

Beanced menn

Ik

Phase velocity oK
Start a
fus Caneel
l— Up
*  End 200
LE Diown Sydranced menn

Interval |10 ftis
Frequency

Start ] Hz

Up

" End 40 Hz Diown
Ilode Direction Freguency

™ Shot gather || * Forward Resolution

* CMP " Backward 1
Option

Offset range used in transforration
0 to 100000 ft
Tlethod
(+ Phase shift
" SPAC
Ware mmber Lt 100

Next, the Min. and Max. Frequency dialog box (shown on left and Advanced menu shown on
right) is automatically displayed so the amplitude maxima for each curve can be automatically
picked. The Min. and Max. Frequency dialog box is the same as that explained in Section 6.3.3
on Page 271. Press OK when done. Advanced features are rarely altered and can generally be left
to the default settings. Contact support@seisimager.com for assistance if necessary.
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Min. and Max. frequency X Min. and Max. frequency

— — ox
Ilindrourn Frequency = | 5 Hz Minimura Frequency = | 5 Hz

Canrel Cancel
Maxdrum Frequency = | 40 Hz Ilainourn Frequency = | 40 Hz

Ldvanced menn A cdheanced menu
v Use median filter

# of sample for median filter= | 5

i

Setup run. and maz. waelength
v Wavelength limitation

Iaxdrium wavelsngth = |2 tirnes
Tulindmurm wavelength = ,2— titnes

Setup . and maz. phase velocity

Ilinirenrn phase velocity = 150 ftis
Masinmm phase velocity = 2500 ftls

Setup area for phase-velocity picking
[ Use current phase-velocity as miviranra velocity for picking

Phage-welocity area= | 1000 fife

Upon completion of picking, because 2D MASW datasets include many files, all the individual
dispersion curves are not shown in Pickwin. The picks are automatically saved as a .pvs file in
the dataset directory and held in memory for import to WaveEq.

Pickwin

Dispersion curves were saved into
I_\ ColsersicraigiDesktopilocal GeometricaSeismic\seislmager
S SWASW DatabhARM 1D and MASW 2D [Geode linear array with
10 ft receiver spacing\activelphase_welocity_curees. pws
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SHOW PHASE VELOCITY CURVES (2D/3D) <LAUNCHES WAVEEQ>

Surface wawve analysis ()

Phase welocity-frequency transformation Ctrl+D
Stack as Shot Cross-Correlation (SCC) gathers (10 active data)

Pick phase welocities (10

Show phase welocity curve (100 <launches WaveEq:-

Calculate Shot Cross-Correlation (SCC) gathers >

Spatial Autocorrelation (SPAC) for 10 passive data

Calculate TP Cross-Correlation (CMPCC) gathers
Phase welocity-frequency transformation and picking (207300
Show phase welocity curves 20307 <launches WiawveEq - I}

Once the dispersion curves are picked in Pickwin, the curves are held in memory for import to
WaveEq. WaveEq is used for detailed editing, inversion, and additional analysis. WaveEq can be
opened separately and a .pvs file read in, but this single step is the easiest way to automatically
launch WaveEq and import dispersion curves just picked in Pickwin.

Select Show phase velocity curves (2D/3D) to automatically launch WaveEq and import the
dispersion curves from Pickwin.

WaveEq is launched and the dispersion curve plot is displayed. The unit labels set in Pickwin
carry over. Note that in WaveEq, Phase velocity is plotted on the vertical axis and Frequency is
plotted on the horizontal axis. Refer to Section 7.5, starting on Page 433, for a complete
explanation of this plot.
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File (F) Edit(E) View ) H/V curves (Hy  Dispersion curves (00 Velocity model (M) MASUWMAM (100 () MASW/MANM (2D/30) (T} Options (D) Help (H)
FCERL T TET | a4 bWk @R
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Va My Ep D
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Frequency (Hz)
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Dispersion curves - cmp_001000.sg2-cmp_021000.552

Figure 131: Dispersion curves.

6.3.10 CALCULATE FOURIER SPECTRUM

Surface wwawve analysis (3

Phase velocity-frequency transformation

Ctrl+D

Stack as Shot Cross-Correlation (3CC) gathers (10 active data)

Fick phase velocities (107

Shiowe phase velocity curee (100 <launches WawveEq»
Calculate Shot Cross-Correlation (SCC) gathers >

Spatial Autocorrelztion (SPAC) for 10 passive data

Calculate CMP Cross-Correlation (CAMPCC) gathers
Phase velocity-frequency transfarmation and picking (20/3070

Showe phase velocity curves (20307 <launches WaveEq >

Calculate Fourier spectrum

[

To transform your data into the frequency domain (prior to calculating the H/V spectrum, for
example, see next section), first create a file list by selecting File | Group (File list) | Make file
list and choosing the time domain waveform files to be transformed. Alternatively, if the folder
only contains the waveform files you wish to transform, select File | Group (File list) | Make file
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list (select a folder). All of the waveform files will be automatically read in (Section 6.1.5.2,
Page 227).
The first of your waveform files will be displayed; you may scroll through them using the

AY buttons on the tool bar.

Status : No editing
File list - file = 1/13

Time (ms)

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000

< gt saparst] bl

Wl oy

Figure 132: 3-componenet time domain plot.

In this example, we have 13 three-component files (only one file is shown above); two horizontal
and one vertical. Each trace is one minute long.

Now would be a good time to save your file list for later use. XML is the most convenient
format. Select File | Group (File list) | Save file list (XML). You will be prompted for a file name.

Next, select Surface wave analysis | Calculate Fourier spectrum:
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Status : No editing
File list : file = 1213

Frequency (Hz)

EW

NS

uo

Figure 133: Three-component passive data displayed in the frequency domain.

The data has been transformed into the frequency domain.

6.3.11 SHOW H/V SPECTRUM

Surface wwawve analysis (3

Phase welocity-frequency transformation Ctrl+D
Stack as Shot Cross-Correlation (SCC) gathers (10 active data)

Pick phase welocities (100

Showe phase welocity curee (100 <launches WawveEq -

Calculate Shot Cross-Correlation (SCC) gathers ¥

Spatial Autocarrelation (SPAC) for 1D passive data

Calculate CHIP Cross-Correlation (CHMPCC) gathers
Phase wvelocity-frequency transformation and picking (20,/30)
Showe phase welocity curees (207300 <launches WaveEq:

Calculate Fourier spectrurm

Show HA spectrum <launches WawveEq: h
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To view the H/V spectrum, select Surface wave analysis | Show H/V spectrum. This will
automatically launch WaveEQ.

H/V calculation

Sensor component (0 to 2) Drawing order (0 : top, 2 : bottom) oK |
0 —2 | Horizontal ¢ EW) - | et |
orizon :
Dowen | Do
U U |
i ﬁ Horizontal (Y : N5) E
Down Dawrn |
Up Up
z Vertical (Z : UD)
Dawri Dowri

Edit the component numbers and drawing order if necessary, and press OK:

Frequency (Hz)

o 5 10 15 20 5 30 35

40 45 50
100

01

HM spectrum ;

HM peak frequency = 1.160 Hz
HM peak amplitude = 17.632

HN peak clarity = 68.765

Figure 134: H/V spectrum.

The H/V spectrum will be displayed.
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6.3.12 ADVANCED OPTIONS

Phase velocity-frequency transformation Ctrl+D
Stack as Shot Cross-Correlation (3CC) gathers (10 active data)

Pick phase wvelocities (1070

Showr phase velocity curve (100 <launches WaveEq =

Calculate Shot Cross-Correlation (30C) gathers »

Spatial Autocorrelation (SPAC) for 10 passive data

Calculate CWP Cross-Correlation (CMPCC) gathers
Phase velocity-frequency transformation and picking {(20/30)
Show phase velocity curves (207300 <launches WaveEq»

Calculate Fourier spectrurm

Show HA spectrur <launches WawveEq>

Advanced options m » Setup maximum frequency for HAS
Setup phase velocity-frequency view

MNarmalize coherence

Rernowe DC before calculating Fourier spectrum

Rernowe linear trend before calculating Fourier spectrum

Continue.

6.3.12.1 SETUP MAXIMUM FREQUENCY FOR H/V

Surface weave analysis (5)

Advanced options

Setup maximum frequency for HA I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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6.3.12.2 SETUP PHASE VELOCITY-FREQUENCY VIEW

Surface wwawve analysis (3
Sdvanced options
Setup rmaximurm frequency for HMY

Setup phase wvelocity-frequency wiew L\\s

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

6.3.12.3 NORMALIZE COHERENCE

Surface weave analysis (5)
Sdvanced options

Setup maximum frequency for HA
Setup phase velocity-frequency wiew

Maormalize coherence I})

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

6.3.124 REMOVE DC BEFORE CALCULATING FOURIER SPECTRUM

Surface wwawve analysis (3
Sdvanced options

Setup rmaximurn frequency for HAY
Setup phase velocity-frequency wiew

Marmalize coherence

Rermowe DC before calculating Fourier spectrurm h
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This is a toggle switch; enable it if you wish to remove any DC component in your data prior to
calculation the Fourier spectrum.

6.3.12.5 REMOVE LINEAR TREND BEFORE CALCULATING FOURIER
SPECTRUM

Surface weave analysis (5)
Advanced options

Setup maximum frequency for HAY
Setup phase velocity-frequency view

Maormalize coherence

Rermowe DC before calculating Fourier spectrum

Rermowe linear trend before calculating Fourier spectrum I}

This is a toggle switch; enable it if you wish to remove any linear trend in your data prior to
calculation the Fourier spectrum.

6.4 PROCESSING MENU

Processing (2]
BPF {cos function taper)
Rernowe DC
Wertical stack
Cross correlation
Auto correlation
hute >
Connect (concatenate)

Block dividing

The Processing menu includes various data processing tools that can be useful for both
refraction and surface wave data.

6.4.1 BPF (Co0S FUNCTION TAPER)

Processing (&)

BPF {cos function taper) I}
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This is a bandpass filter for which you can set the specific filtering parameters:

Band-pass filter

Low-cut freq. 50 Hz Cut-off |7 db/oct 0K

Cancel

High-cut freq. | 5000 2Hz Cutoff |7 db/oct

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

‘il button.

Note: If you filter your data and save it, it will be saved in a filtered state.

6.4.2 REMOVE DC

Processing (&)

BPF {cos function taper)
Rermaowe DC h

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

64.3 VERTICAL STACK

Processing (4,

EPF {cos function taper)
Rermowe DC

“Wertical stack L\@

You may vertically stack (sum) two or more records together. This is handy if stacking was not
done in the field. Simply append (Section 6.1.5.9 , Page 245) two or more files together, then
select Processing | Vertical Stack.
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6.44 CROSS-CORRELATION

Processing (8,

BPF (cos function taper)
Rernowe DIC

Wertical stack

Cross correlation %

You may cross-correlate all the traces against any one trace. To do so, you must select an

operator by pressing the | A button and clicking on the desired trace:

=
e
—
=

10 11D[|| 210 H

I nﬁ ’Lﬁ ’*Nw
== vcad

30

40

i

S,

&0

f‘:"ﬁ"
o
=

=

T Trigger

Y

Figure 135: Operator (red) selected for cross-correlation.

The selected trace will turn red; this is your operator. Now select Cross correlation, and all of
the traces in the record will be cross correlated with the operator.
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6.4.5 AUTO-CORRELATION

Processing (4

BPF (cos function taper)
Rernowe DC

Wertical stack

Cross correlation

Auta carrelation I}

This feature auto correlates each trace with itself.

6.4.6 MUTE

Processing (&)

Aute > Mutelpicked arrival)
FMute{apparent velocity)

You may mute the record on the basis of picked arrivals or velocity.

6.4.6.1 MUTE (PICKED ARRIVAL)

Processing (&)

P ute

Mute(picked arrival) b

%) GEOMETRICS

Simplify your search

To mute based on first arrivals, pick the arrivals and then select Mute (picked arrivals).
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Click left mouse button to move one pick or drag to move a range of picks.

) GEOMETRICS

Simplify youl
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. A WY l ,;:-xy
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. A A AN w!. g " l"' Y W ‘-ﬁ —
= T h l'" 1 p'_‘ -
] ) | A j,,al gy
0 VE‘ ,[ ‘ ’\‘ ‘drr “' ' Mute waveform —
E = war LI ‘, Window |3 e x | [T
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Figure 136: MASW record with first arrival picks.

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:

Click left mouse
Source= 69.0m

10 80

button to move on

e pick or drag to move a range of picks.

60 580 810 880

A

(m)

Distance

Hayashi/Underwood/Lippus
PN 770-00118-01

Figure 137: Refraction record muted on basis of the first arrivals.
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6.4.6.2 MUTE (APPARENT VELOCITY)

Processing (8,

P Lite

Mute(picked arrival)
Mutelapparent velocity] h

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:

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

Source= 69.0m

10 60 11 160 210 360 sy E 660 710

3

3

] T‘Y !
S W WY g Wy )
R e WY FY e -
"= @&‘f’\\\;{’f\‘f‘-‘ yh) I"" =
2 V\.f"v‘,y _!y L . M\
- RATSERTAg 1 ] | ! 1 i " e
ey Y ',‘l’" W ~—I=
--rv! 4,1 vl g
- =350 W . —
AR AR
s ! ,-~ﬂ“'é!v- -
: AR =
. v
Figure 138: Unmuted refraction record.
Press OK.
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Source= 69.0m

10 80 110 160 210 260 310 360 4 5 560 610 660 710
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— |
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80
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Figure 139: Refraction record muted on basis of velocity.

In general, muting is rarely applied to refraction data.

6.4.7 CONNECT (CONCATENATE)

Processing (&)

EPF {cos function taper)
Rernowe DC

Wertical stack

Cross correlation

Auto correlation

FAute >
Connect (concatenate) b

You may concatenate files together end-to-end in time using the “concatenate” feature. This can
be useful if your data is broken up into many small files, perhaps from numerous shot records
with a common shot point. The process is as follows:

1) Open a waveform file.

2) Open a second waveform file and choose Append to present data instead of New.

3) Repeat #2 up to eight more times — you may append up to 10 files together in a single step.
4) Select Processing | Connect (concatenate)

5) You will be prompted for a file name for the concatenated file.

This is best illustrated by an example.
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Open a waveform file:

Source=

Distance (m)

(1]

File (F)
Open waveform (SEG2] file(O]... h Ctrl+ O

1.0m Time (ms)
0 200 400 600 a00 1000 1200
—_‘.UW
_"lﬁ)-.\w
jmn'yasey
_""""'“\}.\A—"\-"'“‘W"
__-qhﬁm\,‘\,&._m
RSN | [ —
—--—-\.4-—-»-\_,-\,‘\\/—-—..-_.,,-4—.,—_.—
4 I
..\_A_,-._—-._,—._—._—-._.
7 bl e e ——
P, ———_-
. —.HH—._,—._
/q,L._.qU,L-\,._._
i _/-u-'.\-ﬂ_.r_—'—‘-
V—‘\t\_ﬂ—L\—
Trigger
Shot_1m.sg2

Figure 140: Waveform file.

We have a typical single-shot 24-channel MASW file, with 1024 samples/trace.

Open a second waveform file:

File (F)
Open waveform (SEG2] file(O]... h Ctrl+ O

Append it to the first:
Open data file
" New file )
* Append to present data
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Make any necessary adjustments:

Source location etc.

— Receiver(source) component
Comp. Ne.
[ Change @& | (NS or default)

= 2(EW)
C 3(UD)
4
5
[l
£ 7 (Transverse)
" 8 (Radial)
o
10

—Diztance chift ————————
Diztance chift = I 0 m

[ Shift

Press OK.
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0 200

Simplify your search

Time (ms)

400 600 200 1000 1200

T P ¥ T W
Ly iy T
o b & el A .
T s
.Illfl\l"lf‘\-' I -
) ‘U‘u‘ul - E P
‘u’l\.-""'\':" ey ij Y A
U‘IUJ‘V ST -‘qu.n. ;o
A PN
yl - y‘-s;
i W VY
e e

Trigger

Figure 141: Two waveform files appended together.

The two files have been appended together.

Repeat as necessary until all files to be concatenated have been appended together.

Select Processing | Connect (concatenate):

Processing (2)
BPF {cos function taper)
Rermowe DC
Wertical stack
Cross correlation
Auto correlation
FAute >
Connect (concatenate)

Block dividing

Provide a file name for the concatenated file when prompted.

Now the appended files have been concatenated together in time. Each trace is 2048 samples.

Hayashi/Underwood/Lippus
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Source=-20.0m Time (ms)

0 500 1000 1500 2000 2500

10 ::VW

20 - " B
i
: T k - MW' " N

a0 - s , { —
N— Lk n
45 PO !mﬁ B

Trigger

Shot_-20m.sg2

Figure 142: Concatenated waveform files.

Note: If you have more than 10 files to append/concatenate, see Section 6.1.5.9, Page 2435.

64.8 BLOCK DIVIDING

Processing (&)

BPF {cos function taper)
Rernowe DC

Wertical stack

Cross correlation

Auto correlation

hute ¥
Connect {concatenate)

Block dividing [s

This feature is the opposite of concatenation and is useful if your files are too long to be
manageable. This is very common when using Atom or McSeis MT Neo seismographs,
particularly when recording passive surface wave data.
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This is best illustrated by an example. The next dialog box allows you to enable/disable “block
dividing” and to set the length of each “sub” trace. In general, it is desirable to work with traces
of 16k or 32k samples (or less); at the standard passive data sample interval of 4 msec, this
works out to 1 or 2 minutes.

Select a trace length and press OK.

Mumber of FFT samples
Number of data in a trace = 524288 OK
Data length = 200715 =ec

Caneel

{+ Block dividing
MNumber of FEF T zamples
(" 4096 16384  s=ec

" 8192 32768  =ec
(s 16384 63.336  =ec
" 32768 131072 =ec
(" 63336 262144  =ec
131072 524288  =zec

262144 1048 58 =ec

(- 524238 W8T 15 sec

{~ Ne block dividing

6.5 OPTION MENU

The Option menu includes program controls and display settings.
Option

Dirnension size

Atom >

meters and m/sec

feet and ft/sec

Language -]
Menu type -]
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6.5.1 DIMENSION SIZE
Option (2
Dirmension size I}

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

Present size reflects the current dimensions for Maximum samples and Maximum traces and
Maximum shows the largest possible dimensions. Typically, it is unnecessary to change the
number of Maximum samples. It can be useful to change the number of Maximum traces to 64
from 128 to speed up processing, but this will also reduce the resolution of the phase velocity
plot. The number of Maximum traces may need to be increased if you are processing a passive-
source dataset with a large number of traces, for example, greater than 48.

Dimension size

WABNING: The defanlt prograrm dimensions may be increased;, however, your PC
rernory may be insufficient for larger dirnensions. You raay encounter an exvor next

tirne o try to open the program and the diraensions will need to be reduced.

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

Present size Tnlasarmum
Masirom samples | 65536 | 10000000

Ilaxirenre traces | 512 | 100000

Iladrorn files 2000

[ Change dimension size
Paggword for uperade

Your keyrarord 1 rfTubmga

3P3 52 b Neo PSL 5W3D O

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

WABNING: The defanlt prograrm dimensions may be increased;, however, your PC
rernory may be insufficient for larger dirnensions. You raay encounter an exvor next

tirne o try to open the program and the diraensions will need to be reduced.
To reduce the dirmensions, press the Shift key when double-clicking the program
icon {consult the manual for full details).

Present size Tnlasarmum
Masirom samples | 122000 | 10000000

Ilaxirenre traces | 512 | 100000

Iladrorn files 2000

v Change dimension size
Paggword for uperade

Your keyrarord 1 rfTubmga

3P3 52 b Neo PSL 5W3D O

Press OK and restart the program.

Piclowin

Memory size has been changed !

If a very large value is entered, such as 1024 for Maximum traces, 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 too large for the PC memorny.

i so, the program may not open and report an error,

In this case, re-open the program while pressing the shift key.
This will apen the Dimensions dialog box to allow you to
reduce the dimensions,

Proceed ¥

Yes Mo

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.

The wizard automatically defaults to standard dimensions to run efficiently. To use non-standard
dimensions, you will need to process data manually.

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.

6.5.2 ATOM
Option (O
Atorm ¥ Set up components L}
Continue.
6.5.2.1 SET UP COMPONENTS
Dption (2
Atorm
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Set up components L}

The Atom and McSeis Neo include three-component modules to work with three-component
geophones. There are many makes and models of 3C geophones, all of which are wired
differently. For this reason, it is necessary to define which component is EW, which is NS, and
which is vertical.

The default values are for the make and model sold by Geometrics (as of this writing), which is
the Sunfull™ PS-2B 3C geophone. If you use a different geophone, you will need to get the
component and polarity information from the manufacturer.

Set Atom/MNeo channel component

Sensor component (0 to 2) Drawing order {0 : top, 2 : bottom)

i Cancel
Up Up [ Reverse polari
1 Horizontal (X : EW) 1 polarity

Down Down

[ Reverse polarity

’_JDDWH Harizontal (Y : MS) ’_ o

| Reverse polarity

F' F'
z Vertical (Z : UD) z
Down Down

6.5.3 METERS AND M/SEC AND FEET AND FT/SEC
Dption (2

Dirmension size
Atrom ¥

rreters and myfsec

feet and ftfsec h

Select the desired unit labels by choosing meters and m/sec or feet and ft/sec. The setting is
reflected in the display labels, dialog box labels, and default values where applicable.
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6.54 LANGUAGE

Option (0

Dirmension size
Atarm ¥

reters and mysec

feet and ftfsec

Language I} » English

Menu type ¥ lapanese
Chinese
Spanish

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

6.5.5 MENU TYPE

Dimension size
Atrarmn ¥

rmeters and mysec

feet and ftfsec
Language >
henu type I} 3w Simple

SeisImager 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:

Pickwin

WARMING: Only use the Simple menu
', unless instructed otherwise by Seislmager
Customer Support,

OK | Cancel |
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Pressing OK above will give you access to these features (mainly processing). Contact
support@seisimager.com for assistance. To return to the Simple menu, select Option | etc. |
Menu type | Simple.

6.6 TOOL BUTTONS

HEIEID I TEED (| R ] ] 1 AT 11 (B el el v e e e el T

Figure 143: Pickwin Tool Buttons

The button bar functions essential or uniquely used for surface wave data processing are covered
in this section. For a complete description of the button bar functions common to SeisImager/SW
and SeisImager/2D, please refer to the separate SeisImager/2D manual.

6.6.1 UNDO |ﬂ| AND REDO |ﬁ|

After the phase velocity-frequency transformation has been calculated for a given waveform file
or dataset, press the Undo button to cancel the phase velocity plot.

Source= -0.56m Phase velocity (mésec)

1} a0 100 150 200 250 300 3s0 400

0 ‘ ‘

Frequency (HZ)

Dispersion curve © sxkab001.sg2

Figure 144: Phase velocity-frequency plot.

For a single file (shot or CMP cross-correlation gather), after pressing the Undo button, the
waveform file will appear.

312
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



The Pickwin Module Surface Wave Analysis Functions ’;“:1) GEOMETRICS

Simplify your search

Source= -0.5m Time (msec)

o 200 400 GO0 &00 1000 1200

Il
[
{

25

sukab001. 592
Figure 145: Waveform file after pressing Undo button.
For a passive-source dataset, after pressing the Undo button, the coherency plot will appear.

Source= 0.0m Frequency (Hz)
il 20 40 &0 &0 100 120 140

20

25

30

35

Distance (m)

40

45

a0 e s v i

Coherence ; sxaal001.sg2-5xaa0020.542

Figure 146: Coherency plot after pressing Undo button.

To return to the phase velocity plot in either case, press the Redo button. Note that the Undo and
Redo functions run only one cycle, so if Undo is pressed again, the waveform and coherency
files will not be found, and it will be necessary to restart the program.

The Undo button is very useful when the optimal analysis parameters are not yet known, and
iterative testing is required.

6.6.2 NORMALIZE M

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 equalizing the
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appearance of all the traces across the record and allows viewing of the active-source surface
wave train.

With Normalize off, the signals on traces distant from the source are not visible.

Source=-40.01t Time(msac)
0 500 1000 1500 2000 2500

50

100

150

Distance(ft)

200

250 |Trigger

1008.dat

Figure 147: Waveform file with Normalize disabled.

With Normalize on, signals on traces at all distances are visible.

Source=-60.0ft Time {msec)
i 500 1000 1500 2000 2500
i
50
A._,-..—--—..—-\_.—-...———_

RS
a»
o -
= ey
z - e Ay g
— T S ——
o Lo e i, e e i
- i e
5 20 Wy el

250 rigge ' : 5 ’

1008 det
Figure 148: Waveform file with Normalize enabled.

To observe trace-to-trace variations with passive-source surface wave data, Normalize should be
turned off. With Normalize on, note the appearance of traces 4 through 7.
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Source=-0.5{t Time {msec)
|
1 ...Aﬂmlllmw,l ol
| " F N —
Aol A R

Distancelff)

sxad086.5g2

Figure 149: MAM record with Normalize enabled.

With Normalize off, traces 4 through 7 are slightly higher amplitude.

Source=-0.51t Time (msec)
o 5000 1onon 15000 20000 25000 30000 35000

[
vt 'M

Uil
'

Hi
¢
t

Distance(f)

0
1
2
3
4
5
B
7
8
9

10

sxad0b.sg2

Figure 150: MAM record with Normalize disabled.

6.6.3 SHOW PREVIOUS WAVEFORM FILE A AND SHOW NEXT WAVEFORM
Fue ¥

When more than one waveform file (shot or CMP cross-correlation gather) is input, the files can
be scrolled through using the Show previous waveform file and Show next waveform file buttons.

6.6.4 COARSE CONTOUR COLOR ‘!|

The phase velocity-frequency plot display is enhanced with color gradients. To apply a coarse
contour color scale, press the Coarse contour color button.
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Source= -1.0m Phase velocity (misec)
i 50 100 150 200 250 300

oo 1 [ |

Frequency(Hz)

Dispersion curve : sxch2035.s92

Figure 151: Phase velocity-frequency plot with coarse color contours.

6.6.5 FINE CONTOUR COLOR |ﬂ

The phase velocity-frequency plot display is enhanced with color gradients. To apply a fine
contour color scale, press the Fine contour color button. The fine setting takes slightly longer to
paint on the screen, but gives a smoother gradient compared to Coarse contour color.

Bource=-1.0m Phase velocity (misec)
0 50 100 150 200 250 300

Frequency(Hz)

Dispersion curve : sxch2035.sg2

Figure 152: Phase velocity-frequency plot with fine color contours.

6.6.6 WIGGLE LINE @ AND SHADED BLACK ﬂ

The default trace display for the phase velocity-frequency plot is a black line with the positive
side shaded corresponding to the Wiggle line and Shaded black buttons, respectively.

316
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



The Pickwin Module Surface Wave Analysis Functions %} GEOMETRICS
.- Simplify your search

Bource=-1.0m Phase velocity (misec)
0 50 100 150 200 250 300

2h

Frequency (Hz)

30

35

40

Dispersion curve : sxch2035.sg2

Figure 153: Waveform plot displayed with Wiggle trace and Shaded black enabled.

6.6.7 SHOW WAVEFORMS ﬂ AND SHOW GEOMETRY ﬂ

After the geometry has been calculated and applied to a given dataset, the Show waveforms
button and the Show geometry button are activated and allow toggling between the two views. In
the Show geometry view, the Show previous waveform file and Show next waveform file buttons
allow selection of a shot or CMP cross-correlation gather’s geometry.

1 Ul Spacing (m) 21.|D
0 @ @« o o
[eI eI - D e D - I < < ]
QoD 0 0 90 0o o 9 9 o O O
2 LI - T+ e - B - R R - R - I e+
g L L] L] - L - Ll L L] L] L Ll L] L] Ll
) o % e ¢ 0 8 G G 8 v 8 o 0 &8 0 0 0 @
§ LI+ T+ T A e - B e A - e+ ] @
% o % o8 ¢ 0 8 G G 8 v 8 0 0 &8 0 0 0
Lol e - e D D &
o s o8 0 0 8 o ¢ 8 O o
m e a e o0 o & o
Figure 154: Geometry plot.
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Press the Show waveforms button to display the gather associated with the selected geometry.

Source= 9.0m Time (msec)

1] 600 300 1000 1200

P

{m}

T

Distance

|
;
I

cmp_002200. =sg2

Figure 155: Waveform plot.

6.6.8 FREQUENCY DOMAIN E

The Frequency domain button transforms a time domain waveform file to the frequency domain.
Pressing the Frequency domain button will change the view from the waveform record to a plot
of the frequency content or spectrum for each trace. It will be necessary to press the right

Horizontal scale Iil button or the right arrow key to expand the frequency scale and zoom in on
the lower end.

Unlike most active-source data, it is usually difficult to evaluate the quality of passive-source
data by viewing the waveform record in the time domain. Similar frequency content from trace-
to-trace indicates higher-quality data.

Source=-0.5ft Frequency (Hz)
0 Eu 10 15 20 25 0 35

Distanceif)

@ @ o~ m @ s oW oM = O

Lo
10 ““‘i“‘

sxadlifh sg2

Figure 156: Coherency plot.

Uneven frequency content from trace-to-trace indicates lower-quality data.
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Source=-35.0ft Frequency (Hz)
i 10 15 20 25 30 kL
5410
520 ”
-500
-480 ; 1
450
-44n
z
@ 400 n
2 e
5 60 i
T 3an
O 3 II“IH
300 o Ty Sl
280 N
260
240 e s
EDAT

Figure 157: Coherency plot of Figure 156 stretched horizontally.

6.6.9 TIME DOMAIN |ﬂ|

The Time Domain button toggles out of the Frequency domain view.
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7 THE WAVEEQ MODULE FUNCTIONS
Continue.
7.1 FILE MENU

The File menu includes functions for opening WaveEq result files, importing and exporting
various files, and printing.

File {F
Open 10 phase wvelocity curve or HA spectrum file (st
Save 10 phase velocity curve or HAS spectrum file {rst)

Import 10 phase velocity curee or HA spectrurm from database
UpdatelD phase velocity curve or HA spectrum in database
Upload 10 phase welocity curve or HA spectrum to database

Dpen 10 phase wvelocity curve or HA spectrurm file Cxml)

Sawve 10 phase velocity curve or HA spectrurm file (xml)

Open 20/30 phase velocity curee file {pes)
Save 2030 phase welocity curve file { puws)

Print (F... Ctrl+P
Print prewviev ()
Page set up (F)...

Import elevation data file

Save 10 analysis result in tabular form (¥ t)

Folder path
Advanced options »
Exit ()
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7.1.1 OPEN 1D PHASE VELOCITY CURVE OR H/V SPECTRUM FILE (.RST)
File (F)
Open 10 phase velocity curee or HA spectrum file (rst) I}

To open a single dispersion curve, Vs curve, or H/V spectrum file previously saved with the
extension .rst, select Open 1D phase velocity curve or H/V spectrum file (.rst).

Highlight the file and press Open.

L

u <« ML » MO ID and M.

v Search kAR 1D and MAASW 2, 0

Organize « Mew folder == - 9
A - e
@ OneDrive - Persar Marme Date rodified Type
Sitive 172172024 857 &b File fo
3 This PC
Passive 142172024 748 ApA File fo
_J 3D Objects
Deskt
[ Desktop LI N
File narne: | Analysis_Result.rst .
Save as type: | Analysis result file(*.rst) w

- Hiidke Palders Eean

7.1.2 SAVE 1D PHASE VELOCITY CURVE OR H/V SPECTRUM FILE (.RST)
File (F)

Open 10 phase velocity curve or HAY spectrum file (rst)
Save 10 phase velocity curve or HA spectrum file (rst) I}

To save a single dispersion curve, Vs curve, or H/V spectrum file, select Save 1D phase velocity
curve or H/V spectrum file (.rst). A curve file can be saved at any time in the processing flow
and will reflect the extent of results at the time of save. If you have not yet entered latitude and
longitude, you may do so here by answering yes:
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WaveEq

| Geographic coordinates are not detected for this dataset

Do you want to set up latitude and longitude now?

Coordinates may also be entered later through the Options
menu,

Yes Ma

The following dialog will appear. The parameters should be self-evident.

Site coordinates

Latitude -1000 degree 0K
Longitude _1onn degree Caticel
Elevation 0 ft

Hite natme

Zeuisition date i

ANE3E0 I 1160 64 fifsec

~Dlicto geomorpholo gy (Tapat)
J-3HIS natme
J-3HIZ index I -1 J-ZHIS AT330 (from Geomo.) I 0 ftfsec
331 name
G2 index | Update |
Database
Database index | _1

Assign a file name with the extension .rst and press Save.
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u « S Data » Sonorma County v Search Sonorma County 0
Organize « Mew folder i v 9
A .
& OneDrive - Persor || Active_todel.rst
| | Combined_Active_and_Passive.rst
£ This PC | | Passive_Maodel.rst
J 3D Objects
[ Desktop
v
File name: | Active_Model_R1.rst .
Save as type: | Analysis result file(*.rst) w

- Hiidke Palders Eean

7.1.3 IMPORT 1D PHASE VELOCITY CURVE OR H/V SPECTRUM FROM
DATABASE

File (F)

Dpen 10 phase velocity curse or HA spectrurm file (rst)
Save 10 phase velocity curve or HA spectrurm file (rst)

Irmpart 10 phase velocity curee or HA spectrurm from database I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.1.4 UPDATE 1D PHASE VELOCITY CURVE OR H/V SPECTRUM IN
DATABASE

File (F)

Dpen 10 phase welocity curee or HA spectrurm file (rst)
Sawve 10 phase welocity curve or HA spectrurm file (rst)

Import 10 phase velocity curve or HA spectrum from database
UpdatelD phase velocity curee ar HA spectrurm in database L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

323
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



The WaveEq Module Functions gﬁ) GEOMETRICS

Simplify your search

7.1.5 UPLOAD 1D PHASE VELOCITY CURVE OR H/V SPECTRUM TO
DATABASE

File (F)

Dpen 10 phase velocity curve or HA spectrum file (rst)
Save 10 phase velocity curee or HAS spectrum file (rst)

Import 10 phase velocity curee or HA spectrurm from database
Update1D phase welocity curve or HAY spectrurm in database
Upload 10 phase welocity curve or HA spectrum to database L},

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.1.6 OPEN 1D PHASE VELOCITY CURVE OR H/V SPECTRUM FILE (.XML)
File {F)

Open 10 phase velocity cupee or HAY spectrum file (st
Save 10 phase velocity curve or HA spectrurm file {rst)

Import 10 phase welocity curee or HAY spectrumm from database
Updatel1D phase velocity curee or HA spectrum in database
Upload 10 phase velocity curve or HA spectrurm to database

Open 10 phase wvelocity curee ar HA spectrurm file (xml) I}

To open a single dispersion curve, Vs curve, or H/V spectrum file previously saved with the
extension .xml, select Open 1D phase velocity curve or H/V spectrum file (.xml).

Highlight the file and press Open.
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7.1.7 SAVE 1D PHASE VELOCITY CURVE OR H/V SPECTRUM FILE (.XML)
File (F)

Dpen 10 phase welocity curee or HA spectrurm file (rst)
Save 10 phase welocity curve or HA spectrurm file (rst)

Import 10 phase velocity curve or HA spectrum from database
UpdatelD phase velocity curee or HA spectrum in database
Upload 10 phase velocity curve or HA spectrum to database

Open 10 phase welocity curee or HA spectrurm file (xmil)
Save 10 phase velocity curee or HAS spectrum file (xml) L}

To save a single dispersion curve, Vs curve, or H/V spectrum file in xml format, select Save 1D
phase velocity curve or H/V spectrum file (.xml). A curve file can be saved at any time in the
processing flow and will reflect the extent of results at the time of save.

Assign a file name with the extension .xml/ and press Save.

7.1.8 OPEN 2D/3D PHASE VELOCITY CURVE FILE (.PVS) ﬂ

File (F}

Open 10 phase velocity curee or HA spectrum file (rst)
Save 10 phase velocity curee or HAS spectrurm file (rst)

Import 10 phase velocity curve or HA spectrurm from database
Update1D phase wvelocity curve or HAY spectrurm in database
Upload 10 phase velocity curve or HAS spectrurn to database

Dpen 10 phase welocity curve or HA spectrurm file Gxml)
Save 10 phase velocity curee or HA spectrum file (xml)

Dpen 20,/30 phase velocity curve file {pws) L}

To open a set of dispersion curves previously saved with the extension .pvs, select Open 2D
Phase Velocity Curve File (.pvs). Highlight the file and press Open.
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“— v P <« MAM 1D and MAS., » Active v Search Active 0
Organize « MNew folder =~ ™ @
O This PC 6 Marme Date rodified Tep ™

13 || =W EIILIy Il _aL ILErdLIUT_ 2 P P E AREst i FIvI [l

- 3D Objects S-velocity_model 20 _iteration_3.pws 172042024 1:54 PR Py

by p

[ Desktop | | S-welacity_model_2D_iteration_d pws 12072024 1;54 PR P

| Docurnerts | ] S-welacity_model_20_iteration_5 pws 1/20/2024 1:54 PR Py

* Dowinloads | ] sxaa_analysis_result.pus 172072024 1:53 PhA Py
J’ Musi | | sxaa_inverted_result.pus 12042024 1:54 PR (T

usic
LU 4 >
File narme: |s><aa_inuerted_result.pus v| Plotrefa file (*.pas) -

7.1.9 SAVE 2D/3D PHASE VELOCITY CURVE FILE (.PVS) @
File (F)

Dpen 10 phase velocity curse or HA spectrum file (st
Save 10 phase velocity curee or HA spectrurm file (rst)

Import 10 phase welocity curve or HAY spectrum from database
Update1D phase wvelocity curse or HAY spectrurn in database
Upload 10 phase velocity curve or HA spectrurn to database

Open 10 phase wvelocity curee or HA spectrurm file (xml)

Save 10 phase velocity curee ar HA spectrurm file (xml)

Dpen 20/30 phase velocity curve file {pws)
Zave 20/30 phase velocity curve file [ pws) b

To save a set of dispersion curves, select Save 2D Phase Velocity Curve File (.pvs). A curve file
can be saved at any time in the processing flow and will reflect the extent of results at the time of
save.

Assign a file name with the extension .pvs and press Save.
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“— v P « =ML s MAM TD and M. s v Search kAR 10 and RASEW 2,
Organize « Mew folder == -
A - e
@ OneDrive - Persar Marme Date rodified
Bctive 172172024 857 &b
3 This PC
_ Passive 1/21/2024 7:48 A
< 3D Objects |_'| Combined_dispersion_curses.pws 172072024 2:53 PM
[ Desktop .
v

0
2

Type

File fo
File fo
PYE Fi

>

File name; | Combined_dispersion_curves.pvs

Save as type: | Plotrefa file (*.pvs)

- Hiidke Palders Eean

7.1.10 PRINT [CTRL+P]| &

File (F}

Dpen 10 phase velocity cupee or HA spectrum file [rst)
Save 10 phase velocity curee or HA spectrurm file (rst)

Import 10 phase velocity curve or HAY spectrum from database
Update1D phase welocity curve or HAY spectrurn in database
Upload 10 phase welocity curve or HAY spectrurn to database

Open 10 phase velocity curve or HA spectrurm file (xml)
Save 10 phase velocity curee or HAS spectrum file {xml)

Dpen 20/30 phase velocity curee file {puos)
Save 20130 phase welocity curve file { pws)

Print (F)... h Ctrl +P

To print the current WaveEq display, choose Print, press Ctrl+P, or press the Print = button.
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Privter

M ame:

Froperties. ..

Status: Feady
Type: HP D 2700 senes PCL-3
Where:  USBOO

Comment: [ Print to file
Pritt range Copies

e Al Mumnber of copies: 1 El:
" Pages from: |1 e

3 3|
¢ 12828
Help | ] | Cancel

7.1.11 PRINT PREVIEW
File {F}

Open 10 phase wvelocity curve or HA spectrum file (rst)
Save 10 phase velocity curve or HAS spectrum file (rst)

Import 10 phase velocity curve or HA spectrurm from database
Updatel1D phase velocity curve or HA spectrum in database
Upload 10 phase welocity curve or HA spectrum to database

Dpen 10 phase welocity curee or HA spectrurm file Caml)

Sawve 10 phase welocity curve ar HA spectrurm file (xml)

Open 20/30 phase velocity curve file {pes)
Save 2030 phase welocity curee file {pus)

Print (F)... Ctrl+P
Print prewiew: () I}

To preview the WaveEq display before printing, select Print preview (V).
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PP | MNewPage | PreuFaoe | TwoPage | Zeomin | Zocmlit | Clese

Frequency (Hz)

Dispersion curves : sxaa_inverted_resut pus

Figure 158: WaveEQ display, read for printing.

7.1.12 PAGE SETUP
File {F)

Dpen 10 phase velocity cupse or HAY spectrum file (rst)
Save 10 phase velocity curve or HA spectrurm file (rst)

Import 10 phase velocity curee or HAY spectrum from database
Updatel1D phase velocity curee or HA spectrum in database
Upload 10 phase welocity curve or HA spectrurm to database

Open 10 phase wvelocity curee or HA spectrurm file (xml)

Save 10 phase velocity curee or HA spectrurm file Cxml)

Open 2030 phase velocity curve file {pws)
Save 20/30 phase velocity curve file {pes)

Print (P)... Ctrl+P
Print presview: ()

To set up a page for printing, select Page set up.
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IMPORT ELEVATION DATA FILE

File (F}

Dpen 10 phase velocity curse or HA spectrum file [rst)
Save 10 phase welocity curee or HA spectrurm file st

Import 10 phase velocity curve or HAY spectrum from database
Update1D phase wvelocity curve or HAY spectrurm in database
Upload 10 phase velocity curve or HAS spectrurn to database

Open 10 phase velocity curve or HA spectrurm file (xml)
Save 10 phase velocity curee or HAS spectrum file (xml)

Dpen 20,/30 phase welocity curve file {puws)
Sawve 2030 phase velocity curve file { puws)

Print (F)... Ctrl+P
Print presies ()
Fage set up (R)...

Import elesation data file L\\!.

Survey line elevations can be imported and plotted on 2D MASW initial and final cross-sections.
Note that elevations are not incorporated into the data analysis, they are only used for plotting.
For this reason, it is recommended that surveys be conducted on generally flat ground. Some
variation in elevation can be tolerated and would be averaged, especially for the passive-source
surveys, but flat ground is best.

Create an elevation file as a simple space-delimited text file where each row is a pair of x- and z-
coordinates. At a minimum, two coordinates are required; the values in between will be
interpolated. The coordinates need not exactly match the geophone and shot locations and can
extend off the ends of the survey line.
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B “Untitled ... — O

188 186,
182 191,
lad 162,
186 182,
183 1493,
118 183,
112 163,
114 143,
116 143,
113 1&4.
126 184,
122 185,
124 185,
126 186,
128 165,
138 184,
132 184,
134 143,
136 163.
138 182
148 182,
142 182,
144 162,
146 143,

WD L s W 0D RO s OR GS 0D W W A0 RD R 0D bO 0D wd (T W

Windows (CRLF) TF-2

File Edit Format “iew Help

/) GEOMETRICS

Simplify your search

To open an elevation file, select Import elevation data file, highlight the file, and press Open.

) 30 Objects =
|_'] Combined_Active_and_Passive.rst

[ Cesktop = :

— u Elewvation.fct
|| Documents
A Nesenlaads v £

— v A <« B0 Data » Sonorma County v Search Sonorma County yel
Organize « Mew folder T v 9
A This PC ~ |:] Active_Model rst |:] File_list Looking north 2
| avs @ File_tist Looking south 1

Gas Receipt

Looking north 1

Looking south 2
|:] rmatn_geometry

>

File name: | Elevation.txt

- |

Save as type: | Topography file(*.*)

# Hide Folders

Sawe

L

Cancel
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If not imported here, elevation data can also be imported into GeoPlot by opening the File menu
and selecting Open topography data file.

7.1.14 SAVE 1D ANALYSIS RESULT IN TABULAR FORM (.TXT)
File (F)

Dpen 10 phase velocity curse or HA spectrum file (st
Save 10 phase velocity curee or HA spectrurm file (rst)

Import 10 phase welocity curve or HAY spectrum from database
UpdatelD phase velocity curve or HA spectrum in database
Upload 10 phase velocity curve or HAY spectrurn to database

Open 10 phase wvelocity curee or HA spectrurm file (xml)

Save 10 phase velocity curee ar HA spectrurm file (xml)

Dpen 20030 phase velocity curve file {pws)
Save 2D/30 phase velocity curve file {pus)

Print (P... Ctrl +P
Print presiew: ()
Page set up (R)...

Import elevation data file

Save 10 analysis result in tabular form (bt I}

To save the final results of a ID MASW or MAM dataset analysis in tabular form, select Save
1D analysis result in tabular form (.txt).

Assign a file name with the extension .zxt and press Save.
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_J 3D Objects

[ Desktop

=] File_tist
d rmam_geornetry |_'| readrme
d rharm_spacing

L

u « S Data » Sonorma County v Search Sonorma County 0
Organize « Mew folder i v 9
@ OneDrive - Persor - 2] AWS =] Manual&rray_L15 ] Spac2D
= Elevation.txt =] Manualarray L15_R1 =] shaczpall
= This PC

d FhaseVelocityTransformation SPAC

=] RMSE

File name: | Example_1D_Result.txt

Save as type: | Asaii file

A Hide Folders

Save Cancel

The file is a simple text file with Depth, S-wave velocity, p-wave velocity, Density, and N (blow
counts). Refer to Section 7.6.13.1, Page 464, for more information on the relationships used for
calculating the equivalent p-wave velocity, Density, and N.

.. Example_1D_Result - Notepad

File

Edit Format  Wiew Help
S-wave velocityi(f/s)

bepth ()
8. BEB66E
3.571429
7.692388
12.
17.
23.
29.
36.
43,
51.
6E.
69.
79.
89.
121.4285%66

362638
582420
351658
B7B332
538464
956843
923877
439508
5E5581
126888
28570860

673.811482
be5.467322
be5. 672884
687.886178
808.911427
1637, 152852
1199, 184938
1466.292624
1527 . 984987
15638, 261827
1588.487848
1594, 992811
1592.697524
158%8. 899816
1594, 992811

P-wave wvelocityif/s) Density(g/fcc) MW o~
4979, 325771 1.793592 18.861267
4976, 952634 1.792775 18.478198
4971, 179868 1.792797 15.488462
4995, 836735 1.7952684d 11.644319
5121.294975 1.887485 18.982597
§5383.5226834 1.832662 43 .855725
5463.478565 1.848297 53.321451
5859.8678956 1.877692 129. 706541
5928.257942 1.8846867 147 .8676836
5973.852979 1.888230 1668.667766
5995.414734 1.898385 167.333531
eEEal. 725197 1.89089G 169.248367
bEEE. 176987 1.898746 168.777849
5995.961189 1.898356 167 .498636
eEEal. 725197 1.89089G 169.248367 v
Ln1, Call 10 Windows (CRLF) UTF-8

Hayashi/Underwood/Lippus
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7.1.15

FOLDER PATH

File (F}

Dpen 10 phase velocity cupse or HAY spectrum file (rst)
Save 10 phase velocity curve or HA spectrurm file (rst)

Import 10 phase velocity curee or HAY spectrum from database
Update1D phase wvelocity curve ar HA spectrurn in database
Upload 10 phase welocity curve or HA spectrurm to database

Open 10 phase wvelocity curve or HA spectrurm file (xml)
Save 10 phase velocity curve or HA spectrurm file (xml)

Dpen 20/30 phase velocity curve file {puws)
Save 20030 phase welocity curve file {pws)

Print {F...
Print preview )
Page set up (R)..

Import elevation data file
Save 10 analysis result in tabular farm (*.tet)
Faolder path

%) GEOMETRICS

Simplify your search

Ctrl+P

L

WaveEQ generates some files automatically while producing a velocity model. In most cases,
you will never refer to these files. The path for these automatically generated files defaults to the
folder from which you read the original data. If you would like to avoid clutter in the data file,
create (outside of WaveEQ) and separate folder, select Folder Path, and then choose the new
folder as the path for automatically generated files.
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7.1.16 ADVANCED OPTIONS

Advanced options ¥ Dpen 10 analysis result files Crst ar el for 20030 analysis
Open HAS file
Open depth profile
Open UCLA database files
Sawe depth profile
Sawe selected dispersion curves in T3V format file {csv)

L options »

MIED »

Some of the items in the following sub-menus are subject to change and are undocumented. They
are rarely used, and when they are, support from Geometrics is generally required.

7.1.16.1 OPEN 1D ANALYSIS RESULT FILES (.RST OR .XML) FOR 2D/3D
ANALYSIS

File (F}
Sdvanced options
Dpen 10 analysis result files Crstar xml) for 20030 analysis l}

If you have a series of 1D Vs profiles, you may open all of them at once to conduct a 2D or 3D
analysis.

7.1.16.2 OPEN H/V FILE
File {F}

Sdvanced options

Open 10 analysis result files (rst or xml) for 2030 analysis
Open HA file b

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.1.16.3 OPEN DEPTH PROFILE
File {F}

Advanced options

Open 10 analysis result files (rst or xml) for 20730 analysis
Dpen HA file
Open depth profile Ib

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.1.16.4 OPEN UCLA DATABASE FILES
File (F)

Advanced options

Open 10 analysis result files (rst or xml) for 20030 analysis
Open HA file

Open depth profile

Dpen UCLA database files L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.1.16.5 SAVE DEPTH PROFILE

File (F}
Advanced options

Open 10 analysis result files (st or xml) for 2030 analysis
Open HA file

Open depth profile

Open UCLA database files

Save depth profile %
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This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.1.16.6 SAVE SELECTED DISPERSION CURVES IN CSV FORMAT FILE (.CSV)
File (F)

Advanced options

Dpen 10 analysis resalt files (rst or xml) for 20030 analysis
Open HA file

Open depth profile

Dpen UCLA database files

Zawve depth profile

Save selected dispersion curves in CEV format file {cs Ib

Enter distance of dispersion curves ko be saved in CSY file(comma ', delimited)

Cancel |

This function lets you save individual dispersion curves into separate CSV files for import into
Excel® or other third-party software.
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7.1.16.7 XML OPTIONS
File {F}

Advanced options

Open 10 analysis result files (rst or xml) for 20030 analysis
Qpen HA file

Open depth profile

Open UCLA database files

Save depth profile

Save selected dispersion curves in 5 format file {cs)

HML options I}

Continue.

7.1.16.7.1 SELECT SURVEY TYPE

File (F}
Advanced options

HML options

+ Zelect survey bype

w

%) GEOMETRICS

Simplify your search

Select survey type

This feature is highly specialized and rarely used. Please contact support@seisimager.com for

assistance.

338
Hayashi/Underwood/Lippus
PN 770-00118-01

SeisImager/SW Manual v. 4.0
July 2024



The WaveEq Module Functions

7.1.16.8 NIED
File F)

Ldvanced options

Cpen 10 analysis result files (st or xml) for 2030 analysis
Dpen HA file

Open depth profile

Open UCLA database files

Zave depth profile

Zave selected dispersion curves in T3V farmat file (cad

HML options

HIED h,

Continue.

7.1.16.8.1 OPEN FOLDER
File {F)

Advanced options

MIED

Dpen folder

L3

%) GEOMETRICS

Simplify your search

Open folder
Corvert sub-falders to XL

This feature is highly specialized and rarely used. Please contact support@seisimager.com for

assistance.
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7.1.16.8.2 CONVERT SUB-FOLDERS TO XML
File {F}

Advanced options

MIED

Open folder
Cornvert sub-folders to XhL L\?

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.1.17 Ex1iT
File (F)
Exit () h

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

Pickwin

l k Are you sure you want to exit?

0K | Cancel |

Press OK to exit WaveEQ or press Cancel to continue using WaveEQ.
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7.2 EpIT MENU

The Edit menu contains functions for making and reversing edits and copying graphical displays
to the clipboard.

Edit (E}
Undo
Delete
Copy to clipboard Ctrl +C
Sawve display image to a file Ctrl +1

Save all display images to files

7.2.1 UNDO |2

Edit (E)

Undo l}

The Undo function can be used to reverse the deletion or repositioning of a point on a dispersion

curve using the Select dispersion curve | L or Correct dispersion curve \il buttons,
respectively. Undo does not apply to all functions.

7.2.2 DELETE
Edit (E}

ndo

Delete I}

The Delete tunction or Delete key becomes active when a point on the dispersion curve has been

selected using the Select dispersion curve | ki button. To delete a point on a dispersion curve,
activate editing with the Select dispersion curve button, then use the mouse to select the point(s)
on the dispersion curve to be deleted. The selected points are highlighted in red. Select Delete or
press the Delete key to remove the selected points.
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7.2.3 CoprY TO CLIPBOARD [CTRL+C]
Edit (E)

nda
Delete

Copy to clipboard I} Ctrl+C

To copy the current display to the clipboard for pasting into Microsoft Word or other application,
select Copy to clipboard.

7.2.4 SAVE DISPLAY IMAGE TO A FILE [CTRL+I]
Edit (E)
Indao
[relete
Copy to cliphoard Ctrl+C

Save display irmage to a file % Ctrl+|

This feature saves whatever is on the screen to a PNG, JPG, BMP, or GIF file.

7.2.5 SAVE ALL DISPLAY IMAGES TO FILES
Edit (E}
Undo
Delete
Copy to clipboard Ctrl +C
Save display image to a file Ctrl +|
Save all display images to files I}

If you are working with a file list, this feature saves all shot gathers (or phase velocity images) in
the file list to a PNG, JPG, BMP, or GIF file.
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7.3 VIEW MENU

The View menu includes functions to configure scales, alter displays, and overlay or import
other types of data.

Wigwne ()
Axis configuration Crl+2,

Dispersion curees

Frequency / Period
30 Grid/Random >

Showe one dispersion curve
Show three dispersion curves
Showe all dispersion curves

Showe dispersion curves (option)
Show amplification

Showe P-weave welocity

Showe corverted M-wvalue

Open M-wvalue file

Showe M-walue

Open PS5 resultfile
Showe PS5 result

Showe A5 for IBC

Shiowe weater table depth

Show layer boundary

Showe apparent velocity rodel (WE)
Shiowe effective depth (WR min.)
Show effective depth (R max)
Show s and depth

Setup constant wavelength lines
Showy standard dewiation (HMN)
Show standard dewviation (HA peak)
Show uncertainty (velocity model)
Shiowe reference welocity model

Truncate bottarn layer

Advanced options >
Alrmighty >
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7.3.1 AXIS CONFIGURATION [CTRL+A]
i ()
Bis configuration l} Crl+2,

To configure the axis scales on a dispersion curve(s) or velocity curve(s) plot, select Axis
configuration. The Minimum values for the X-axis and Y-axis are fixed at zero. The Maximum
values set the outer limits. The Interval is the size of the sub-divisions.

Axis configuration

Lads [ 15 5 Hz
[ ez Cancel
axis
o 1000 200 fiises
7.3.2 DISPERSION CURVES
Wi Do)
Axis configuration Crl+2,
Dispersion curves I}

The Dispersion curves dialog box controls how dispersion curves are displayed. The Plot curve
options allow Single, Next (three) curves, or All curves to be displayed. These settings

. . ﬂ . . DisP
correspond to the Show one dispersion curve 11, Show next dispersion curve #1l, and Show all

DisP
dispersion curves LAlLl buttons, respectively.
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Dispersion curves

2D data 0K
Plot curves

{+ Single Caneel
(" Mext (three) curves
" All curves
" Option
# of curves or models to be shown 4

Shift 0

[ Show quality

The Single and the Show one dispersion curve buttons display one dispersion curve in red. Next
(three) curves and the Show next dispersion curve button display one curve in red with the down-
line adjacent curve in green and the up-line adjacent curve in blue for a total of three curves. The
All curves and the Show all dispersion curves buttons display all curves starting with red, blue,
and green, with the rest unique in color but undefined. They are undefined since with all curves
displayed, it is the overall trend that is meant to be discerned, not the individual curves.

You may also set a customized number of curves by checking the Option radio button and

entering a number. You may scroll through the curves using the 4p buttons.
Shift allows the curves to be bulk shifted by the value entered.

If Show quality is checked (the default), a dashed quality curve is displayed with each dispersion
curve. The quality curve is a relative indicator of the quality of the data points that define a
dispersion curve and corresponds with data point circle size as shown below. If all data points
are high quality (large circles), the curve is predominantly flat. However, due to variation in the
signal-to-noise ratio, the quality curve will have peaks and valleys correlating with the relatively
higher and lower quality data points (smaller circles), respectively.
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Phase-velocity (ft/s)

oo

13500

1500.0

1Z50.0

eilili]

TH.0

00,0
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oo

Fraguancy [(HzZ)

200 40.0

60.0

DiS'FI'l’:'I’BiD‘H CUrve o

3015, DAT

/) GEOMETRICS

Simplify your search

-7 1/Ql.mlit}-' curve

Figure 159: Phase velocity plot with quality curve.

For display of a Single, Next (three) curves, or All curves, the quality curve has the same colors
as the associated dispersion curves. Refer to Sections 7.5.8 and 7.5.10 starting on Page 444 for
more information on quality.

7.3.3

FREQUENCY/PERIOD M

i ()

Bis configuration

Dispersion curees

Frequency / Period

Ctrl +8

>

The function Frequency/period and the Frequency/period @ button allow toggling the view of
the dispersion curve between frequency (cycles per second) and period (seconds), the inverse of

frequency.
Fragquansy {(Hz]
o s 10 150 Ha man 150

1200 . h - . .
& I
PR i
7 z
&
o 0 I =
] Fog :5'
.-'|I B, -
] ?.& o
T ] T &
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Figure 160: Phase velocity vs. frequency (left) and phase velocity vs. period (right).
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It may be more intuitive to think in terms of seconds, which directly relates to the natural period
of buildings, etc.

7.3.4 3D GRID/RANDOM
i ()
30 Grid/Random > Geometry

Geametry with phase velocity
Geometry with S-wwave velocity
Geometrny with S¢530m {100
Gearmetry with RMSE

Geometry with HWSR peak frequency
Gearmetne with HYER peak amplitude
Geametry with HWSR peak clarity

Geometry with elevation
Geametrne with 1-5HIS gearorphologic classification
Gearmetry with 2¢530m based on J-5HIS geomo. class,

Geometry with G5l geomarphologic classification

Background »
Setup color

Showy site harme

Sawe geornetrny to a KML file

Advanced options ¥

Items in this menu are covered in this tutorial. If your question is not covered in the tutorial,
please contact us at support@seisimager.com.

7.3.4.1 GEOMETRY
Wi Do)

0 Grid/Randam

Geormethy I},

See tutorial. If your question is not covered in the tutorial, please contact us at
support@seisimager.com.
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7.3.4.2 GEOMETRY WITH PHASE VELOCITY
Wi Do)

0 Grid/Randam

Gearmetry
Geormethy with phase welocity L\\)

See tutorial. If your question is not covered in the tutorial, please contact us at
support @seisimager.com.

7.3.4.3 GEOMETRY WITH S-WAVE VELOCITY
Wiewy (W)

0 Grid/Randam

Geornetry
Gearmetry with phase welocity
Gearmetry with S-wawve welocity I},

See tutorial. If your question is not covered in the tutorial, please contact us at
support @seisimager.com.
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7.3.4.4 GEOMETRY WITH AVS30M (100 FT)

i ()

0 GridfRandam

Geormetry
Geornetry with phase velocity
Geornetry with S-weave velocity

Geormetry with 245300 (100ft) %

See tutorial. If your question is not covered in the tutorial, please contact us at
support @seisimager.com.

7.3.4.5 GEOMETRY WITH RMSE

i ()
0 GridfRandam

Gearnetry

Gearnetry with phase velocity

Geornetry with S-weave velocity

Gearnetry with 24530 (100ft)

Gearmetry with RIMSE [s

See tutorial. If your question is not covered in the tutorial, please contact us at
support @seisimager.com.
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7.3.4.6 GEOMETRY WITH HVSR PEAK FREQUENCY

i ()

0 GridfRandam

Geormetry

Geornetry with phase velocity

Geornetry with S-wave velocity

Geornetry with 2530 (100F)

Geornetry with RMSE

Geornetry with HWSR peak frequency Ib

See tutorial. If your question is not covered in the tutorial, please contact us at
support@seisimager.com.

7.3.4.7 GEOMETRY WITH HVSR PEAK AMPLITUDE

i ()

0 GridfRandam

Geornetry

Geormetry with phase welocity

Geornetry with S-wave velocity

Geornetry with 8530w (100

Geornetry with RhSE

Geormetry with HWSR peak frequency

Gearnetry with HWYER peak amplitude I}

See tutorial. If your question is not covered in the tutorial, please contact us at
support @seisimager.com.
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7.3.4.8 GEOMETRY WITH HVSR PEAK CLARITY

i ()

0 GridfRandam

Geormetry

Geornetry with phase velocity

Gearnetry with S-wave velocity

Geormetry with 2453 0m (1 00ft)

Gearnetry with RhSE

Geornetry with HWER peak frequency

Gearnetry with HWER peak amplitude

Geormetry with HWSR peak clarity L}

See tutorial. If your question is not covered in the tutorial, please contact us at
support@seisimager.com.

7.3.4.9 GEOMETRY WITH ELEVATION

i ()

0 GridfRandam

Geormetry

Geornetry with phase velocity
Geornetry with S-wave velocity
Geormetry with 2453 0m (1007
Geornetry with RhSE

Gearnetry with HWSR peak frequency
Geormetry with HWSR peak amplitude
Geormetry with HWSR peak clarity

Geornetry with elevation Ib

See tutorial. If your question is not covered in the tutorial, please contact us at
support @seisimager.com.
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%) GEOMETRICS

Simplify your search

7.3.4.10 GEOMETRY WITH J-SHIS GEOMORPHOLOGIC CLASSIFICATION

Wi Do)

0 Grid/Randam

Geormetry

Geornetry with phase velocity
Gearmetry with S-wawve velocity
Geormetry with 24530 (100
Gearnetry with RhSE

Gearnetry with HWSR peak frequency
Geormetry with HYSR peak amplitude
Geormetry with HWSR peak clarity

Gearnetry with elevation

Geormetry with 1-3HI5 gearmarpholagic classification L}

See tutorial. If your question is not covered in the tutorial, please contact us at
support@seisimager.com.
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%) GEOMETRICS

Simplify your search

7.3.4.11 GEOMETRY WITH AVS30M BASED ON J-SHIS GEOMORPHOLOGIC
CLASSIFICATION

i ()

0 GridfRandam

Geormnetry

Geormetry with phase velocity
Geornetry with S-wave velocity
Geornetry with SW530m (100
Geornetry with RhSE

Geormetry with HWSR peak frequency
Geornetry with HWSR peak amplitude
Geaornetry with HWSR peak clarity

Geormetry with elewvation
Geornetry with 1-3HIS geomorphologic classification
Geornetry with 8530m based on 1-3HI5 geomao, class, %

See tutorial. If your question is not covered in the tutorial, please contact us at
support @seisimager.com.
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7.3.4.12 GEOMETRY WITH GSI GEOMORPHIC CLASSIFICATION

Wiewy (W)

0 Grid/Randam

Geormnetry

Gearmetry with phase velocity
Geornetry with S-wave velocity
Geornetry with SW530m (100
Geormetry with RhSE

Geormetry with HWSR peak frequency
Geornetry with HWER peak amplitude
Gearnetry with HWSR peak clarity

Geormetry with elevation

Gearnetry with 1-3HIS geomorphologic classification
Gearnetry with A530m based on I-3HIS geama, class.
Geormetry with G5l geamorphologic classification I}

See tutorial. If your question is not covered in the tutorial, please contact us at
support@seisimager.com.

7.3.4.13 BACKGROUND

Background

Continue.

Hayashi/Underwood/Lippus
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I} ¥ Mone

Elewation (G500
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Gl geamorphologic classification

1-5HI5 geamorphologic classification
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7.3.4.13.1 NONE
i ()
30 Grid/Random

Background

Mone L\)

See tutorial. If your question is not covered in the tutorial, please contact us at
support@seisimager.com.

7.3.4.13.2 ELEVATION (GSI)
i ()
30 Grid/Random

Background

Mane

Elewvation (G3) L}

See tutorial. If your question is not covered in the tutorial, please contact us at
support@seisimager.com.
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7.3.4.13.3 GSI GEOMORPHOLOGIC CLASSIFICATION

Wiewy (W)

3D Grid/Random
Background

Mone
Elewation (G
53l gearnorpholagic classification L}

See tutorial. If your question is not covered in the tutorial, please contact us at
support@seisimager.com.

7.3.4.13.4 J-SHIS GEOMORPHOLOGIC CLASSIFICATION
i ()
30 Grid/Randarm

Background

Mone
Elewvation (G0
G5l geomorphologic classification

1-5HI% gearnarphologic classification I}s

See tutorial. If your question is not covered in the tutorial, please contact us at
support@seisimager.com.
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7.3.4.14 SET UP COLOR
i ()

0 GridfRandam

Geormnetry

Gearmetry with phase velocity
Geornetry with S-wave velocity
Geornetry with SW530m (100
Geornetry with RhSE

Geormetry with HYSR peak frequency
Geornetry with HWER peak amplitude
Geornetry with HWSR peak clarity

Geormetry with elewvation
Gearmetry with 1-5H15 geornorphologic classification
Geornetry with A530m based on I-3HIS geomao, class.

Gearnetry with GEl geomarphologic classification

Background *

Setup color I}

See tutorial. If your question is not covered in the tutorial, please contact us at
support@seisimager.com.
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7.3.4.15 SHOW SITE NAME

i ()

0 GridfRandam

Geornetry

Geornetry with phase velocity
Geornetre with S-wave velocity
Geornetry with 2453 0rm (100
Geornetry with RhSE

Geornetry with HWSR peak frequency
Geornetry with HWER peak amplitude
Geornetry with HWSR peak clarity

Geornetry with elevation
Geornetry with I-5HI5 geamaorphologic classification
Geornetry with 2453 0rm based on J-3HIS georno, class,

Geornetry with G35 geomorphologic classification
Background *
Setup colar

Shows site name Ié

See tutorial. If your question is not covered in the tutorial, please contact us at
support@seisimager.com.
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7.3.4.16 SAVE GEOMETRY TO A KML FILE
i ()

0 GridfRandam

Geormetry

Geornetry with phase velocity
Geornetry with S-wave velocity
Geormetry with 2453 0m (1007)
Geornetry with RhSE

Gearnetry with HYSR peak frequency
Geormetry with HWSR peak amplitude
Geormetry with HWSR peak clarity

Geornetry with elevation
Geornetry with 1-3H15 geornorphologic classification
Geormetry with 24530m based on J-5HIS geamo. class,

Gearnetry with GEl geomaorphologic classification

Background >
Setup color

Show site narme

Save geormetry to a KL file L\?

See tutorial. If your question is not covered in the tutorial, please contact us at
support@seisimager.com.
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Simplify your search

7.3.4.17 ADVANCED OPTIONS
i ()

0 GridfRandam

Advanced options I}. * Circle size

Circle outline

Continue.

7.3.4.17.1 CIRCLE SIZE
i ()

0 GridfRandam

Sdvanced options

Circle size I,}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.3.4.17.2 CIRCLE OUTLINE
i ()

3D Grid/Randarm
Advanced options

Circle size
Circle outline I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

360
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



The WaveEq Module Functions gﬂ GEOMETRICS

Simplify your search

DisF DisF DisF
7.3.5 SHOW ONE ﬂ, NEXT M, AND ALL M DISPERSION CURVES
i ()
Sueis configuration Ctrl +4,

Dispersion curees

Frequency / Period
30 Grid/Randaom »

Showe one dispersion curse
Show three dispersion curves

Showe all dispersion curves %

Show one dispersion curve, Show Next (three) dispersion curves, and Show all dispersion curves
are the menu items associated with the button bar functions described in Section 7.3.2, Page 344.
Choosing these menu items overrides the settings in the menu described in Section 7.3.2.

7.3.6 SHOW DISPERSION CURVES (OPTION)
Wi Do)

Sxis configuration Chrl +2,

Dispersion cupves

Frequency / Period
3D Grid/Random »

Show one dispersion cupe
Showe three dispersion curees
Shiowe all dispersion curves

Show dispersion curves {option) I}

If you set a custom number of dispersion curves to be displayed (see Section 7.3.2, Page 344),
choose Show Dispersion Curves (Option) to display the custom number of curves.
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7.3.7 SHOW AMPLIFICATION &y
Wiewy (W)

Suis configuration Crl +£,

Dispersion cupes

Frequency / Period
30 Grid/Random H

Showe one dispersion curve
Showe three dispersion curees
Show all dispersion curves

Show dispersion curves (option)

Showe armplification b

When displaying the H/V curve, you may show the ground amplification curve by choosing

View | Show Amplification or by pressing the e button:

Frequency (Hz)
01 1 10 100
100
10 = /f—___kv\_/\-/\.{\/\
[
Z
T
1 | .\\ﬁ\ n, PP NP )
e e
01 —
H spectrum : 185 Murphy Park with velocity model.rst
HN peak frequency = 0.273 Hz
HN peak amplitude = 4.342
HN peak clarity = 3.944
Figure 161: H/V curve (purple) with ground amplification plot (dark green).
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7.3.8 SHOW P-WAVE VELOCITY
i ()

Bis configuration Crl +24,

Dispersion curees

Frequency / Period
30 Grid/Randaom »

Showe one dispersion curee
Show three dispersion curves
Showe all dispersion curves

Showe dispersion curees (option)
Show amplification
Shiowe P-weave welocity %

This toggle switch enables the display of the p-wave velocity profile. A green curve is displayed
for V, and the horizontal axis will include a second scale corresponding to the V,, values.

7.3.9 SHOW CONVERTED N-VALUE
i ()

BAis configuration Crl+2,

Dispersion cupves

Frequency / Period
30 Grid/Random ]

Show one dispersion curee
Showe three dispersion cupses
Showe all dispersion curees

Show dispersion curves (option)
Showe armplification

Showe P-weawe welocity

Show carverted M-walue b

To display the converted N-value, click on Show converted N-value. A red curve is displayed for
the N-values and the horizontal axis will include a third scale corresponding to the N-values.
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0 20 40 ]l a0 1aa 120 140 160 H{blow count})
n.a 1000.0 20000 3000.0 4000.0 50000 40000 7000.0  8000.0 P-Velocity (m/s)
n.a 200.0 40000 600.0 800.0 1oao.0 1200.0 14000 1600.0 S-Uelocity (m/fs)

00— ,

50 preckies T Sttt TS R St
£ o [EEEE ] : i oo fosoceees feseneees
il H
o, ;

Jun] .

s |
15.0  FEerEmsemmURRREN. et L eenemeee
20.0

g-velocity model

Figure 162: Vs curve with p-wave velocity (green) and blow count overlain.

The V, values and N-values are calculated using the equations defined in the Velocity model
menu, under Advanced options | V, and Vs relationship and Advanced options | N and Vs
relationship. Refer to Section 7.6.13.2 on Page 465 for more information.
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%) GEOMETRICS

Simplify your search

7.3.10 OPEN N-VALUE FILE

i ()

Acxis configuration Ctrl+2,

Dispersion cupves

Frequency / Period
30 Grid/Randam H

Show one dispersion curse
Showe three dispersion curees
Showe all dispersion curves

Show dispersion curves {option)
Showe armplification

Shiowy P-weanwe welocity

Show carverted M-value

Dpen M-value file %

Measured N-values can be used to define the initial Vs model used for inversion. The values are
formatted in a space- or tab-delimited text file with a depth and corresponding N-value in each
row. The file can have the extension .n or .txt.
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.. *Example_1D_Result - ...

File Edit Format ‘fiew Help
0. 20 4.
0.40 4.
0. 60 2.
0. 80 15.5
1.00 25,
1.20 25,
1.40 20,
1.a0 20,8
1.80 19.3
2.00 15.3
2.20 24,3
2.40 17.8
2.60 24,3
2. 80 31.3
3.00 B.8
3.20 15.3
3.40 42.3
3.60 32.8
3.80 51.
4,00 35.2
4.20 32.9
4.40 23,5
4.4a0 21.1
4,80 22.2
5.00 23.5
5.20 24,7
5.40 19,2
5,60 21,
5.80 26.8
6. 00 15.46
L 103 Windows (CRLF) UTF-8 -

/) GEOMETRICS

simplify your search

Once the file is prepared, select Open N-value file, highlight the file, and press Open. If it has the
extension .zxt, you will need to choose All files under Files of type, so it is shown in the list.
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/) GEOMETRICS

Simplify your search

u « S Data » Sonorma County v Search Sonorma County 0

Organize « MNew folder HE M @
@ This pc " |j Exarmple_MNvalues.n

) 3D Objects

[ Desktop

@ Docurents

* Downloads

J’& husic

W
File name: | Example_Myalues.n v| I-walue filel®. ) w

The N-values are stored in memory until the initial Vs model is created, at which time the initial
model will be displayed with the N-values. When an N-value file has been opened, by default the
initial model will be based on the N-values. Refer to Section 7.7.1, Page 479, for more

information.

Depth {m)

Hayashi/Underwood/Lippus
PN 770-00118-01

0.0

1

20.0

20

40

i)

&0

100

120 H{blow count})

00 2000 4000 E00.0 3000 10000 1200.0 S-Velocity {(m/s)

v

.
.

s

S-velocity model

Figure 163: Initial Vsmodel with N-values.
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7.3.11 SHOW N-VALUE
i ()

Bis configuration Ctrl+2,

Dispersion curses

Frequency / Period
30 Grid/Randaom H

Show one dispersion curee
Show three dispersion curves
Showe all dispersion curves

Showe dispersion curees (option)
Show amplification

Shiow P-wvawe welocity

Show comverted M-walue

Open M-value file
Showr M-wvalue %

To toggle between viewing the Vs curve with and without N-values, select Show N-value.
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7.3.12 OPEN PS RESULT FILE
i ()

Ais configuration Ctrl+2,

Dispersion curses

Frequency / Period
30 Grid/Randam H

Show one dispersion cupee
Showy three dispersion curves
Showe all dispersion curves

Showe dispersion curees (option)
Show amplification

Shiow P-wvawe welocity

Show converted M-wvalue

Open M-value file

Showy M-wvalue

Open PE result file I}

Once a velocity model exists, measured Vp and Vs values can be input for comparison or to
refine the model. The values need to be formatted in a space- or tab-delimited text file with a
depth and corresponding V, and Vs values in each row. The file can have any extension.

Bl bample ..  — O
p

File Edit Format  iew Help
2.6 248.8 180,49

16.8 768.8 306.8

19.8 578.8 248.8

21.68 578.8 366.8

21.8 578.8 256.8

89,5 1568.8 618.8

Windows (CRLF) LTF-2

Table 13: PS result file.

Once the file is prepared, select Open PS result file, highlight the file, and press Open.
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u « S Data » Sonorma County v | Search Sonorma County g

Organize « MNew folder HE M @

Seislrnager S & |=| Exarmple_MWalues.n Looking north 2 |=] Manualdrray_L15_R1
Sonorma County |=| Exarnple_PSResult Looking south 1 |=| rmodel_in_reflectivity

File_list | Loaking south 2 Passive_Model.rst
& OneDrive - Persor El T 3 L - )
L File_list |=] mam_geometry |Z| PhaseVelocityTransformation 3H
3 This pc Gas Receipt |Z] mam_spacing |=] readme
) 3D Objects Looking north 1 |=] Manual&rray_ 13 |E] RMSE
[ Desktop v £ »
File narne: | Example_PSResult v| asclfilety v

7.3.13 SHOW PS RESULT
Wi Do)

Suis configuration Ctrl +4,

Dispersion curves

Frequency / Period
3D Grid/Random »

Showe one dispersion curve
Showe three dispersion curees
Show all dispersion curves

Show dispersion curves (option)
Showe armplification

Showy P-wave welocity

Show carverted M-wvalue

Dpen M-value file

Showe M-wvalue

Open PS5 result file
Showe P5 result L\\)

To toggle between viewing the model with and without the measured V, and Vs data, select
Show PS result.
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7.3.14 SHOW AVS FOR IBC

i ()

Ais configuration

Dispersion curses

Frequency / Period
30 Grid/Randam

Show one dispersion cupee
Showy three dispersion curves
Showe all dispersion curves

Showe dispersion curees (option)
Show amplification

Shiow P-wvawe welocity

Show comverted M-walue

Open M-value file

Showy M-wvalue

Open PS5 result file
Showe P5 result

Showy 245 for [BC

Crl+8,

>

%) GEOMETRICS

Simplify your search

To calculate the average Vs as defined by the 2000 and 2003 International Building Code (IBC)
in Section 1615.1.5, Equations 16-22 and 16-44, respectively, select Show AVS for IBC. The
calculated average Vs is shown at the bottom of the velocity model in the applicable units.
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s-velocity (ft/=)

0.0 500.0 1000.0 1500.0 2000.0
n.o J

20.0

(£t}

a0.0

Depth

100.0 feeeemnnones e

120.0
S-velocity model

Average Vs 100ft = 930.1 ft/s

Figure 164: Vsmodel with AVS shown at bottom.

The result is saved to a text file with the name AVS.txt in the dataset directory. The first row
reports the applicable units and maximum depth used for the calculation. Following are six
columns of data, one row for each layer. The columns from left to right are: layer number (No.),
shear-wave velocity (Vs), slowness (sl) (the inverse of velocity), layer thickness (d), layer
thickness divided by Vs (Tot. Vs), and total thickness (Tot. d). The last row reports the IBC
Vs100/UBC Vs30 value. In this example, the second layer (No. 1) is 3.132-feet thick (d) with a
layer thickness-to-Vs ratio of 13.024 seconds (Tot. Vs), and the total depth at the base of this
layer is 7.692 feet (Tot. d).
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B AvS.iut - Motepad

File Edit Format  Wiew Help

bflE B.673011 1.435859 8,003571 -
1715 @.665467 1.5602763 @ 887692
2715 B.665672 1.582241 6.812363
3715 B.657886 1.453729 @.817582
4715 8,868911 1.248578 ©,023352
5/15 1.837152 6.964179 &,829678
6715 1.189135 6.991563 &.836533
7715 1.466292 6,631592 &,.843956
8715 1.527965 @.654491 8.851923
9715 1.568261 6.637649 6, 060448

1@/15 1.588487 @.629562 8. 66p9565
1115 1.594@892 9.627316 8.879121
12715 1.592697 ©.027800 B.889286
13715 1.588899 ©.629367 9.121429
14,15 1.594@892 &.627316 99.121429
Unit=f Depth=100.0e0881 # of lawvers=14
Mo. bz =1 d Tot. ¥Ws Tot. d
5] @.673 1.486 3571 5.3687 3.571
h=3.571429 vw=073.811475%

©.665 1.5e3  4.121  11.499 7.692
126879 w=665.467346

B.666  1.582 4.7 18.515 12.363
.676331 vw=665.671997

@.688 1.454 5.22080 26.183 17.582
.219782 vw=687.336169

@.881  1.24% 5.789  33.3@7 23,352
L769230 w=800.911438

1.837 &.964 5.319 39.399 29.570
.318681 w=1837.152166

1.18% ©.992 6.368 45.591 36.538
LB6E132 vw=1169_184937

1.466 ©&.682 7.418 5@.658 43,956
LA17582 vw=1466 291992

1.528 @.e54  7.967 55.864 51.923
L967832 vw=1527 985629

1.568 ©.638 8.516 £1.29% 66.446
516483 vw=1568. 260986

1.588 #©.63@ 9.866 67.862 69.565
h=5.@65937 vw=1588.486982

I 1 1|
un - £

1]
(¥}

= R v B i o's I S s o 3 e UV e Y =" N e S N s S
Il Il Il 1l 1l
] ] hat | o a3}

o]

11 1.594 @&.827 9.615 73,834 79,121
h=9.615354 +»=1504. 892041

12 1.593 ©&.628 18.1e5 79.41e 89.286

h=18. 164527 +=1592.697621

13 1.58% ©&.829 18.714 86.159 1090, 000
AvSlaE = 1166.6 f/s ”
Ln1, Col 1 1004 Windows (CRLF) LITF-8

Table 14: AVS.txt.
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Simplify your searc h

The average N as defined by the 2000 and 2003 International Building Code (IBC) in Section
1615.1.5, Equations 16-23 and 16-45, respectively, will also be calculated if you have opened an
N-value file.

1] 20 40 a1} a0 100 120 M({(blow count)
0.0 2000 4000 6000 &00.0 1000.0 1200.0 S-Velocity (m/s)
0o
10.0
E
=]
=
o
z 200
30.0

g-velocity model :
Average Vs 30m = 601.5 m/s
Average N 30m = 15.1

Figure 165: Vs model with N-values.

The result is saved to a text file with the name AN.txt in the dataset directory. There are five
columns of data, one row for each layer. The columns from left to right are: layer number (No.),
the N-value (N), layer thickness (d), total thickness (Tot. d), and layer thickness divided by the
N-value (Tot. d/n). The last row reports the IBC N100/UBC N30 value. In this example, the
second layer (No. 1) is 0.2 meters thick (d) with a layer thickness-to-N ratio of 0.1 (Tot. d/n), and
the total depth at the base of this layer is 0.4 meters (Tot. d).
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Bl *2AM - Notepad

/) GEOMETRICS

Simplify your search

File  Edit Format
M. I

0] 4,000
1 4,000
2 2.000
3 15,500
4 28,000
5 26,000
& 259,000
7 29,800
8 19,300
9 15.300
10 24,300
11 17.800
12 24,300
13 31.300
14 8. 800
15 15.300
16 42,300
17 32.800
18 51. 000
149 35.200
20 32.900
21 23.500
22 21.100
23 22.200
24 23.500
25 24,700
26 15, 200
27 21.000
28 26.800
25 15.600
AMN30 = 15.1

Wiew Help

d

0
0
4]
0
0
0
o
0
o
]
0
o
1]
0
1]
0
4]
0
0
4]
e]
4]
0
0
0
0
4]
0
0

200
200
200

. 200
. 200
. 200
. 200
. 200
. 200
. 200

200
200
200
200
200
200
200
200
200

. 200
. 200
. 200
. 200
. 200
. 200
. 200
. 200
. 200

200

TJor. d Tot. dfn

0.200
0.400
0.600
0.800
1.000
1.200
1.400
1.600
1.800
2.000
2.200
2.400
2.600
2.800
3.000
3.200
3.400
3.600
3.800
4.000
4.200
4.400
4.600
4. 800
5.000
5.200
5.400
5.600
5.800

0.050
0.100
0.200
0.213
0.220
0.228
0.235
0.241
0.252
0. 265
0.273
0.284
0.292
0.299
0.322
0.335
0.339
0.345
0.349
0.355
0.361
0.370
0.379
0.388
0.397
0.405
0.415
0.425
0.432

24.200 30.000 1.984

Ln 1, Cal1

10084

Yifindouws (CRLF)

UTF-8

Table 15: AN.txt.

If the average Vs and N are to be calculated, it is recommended that there be reliable information
to 30 m or 100 ft. Although the Vs model may extend to 30 m or 100 ft depth, the recorded
surface waves may not have actually sampled to that depth. Refer to Section 7.3.15 on how to

estimate the depth of penetration.

Hayashi/Underwood/Lippus

PN 770-00118-01

375

SeisImager/SW Manual v. 4.0
July 2024



The WaveEq Module Functions

7.3.15 SHOW WATER TABLE DEPTH

i ()

Ais configuration

Dispersion curses

Frequency / Period
3D Grid/Randaom

Show one dispersion cupee
Showy three dispersion curves
Showe all dispersion curves

Showe dispersion curees (option)
Show amplification

Shiow P-wvawe welocity

Showy converted M-wvalue

Open M-wvalue file

Showy M-wvalue

Open PS5 result file
Show PS result

Showy A5 for BC

Showy weater table depth

Crl+8,

L3

%) GEOMETRICS

Simplify your search

To show the depth of the water table on a velocity model, select Show water table depth. A blue
line with the standard water table symbol will appear as shown below. If there is no water table
depth established, the line will plot at a depth of zero. The depth of the water table is set in a
separate menu explained in Section 7.6.8, Page 454.
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Simplify your search
S-wave velocity (ft/s)
100 200 300 400 500 600 700 800 900 1000
0 .
10 e —11.5
598 185
20 L —118.
508 l1xs0
30 605
35.0
40 581
44.5
50 558
54.8
60 614
65.9
70 665
779
2 692
90 90.7
100 715
1043
£ 110 775
£ 120 1187
Q.
[y 937
[a] 130 133.9
140
150
160 o013
170
180 182.1
190 937
200
S-wave velocity model : A 40ft.rst
Average Vs to 100ft = 599.0 ft/sec
Figure 166: Velocity model showing water table.
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Simplify your search

7.3.16 SHOW LAYER BOUNDARY M
Wi Do)

Suis confiquration Crl+4

Dispersion curses

Frequency / Period
3D Grid/Random >

Show one dispersion curve
Showe three dispersion curees
Show all dispersion curves

Show dispersion curves (option)
Showe armplification

Showy P-wave velocity

Showe careerted M-walue

Dpen M-value file

Show M-walue

Open PS5 result file
Show P35 result

Showe AWE for IBC

Showy weater table depth
Showy layer boundary L}

Selecting Show layer boundary or pressing the Correct velocity model Iﬁl button will outline the
layers in the profile with horizontal black lines. Using the mouse, the vertical edge of any of the
layers can be dragged to a new position to modify the Vs curve. In the dispersion curve view, the
dispersion curve calculated for the altered model can be viewed by pressing on the Comparison

E button. The Vs curve can be manually fitted to the observed data in this manner.
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simplify your search

S-wave velocity (mfs)

1000

250

L
L

\

\

X

S

S TSR

o e e R

e O e O e O e e e e R e R e M e e e e e o e e e e e e e e e e O e e e R R e e e e e e e e e

100

300

(w) yidsg

400

ith HVSH.rst

: all inverted result GAHM-12m w

S-wave velocity model

Figure 167: Vs model with layer boundaries highlighted for editing.

379

SeisImager/SW Manual v. 4.0

Hayashi/Underwood/Lippus

PN 770-00118-01

July 2024



The WaveEq Module Functions gﬂ GEOMETRICS

Simplify your search

7.3.17 SHOW APPARENT VELOCITY MODEL (VRr) E
Wi Do)
Suis configuration Crl +4,

Dispersion cupees

Frequency f Period
30 Grid/Random »

Showe one dispersion curve
Shiowe three dispersion curees
Show all dispersion curves

Show dispersion curves (option)
Showe arnplification

Showy P-wave velocity

Showy careerted M-walue

Dpen M-value file

Shiowr M-walue

Dpen PS5 result file
Shiowe P35 result

Showe &5 for IBC

Shiow wwater table depth
Shiowe layer boundary
Show apparent velocity model (WR) I}

Selecting Show apparent velocity model (Vg) or pressing the Apparent velocity model E button
will plot in red points the one-third-wavelength approximation. Using each set of dispersion
curve points (phase velocity, frequency), the wavelength is calculated (phase velocity divided by
frequency), and then multiplied by one-third from the empirically determined estimate of depth
of penetration. At that calculated depth, the associated phase velocity is plotted. This
approximation is the best indicator of actual depth range of penetration.
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Simplify your search

7.3.18 SHOW EFFECTIVE DEPTH (Vr MIN.)

Wiewy (W)

Suis configuration Ctrl +4,

Dispersion curses

Frequency f Period
3D Grid/Random »

Showe one dispersion curve
Showe three dispersion curees
Show all dispersion curves

Show dispersion curses (option)
Showe armplification

Showy P-wave welocity

Showy corverted M-wvalue

Dpen M-value file

Shiowr M-value

Dpen PS result file
Showe P35 result

Showe A5 for IBC

Shiow weater table depth

Show layer boundary

Show apparent welocity model /)

Showe effective depth OWR min.) %

Show effective depth (Vg min) shades the profile light grey from the surface down to the
shallowest red point. This setting is on by default to call attention to the limits of the data.
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7.3.19 SHOW EFFECTIVE DEPTH (Vr MAX.)

i ()

BAis configuration

Dispersion cupves

Frequency / Period
30 Grid/Random

Show one dispersion curee
Showy three dispersion curves
Showe all dispersion curves

Showe dispersion curves (option)
Show amplification

Showe P-weave welocity

Show corverted M-walue

Open M-wvalue file

Showy M-wvalue

Open PS5 result file
Showe P5 result

Showy 205 for 1BC

Show weater table depth
Showe layer boundary

Showe apparent velocity model (WR)

Showy effective depth R min.)
Showy effective depth (VR max.)

Ctrl +28

L

%) GEOMETRICS
h

Simplify your sear <

Show effective depth (Vg max) shades the profile light grey from the deepest red point downward.
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.- Simplify your search

7.3.20 SHOW Vs AND DEPTH
i ()

Axis configuration Ctrl+2,

Dispersion cupves

Frequency / Period
30 Grid/Randaom H

Show one dispersion cupee
Shouy three dispersion cupves
Showe all dispersion curves

Shiowe dispersion curees (option)
Show amplification

Shiow P-wvawe welocity

Show corverted M-wvalue

Open M-value file

Showy M-wvalue

Open PS5 result file
Show PS5 result

Show A5 for BC

Showw weater table depth

Showy [ayer boundary

Showe apparent velocity model (WR)

Shiowe effective depth (R min.)

Show effective depth (VR rmax.)

Show Vs and depth L}

Show Vs and depth overlays the layer information used to calculate the IBC Vs100/UBC Vs30
value.
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S-wave velocity (m/s)
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: allinverted result GAHM-12m with HWSR.rst

S-wave velocity model

Figure 168: Vs model of Figure 167 with layer information shown along right axis.
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Simplify your sear <

7.3.21 SET UP CONSTANT WAVELENGTH LINES
i ()

Bxis configuration Ctrl+2,

Dispersion cupves

Frequency £ Period
30 Grid/Random H

Show one dispersion cupee
Show three dispersion curves
Showe all dispersion curves

Showe dispersion curees (option)
Show amplification

Show P-weawe velocity

Showe conwverked M-wvalue

Open M-value file

Show M-wvalue

Open PS result file
Showe PS5 result

Showe A0S for IBC

Show weater table depth

Show [ayer boundary

Showe apparent velocity model (WR)

Showe effective depth (R min.)

Show effective depth (VR rmax.)

Show Vs and depth

Setup constant wavelength lines %

If you would like to show lines of constant wavelength on the dispersion curve plot, open the
View menu and select Setup constant wavelength lines. You will be presented with the following
dialog:
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Simplify your search

Wave-length(m) Show oK

=

1

e e el e e

Cancel

10

20

50

100

200

soo

1000

2000

[ I D (o [ I R B B

{alala]

Use the defaults or type in the desired wavelengths in meters, and check the appropriate boxes.

To set the color of a particular line, press the corresponding u button to display the color
pallette:
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............

Custom colors:

Frr

1
q
q

1 HEEEEN
1T HEEERT]
11 FHENENR
1l HEEEEF
11 "THEEER

q
q

Define Custom Colors =

Cox |

Cancel |

/) GEOMETRICS

Simplify your search

Once you are finished setting it up, the lines of constant wavelength will appear on the dispersion

curve plot:

1000
850
500
B850
800
750
o0
650
800
550
500
450
400
350
300
250
200
150
100
50

Phase velocity (m/s)

0.1

Frequency (Hz)

10

1000m

/ 500m

/| 200m

5m

Dispersion curve : all inverted result GAHM-12m with HVSR. rst

Figure 169: Dispersion curve showing lines of constant wavelength.
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.- Simplify your search

7.3.22 SHOW STANDARD DEVIATION (H/V)
i ()

Bis configuration Ctrl+2,

Dispersion curses

Frequency / Period
30 Grid/Randam »

Show one dispersion cupee
Show three dispersion curves
Showe all dispersion curves

Showe dispersion curees (option)
Show amplification

Shiow P-wvawe welocity

Show corverted M-wvalue

Open M-wvalue file

Showy M-wvalue

Open PS5 result file
Show PS5 result

Show 245 for 1BC

Showw weater table depth

Showy [ayer boundary

Showe apparent velocity model (WR)
Shiowe effective depth &R min.)
Show effective depth (VR rmax.)
Show Vs and depth

Setup constantwavelength lines

Show standard deviation (HA L\)

To display the standard deviation of the H/V curve, select View | Show Standard Deviation
(H/V):
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i

Frequency (Hz)

/) GEOMETRICS

Simplify your search

100

100
10 ._..i
s D

.

0.1

R . _'r.rw#.-""""

HA spectnam : 185 Murphy Park with velecity modelnst

HA peak frequency = 0.273 Hz
HAS peak ampltude = 4 343
HAY piak clarty = 3.5448

Figure 170: H/V plot with standard deviation lines included.

The standard deviation is represented by the grey dotted line above and below the H/V curve.
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7.3.23 SHOW STANDARD DEVIATION (H/V PEAK)

You may display the standard deviation of the H/V peak in a similar fashion:

Hayashi/Underwood/Lippus
PN 770-00118-01

i ()

Bis configuration Ctrl+2,

Dispersion curses

Frequency / Period
30 Grid/Randam »

Showe one dispersion curve
Show three dispersion curves
Showe all dispersion curves

Showe dispersion curees (option)
Show amplification

Shiowe P-wvane welocity

Showe coreerted M-wvalue

Open M-value file

Showy M-wvalue

Dpen PS5 result file
Show PS5 result

Showy A5 for IBC

Shiow weater table depth

Show layer boundary

Show apparent velocity model (WR)

Shiowe effective depth (R min.)

Show effective depth (VR rmax.)

Show Vs and depth

Setup constantwavelength lines

Showy standard deviation (HM)

Show standard dewviation (HA peak) L}
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Simplify your search
Freguency (Hz)
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100
— =
s
-
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T
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P V"“w‘\h
0.1

HN spectrum : 185 Murphy Park with velocity model.ret

H peak frequency = 0273 Hz
HN peak amplitude = 4.342
HM peak clarity = 3.544

Figure 171: Standard deviation of H/V peak.

Refer to the red arrows in the above figure. The peak of the H/V curve is represented by the thick
green line. The standard deviation is represented by the thin green lines on either side.
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.- Simplify your search

7.3.24 SHOW UNCERTAINTY (VELOCITY MODEL)
i ()

Leis configuration Ctrl +4,

Dispersion curves

Frequency / Period
3D Grid/Random »

Showe one dispersion curse
Showy three dispersion cupves
Show all dispersion curves

Showe dispersion curves (option)
Show amplification

Showe P-wwave welocity

Showe canverted M-value

Open M-wvalue file

Showe M-value

Open PS5 result file
Showe P5 result

Showe A5 for IBC

Show water table depth

Showy layer boundary

Showe apparent velocity model (WR)

Showe effective depth (R min.)

Showy effective depth R max)

Show Vs and depth

Setup constant wavelength lines

Show standard dewiation (HA

Showy standard deviation (HA peak)

Showe uncertainty fvelocity model) L\\)

If you have used a Genetic Algorithm to create your model, you may show the uncertainty in the
VS profile with this feature, as shown below.
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Simplify your search
S-wave velocity (m/s)
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0 10—
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329 53 5
25 380 '
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E
z 30 -
=3 399
a
35
36.4
40
412
45 i
S-wave velocity model (initial) : All UD.rst
Average Vs to 30m = 261.7 m/sec
Figure 172: Vs model showing uncertainty in velocities.
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7.3.25 SHOW REFERENCE VELOCITY MODEL

i ()

BAxis configuration

Dispersion cupves

Frequency / Period
30 Grid/Randaom

Show one dispersion curse
Showy three dispersion curves
Showe all dispersion curves

Showe dispersion curves (option)
Show amplification

Shioww P-weave welocity

Show corverted M-walue

Dpen M-wvalue file

Showe M-wvalue

Open PS5 result file
Showe P5 result

Showy K05 for 1BC

Showw weater table depth
Showe layer boundary

Showe apparent velocity model (WR)

Show effective depth R min.)

Showy effective depth (VR max)

Showe Vs and depth

Setup constant wavelength lines

Show standard dewiation (HA

Show standard dewviation (HA peak)
Shiowe uncertainty feelocity rmodel)

Showy reference welocity model

Ctrl +28

>

/) GEOMETRICS

.- Simplify your search

This feature is highly specialized and rarely used. Please contact support@seisimager.com for

assistance.
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.- Simplify your search

7.3.26 TRUNCATE BOTTOM LAYER
i ()

Bis configuration Crl +24,

Dispersion curees

Frequency / Period
30 Grid/Randaom »

Show one dispersion curve
Show three dispersion curves
Showe all dispersion curves

Showe dispersion curees (option)
Show amplification

Shiow P-weave wvelocity

Showy corverted M-wvalue

Open M-wvalue file

Showy M-walue

Open PS result file
Show PS5 result

Show 205 for 1BC

Show weater table depth

Showy layer boundary

Showe apparent velocity model (WR)
Shiowe effective depth (VR ming
Show effective depth (VR rmax)
Showe Vs and depth

Setup constant wavelength lines
Show standard dewiation (HA
Show standard dewviation (HA peak)
Shiowe uncertainty feelocity rmodel)
Shiowe reference welocity model

Truncate bottorm layer %

Oftentimes, the bottom layer of the velocity model is much thicker than necessary. Choosing the
option will reduce the thickness to a more reasonable value.
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Simplify your search

7.3.27 ADVANCED OPTIONS
e ()

Ldvanced options I} > Showe WRAD ()
Open boring XML
Showe soil column
Shift boring depth
Showe bedrock welocity
Show dispersion curve quality

Monochrome background

Many of the items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.

7.3.27.1 SHOW VR40 (M)
View (V)
Advanced options
Show YRAO (m) [s

VR40 approximates VS30 but is based on wavelength rather than depth in meters.

7.3.27.2 OPEN BORING XML
i ()

Advanced options

Showe WRAD (i)
Open baring *kL l}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

396
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



The WaveEq Module Functions gﬂ GEOMETRICS

Simplify your search

7.3.27.3 SHOW SOIL COLUMN
i ()

Scvanced options

Show WRAD ()
Open boring Xkl
Showy sail column L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.3.27.4 SHIFT BORING DEPTH
i ()

Scvanced options

Shawe WRAD ()
Dpen baring XL
Showy sail column

Shift baring depth [s

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.3.27.5 SHOW BEDROCK VELOCITY
i ()

Advanced options

Showe WRAD (i)

Open boring XML

Showe sail column

Shift boring depth

Showe bedrock welocity L\X}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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Simplify your search

7.3.27.6 SHOW DISPERSION CURVE QUALITY
i ()

Scvanced options

Showe WRAD ()

Open boring XkL

Show soil colurmn

Shift baring depth

Showe bedrock welocity

Show dispersion curse quality I}

This is the same as described in Section 7.3.2 on Page 344. See Figure 159: Phase velocity plot
with quality curve.

7.3.27.7 MONOCHROME BACKGROUND
Wiewy (W)

Sdvanced options

Showe WRAD (i)

Open baring XML

Show soil colurmn

Shift boring depth

Show bedrock velocity

Showe dispersion curse quality

Monochrorme background h

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.3.28 ALMIGHTY
i ()
Llrnighty % » Shiowe SPAC
Shiowe regression line
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The items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.

7.3.28.1 SHOW SPAC
Wiew ()
Almighty
Showy SPAC [y

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.3.28.2 SHOW REGRESSION LINE
i ()

Alrrighty

Showr SPAC
Showy regression line Ik

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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HA curees (H)

Srnoothing

Fesarmpling (every ather)

Delete data points outside of gate

Set min. and max, frequency to pick peak HA

Interpolation

Awerage sarme frequency data
FHYR to EHWR

Initial rodel (2 layer rmodel)
Initial model (from 30 model database)
Initial model from K-MET/Kik-net database)

Initial rmodel from downhole seismic)

Cormparizan
Cormparizon (for all data)

Calculate thearetical EHWR
Inwersion
Interpretation

Advanced options
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7.4.1 SMOOTHING

HMY curees (H)
Srnoothing Ib

The theoretical H/V curve is generally smooth. Observed data is, however, noisy and, as such, it
is often difficult to define a peak frequency of H/V. Smoothing can help to define a stable peak
frequency. WaveEq can apply a Parzen window to smooth the observed H/V curve. Select
Smoothing to apply the Parzen window. Set the window band for the Parzen window. A larger
window band yields a smoother H/V curve. The default value is suitable for most cases.

Freguency (Hz)

0.1 1 10 100

100

10

HA/

0.1
HA spectrum :

H peak frequency = 0.964 Hz
H peak amplitude = 11.812
HN peak clarity = 49.173

Figure 173: Raw H/V data.

Enter float number

Enter window band in Hz (default=0.061) 0K

0.3 Cancel

Below is an example of H/V curve using a Parzen window with a bandwidth of 0.5 Hz.
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Freguency (Hz}

0.1 1 10 100
100

0.1

HMV spectrum :

H/ peak frequency = 1.0688 Hz
HM peak amplitude = 7.913
HM peak clarity = 25.242

Figure 174: Smoothed H/V data.

7.4.2 RESAMPLING (EVERY OTHER)

H Y curees (H)

Smoothing
Resampling {every other) I}

Use this function when an inversion of H/V will be done. The frequency interval (Af) of H/V
data is defined by the length of the time domain waveform data used for calculation of the FFT.
The equation is:

Af=1,
where T is the length of the FFT calculation (in seconds) and is the same as the data length of
one file (discontinuously recorded data as a SEG2 file) or one block (continuously recorded
data).

The number of H/V data points is half of the number of data samples of one file or one block.

The number of observed data is generally more than several hundred and is too large to apply an
inversion. You must therefore resample the data before applying the inversion. Keep the number
of samples to less than 100 if an inversion will be applied.

To resample the H/V data, select Resampling (every other). You may do this several times.
Below is an example of resampled data after being resampled several times:
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Freguency (Hz)

0.1 1

100

| \WMMM

HMN spectrum :

H/V peak frequency = 1.080 Hz
HM peak amplitude = 7.908
HMN peak clarity = 28.112

Figure 175: Resampled H/V curve.

7.4.3 DELETE DATA POINTS OUTSIDE OF GATE

HMY curees (H)

Srnoothing
Resarmpling (every other)
Delete data points outside of gate I}

H/V data outside of the frequency of interest is meaningless and it is better to remove it. To
remove the unwanted H/V data, select Delete data points outside of gates or press Ctrl+X.

Follow the instructions in the upper left-hand corner of the window. The red gate is the active
gate.
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Frequency (Hz)
0.1 1 10 100
100
10
2 A ——— e P —
I | \/— M
0.1
HNV spectrum :

HM peak frequency = 1.080 Hz
HV peak amplitude = 7.908
H peak clarity = 29.112

Figure 176: Using gate to trim H/V curve.

Use the right and left arrow key to position the left-hand gate at the frequency below which you
wish to delete data. Then press the Enter key to activate the right-hand gate and position it the

same way using the arrow keys.

Frequency (Hz)

100

1 e

HM spectrum :

H/V peak frequency = 1.080 Hz
H peak amplitude = 7.908
H peak clarity = 29.112

Figure 177: Using gate to trim H/V curve.

Press the Enter key to delete the data.
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Frequency (Hz)

0.1 1 [ 10 100

100

Z
u 1 \m/n—
0.1
H spectrum :
HMV peak frequency = 1.080 Hz
HM peak amplitude = 7.908
HM peak clarity = 29.112
Figure 178: Trimmed H/V curve.
7.4.4 SET MIN. AND MAX. FREQUENCY TO PICK PEAK H/V [CTRL+H]

H Y curees (H)

Smoothing

Resampling {every other)

Delete data points outside of gate

Set rmin, and max, frequency to pick peak HAY I/\\? Ctrl+H

This defines the frequency range in which the H/V peak frequency will be picked. Set the gate as
described above for deleting data. The frequency range will be indicated by two orange vertical

lines:

Frequency (Hz)

10 100

100

HM

0.1
HNV spectrum :

H/V peak frequency = 1.080 Hz
HM peak amplitude = 7.508
H peak clarity = 28.112

Figure 179: Defining frequency range of H/V peak.
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7.4.5 INTERPOLATION

HMY curees (H)

Smoothing

Resampling (ewvery other)

Delete data points outside of gate

Set min. and max, frequency to pick peak HA Ctrl+H

Interpolation I}

Interpolation is just another way of reducing the number of data points making up the H/V curve.
Unlike resampling (described above), interpolation does not preserve the original frequency
content. Generally, this is not important, but some practitioners prefer to do so. Either way is
acceptable in most cases.

When you choose Interpolation, you will be asked for an integer. This is the number of data
points that will be left in the H/V curve after interpolating.

Frequency (Hz)

0.1 1 10 100

100

Z
= 1
0.1
H spectrum :
H/V peak freguency = 0.964 Hz
HN peak amplitude = 11.812
HM peak clarity = 49.173
Figure 180: Raw, un-interpolated H/V curve.
Enter integer number
100 Cancel
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Freguency (Hz)

100

2
T 1
0.1
HN spectrum :
H/ peak freguency = 0.998 Hz
H/V peak amplitude = 10.725
H peak clarity = 42.544
Figure 181: Interpolated H/V curve.
7.4.6 AVERAGE SAME FREQUENCY DATA

H Y curees (H)

Srmoothing

Resampling {every other)

Celete data points outside of gate

Set min. and max, frequency to pick peak HA Ctrl+H

Interpolation

Suerage sarme frequency data I}

When doing a site assessment, it is not uncommon to conduct multiple soundings. It is
sometimes desirable to take the average of all those soundings, particularly if they are relatively
close to each other. To do so, read in the first H/V curve. When prompted, select New data:

Append data

(* Mew data oK

" Append to present data Cancel
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Next, read in the rest of the curves that you would like to average together, but select Append to
present data for each one. The various H/V curves will be displayed together on the same plot:

Freguency (Hz)

100

HA

HA spectrum : HYSR B-line.rst

H/V peak frequency = 0.626 Hz
HM peak amplitude = 3.508
HM peak clarity = 3.243

Figure 182: Two H/V curves plotted together.

In the above plot, two H/V curves have been read in. To average them, select H/V curves |
Average same frequency data. The various curves will be averaged, and the average curve will

be displayed:

Frequency (Hz)

100

HM

HMN spectrum : HVSR B-line.rst

HM peak frequency = 0.610 Hz
HM peak amplitude = 3.225%
HM peak clarity = 2.761

Figure 183: Average of H/V curves shown in Figure 182.

408
SeisImager/SW Manual v. 4.0

Hayashi/Underwood/Lippus
July 2024

PN 770-00118-01



The WaveEq Module Functions @ GEOMETRICS

simplify your search

7.4.7 MHVR 1O EHVR
HMY curees (H)

Srmoothing

Resampling {ewery other)

Celete data points outside of gate

Set min, and mazx, frequency to pick peak HA Ctrl+H

Interpolation

LSurerage sarne frequency data

MHVR to EHVR [

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.4.8 INITIAL MODEL (2 LAYER MODEL)
HMY curees (H)

Srmoothing

Resampling {every other)

Celete data points outside of gate

Set min. and max, frequency to pick peak HAY Ctrl+H

Interpolation

Siserage sarne frequency data
rHYE ta EHYR
Initial model (2 layer model) L}
To make an initial velocity model for the H/V analysis, select H/V Curves | Initial model (2

Layer Model). The initial model is a two-layer velocity model. Set the S-wave velocity for the
first layer (Vs1).

Enter float number

1t layer velocity (m/'s) QK

200 Canesl

Depth to a second layer (D>) is calculated with a peak frequency of H/V (f) as follows:
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D,=Vs, =+ =4,

The S-wave velocity for the second layer (Vs2) is automatically set to triple that of Vs;. Press OK
and the initial S-wave velocity model is displayed.

S-wave velocity (mfs)

0 50 100 150 200 250 300 350 400 450 500 550 500 650 700
0
10
20
30 [— B S LS A R oeoe- ERN— ERN— S L R R R
L oo oo boooe- oo oo ooe- o o gomeees gomeees dooee dooee dooee
ot S O o SN SRR USRS USRSyt Sy FAUURyEU JRUuRyty SuRyuuaias U SO
E
=
= N A boocons boocood [N—— N - dcoco dcoco Jocooc LSRR Jorce /. RN
& ' H H ' H H ' ' ! ! i b '
]
70 e ERPEeS EPPEeS EPPERE PRPEPEE FRPERRE REPEES droee droee ERPEPES ERPEPES frones frones froenes
a0
80
100

S-wave velocity model (initial) :

Figure 184: Initial S-wave velocity model.

Note: If you only see a single layer, you may need to adjust the vertical axis. Click on View |
Axis configuration and increase the Y-axis maximum.

Note that an inversion using only H/V data is essentially non-unique and unstable. Do not rely on
the inversion of H/V data alone; we recommend incorporating other information, such as phase
velocity data, drilling logs, and geological information.
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7.4.9 INITIAL MODEL (FROM 3D MODEL DATABASE)
HMY curees (H)

Srnoothing

Resampling {ewvery other)

Delete data points outside of gate

Set min. and max, frequency to pick peak HA Ctrl+H

Interpolation

Suserage same frequency data
FAHWE to EHVR.

Initial rodel (2 layer model)

Initial model {from 30 model database) L\b

This creates an initial model based on the 3D community velocity models. It is only available in
Japan and in the San Francisco Bay and Los Angeles areas of the United States. Contact
support@seisimager.com for assistance.

7.4.10 INITIAL MODEL (FROM K-NET/KIK-NET DATABASE)

HMY curees (H)

Smoothing

Resampling {every other)

Delete data points outside of gate

Set min, and max, frequency to pick peak HMY Ctrl+H

Interpolation

Suserage sarne frequency data
FAHWR to EHVR

Initial rodel (2 layer model)
Initial model (fram 30 model database)

Initial model (from K-MET/KIE-net database) L}

This creates an initial model based on K-Net/KiK-net Database developed by Kyoto University.
Contact support@seisimager.com for assistance.
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HMY curees (H)

Srnoothing

Resampling {every other)

Delete data points outside of gate

Set min, and max, frequency to pick peak HM Ctrl+H

Interpolation

Awerage sarme frequency data
FAHYR. to EHWR

Initial rodel (2 layer model)
Initial model (from 30 model database)
Initial model from k-MET/Kik-net databazse)

Initial rmodel from downhole seismic) I}

/) GEOMETRICS

simplify your search

To make an initial velocity model for H/V analysis based on seismic logging, select H/V Curves |
Initial model (from downhole seismic). An XML file saved by SeisImager/DH (PSLog) can be

used as a velocity model. Highlight the file and press Open.

u « S Data » Sonorma County v Search Sonorma County 0
Organize « MNew folder HE M @
Seislimager SW¢ ™ QFile_list
Sonama County |=| Test_PSxcrml
& OneDrive - Persor
3 This pc
g 30 Objects
[ Desktop v
File narne: | Test_PSxrml v| Downhole seismic file(®xml)
The number of layers in the model will be displayed. Press OK to confirm.
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Wawekq

L Mumber of layer = 4

The velocity model will be displayed.

S-wave velocity (m/s)
0 100 200 300 400 500 00

0 Y I . H .
20 [-resseaseeess oo s s droremeeaeens feoenseaeens
T e o T
of s = = S S
B0 [ L e L ... e
£ wof . . i | B— R—
T = ; H i
B : : : : :
@ " L] 1 L] '
S 120 [ i R e BrirooEie e SrinE et - | eSS
140 .............. E ............... E .............. E ............... E ............... E ...............
160 ficmeecnscasces Lo oo s oo foeeaeonseess
ey e R
200 - L] — L] 1 L] ]
S-wave velocity model (initial) : soka-139.rst
Figure 185: Initial velocity model from downhole survey.
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7.4.12 COMPARISON

HMY curees (H)

Smoothing

Resampling {every other)

Delete data points outside of gate

Set min, and max, frequency to pick peak HMY Ctrl+H

Interpolation

Suserage sarne frequency data
FAHWR to EHVR

Initial rodel (2 layer model)
Initial model (from 30 model database)
Initial model (from K-MNET/KIK-net database)

Initial model from downhole seismic)

Carnpatizan L}

To calculate and overlay a theoretical H/V curve over an observed H/V curve, select H/V Curves

| Comparison or press the Calculate theoretical dispersion curves E button. The calculated
curve is shown as a black line. To remove the calculated H/V curve from the display, press the
Calculate theoretical dispersion curves button again.
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RMSE = 0.220495 R

0.1 1 10 100
100 p—-----p==cmpeqm =gy ey p g e

10

HA/

01
HN anertriim - enka- '1'2Q HPV_LSM.rst
HMNV peak frequency = 1.099 H

Figure 186: Theoretical (black) vs observed H/V curve.

7.4.13 COMPARISON (FOR ALL DATA)

H Y curees (H)

Srmoothing

Resampling {every other)

Celete data points outside of gate

Set min. and max, frequency to pick peak HAY Ctrl+H

Interpolation

Siserage sarne frequency data
FAHWR to EHVE

Initial model (2 layer model)
Initial model from 30 model database)
Initial model from K-MET/KIK-net database)

Initial rmodel from downhole seismic)

Cormparizan

Cormparizan (for all data) I}
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This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.4.14 CALCULATE THEORETICAL EHVR

HMY curees (H)

Smoothing

Resampling (ewvery other)

Delete data points outside of gate

Set min, and max, frequency to pick peak HMY Ctrl+H

Interpolation

Sierage samme frequency data
FAHWR to EHVR

Initial rnodel (2 [ayer model)
Initial model (from 30 model database)
Initial rmodel from K-MET/KiK-net database)

Initial rmodel from downhole seismic)

Cornparisan
Comparizon (for all data)

Calculate theaoretical EHWR L\\)

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.4.15 INVERSION

HM curees (H)

Imweersian % * Feak adjustment
LERA (5 anly)
Irersian with EHWE
G4 WS anly)
G4 (thickness only)
G2 0S and thickness)

H/V Curves | Inversion includes functions for the inversion of H/V data. There are several
different inversion methods to choose from. Use an appropriate method depending on observed
data, site conditions, and investigation purposes. Remember, the inversion of H/V data is
unstable compared to the inversion of dispersion curve data. We suggest using a small number of
iterations and checking the validity of the results carefully.

All inversion functions may be carried out with data from the fundamental mode only or the
fundamental and higher mode H/V curves. Inversions use only the fundamental mode when the

ﬂ button is selected and use both fundamental and higher modes when the m button is
selected.

Joint inversions of a dispersion curve and an H/V spectrum may be performed if the user has
phase velocity and H/V measurements. Use functions in MASW (1D) | Advanced inversion to
perform the joint inversion functions.

An example of observed and theoretical H/V data (left) and initial velocity model (right) will be
used in the following discussion. The initial model (Model A) is a six-layer model. The
theoretical H/V data is calculated for the initial model.

S weloCity (Ts)
(1] 060 D0 M0 &b 500 B TR0 603 B0 1003 §100 1200

RMSE = 0.273807 Fregquency [Hx o

a1 1 i 0

i — I - ]

1:¢1 I freenmmmaens hiodelﬁ
T 40 (6 layers)

F

il
i

Daptt

HA specirum : soka-139_inilial_model rsl

HA peak feguancy = 1251 M

T S vy MO IR | B TR _Inmal_moel il

Figure 187: Observed and calculated H/V curve (left) and initial velocity model.
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7.4.15.1

PEAK ADJUSTMENT

HMY curees (H)

Inwersion

Peak adjustment

%) GEOMETRICS

Simplify your search

3

You may fine-tune the Vs model by adjusting it so that the calculated H/V peak is equal to the

vs
observed peak. To do so, read in the H/V curve. Press 1 to display the velocity model:

Depth (m)

0

20

30

40

0

100 200 300 400 500

600 700 200 900 1000

192

S-wave velocity model : HVSR-C (1).rst

Figure 188: Vs model.

HV
Note that in this case the layer boundary before adjustment is at 15.6 meters. Now, press 1 to
display the measured H/V curve:
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Frequency (Hz)

100

HM

W‘\“W

HMA gpectrum : HWSR-C (1).rst

HM peak frequency = 5.17% Hz
HM peak amplitude = 8.855
HN peak clarity = 18.469

Figure 189: H/V curve for velocity model shown in Figure 188.

Next, press X to display the theoretical H/V curve:

Freguency (Hz)

100

/
8

0.1
HA spectrum : HWVSR-C (1).rst U

HIV peak frequency = 5.179 Hz (obs.) 3.583 Hz (cal.)
HM peak ampltude = 8.855
HM peak clarity = 18.46%

Figure 190: Measured and calculated H/V peaks.

Note the frequency offset between the calculated and measured peaks. Now, select H/V Curves |
Inversion | Peak adjustment. You will be presented with the following dialog:
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Enter float number

Enter maximum depth to be modified (m) 0K

Cancsl

30

While this number may range from ~20-40 meters, the default value of 30 meters will be
sufficient for 90% of cases. Contact support@seisimager.com if you need assistance with this

parameter.

Press OK and the Vs model will be modified such that the calculated H/V peak matches the
measured H/V peak:

Frequency (Hz)

10 100

100

HA

————

0.1
HA spectrum : HWVSR-C (1).rst U

HM peak frequency = 5.179 Hz (obs.) 5.179 Hz (cal )
HM peak amplitude = 8.855
HMN peak clarity = 18.469

Figure 191: Adjusted H/V curves.

The adjusted Vs model is displayed below. Compare to the original above.
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20

30

Depth {m)

40

7.4.15.2

S-wave velocity (m/s)

%) GEOMETRICS
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0 100 200 300 400 00 800 700 800 s00 1000
********************************************************************************* R R R g I
___________________________________________________________________________________________________________________________________________ e
R e e e a1~~~ """ proceneeeeees prrnneeeees prasneeees &
S-wave velocity model : HVSR-C (1).rst

Figure 192: Adjusted velocity model.

H Y curees (H)

Inversion

Peak adjustrment

LEM (WS anly

L

An S-wave velocity model is estimated by non-linear least square methods, and layer thickness is
held constant under this inversion process. Observed data in the inversion is H/V data, and
unknown parameters in the inversion are S-wave velocity of each layer.

Set the number of iterations for the inversion. The default value of 5 for Iteration is suitable for

most cases.
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Least Square Method

Iteration = 3 Ok

Cancel

& deranced roenn

An example of an inverted result is shown below. Error between observed and thoretical H/V is
smaller than for the initial model (Model A, Page 417).

S-wave velocity (m/s)
RMSE = 0.239051 Frequency (H2) o 0100 200 300 400 500 600 700 800 900 1000 1100 1200

0.1

10

2 :
* g
0.1 !
HN spectrum : soka-139_initial_model.rst : : : : : : : : :
HN peak frequency = 1.251 Hz b S-wave velocity model (inverted) : soka-139_initial_model.rst
Figure 193: Measured and calculated H/V peak (left) and Vs model (right).
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7.4.15.3 INVERSION WITH EHVR

HMY curees (H)

Inversion

Peak adjustment
LEM W5 anly
lreersion with EHWE. L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.4.15.4 GA (VS ONLY)

H Y curees (H)
Inversion

Peak adjustrment
L5k QS anlyd
Inwersion with EHWR

GA {3 only) %

In this case, the S-wave velocity model is estimated by a Genetic Algorithm (See Sections
5.2.1.4 through 5.2.1.6 starting on Page 201 for a deeper discuss of GA.) Observed data in the
inversion are absolute H/V values and peak frequency of H/V spectrum. Unknown parameters in
the inversion are the S-wave velocity of each layer.

Set the parameters for the Genetic Algorithm. The default values (Iteration=50, Population=50,
Binary digits=5, Crossover probability=0.5, Mutation probability=0.5) are suitable for most
cases. Press the OK button to proceed.
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Bivary digits ~ [5
Crossoner 05
probability '
Iutation 0s
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Set the parameters for constraints depending on the site conditions. (Contact
support@seisimager.com for assistance.) Press the OK button to proceed.
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Velocity model inversion with GA

Constraint O

" Mo constraint —
ance

(¥ Setup allowed velocity reversal (defanlt)
Allowed welocity reversal (defanlt="20%) 20 A

Current welocity resersal = | 0 Yo
(" Increasing with depth

(" Decreasing with depth

Search area

[v Use constant search area

Search area for velocity (defanlt="20%0) 20 ¥

Ilin and raay. velocity
v Diefine min. and max. velocity

Ilin. welocity 300 mfsec
Ilaz. welocity 1950 mfsec
Search method
(+
("
{

[ Fixhattom layer velocity

Set the weight for observed data. The default value of 0.01 for Peak frequency is suitable for
most cases. Press OK to start the inversion.
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Setup weight for joint inversion

Cancel

HW |1

Feak frequency (default=0017 | 0.01

An example of the inverted the result is shown below. The error between observed and thoretical
H/V is smaller than the initial model (Model A, Page 417).

_ S-wave velocity (m/s)
RMSE = 0.181479 Frequency (Hz) 0 100 200 300 400 500 600 700 800 900 1000 1100 1200

0

10 [omzrgesssgmocpeeepepacppesseseespesenengenpepepes 3 -

HNV
\
&
4
]
Depth (m)
3

o H spectrum : soka-139_GA_50_50_30%.rst 100 e - N W
S-wave velocity model : soka-139_GA_50_50_30%.rst
HN peak frequency = 1.251 Hz
Figure 190: Measured and calculated H/V peak (left) and Vs model (right).
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7.4.15.5 GA (THICKNESS ONLY)
HMY curees (H)

Inversion

Peak adjustrment

LERA (45 anly)

Irersian with EHWR

G4 (WS anly)

G4 (thickness only) %

Here, the S-wave velocity model is estimated by a Genetic Algorithm. Algorithm (See Sections
5.2.1.4 through 5.2.1.6 starting on Page 201 for a deeper discuss of GA.) Observed data in the
inversion are absolute H/V values and peak frequency of the H/V spectrum. Unknown
parameters in the inversion are thickness of each layer. Thickness of layer is difficult to estimate
compared with S-wave velocity. Keep the number of layers as small as possible. A two-layer
model is used as the initial model (Model B).

Sowdrve veloc ity (m/s)
DD G600 T3 BDD GO0 100D 1100 D

RMSE = 0.273807 Frauicy 0E1 9 g | 1
Ty ! pre® IR Model-B
w [ (2 layers)

HA spechum : soka-138_initial_model rs1 W

HA peak feguency = 1259 ke

iz Ewme .-e!:h:‘:- model © soka-139_infal_model Bayers ) rst
Figure 194: Measured and calculated H/V peak (left) and Vs model (right).

Set the parameters for constraints depending on the site conditions. Press the OK button to
proceed. (Contact support@seisimager.com for assistance).
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Current welocity resersal = I 0 Yo
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(8]

—Search area

[T Use constant search area

Search area for thickness (defanlt=20%) o

—Search rethod

" Layervelocity
% Layer thickness
 Layervelocity and thickness

Cancel

An example of the inverted result is shown below. Error between observed and thoretical H/V is
smaller than the initial model (Model B).
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Index=0 Total error=0.225861 Index=0 Total error=0.225861
RMSE = 0.225251 Frequency (H2) S-wave velocity (m/s)

01 1 2 0 0 100 200 300 400 500 600 700 800 900 1000 1100 1200

10

HNV

Depth (m)

HN spectrum : soka-139_GA(2layer_only_thickness)_50_50_:
HN peak frequency = 1.251 Hz

S-wave velocity model : soka-139_GA(2layer_only_thickness)_50_50_30%.rst

Figure 195: Measured and calculated H/V peak (left) and Vs model (right).

7.4.15.6 GA (VS AND THICKNESS)
HMY curees (H)

Inversion

Peak adjustment

L3R 005 anly

Irwersion with EHWR

G4 WS anlyd

G4 thickness anly)

GA (WS and thickness) lk

The S-wave velocity model is estimated by a Genetic Algorithm. Algorithm (See Sections
5.2.1.4 through 5.2.1.6 starting on Page 201 for a deeper discuss of GA.) Observed data in the
inversion are absolute H/V values and peak frequency of the H/V spectrum. Unknown
parameters in the inversion are thickness and S-wave velocity of each layer. Estimating thickness
and S-wave velocities simultaneously is difficult compared with the inversion estimating S-wave
velocity only. Keep the number of layers as small as possible. The two-layer model (Model B)
mentioned in the previous section is used as an initial model.
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" Mo constraint

{* Setup allowed velocity reverse (default)

& Jlowed velocity reverse (default=20%:) 20 W

Current welocity reserse = | 25 ¥
(" Increasing with depth
(" Decreasing with depth

Search area

[v Use constant search area

Search area for velocity (defanlt="20%0) 20 ¥
Search area for thickness (defanlt=20%) an o

Ilin and raay. velocity
v Diefine min. and max. velocity

Ilin. welocity ars mfsec
Ilaz. welocity 1950 tser

Search method
{

~

-

[ Fixhattom layer velocity
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(8]

Cancel

An example of the inverted result is shown below. Error between observed and thoretical H/V is
smaller than the initial model (Model B).
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Index=0 Total error=0.020590 x=0 Total error=0.020590
RMSE = 0.205904 Frequency (Hz) S-wave velocity (m/s)
B " 10 o 0100 200 300 400 500 600 700 800 900 1000 1100 1200

1 40
z _
E 50
é" 60
70
o1 HN spectrum : soka-139_GA(2layer_vs_thickness)_50_50_30%.rst 80 f--
HN peak frequency = 1.251 Hz %
IR ;P i
S-wave velocity model : soka-139_GA(2layer_vs_thickness)_50_50_30%.rst
Figure 196: Measured and calculated H/V peak (left) and Vs model (right).
7.4.16 INTERPRETATION
HMY curees (H)
Interpretation L} * Extract bedrock depth

HWSR and bedrock depth relationship

BAuerage

The items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.

7.4.16.1 EXTRACT BEDROCK DEPTH
HMY curees (H)
Interpretation

Extract bedrock depth I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.4.16.2 HVSR AND BEDROCK DEPTH RELATIONSHIP
HMY curees (H)

Interpretation

Extract bedrock depth
HWER and bedrock depth relationship I})

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.4.16.3 AVERAGE
HMY curees (H)

Interpretation

Extract bedrock depth
HWER and bedrock depth relationship

Muerage I}b

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.4.17 ADVANCED OPTIONS

H Y curees (H)

Sdvanced options I} > SESAME criteria

The item in the following sub-menu is rarely used, and when it is, support from Geometrics is
generally required.

7.4.17.1 SESAME CRITERIA
H Y curees (H)

Sdvanced options

SESAME critetia |/\\,\s
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This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.5 DISPERSION CURVES MENU

Dispersion cupves (01
Srmoothing (individual curces)

Srmoothing (20 rmedian filter)

Interpolation

Suerage sarme frequency data

Delete picks by walue
Delete picks outside of gate (4 Crl +3
Delete picks between gate (B) Ctrl+B

Delete low quality data
Delete higher mode

Sdvanced options >

The Dispersion curves menu allows various editing of dispersion curves, including data point
deletion and curve smoothing. Editing can be particularly important to remove outlying data
points, noisy jitter, higher modes, etc. Relatively small-scale anomalies on dispersion curves
cannot be resolved by the surface wave method, and they can cause instabilities in the inversion
and/or unrealistic aspects in the final results. The overall trend of the dispersion curve(s) should
be preserved in the editing process.

Fraguency (Hz) Freguency (HT)
0.0 10.0 200 w0 0o 1o 0 30.0 a0
S0 U T 20000 - o " u
" m
L 500 % o, 15000
b o - %
) % % %
2 ) 5 %
Y oo % £ o000 “1.3
1 ¥ 5 5
i L : Y
a o %{ﬂ?u:mm:qumv-—"— e 2000 %‘aﬂ“ﬂuh.gw il
N} 0o
r'i:'!F-'\I'.':;ﬁl": CUrve __.\'..'_Dﬁ!':"!'.'.-!'. CUuUrve |
Figure 197: Raw dispersion curve (left) and smoothed dispersion curve (right).
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7.5.1 SMOOTHING (INDIVIDUAL CURVES)

Dispersion curees (D0

Srmoothing (individual curves) I}

To smooth one dispersion curve, select Smoothing (individual curves). The process recalculates
one individual dispersion curve using the average of three adjacent data points in the direction of
frequency. The original dispersion curve (shown on left) is converted to a smoother curve with
less noisy jitter and the data points evenly distributed (shown on right).

When applied to a 2D dataset with multiple dispersion curves, the process acts on each
individual curve. All the original curves (shown on left) are converted to smoother curves with
less noisy jitter and the data points evenly distributed (shown on right).

Figure 198: Raw dispersion curves (left) and smoothed dispersion curves (right).

Since Smoothing (individual curves) is applied in the direction of frequency, you may find that
for some 2D datasets, a smoothing function applied from curve to curve yields preferable results.

7.5.2 SMOOTHING (2D MEDIAN FILTER)
Dispersion curses (D0

Sroothing (individual curces)

Smoothing (2D median filter) b

To smooth between dispersion curves in a 2D dataset, select Smoothing (2D median filter). This
process recalculates the set of dispersion curves using the median of five adjacent data points
from curve to curve. The original dispersion curves (shown on left) are converted to smoother
curves with fewer outlying data points and the relative difference between individual curves
preserved (shown on right).
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Figure 199: Raw dispersion curves (left) and filtered dispersion curves (right).

INTERPOLATION

Dispersion curees (D)

Smoothing {individual curees)

Smoothing (20 median filter)

Interpolation I}

If the dispersion curve is oversampled, resulting in a large number of phase velocities, the
inversion can take a long time. It is sometimes advantageous to resample and interpolate the
dispersion curve prior to doing the inversion. To do so, read in the dispersion curve.

Phase velocity (m/s)

Frequency (Hz)

1000
950
500
850
800
750
700
850
600
550
500
450
400
350
300
280
200
150
100

50

Dispersion curve - all inverted result GAHM-12m with HVSR. rst

Figure 200: Raw dispersion curve.

Select Dispersion curves | Interpolation. You will be presented with the following dialog:
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Enter integer number

Cancel |

200

The smaller the number, the fewer the points in the resampled curve. For instance, in this case, to
reduce the number of points by %2, enter 100. The resampled dispersion curve is shown below.

Frisqustzy HE)
a1 1 ] 198
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i "
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- R
Ly
= e !
i 4
T %
¥ = X
;- X
£ e
E - "
e
o
[ET2 - . - . e —————
L
B "
L)
Dichiiiiel® £irvl . B Fvinobd Al AL 107 with HVGR
Figure 201: Interpolated dispersion curve.
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7.5.4 AVERAGE SAME FREQUENCY DATA

Dispersion curees (D0
Srmoothing (individual curees)

Srmoothing (20 rmedian filter)

Interpolation

Aorerage sarme frequency data I}

You may average dispersion curves together using the following procedure. Read in and display
a dispersion curve. Next, read in and append the rest of the curves you wish to average together.
With each appended curve, you will be prompted to average them:

WaweEq

| Average same frequency?

If you know that you do not want to edit the curves before averaging them, press Yes. On the
other hand, if you wish to view and/or edit the curves prior to averaging them, press No.

In this example, we have read in two dispersion curves, as shown below.
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Frequency (Hz)

01 1 10 100

2600
[ ]
2400 * g
L)
2200
&
2000
@

1800

1600

1400

1200

1000

Phase velocity (ft/s)

200

00

400

200

Dispersion curve - MAM C.rst

Figure 202: Two dispersion curves to be averaged together.

When asked if we wanted to average them, we chose No. Now we have a chance to edit them if
necessary. When we are ready to average them together, we select Dispersion curves | Average
same frequency data and the two curves will be averaged and displayed:

3
Freguency (Hz)

2800

2600

2400

2200

2000
= 1800
t: 1600
§ 1400
z
s 1200
= 1000
o

800

§00

400

200

0
Dispersion curve : MAM C.rst
Figure 203: Frequency-averaged dispersion curves of Figure 202.
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7.5.5 DELETE PICKS BY VALUE

Dispersion curees (D0

Srmoothing (individual curees)

Srmoothing (20 rmedian filter)

Interpalation

Lorerage same frequency data

Delete picks by walue h

To set the minimum and maximum gate frequencies by entering specific values, select Delete
picks by value.

Min. and max. frequency

]
Iin. frequency 4.5 Hz
Carcel
Dl frequency a0 Hz
7.5.6 DELETE PICKS OUTSIDE OF GATE [CTRL+X]

Dispersion curees (D0

Snoothing (individual curces)

Srnoothing (20 rmedian filter)

Interpaolation

Aoyerage same frequency data

Delete picks by value
Delete picks outside of gate 00 % Crl -+

As an alternative, the frequency range can be set visually. Select Delete picks outside of gate and
two gates will appear on the dispersion curve plot (shown on left in Figure 204). If needed, press
the Esc key to exit.

Red indicates which gate is active and green indicates which gate is inactive. Use the right and
left arrow keys to move the red gate to the new minimum frequency (shown on right in Figure
204).
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Figure 204: Using gate to trim ends of dispersion curve.

After the first gate is positioned, press the Enter key and the next gate will become active. Use

the arrow keys to move the gate to the new maximum frequency (shown on left in Figure 205).

Press the Enter key when done and the trimmed dispersion curve is displayed (shown on right in
Figure 205).

E-yelos

i == o

- ">""hh_...q.m-- =

Figure 205: Trimmed dispersion curve (right).

In setting the gates, exclude only the points that are poor quality or spurious. Commonly, on the
low frequency end, the phase velocity will begin to decrease, and the dispersion curve will slope
downward (when phase velocity is plotted on the y-axis). This decrease in phase velocity is

usually an artifact of difficult picking because the peak amplitudes at low frequencies become
less distinct.

Note: Hold down the Shift key to fine tune the gate settings.
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To determine where to set the new maximum frequency on the high frequency end, the quality
line can be used to assess where the quality starts to decrease (usually due to weak amplitudes at
higher frequencies). In addition to quality, if the phase velocity starts to increase, that is likely
related to higher mode energy and those points should be deleted.

7.5.7 DELETE PICKS BETWEEN GATE [CTRLA+B]

Dispersion curees (D)

Emoothing {individual curves)

Smoothing (20 median filter)

Interpolation

Aeerage sarme frequency data

Delete picks by value
Delete picks outside of gate () Ctrl+
Delete picks betuween gate (B) I} Ctrl+B

To remove points within a gate, select Delete picks between gate. The gates are positioned as
described for Delete picks outside of gate, except that the inactive gate is indicated by teal blue.
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Figure 206: Removing spurious data (in this case, higher mode) from dispersion curve.
7.5.8 DELETE LOW QUALITY DATA
Dispersion curees (D)
Srnoothing {individual curces)
Stnoothing (20 median filter)
Interpolation
Sferage same frequency data
Delete picks by walue
Delete picks outside of gate () Ctrl -+
Delete picks between gate (B) Ctrl+B
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To automatically delete low-quality picks, select Delete low quality data. Low quality tolerance
is set under Advanced options | Setup low quality limit. Refer to Section 7.5.10, Page 444, on
how to adjust the quality tolerance.

Upon selection, all the points that fall below the quality limit will be deleted (shown on right

below). To reverse the changes, press the Undo |i| button.

Fraquancy (Hz) Fregquency (Hz)
0.0 1m0 40.0 60.0 0.0 o 200 a00 40,0 500
~ 175000 : - 1 740.0 s .
T et
15000 215000
1200 212500
i i
L] Tl (4]
5 it %E: S 0o %0
© By 4 o,
= h = 4
3 00 - - & 0 S
E b PRI S g T
@ sp00 w3000
Mo P/ 2500
Low
0.0 quality 00
Dizper Digperzion curve : 3015.DAT
Figure 207: Removing low-quality data from dispersion curve.
7.5.9 DELETE HIGHER MODE

Dispersion curees (D)

Smoothing {individual curses)

Smoothing (20 median filter)

Interpolation

Sserage same frequency data

Delete picks by value
Delete picks outside of gate 00 Ctrl+3
Delete picks between gate (B) Ctrl+B

Delete low quality data
Delete higher mode I}

If higher mode picks appear in the dispersion curve (shown on left below), select Delete higher
mode to automatically delete the picks (shown on right below). Higher mode tolerance is set

443
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



The WaveEq Module Functions

/) GEOMETRICS

Simplify your search

under Advanced options | Setup higher mode selection. Refer to Section 7.5.10, Page 444, on

how to adjust the higher mode tolerance.

Higher mode

Freguancy [(Hz)
0.0 00 40.0 Go.0 0.0
1750.0

(ft./a3)

Phase-velacity

Freguency (HzZ)

[} 0.0 40.0 6.0 E0.0
1750.0 =1

1500.0

12:0.0

1090.0
7500 P,

o

00,0

230.0

oo

Digperzion curve : 3015.DAT

Figure 208: Removing higher mode points from dispersion curve.
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7.5.10 ADVANCED OPTIONS
Dispersion curses (0
Advanced aptions I} »
Continue.
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7.5.10.1 SMOOTHING (MULTIPLE CURVES)

Dispersion curves (07

Ldvanced options

Srmoothing (multiple cures) I}

To smooth between dispersion curves in a 2D dataset, select Smoothing (multiple curves). The
process is similar to Smoothing (2D median filter) (Section 7.5.2, Page 434), except that the
average of five adjacent data points is used instead of the median. The original dispersion curves
(shown on left below) are converted to smoother curves with fewer outlying data points but the
relative difference between the individual curves is minimized (shown on right below).

Preqaency (Hz

W=

xxxxx

A iR

Figure 209: Smoothing dispersion curves.

7.5.10.2 RESAMPLING (EVERY OTHER)

Dispersion curves (07

Ldvanced options

Srmoothing (multiple curees)

Resampling fevery other) I}

Resampling (every other) is used to speed up processing by decimating the dataset (removes
every other sample).
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7.5.10.3 SET UP LOW QUALITY LIMIT

Dispersion curses (D0

Advanced options

Srmoothing (multiple curees)

Resampling {every other)

Set up low quality limit h

Setup low quality limit allows the filter limit that is used when the function Delete low quality
data is selected to be set. Quality is a relative measurement normalized against the highest signal
for each dataset. Quality is indicated by the quality line and the data point circle size on the
dispersion curve plot. The largest circle size possible is equal to 1.0 and the smallest circle size
possible is a dot, which equals zero. The default Quality limit value is 0.7, meaning that where
the quality line goes below 70% of the relative scale, the associated data points will be deleted.
The default Quality limit value is suitable for most cases.

Setup quality limit

Ok
nality lirnit | Otol
Quality 07 Ote ) Cancel
Default
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7.5.104 SETUP HIGHER MODE SELECTION

Dispersion curves (07

Ldvanced options

Srmoothing (multiple cupses)

Resarnpling (every other)

Set up lowe quality limit
Set up higher mode selection [}

Setup higher mode selection allows the filter limits used when the function Delete higher mode is
selected to be set. The default Fundamental mode limit value is 1.2, meaning that where the
value of any data point is 20% more than adjacent values, those points are deleted. This value
can be set between 1.0 and 5.0. The Higher mode maximum depth is the depth as determined
from the one-third-wavelength approximation, below which the associated data points will not be
allowed.

Higher mode selection

Fundareertal mode liit 1.2 0K

Higher mode maxirur depth 23 fi C'anrel

Default

447
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



The WaveEq Module Functions gﬂ GEOMETRICS

Simplify your search

7.6 VELOCITY MODEL MENU

The Velocity model menu allows editing and setting of parameters for calculation of velocity
models. In addition, it includes display controls and some analyses for interpretation.

Welocity model (4]
Horizontal srmoothing (200
Horizontal sroothing (30)
Wertical srmoothing

Shiowe welocity rmodel
Showe three models
Showy all models

Shiowe rodels (option)
Show equivalent velocity

Editwelocity model data Ctrl +kA
Set up weater table

[nsert new layer boundary (by mouse)

Modify wvelocities (30 ¢ by mouse)

Seismic interpretation »

Welocity rmodel database »

Advanced options >

Alrmighty »
7.6.1 HORIZONTAL SMOOTHING (2D)

Welocity rmodel (k)
Horizantal srnoothing (20} I}

To horizontally smooth between individual velocity models in a 2D dataset, select Horizontal
smoothing (2D). The process recalculates the set of velocity models using the average of three
adjacent data points from model to model. Any sharp lateral velocity gradients between the
original velocity models are smoothed.
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7.6.2 HORIZONTAL SMOOTHING (3D)

Welocity rmodel (b)
Horizontal srnoothing (200

Harizontal srmoathing (307 L\)

Horizontal smoothing (3D) is a highly specialized and rarely used feature. Please contact
support@seisimager.com for assistance.

7.6.3 VERTICAL SMOOTHING

Welocity rmodel (k)

Haorizontal srmoothing (200
Hatizontal srmoothing (300
Yertical srnoothing I}

To vertically smooth individual velocity models in a 2D dataset, select Vertical smoothing. The
process recalculates individual velocity models using the average of three adjacent data points in
the direction of depth. Any sharp vertical velocity gradients in the original velocity model are
smoothed.

7.6.4 SHOW VELOCITY MODEL N , SHOW THREE MODELS @, SHOW
ALL MODELS ﬁ

Welocity rmodel (k)

Harizontal srmoothing (200
Horizontal srmoothing (300
Wertical smoothing

Show velocity rmodel
Showy three models

Showy all models b
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vs 5
Once a velocity model exists, Show velocity model 1, Show three models h:“ , and Show all

models |ﬁ are used to control the display.

Show velocity model and the associated button display one velocity model in black with grey
shading. Show three models and the associated button display one model in red with the down-
line adjacent model in green and the up-line adjacent model in blue for a total of three models.
Show all models and the associated button display all models starting with red, blue, green, and
with the rest of the colors unique but undefined. They are undefined since with all models
displayed, it is the overall trend that is meant to be discerned, not the individual models.

The Show velocity model button is useful for toggling from the dispersion curve to velocity
model view.

7.6.5 SHOW MODELS (OPTION)

Welocity rmodel (k)

Harizontal sroothing (200
Hatizontal srmoothing (300

Yertical smoothing

Show velocity rodel
Shiowy three models
Showy all models

Shiowe rodels (option) h

Section 7.3.2 (Page 344) describes how you may customize the number of dispersion curves that
are shown at any one time by selecting Option and entering the number of curves. This applies to
the number of velocity models as well. For instance, if you choose to display five dispersion
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Figure 210: Dispersion curves.
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Figure 211: Velocity models corresponding to dispersion curves shown in Figure 210.
You may then scroll through the models using the 4b buttons, the same way you can scroll

through the dispersion curves.
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SHOW EQUIVALENT VELOCITY

7.6.6

Welocity rmodel (b)

Horizontal sroothing (200

Haorizontal srmoothing (300

Yertical sroothing

Show velocity model

Showy three maodels

Showy all models

Show models {option]

L3

by toggling this option:

Show equivalent velocity

You may display the “Equivalent” (average) velocity

S-wawe velocity (m's)
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Figure 212: Velocity model with average velocity curve.
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EDIT VELOCITY MODEL DATA [CTRL+M]

Welocity rmodel (b)

Haorizontal srmoothing (200
Harizontal srmoothing (300
Wertical sroothing

Showe welocity rmodel
Showy three models
Showy all rmodels

Showe rodels (option)
Show equivalent welocity

Edit velocity rmodel data h Chrl +bdA

If necessary, you may manually edit the velocity model data. Select Velocity model | Edit

velocity model data:

Velocity model

#of layers = ,20—:‘[:" mets Dot ety |
Wi

Layer Vp(fts)  Vs(fts)  Demsity(gec) Thickness(f) Depth () ;f:(‘:u"; Cancel
1 |49389i |6i4657‘ ‘1'-‘916 |159o11 ‘239011 I © |ss415 |1351sz ‘196'-‘13 |6%694 |'|‘i9764 -
: |jw'y |?63'Dﬂ ‘”Dm e ‘54'68 Yo |686?98 237431 ‘1.9693? |?1.947-5 |331.712 r
3 | 507212 | 736.613 ‘ 1.80263 | 316368 ‘ 86.3368 ¥

18 |103944 |Jj4699 ‘198613 |?-43131 |906537 r
4 |5163.35 |339.15 ‘181153 |34.5343 ‘120.3?2 Moo |HD” i | bonse Ihnam |1139_6j -
5 |538658 |103991 ‘193)95 |314115 ‘153234 ¥ » |“D‘S e Moo

7702, 265 20415 r

6 |5503.41 |1145.16 ‘15441 |4o.1905 ‘193.5?5 v "
7 |3114-41 |13351§ ‘186406 |431ssi ‘mm 2 ”
E |5s%.11 |1493.95 ‘18310? |46.D463 ‘23?.?9 v .
9 6240.79 | 1817.38 ‘ 191374 |4s.934: ‘336.1‘14 )
1 |61439 |11111s ‘190401 |3ls[>11 ‘388316 ¥ 2

J
11 [g24508 | 181414 ‘ 191338 |S-1.6S ‘443.196 r

26
= |6314.).8 |1s?5.6? ‘191963 |5?.55?9 ‘300.?54 .
13 |6583.63 212288 ‘194446 |6D.4353 ‘561.19 r zs
14 |5114 67 |msz9 ‘ 193575 |53 3137 ‘\m 503 r

[ Velocity increases with depth
15 |6?SD.9? 230422 ‘ 196245 |66.1916 ‘690.695 r [ Fox Vi and! decsity [ Initial Modsl constraints
[ Use constant search area m GA

Press Refresh depth, V), and density to update Vs and density using the Vs-V;, and Vp-density
relationships.

Check Fix V), and density to keep Vp and density to the values shown in the dialog. If you
uncheck this box, V; and density will be automatically calculated from Vs.
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Uncheck Use constant search area in GA if you would like to be able to set the Genetic
Algorithm search radii individually. This feature is rarely used; contact support@seisimager.com
for assistance.

Check Velocity increases with depth to force velocities to increase with depth.

Check Initial Model constraints to set the area (+/- 30%) of Vs changed in the inversion.

7.6.8 SET UP WATER TABLE

Welocity rmodel (k)

Horizontal sroothing (200
Harizontal srmoothing (300
Wertical srnoothing

Showe welocity rmodel
Showy three models
Showy all rmodels

Showe rodels (option)
Show equivalent welocity

Edit velocity rodel data Crl +bA
Set up water table Ih

Once a velocity model exists, the depth of the water table can be set with Setup water table. The
default Water table value is zero; enter the applicable value and press OK.

Enter float number

Water table (ft) = 0K

12 Canicel

The model layer boundaries will be adjusted to place a boundary at the water table depth. Press
Yes to confirm the change.
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| Modify layer boundary based on the water table?

The water table is now set. Open the View menu and select Show water table depth to display
the water table as a blue line with the standard water table symbol on the velocity model.

7.6.9 INSERT NEW LAYER BOUNDARY (BY MOUSE)

Welocity rmodel (k)

Horizontal srmoothing (200
Horizontal sroothing (300
Wertical srnoothing

Showe welocity rmodel
Show three models
Showy all models

Showe models (option)
Showe equivalent velocity

Editwelocity rmodel data Ctrl +hA
Set up weater table
Insert new layer boundarny (by rmouse) L}

To insert a new layer, select Velocity | Insert new layer boundary (by mouse), and then click on
the depth at which to insert the layer. Below is an unedited velocity model:
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Swawe velocity (m's)
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Figure 213: Vs model.
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Next is the same model, with a new layer inserted at 14.6 meters:

Swawve velocity (m's)
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Figure 214: Velocity model of Figure 213 with new layer inserted.

See Section 7.6.7, Page 453, to update the velocity of the new layer.
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7.6.10 MODIFY VELOCITIES (3D: BY MOUSE)

Welocity rmodel (b)

Horizontal sroothing (20}
Haorizontal sroothing (30)

Yertical sroothing

Show velocity model
Showy three maodels
Showy all models

Showe rodels (option)
Show equivalent velocity

Editvelocity model data Ctrl -+
Zet up water table

Insert new layer boundary (by mouse)

Modify velocities (30 by mouse) L}

This feature allows you to modify velocities in a 3D model. This feature is highly specialized
and rarely used. Please contact support@seisimager.com for assistance.

7.6.11 SEISMIC INTERPRETATION

Welocity rmodel ()

Seistnic interpretation h » Show UBC or |BC site classifications

1D armplification

Site classification and ground amplification can be displayed for any given velocity model, as
shown in the following two sections.
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7.6.11.1 SHOW UBC OR IBC SITE CLASSIFICATIONS

Welocity rmodel (b)

Seismic interpretation

Showe LUBC ar IBC site classifications I}

simplify your search

In addition to calculating the average Vs as described in Section 7.3.14, Page 371, the associated
site class can also be determined by selecting Show UBC or IBC site classifications. [The UBC is
the Uniform Building Code (1997) which uses metric units. The IBC (2000, 2003) is based on
the UBC but uses English units. Refer to Building Seismic Safety Council (1997), International
Code Council (2000, 2003), and Underwood and Hayashi (2005) for more information.]

Once Show UBC or IBC site classifications is selected, the average Vs is calculated and
displayed with the associated site class (Table 16).

B

Ay = G037 5,

Site classfication is Class D.

Site class  Soil type UBC V.30 IBC V100

Class A hard rock V30 = 1,500 mis W.100 = 5,000 fi's

Class B rock Te0 < V.30 <1500 m's 2,500 =V,100 = 5,000 ft's

Class C very dense sol, 360 = V.30 < 760 m/'s 1,200 <=V, 100 < 2,500 ft/s
soft rock

Class D stiff soil 180 =V.30 <380 m's 600 = V,100 < 1,200 ft's

Class E soft soil V.30 < 180 m's V100 = 600 ft's

Class F soils requining site Non-applicable Non-applicable

specific evaluation

Hayashi/Underwood/Lippus
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Table 16: UBC/IBC Site Classifications.
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7.6.11.2 1D AMPLIFICATION

Welocity rmodel (k)

Seismic interpretation

Showe UBC ar IBC site classifications
1D armplification h

Fl
Select Velocity Model | Seismic Interpretation | 1D amplification or press Iﬂ to calculate the
amplification of SH waves based on multiple reflections.

An example of amplification for Model B (Page 44) is Model BModel Bshown below.
Amplification is shown as a thick ocher line on the H/V spectrum display.

Frequency (Hz)

0.1 1 10
L (S ety Sl e sk e B fetlelblebfellae et e e el ' -

HA
K

0.1
HM spectrum : soka-139_initial_maodel(2layers).rst

HM\ peak frequency = 1.251 Hz

Figure 215: H/V curve and corresponding amplification curve.
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7.6.12 VELOCITY MODEL DATABASE

Welocity model (b)

Welocity model database I} > Find welocity profile from 30 model (Japan or California)
Find welocity profile from 30 model (Japan or California) for 20/30 data
Find welocity profile from geophysical database

Upload 10 phase velocity curve or HY spectrum to database
Select a site from geophysical database

Set up Seislmager database

The items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.

7.6.12.1 FIND VELOCITY PROFILE FROM 3D MODEL (JAPAN OR CALIFORNIA)

Welocity rmodel (k)
Welocity rmodel database
Find welocity profile frarm 30 model (Japan or Califarnia) %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.6.12.2 FIND VELOCITY PROFILE FROM 3D MODEL (JAPAN OR CALIFORNIA)
FOR 2D/3D DATA

Welocity rmodel (k)

Welocity rmodel database

Find welocity profile frorm 30 model {Japan or California)

Find welocity profile frorm 30 model (Japan or California) for 20/30 data I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.6.12.3 FIND VELOCITY PROFILE FROM GEOPHYSICAL DATABASE

Welocity rmodel (b)
Welocity model database

Find welacity profile from 30 model (Japan or California)
Find welocity profile from 30 model (Japan or California) for 2D/30 data
Find welacity profile from geophysical database l}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.6.12.4 UPLOAD 1D PHASE VELOCITY CURVE OR H/V SPECTRUM TO
DATABASE

Welocity rmodel (k)

Welocity model database

Find welocity profile from 30 model (lapan or California)
Find welocity profile frorm 30 model (Japan or California) for 20/30 data
Find welocity profile from geophysical database

Upload 10 phase welocity curve or HA spectrum to database I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.6.12.5 SELECT A SITE FROM GEOPHYSICAL DATABASE

Welocity rmodel (b)
Welocity model database

Find welocity profile from 30 model (Japan or California)
Find welocity profile from 30 model (Japan or California) for 2030 data
Find welocity profile from geophysical database

Upload 10 phase velocity curve or HA spectrurm to database
Select a site from geophysical database L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.6.12.6 SET UP SEISIMAGER DATABASE

Welocity rmodel (k)

Welocity model database

Find welocity profile from 30 model (lapan or California)
Find welocity profile from 30 model (Japan or California) for 20/30 data
Find welocity profile from geophysical database

Upload 10 phase welocity curve or HA spectrum to database
Select a site from geophysical database

Set up Seislmager database I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.6.13 ADVANCED OPTIONS
Advanced options I} * Fiz Wp and density
Wp and Vs relationship
Density *

M and Ws relationship
Show depth axis

Add bottom layer
Delete botkarm layer

Show G& search area
Set up G4 parameters
Show GA RMSE

Truncate min, and max, velocity
Horizontal average (20)
Setup bedrock welocity
Apply standard layer boundaries

7.6.13.1 F1X Vy AND DENSITY

Welocity rmodel (b)

Sdvanced options

Fiz Wp and density h

Fix V,and Density is rarely used, and when it is, support from Geometrics is generally required.
Please contact support@seisimager.com for assistance with this function. The same is true for
the Density option.

464
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



The WaveEq Module Functions @ GEOMETRICS

simplify your search

7.6.13.2 Ve AND Vs RELATIONSHIP

Welocity rmodel (b)

Advanced options

Fix Wp and density
Wp and Ws relationship I}

The Vp and Vs relationship dialog box allows the equations used for calculating V, from Vs to
be customized.

To modify the default equations for calculating V;, from Vs, select V), and Vs relationship (dialog
box with metric units selected shown on top, with English units selected shown on bottom). An
equation may be defined for above and below the water table, with the water table depth set in
the Velocity model menu in the Setup water table dialog box (Section 7.6.8, Page 454). The
default equation for above the water table is simply 2Vs. The default equation for below the
water table is from Kitsunezaki (1990). The effect of V, on phase velocity is typically minimal;
these relationships are suitable for most models.

Ehore water table O
{+ Linear
VP= 2 ® TS 4 n misen Cancel
(" Iarmal (fired VE) Diefault

Water table depth= |0 I

Belowr wrater table
i+ Linear
Tp= 1.11 * T 4 1290 misec

" NWlanmal ifixed VE)
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Ehore water tahle

Ok

v Lirear
Tp= |2 w4 |0 ftlzec

" Ivlarmal {fized VE)

Water table depth= |0 ft

Beloar wrater tahle
{+ Linear
Tp= 1.11 R e 4253 28 ftizen

" NWlanmal ifixed VE)

Cancel

Diefault

Relationships can also be manually set by selecting Manual and inputting V,, values through the

View menu under Open PS result file.

7.6.13.3 DENSITY

Welocity rmodel (fd)

Advanced options

Density h > Luduvig (1970

Boore

This feature defaults to Ludwig (1970) and is rarely changed. Please contact
support@seisimager.com for assistance.
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7.6.13.4 N AND Vs RELATIONSHIP

Welocity rmodel (b)

Advanced options

Fix Wp and density

Wp and Vs relationship

Density *
M and Ws relationship I}

The N and Vs relationship dialog box allows the equations used for calculating N from Vs to be
customized.

To modify the default equations for calculating N from Vs, select N and Vs relationship (dialog
box with metric units selected shown on top, with English units selected shown on bottom). The
default equations are from Imai and Tonouchi (1982). This relationship is suitable for most
models.

M and Vs

(* Linear

Logl0{¥5)= 0314 * LoglOfHM) +Lagllf |97 misec

Cancel

Default

e

(¢ Linear

Logl0(Vs)= 0314  *LoglO(N)+Logl0{ |312241  fijgec )

Cancel

El

Default

Where applicable, the equation used for calculating density is as follows [from Ludwig et al.
(1970)].

p=1.2475+0.399V, - 0.026V,>

To revert to the default values, press Default.
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7.6.13.5 SHOW DEPTH AXIS

Welocity rmodel (b)

Advanced options

Fix Wp and density

Wp and Vs relationship

Density *
M and Ws relationship

Showe depth axis L\X’

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.6.13.6 ADD BOTTOM LAYER

Welocity rmodel (k)

Advanced options

Fiz Wp and density

Wp and Ws relationship

Density »
M and Ws relationship

Show depth axis

Add bottorm layer b

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.6.13.7 DELETE BOTTOM LAYER

Welocity rmodel (b)

Advanced options

Fix Wp and density

Wp and Vs relationship

Density *
M and Ws relationship

Show depth axis

Sdd bottorm layer
Delete bottarn layer I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.6.13.8 SHOW GA SEARCH AREA

Welocity rmodel (k)

Advanced options

Fiz Wp and density

Wp and Ws relationship

Density »
M and Ws relationship

Showy depth axis

Add bottorm layer
Celete bottarm layer

Showe G& search area %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.6.13.9 SET UP GA PARAMETERS

Welocity rmodel (b)

Advanced options

Fiz Wp and density

Wp and Ws relationship
Density

M and Ws relationship

Showy depth axis

Sdd bottorm layer
Delete bottarn layer

Shows G& search area

Set up GA parameters

L

%) GEOMETRICS

Simplify your search

This feature is highly specialized and rarely used. Please contact support@seisimager.com for

assistance.

7.6.13.10 SHOW GA RMSE

Hayashi/Underwood/Lippus
PN 770-00118-01

Welocity rmodel (k)

Sdvanced options

Fiz Wp and density

Wp and Ws relationship
Density

M and s relationship

Showe depth axis

Add bottom layer
Celete bottormn layer

Showe G4, search area
Set up G& parameters
Showy G& RRASE
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This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.6.13.11 TRUNCATE MIN. AND MAX. VELOCITY

Welocity rmodel (k)

Advanced options

Fiz Wp and density

Wp and Ws relationship

Density >
M and Ws relationship

Showy depth axis

Add bottom layer
Delete bottarn layer

Showe G4, search area
Zet up G& parameters
Showy GA RMSE

Truricate min, and max, welocity I}

To set a minimum and maximum velocity for a given velocity model, select Truncate min. and
max. velocity to reveal the following dialog box.

Min. and mazx. velocity

Ivlin. velocity 24 57 mlsec O

Ilax. welocity 310050 rlsee Cancel
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Figure 216: Vs model.
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To set new boundaries, enter new values as desired and press OK. Note that the value entered for
Max. velocity will be retained for the WaveEq session unless changed again or a new WaveEq

instance is opened.

Hayashi/Underwood/Lippus
PN 770-00118-01

Min. and mazx. velocity

Llin. welocity

Ilax. welocity

335 ftfae;

1550 ftizen

(8]

Cancel
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g-velocity (m/s)

n.a 100.0 Z00.0 300.0

n.o

10.0

Depth {m;

S-wvelocity model

Figure 217: Truncated version of velocity model shown in Figure 216.
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Typically, Truncate min. and max. velocity is used when building an initial model from scratch.

7.6.13.12 HORIZONTAL AVERAGE (2D)

Hayashi/Underwood/Lippus
PN 770-00118-01

Welocity rmodel (k)

Advanced options

Fix Wp and density

Wp and Ws relationship

Density »
M and Ws relationship

Showy depth axis

Add bottorm layer
Celete bottarm layer

Showe GA search area
Setup G4 parameters
Showe GA& RMSE

Truncate min, and max, velocity

Horizontal average (200 h
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To make a cross-sectional velocity model uniform in the direction of distance, select Horizontal
average (2D). The process recalculates the velocity model using the average value at each depth.
The original model (shown on left below) with horizontal variation is converted to a simplified,
horizontally uniform model (shown on right below).

(m) gurface-wave method - [T]'I] Surface-wave method
20.0 ; 3 " ' ;
0o S=-walocity oo | E-velocity
e T
19541 193.41
20.0 1 183 58 184,30
= 165 54 = 170,18
£ 400 155.10 o 156.07
i.: 14086 2 |-=|_.:'5
60.0 126.22 137,584
1LL78 113.72
£0.0 97135 9961
3291 B54%
100,10 } | | | | 6247 n %
o0 00 200 300 400 00 00 70 (m/sec) a0 w0 200 30 400 00 &0 T (mifzec)
(m) ]
brstance gcale = 1/1000 bistancs gcale = 171000

Figure 218: Original velocity model (left) and horizontally averaged model (right).

7.6.13.13 SET UP BEDROCK VELOCITY

Welocity rmodel (k)

Advanced options

Fiz Wp and density

Wp and Vs relationship

Density »
M and Ws relationship

Show depth axis

Add bottorm layer
Delete bottarn layer

Showe GA, search area
Setup GA parameters
Showe G& RRSE

Truncate min, and max, velocity
Horizontal average (200

Setup bedrock welocity Ib

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.6.13.14 APPLY STANDARD LAYER BOUNDARIES

Welocity rmodel (k)

Advanced options

Fiz Wp and density

Wp and Ws relationship

Density »
M and Ws relationship

Show depth axis

Add bottorm layer
Delete bottarn layer

Showe G4, search area
et up GA parameters
Showe G& RRSE

Trurcate min, and max, velocity
Horizontal average (200

Setup bedrock wvelocity

Spply standard layer boundaries %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.6.14 ALMIGHTY

Welocity model (b)

Alrmighty h -] Seismic interpretation *

Calculate traveltime

Calculate smoothness

The items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.
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7.6.14.1 SEISMIC INTERPRETATION

Welocity rmodel (b)
Slmighty

Seistmic interpretation ¥ 1D amplification I}

1D amplification fwaveform)

Calculate H over W for all models

Continue.

7.6.14.1.1 1D AMPLIFICATION

Welocity rmodel (k)
Llrrighty
Seismmic interpretation
1D amplification I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.6.14.1.2 1D AMPLIFICATION (WAVEFORM)

Welocity rmodel (k)
Slmighity
Seismic interpretation

1D amplification

1D amplification fwaveform) L}
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This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.6.14.1.3 CALCULATE HOVER YV FOR ALL MODELS

Welocity rmodel (k)
Llrrighty
Seismic interpretation

10 amplification

1D amplification (waveform)

Calculate H owver Y far all models I},

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.6.14.2 CALCULATE TRAVEL TIME

Welocity rmodel (b)
Slmighity

Seismic interpretation >

Calculate traveltime L\X’

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.6.14.3 CALCULATE SMOOTHNESS

Welocity rmodel (b)
Slmighity

Seismic interpretation »

Calculate traveltime

Calculate smoothness I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.7 MASW/MAM (1D) MENU

The MASW/MAM (1D) menu primarily includes functions for calculating an initial model for a
1D dataset and running the inversion to find the best fit of the modified initial model data with
the observed data. Other modeling functions are also included. Although the term MASW refers
to active-source surveys, the same functions apply for analysis of MAM datasets.

FAASN ISR (100 ()
Initial rmodel L
[rersion (LEkA)
[Feersion (LR, with M

Advanced inversion >
Caornpatizan

Showe welocity rmodel

Welocity modeling (10} »
Wawveform modeling *
Advanced options *
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7.7.1 INITIAL MODEL

FASSMARRA (100 (D)
Initial rmodel h

The initial Vs model is the starting point for the inversion. To generate an initial model for a
single dispersion curve, select Initial model. The Initial model for inversion dialog box shows
only the Depth and Number of layers by default. In most cases, only the maximum Depth of the
model needs to be entered and the default value of 15 for the Number of layers is suitable.

Initial model for inversion

)
Canecel
Lbranced menn
Depth = a0 ft
# of lasrer = 15
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Pressing on Advanced menu reveals the rest of the parameters with default values. Typically,
none of these settings need to be changed. For help with these parameters, contact
support@seisimager.com.

Initial model for inversion

(" Linear model
8]
" Homogeneous raodel
Cancel
(+ Baged on depth corversion result e
™ TIze Nvalue & bvanced menn

Depth = IT ft
#of lavyer = IT

Ivlin, vel = 715 ftisec
Ivlac. wel. = 1950 ftisec

Laver thickness

(" Identical
{+ Wariahle
For variable lavers

Larer thickness gradient 0.3
Bottorm layer rnltiplier 3

(" Pased on M-walue

| Use asswmmption that welocity is increasing with depth
[ &pply horizontal interpolation

Water tahle = | 12 ft

Initial models are calculated using Based on depth conversion result by default. This method
uses 1.1 times the phase velocity for an estimate of Vs and the one-third-wavelength
approximation for an estimate of depth. The Minimum (phase) velocity and Maximum (phase)
velocity are automatically assigned, corresponding directly to the low and high values observed
on the dispersion curve. The Maximum velocity is automatically assigned to the deepest layer.

Hayashi/Underwood/Lippus
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S-velocity (m/s)

0o 100.0 2000 3000

0.0

10.0

200

{m}
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Depth

400 feeemememeeeeasesd TESTERSTRRS TR S —

50.0
S-velocity model :

Figure 219: Initial Vs model.

Alternatively, initial models can be constructed using a Linear model, Homogeneous model, or
using N-values via Use N-value. A Linear model (shown on left below) is constructed following
a straight line starting at the Minimum velocity and ending at approximately the Maximum
velocity (the model may not extend to exactly the Maximum velocity depending on the number
and configuration of layers). A Homogeneous model (shown on right below) has no velocity
variation with depth; the Minimum and Maximum velocity have the same value. The Show

W . . .
apparent velocity model ﬂ button provides a visual comparison of the Based on depth
conversion result model with the Linear model and the Homogeneous model.

H00 o opg 0.0 o
. oo - .

i

200 feeseasenssvansneas .-

Depth (R)
Depth (m)

400

Figure 220: Linear initial model (left) and homogeneous initial model (right).

To base the initial model on N-values, select Use N-value. The model Depth will be
automatically set to the deepest N-value. Note that the N-value file must already be open through
the View menu under Open N-value file. If it is not open, you will be notified. Press OK, open
the N-value file, and then come back to Initial model.
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l \ Mo bevalue data

Layer thickness applies to all models. Selecting Identical sets all layers to equal thickness. By
default, the layer thickness is set to Variable, and thus, layer thickness increases with depth. The
Layer thickness gradient controls how the thickness increases with depth. A value of 1 means
there is no gradient and layer thicknesses are identical. A value less than 1 thickens the layers
with depth and as the value decreases, the gradient of thickening increases. The default value of
0.5 is suitable for most models.

The Bottom layer multiplier controls the thickness of the bottom layer relative to overlying
layers. The thickness of the bottom layer, or layer just above the model half-space, can have a
large impact on the calculated dispersion curve. Setting it thicker than the overlying layers
stabilizes the inversion, hence the Variable default setting. After the Layer thickness gradient is
applied, the thickness of the bottom layer is multiplied by the multiplier value. The multiplier
default value is 3 and is suitable for most models.

To set layer thickness based on N-values, select Based on N-value. As noted above, the N-value
file must already be open through the View menu under Open N-value file.

To disallow velocity inversions in the final Vs model, check Use assumption that velocity is
increasing with depth. It is common to see small velocity inversions near the surface (especially
at paved sites), and at the water table due to an increase in pore pressure, and thus, it is suggested
to leave this setting unchecked. This setting can be useful when you detect higher modes and
want to suppress their influence on the final result.

For initial cross-sectional models, Apply horizontal interpolation is checked by default to allow
construction by interpolation between a series of velocity curves.

The Initial model for inversion dialog box settings revert to the default values each time the
dialog box is opened.
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7.7.2 INVERSION (LSM)

RS AMAM (1D (1)

Initial model

[rewersion (L) I}

To calculate the Vs curve that best matches the observed data, select Inversion (LSM). The
mathematical process is based on the Least-Squares Method and simply stated, iteratively
modifies the initial model data to minimize the difference from the observed data. After running
through several iterations, the modified initial model is output as the final model. Refer to
Hayashi (2003) for a complete explanation.

The following dispersion curve, H/V spectrum, and initial model are used as an example. The
inversion performed by this menu only changes the S-wave velocity of each layer, and the
number of layers in the initial model must be large (10 to 20).

RMSE = 0.320411 e
RMSE = 20.479565 misec Foequnicy (HE) o 4 - 00
‘ CHER P TR i ey TS P (R 100
r
@
i* 10
; » =
120 1 __...'-""" ok
. —_— N M
] | r
X Dhagmprioies v 13 _deigbiniaon_cure_sed_HPY_rstal el il II
o1

HY spactnam : 139_dsparsl l]_(Uf‘.“-:"_Jﬂd_HP‘l'_ll'lhﬂ_'ﬂ-Z"ﬂ?' A
HY peak fiequenicy = 12581 Hz

Sowave veloelty (mis)
) A0D 00 600 To0 BOD 500 1000 1103 1200

Initial Maodel C
(15 lavers)

Diepth i)

ks kA ok

o v et

Sona wlocly model 139 _dispersicn_cunve_and HFY_initial_modal rst
Awedage VE 30m = 1888 misec

Figure 221: Example dispersion curve, H/V spectrum, and initial model.
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Upon selecting Inversion (LSM), the Least Squares Method dialog box shows the Iteration
parameter with a default value of 5.

Hayashi/Underwood/Lippus
PN 770-00118-01

Least Square Method

Iteration = 3 Ok

Cancel

& deranced roenn
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Iteration is the number of times the initial model data will be compared and modified to
converge on the best match with the observed data. In between iterations, the improved model is
used as the new starting point, so the error or mismatch should decrease. The iteration concept is
conveyed by the flow chart below.

ubpserved and .
calculated data Forward modeling
' ¢

Comp@ Iteration
] —

/\

|

Figure 222: Iteration flow chart.

The default Iteration value of 5 is suitable for most cases. Increasing the Iteration value may
occasionally be necessary; this will allow the process additional attempts to minimize the
mismatch between the modified initial model data and the observed data.

Set the weight ratio of Phase velocity and H/V in the inversion. Larger values give greater
weight to dispersion curve data. The default value is 10, and this is suitable for most cases.

Enter float number

Enter weight ratio of Phase-velocityH-crver-V in irveersion (default=107. 0K

| 10 Camcel

Upon pressing OK, the inversion process begins and the error in velocity (m/s or ft/s) and
percentage (%) is displayed. The error should decrease after each iteration and the final error
should be less than about 5%, but this will depend on the dataset.
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Non-linear least square method ! calculating derivative for 1 lompleted

lteration=0 RMS=36.978845 m/s [13.913927%) -oclity (m/s)

tteration=1 RMS=23,371461 mis (8782558 1so00 20000 25000 30000

lteration=2 RMS=24.046611 m/s (7.039501%) __ : :

lteration=3 RMS=19.093178 m/s (5.559619%) ! i i

lteration=4 Fiﬁ§=15i03523? mjs (4.402213%) 1T A A
2000 keeeeeenq-- e dmmeeeee- bommemees b e

Figure 223: Iteration process displayed on screen during Least Squares analysis.

Once the inversion is complete, press OK.

l i Irversion completed

The final error value is saved to a file called RMSE.txt in the dataset directory.

If the error ever increases during the inversion, the process will terminate. The initial model
settings, inversion parameters, and units selected in the Option menu should be checked and
modified, if necessary, before running the process again.

An example of the inverted result is shown below. Error between observed and theoretical phase
velocities and H/V is smaller than that in the initial model (Model C, Page 493).
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Figure 224: Inverted result.

Pressing on Advanced menu reveals the rest of the parameters with default values. Typically,
none of these settings need to be changed.
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Least Square Method

Iteration = 5 D
Bl 013 Cancel

_ 1
Beta= Lobranced merm
g= .01

Regularization = ’057
Constraint
[ Yeg  Dlinwvel= | 1692 ftfzec
Ifazx. wel= | 750 ftfaec

[ Weighting for quality
[ Robust estimation
[ Keep first layer welocity

[ Have matrix information

The Alpha and Beta settings optimize the matrix inversion through deceleration and acceleration,
respectively. An Alpha multiplier of the maximum logical value of 1 provides the least
stabilization. Values less than 1 provide increasing stability but are more computationally
intensive, and thus, cause the process to run more slowly. A value of zero cancels this factor.

Alpha is so named because it is used in the first iteration to stabilize the inversion. As the process
stabilizes, Alpha is multiplied by Beta to increase the inversion speed. A Beta value of 1 causes
no acceleration; values greater than 1 are used for acceleration.

e 1s a dumping parameter also with the effect of stabilization. e would be increased to increase
stability.

Regularization is a type of matrix smoothing, working to control large velocity gradients across
each depth layer. For a higher degree of smoothing and lower tolerance of lateral velocity
gradients, a lower value would be used. A value of 1 equals no smoothing. All the layers would
be artificially similar if excessive smoothing was applied.

The values for Alpha, Beta, e, and Regularization rarely need to be changed. Illogical values for
these parameters will cause erroneous results.
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Saying Yes to Constraint will use the indicated Minimum (phase) velocity and Maximum (phase)
velocity to limit the lower and upper bounds of the inversion. This can be useful if you have
accurate knowledge of velocity, otherwise the default values are automatically assigned
corresponding directly to the low and high values observed on the dispersion curve.

Weighting for quality incorporates dispersion curve pick quality into the inversion. Robust
estimation puts less weight on data with large errors. Keep first layer velocity prevents the
velocity of the shallowest layer from changing. This is useful if the first layer has a high known
velocity, like pavement.

If Save matrix information is checked, the Jacobian matrix from each iteration is saved to a file
called Matrix.txt in the dataset directory.

Note that the Least Squares Method dialog box parameters revert to the default values each
time WaveEq is opened.

7.7.3 INVERSION (LSM, WITH N)

MAASHMAN (10 (1)

Initial model
Irwersion (LSh)
Inversion (LS, with M) [

If N-values are used to construct the initial model, select Inversion with N instead of Inversion.
The Least Squares Method dialog box settings are the same as those explained in Section 7.7.2,
Page 483, except that the default value for e equals 0.1 and Regularization equals 0.5.

7.7.4 ADVANCED INVERSION

RALEWRALRA (100 (1

Advanced inversion ¥ L5M (thickness anly )
L3k 05 and thickness)
58 WS only)
G4 s and thickness)

Showy all thearetical data for G& members

Calculate 10 amplification for G& members

There are many inversion options available. These are illustrated below.
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7.74.1 LSM (THICKNESS ONLY)

RS AMAM (1D (1)

Advanced inversion

L3k (thickness only ) l}

Select MASW/MAM (1D) | Advanced Inversion | LSM (thickness only) to perform an inversion in
which the thickness of each layer is changed. The following dispersion curve and an initial
model (Model D) are used as an example. The inversion performed by this menu only changes
the thickness of each layer and it is better to keep the number of layers small (3 to 7).

RMSE = 25204137 misec Frequency (HE) 0 0 3 W A0 .-"-.-1--!;'..\“-'-‘-:.:- :I;I“i 108 1100 1300
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¥ 30| |
= |
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Figure 225: Example velocity model and dispersion curve.

Set the number of iterations for the inversion. The default value of 5 for Iteration is suitable for
most cases.
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Least Square Method

Iteration = 3 Ok

Cancel

& deranced roenn

An example of the inverted result is shown below. The error between observed and theoretical
phase velocities is smaller than that in the initial model (Model D).

RMSE = 17.612685 m/sec Fraquancy (HZ) S-wirer velocily (m's)
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Figure 226: Inverted result.
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7.7.4.2 LSM (VS AND THICKNESS)

RS AMAM (1D (1)

Advanced inversion

LaM (thickness anly )
Lah 05 and thickness)

>

/) GEOMETRICS

simplify your search

Select MASW/MAM (1D) | Advanced inversion | LSM (VS and thickness) to perform an inversion
in which both S-wave velocity and thickness of each layer are changed. The inversion performed
by this menu changes both S-wave velocity and thickness of each layer and it is better to keep
the number of layers small (3 to 7). The Initial Model D is used as an example.

Set the number of iterations for the inversion. The default value of 5 for Iteration is suitable for

most cases.

Least Square Method

Iteration = 3

Ok

Cancel

& deranced roenn
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An example of the inverted result is shown below. The error between observed and theoretical
phase velocities is smaller than that in the initial model (Model D).

Frequency (Hz)

RMSE = 12624684 m'sec
0 1 '] 4 L 5 7 ] ] 10

Plais valacy

Dispersian Curve | soka-139_dsp_intial_model Mayers) rsl Ll

Figure 227: Inverted result.

7.74.3 GA (VS ONLY)

MAASHMAN (10 (1)

Advanced inversion

LEbA (thickness only )
L3k 0vS and thickness)

G4 WS anlyd h

Select MASW/MAM (1D) | Advanced inversion | GA (VS only) to perform an inversion in which
only the S-wave velocity is changed. An inversion that only uses a dispersion curve and a joint
inversion that uses both a dispersion curve and an H/V spectrum can be performed by this menu.
The inversion applied by this menu changes the S-wave velocity of each layer, and the number
of layers in the initial model must be large (10 to 20). Model C is used as an example.
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Figure 228: Example dispersion curve, H/V curve, and Vs model.

The dialog box shown below will appear when the data contains both phase velocity and H/V
data. Press Yes if you intend to apply the joint inversion of phase velocity and H/V data. Press No

to apply only the inversion of phase velocity data.

Set the parameters for the Genetic Algorithm. The default values (Iteration=50, Population=50,
Binary digits=5, Crossover probability=0.5, Mutation probability=0.5) are suitable for most

cases. Press the OK button to proceed.
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Set the parameter for constraint based on site conditions. Press the OK button to proceed.

Velocity model inversion with GA

Constraint K

" Mo constraint -
ance

(¢ Setup allowed velocity reverse (default)
Alloared velocity reverse (default=20%%) 20 e

Charrent welocity reverse = | 79 i
(" Increasing with depth

(" Decreasing with depth

Seatrch area

[v Use constant search area

Search area for velocits (defanlt=20%) 20 #

Ilin and maz. wvelocity
[ Define min. and max. wvelocity
Ivlin. VE-']DCitj.r trlgec

Dlax. welocity ol

Search roethod
{+

~

~

[ Fixbottom layer velocity
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Confirm the setup for the inversion. Press OK to continue.

WawveEq

Imverting welocity model using Fundamental mode with the
l Y constraint setting allowed velocity model reverse

] 4 Cancel |

Set the weight ratio of Phase velocity, H/V and peak frequency of H/V in the inversion. A larger
value gives more weight to the dispersion curve data. The default values (10 and 0.01) are
suitable for most cases.

Setup weight for joint inversion

Weight Ok
Fhase-wvelocity (default=100 I 10 Cancel
H I 1

Peak frequency (default=0.01" | 0.01
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An example of the inverted result is shown below. The error between observed and theoretical
phase velocities is smaller than that in the initial model (Model C, Page 44).

Ingex=0 Total arror=0.013536

7.7.4.4

Index=0 Total error=0.013536

RMSE = 16613686 m/sac Frequency (Hz) BMSE = 0.147187 [E——
M ; 3 i " 8 2 2
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Figure 229: Inverted result.

GA (VS AND THICKNESS)

RS AMAM (1D (1)

Advanced inversion

LEM (thickness anly )
Lk M5 and thickness)
GA (WS onlyd

G2, s and thickness)

L

Select MASW/MAM (1D) | Advanced inversion | GA (VS and thickness) to perform an inversion
in which both S-wave velocity and thickness of each layer are changed. An inversion that only
uses a dispersion curve and a joint inversion that uses both a dispersion curve and an H/V
spectrum can be performed through this menu. The inversion performed through this menu

Hayashi/Un
PN 770-001

derwood/Lippus
18-01
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changes both S-wave velocity and thickness of each layer, and it is better to keep the number of
layers small (3 to 7).

A) Example using the Fundamental Mode

The Initial Model D is used for an example.

RMSE = Z5.204137 m/sac

walaciy jmin

Phass

RMSE = 0.130527
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Figure 230: Example dispersion curve, H/V curve, and Vs model.

The dialog box shown below will appear when the data contains both phase velocity and H/V
data. Press Yes if you intend to apply the joint inversion of phase velocity and H/V data. Press No
to apply only the inversion of phase velocity data.

Hayashi/Underwood/Lippus

PN 770-00118-01

499
SeisImager/SW Manual v. 4.0
July 2024



The WaveEq Module Functions @ GEOMETRICS
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Set the parameters for the Genetic Algorithm. The default values (Iteration=50, Population=50,
Binary digits=5, Crossover probability=0.5, Mutation probability=0.5) are suitable for most
cases. Press the OK button to proceed.

Genetic Algorithm

Iteration S0 Ok

Paopulation a0 Cancel

Binary digits ~ [5

Crossorver 05
probability '
Iutation 0s
probability

Set the parameters for constraints based on site conditions. (Contact support@seisimager.com for
assistance.) Press the OK button to proceed.
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Velocity model inversion with GA

Constraint O
" Mo constraint
Cancel
(" Setup allowed velocity reverse (default)
Allowed welocity reverse (defanlt=20%) 20 A
Current welocity reserse = | i ¥
{* Increasing with depth
(" Decreasing with depth
Search area
v Tse constant search area
Search area for velocity {default=20%) 20 “
Ilin and raay. velocity
v Diefine min. and max. velocity
Ilin. welocity 1682 mfsec
Ilaz. welocity 750 ol
Search method
{+
{
{
[ Fixhattom layer velocity
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Confirm the setup for the inversion. Press OK to continue.

WaveEq

Inwerting welocity model using Fundamental mode with the
l % constraintwelocity is increasing with depth

0] 4 Cancel |

Set the weight ratio of Phase velocity and Peak frequency of H/V in the inversion. A larger value
gives more weight to dispersion curve data. The default values (10 and 0.01) are suitable for
most cases.

Setup weight for joint inversion

Phase-velocity (default=10) I 10 Cancel
HA I |

Feak frequency (default=0017 | 0.01
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An example of an inverted result is shown below. The error between observed and theoretical
phase velocities is smaller than that in the initial model (Model D, Page 499).

Index=0 Total emor=0.012397 Index=0 Total errar=0.012397
RMSE = 165.689151 misec Frequency (Hz) RMSE = 0.109065 Eraquency M)
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Figure 231: Inverted result.

B) An example using higher modes.

Press the m- button to apply the inversion using higher modes. The Initial Model D is used as

an example. Press the il button and the theoretical dispersion curves (or H/V) of fundamental
and higher modes will appear together with averaged (effective mode) or maximum phase

L)

velocities (or H/V). The inversion takes into account higher modes when the button is
pressed.
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Figure 232: Example dispersion curve, H/V curve, and Vs model.

The inversion procedure is exactly the same as the inversion using the fundamental mode.

Make sure it uses higher modes in the dialog box shown below.

r N

Wavekq | B |

Inverting velocity model using Higher mode with the constraint
& velocity is increasing with depth

(0] Cancel

You can change the Love/Rayleigh ratio automatically during the inversion.
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-
Setup weight for joint inversion

Weight
Phasze-velocity (default=10) I 10
HV I 1

Peak frequency (default=0.01) | 0.01

v Change LoveFRayleigh ratio

OK

Cancel

An example of the inverted result is shown below. The error between observed and theoretical
phase velocities is smaller than that in the initial model (Model D, Page 499).

RMSE = 18106120 m/sec
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Figure 233: Inverted result.
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7.7.4.5 SHOW ALL THEORETICAL DATA FOR GA MEMBERS

RS AMAM (1D (1)

Advanced inversion

L5k (thickness anly )
Lk 05 and thickness)
G4 (WS only)

G4 0s and thickness)

Showe all thearetical data for GA members I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.7.4.6 CALCULATE 1D AMPLIFICATION FOR GA MEMBERS

FALSWRARRA 100 (1

Advanced inversion

LEMA (thickness only )
LEbA (WS and thickness)
G4, 5 anly)

G4 0s and thickness)

Show all thearetical data for G2 members

Calculate 10 amplification for G& members L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.7.5 COMPARISON ﬂ

FALSWRARRA 100 (1

Initial rmodel
[rversion (L)
Irnversion (LERA, weith M)

Advanced inversion »

Cormparizan I}

To calculate and overlay a theoretical dispersion curve on an observed dispersion curve, select

Comparison or press the Calculate theoretical dispersion curves ﬂ button. The calculated curve
is shown as a black line. To remove the calculated dispersion curve from the display, press the
Calculate theoretical dispersion curves button again.

7.7.6 SHOW VELOCITY MODEL ‘¥

RAZSWBARRA 100 (1

Initial rmodel
[reversion (L)
[rnversion (LERA, weith M)

Advanced inversion *
Cormparizan

Show welocity model m

To toggle to the velocity model display from the dispersion curve display, select Show velocity
model or press the Show velocity model “® button.
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7.7.7 VELOCITY MODELING (1D) IEI

RALEWRALRA (100 (1

Welocity rmodeling (1070 -] Generate new velocity model

Generate new velocity model (from dovwenhole seismic)

Corvert synthetic data to "observed" data

Continue.

7.7.7.1 GENERATE NEW VELOCITY MODEL

FALSWRARRA 100 (1

Welocity modeling (100

Gererate new welocity model I}

A synthetic velocity model can easily be created independent of a waveform file. Modeling can
be useful for planning a survey, modeling borehole data, or testing and comparing various
results. To set the parameters for a velocity model, select Modeling (1D) or press the Creating a

new velocity model for modeling IE‘ button.
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10 model
0K
Depth of model= 23 o
Cancel
Frequency

1 o |30

Number of frequency = | 100

Number of layer = | 10

Frequency
[v Rayleigh wave

[ Lowve wave

Depth of model is used to indicate the maximum depth of the model. The default Frequency
range is suitable to simulate depth of penetration from an active-source. If the Depth of model is
greater than 30 m or 100 ft, correspondingly, the lower-end frequency should be set to 0.2 Hz to
simulate a greater sampling depth.

The frequency range is divided by the Number of frequency and sets the resolution of the
dispersion curve. The Number of frequency default value of 60 is suitable for the default
frequency range. If the frequency range is widened significantly, the Number of frequency should
also be scaled up accordingly. If you would like to use Love waves in the analysis, check Love
wave.

Note: Love waves are rarely used in surface wave methods.

Upon pressing OK, the following homogeneous model appears; the associated dispersion curve
does not yet exist.
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g-velocity (m/z)
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Figure 234: Homogeneous model.

To modify the velocity model, press the Correct velocity model % button. Horizontal black lines
defining the model layers appear. Use the mouse to click on the vertical edge of a layer and the
selected layer edge will turn red. Drag the edge to the desired velocity.

S-velocity (m/s)

0.0 200.0 4000 6000  800.0 1000.0

n.a . . . .
50 pt- R S S S
SR LY g S S S
g i i : :
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& i i i i
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S-velocity model

Figure 235: Homogeneous model with layers inserted.

Position the rest of the layers and set the water table if desired.
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S-velocity (m/s)
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Figure 236: Final model including water table.

Refer to Section 7.7.9, Page 521, to continue modeling by simulating a survey and generating a
dispersion curve.

7.7.7.2 GENERATE NEW VELOCITY MODEL (FROM DOWNHOLE SEISMIC)

MAASHMAN (10 (1)

Welocity modeling {10

Generate new velocity model

Generate new velocity model (from downhole seisrmic) I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.7.7.3 CONVERT SYNTHETIC DATA TO “OBSERVED”’ DATA

RS AMAM (1D (1)

Welocity modeling {10

Generate new velocity model
Generate new velocity model from downhole seismic)

Corwvert synthetic data to "obsersed” data I}

You may convert synthetic data to “observed” data by the following procedure.

Select MASW/MAM (1D) | Velocity Modeling (1D) | Generate New Velocity Model. You will see
the following dialog box:

1D model
Depth of model= | 235 o L
Cancel
Frequency

1 o |30 g

Number of frequency = | 100

Number of layer = | 10

Frequency
|v Rayleigh wave

| Love wave

Set the model parameters as desired and press OK. If necessary, modify the model by adding

layers (Section 7.6.9, Page 455) and modifying their velocities (Section 7.6.7, Page 453). Once
DisF

the model has been created (see below), press the 1" button and then the * button. The

synthetic phase velocity curve will be displayed:
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25 30

Dispersion curve :

Figure 237: Synthetic dispersion curve.

To convert to “observed” data, select MASW/MAM (1D) | Velocity Modeling (1D) | Convert
synthetic data to “observed” data.
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Dispersion curve :

Figure 238: “Observed” dispersion curve.

The data will now be recognized by the application as “real” or “observed” data and can treated

as such.
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S5-wave velocity model :

Figure 239: “Observed” velocity model.

WAVEFORM MODELING

7.7.8

PSS MAM (107 (1)

Finite-differenice method (20

>

Wavefarm modeling

Discrete wawve-number method (30 P-52)

Discrete wave-number methiod (30 P-5e and 5H)

Advanced options

Continue.
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7.7.8.1 FINITE-DIFFERENCE METHOD (2D)

FALSWRARRA 100 (1

Wiiavefarmm modeling

Finite-difference method (2D) (s

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.7.8.2 DISCRETE WAVE-NUMBER METHOD (3D P-Sv)

RS AMAM (1D (1)

Weaveform modeling

Finite-difference method (200
Discrete wawve-number method (30 P-54 Ib

Once a synthetic velocity model exists, a synthetic waveform file must be generated to calculate
the dispersion curve. Only active-source waveform files can be simulated. To generate the
waveform file, select Waveform Modeling | Discrete wave-number method (3D P-Sv). The
DWM parameters dialog box settings determine how the waveform record is calculated:

516
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



The WaveEq Module Functions %ﬂ GEOMETRICS

simplify your search

DWIM parameters

Diata length = 1 g UK
Muraber of samples = 122 Canrcel
Sarnpling tirae =
ge0
Perindicity length multiplier = g Q
Defanlt
First recefver distance = 1 1
Recerser spacing = E I
Murnber of recerers = 24
Source depth = 0.5 m
Epsilon = 0001
Source Becerer
(" Explosion * Wertical
f* Vertical force " Honzontal (radial)
X = " Pressure
Y =
A=

The Data length is the record length in time. Number of samples relates to the sample interval
used in field acquisition; 1 second divided by 128 samples equals a sample interval of 7.8
milliseconds. Although this is much larger than what is commonly used in the field for a 1D
MASW survey, a value of 128 is sufficient and makes the calculation less computationally
1ntensive.

The Periodicity length multiplier defines the size of the calculation, and the default value is
suitable for most cases. First receiver distance is the near offset, the Receiver spacing is simply
the geophone interval, and the Number of receivers is the number of channels. Refer to Section
3.1, Page 11, for values similar to what would be used in the field for a 1D MASW survey. The
Source depth is the depth below surface of the source; for a surface source, enter zero. Epsilon
controls the accuracy of the calculation, and the default value is suitable for most cases.

To revert to the default values, press Default.

Press OK and the corresponding waveform file is calculated and automatically displayed in
Pickwin.
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Source= 0.0m Time{msec)
a 200 400 g0 a0o 1000 1200

Distance(m)

26 Trigger

wanseform_data_DWwhd.Bhd

Figure 240: Synthetic waveform file.

The waveform file is automatically saved to the current directory with the file name
waveform_data_DWM.8hd.

Proceed with calculating phase velocity and picking the dispersion curve as if the synthetic
waveform file was a field record.

Source= 0.0m Fhase velocity (mfsec)
1] 200 400 600 800 1000

Frequency(Hz)

Dispersion curve ; waveform_data_ Dy Shd

Figure 241: Phase velocity-frequency plot corresponding to synthetic waveform file in Figure 240.

Import the dispersion curve picks into WaveEq, set up an initial model, and run the inversion.
Refer to Section 7.11.7, Page 593, for explanation of additional modeling functions.
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7.7.8.3 DISCRETE WAVE-NUMBER METHOD (3D P-Sv AND SH)

RS AMAM (1D (1)

Wi¥avefarm modeling

Finite-difference method (200
Discrete wave-number method (30 P-57

Discrete wave-number method (30 P-3e and 3H) %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.7.8.4 ADVANCED OPTIONS

RALEMRALN (100 (1)
Wfaveform modeling

Advanced options I} ¥ Discrete weave-number method G0imicro-trermor model)
Discrete wave-number method (30-3Cimicro-tremoar model)

Discrete wave-number method (30:ichange source depth)

The items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.

7.7.8.4.1  DISCRETE WAVE-NUMBER METHOD (3D: MICROTREMOR MODEL)

RAZSWBARRA 100 (1

Wéavefarm modeling

Advanced options

Discrete wave-number rmethod (GDimicro-trermaor model) l}
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This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.7.8.4.2  DISCRETE WAVE-NUMBER METHOD (3D-3C: MICROTREMOR
MODEL)

RS S RA LN (100 (1)
Weaveform modeling

Sdvanced options

Discrete wave-number method GDimicro-tremar model)

Discrete wave-number method (30-3C:micro-tremor model) I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.7.8.4.3  DISCRETE WAVE-NUMBER METHOD (3D: CHANGE SOURCE DEPTH)

RS AMAM (1D (1)

Weaveform modeling

Sdvanced options

Discrete wave-number method (30:micro-tremor model)
Discrete wawve-number method (30-3C:micro-tremor model

Discrete wave-nurmber method (30:change source depth) I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.7.9 ADVANCED OPTIONS

Advanced options b * Comparizan with M-wvalue

Cornparizon with P35

Plate
Plate model inwversion (107
Sensitivity analysis

SPALC Inversian

Get min, and rmax, velocity model from st files)

Get rmin, and rmax, velocity model (from G& results)
Surface wawe mode b

it »

The features in the following sub-menus are highly specialized and rarely used. Please contact
support @seisimager.com for assistance.

7.7.9.1 COMPARISON WITH N-VALUE

RALSURALNA (100 ()
Sdvanced options
Comparisan with M-wvalue I/\\?

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.7.9.2 COMPARISON WITH PS

MAASHMAN (10 (1)

Sdvanced options

Cormparison with M-wvalue

Carmparisan with P35 %
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This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.7.9.3 PLATE
RAZ S ARALRA (100 (1)

Sdvanced options

Cornparizon with M-value

Cornparizon with P35
Plate I/\\?

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.7.9.4 PLATE MODEL INVERSION (1D)

FALSWRARRA 100 (1

Sdvanced options

Cormparisan with M-value

Cornparisan with P5

Plate
Plate model inversion {100 %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.7.9.5 SENSITIVITY ANALYSIS

RS AMAM (1D (1)

Lcdvanced options

Comparisan with M-wvalue

Comparisan with P35

Plate

Plate model irversion (100

Sensitivity analysis I}

%) GEOMETRICS

Simplify your search

This feature is highly specialized and rarely used. Please contact support@seisimager.com for

assistance.

7.7.9.6 SPAC INVERSION

FALSWRARRA 100 (1

Scvanced options

Cormparizon with M-wvalue

Cormparizon with P35

Flate

Plate rmodel irwersion (100

Sensitivity analysis

SPAC inversion %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for

assistance. At tutorial on SPAC inversion can be found here.
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7.7.9.7 GET MIN. AND MAX. VELOCITY MODEL (FROM .RST FILES)

RS AMAM (1D (1)

Lcdvanced options

Comparizan with M-wvalue

Cormparizan with P5

Plate

Plate rmodel irversion (100
Sensitivity analysis

SPAC inversion

Get rmin. and max, velocity model from .rst files) h

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.7.9.8 GET MIN. AND MAX. VELOCITY MODEL (FROM GA RESULTS)
kASEM ALK (100 (1

Sdvanced options

Cormparizon with M-value

Caompatizon with P35

Plate
Plate model inversion {100
Sensitivity analysis

SPAC inversion

Get nin, and max, welocity model from est files)

Get rmin. and max, velocity model (from G4 results) L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.7.9.9 SURFACE WAVE MODE
RALSWRAAR (100 (1)

Advanced options

Surface wawe mode b » Change to Love wawve

Change to Rayleigh wawve
Continue.

7.7.9.9.1 CHANGE TO LOVE WAVE

FALSWRARRA 100 (1

Scvanced options
Surface wawve maode

Change to Love wave I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.7.9.9.2 CHANGE TO RAYLEIGH WAVE

MAASHMAN (10 (1)

Sdvanced options
Surface wave mode

Change to Lowe wwave

Change to Rayleigh wawve I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.7.9.10 UNIT

RAASW AN (1D (1)

Advanced options

Ihit % > Corwert ta feet

Corwert to meters

You may change the units between meters and feet using the next two sub-menus.

7.7.9.10.1 CONVERT TO FEET

RS AMAM (1D (1)

Lcdvanced options
Unit
Corwvert to feet I}

You may convert the units of your model from ft and ft/sec to m and m/sec and vice-versa.
Compare the following displays of the same dispersion curve and model. The first pair is in m
and m/sec; the second pair is in ft and ft/sec.

Note: You will most likely need to adjust the axis limits [Ctrl+A] when converting between units.
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Dispersion curve - all inverted result GAHM-12m with HVSR. rst

Figure 242: Dispersion curve displayed in m/sec.
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S-wave velocity (m/fs)

200 300 400 500 0 S00 Yoo o &00 SO0 1000

100

(w) yidag

. all inverted result GAHM-12m with HVSH.ret

S-wave velocity model

Figure 243: Velocity model displayed in m and m/sec.
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Phase velocity (ft/s)
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Figure 244: Dispersion curve from Figure 242 displayed in ft/sec.
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S-wave velocity (ft/s)
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1400

: allinverted rezult GAHM-12m with HVSR.ret

S-wave velocity model

Figure 245: Velocity model from Figure 243 displayed in ft and ft/sec.

7.7.9.10.2 CONVERT TO METERS

RAZSWBARRA 100 (1

Sdvanced options

Unit

Caormvert to feet

Cornvert to meters %

This is just the reverse of that described in the previous section.
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7.8 MASW/MAM (2D/3D) MENU

The MASW/MAM (2D/3D) menu includes functions for calculating an initial model for a 2D
dataset and running the inversion to find the best fit of the modified initial model data with the
observed data. For purchasers of SeisImager/SW-1D, this menu is not active.

RALSW AR (20300 (Th
Showe 20 welocity model <launches GeaPlot:-
Show 30 welocity model <launches GeoPlot3D -

Imitial rmodel
[Feversion (20300 data)

[rwersion fuith M)
Advanced inversion >

Calculate RS for all data

20 3

b 3

Survey design (30) >

Advanced options >

Alrmighty >
7.8.1 SHOW 2D VELOCITY MODEL <LAUNCHES GEOPLOT>

MASM RSN (207300 (T)

Show 20 welocity model <launches GeoPlot: I}

Once initial or final models exist for a series of CMP cross-correlation gathers, the applicable
cross-sectional model can be viewed in GeoPlot by selecting Show 2D velocity model. The unit
labels set in WaveEq carry over. Refer to Section 4.1.3, Page 90, for more information on setting
display parameters in GeoPlot.
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7.8.2 SHOW 3D VELOCITY MODEL <LAUNCHES GEOPLOT3D>

MASW AN (20,300 (T)

Showe 20 welocity model <launches GeoPlot:
Showe 30 welocity model <launches GeoPlot30: L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance. You might find it useful to look at this tutorial. If you would like to work through it,
an example dataset can be found here.

7.8.3 INITIAL MODEL
RASSNBALRA (20300 (T)

Show 20 velocity model <launches GeoPlot:
Show 30 velocity model <launches GeoPlot3D -

Initial maodel %

The initial cross-sectional Vs model is the starting point for the inversion. For 2D MASW, the
initial cross-sectional model is interpolated from individual 1D initial models for a set of CMP
cross-correlation gathers. To generate an initial cross-sectional model from the set of gathers,
select Initial model. The Initial model for inversion dialog box settings are the same as those
explained in Section 7.7.1, (Page 479) except that Apply horizontal interpolation is checked by
default to allow the cross-sectional model to be constructed by interpolation between the series
of 1D models.

7.8.4 INVERSION (2D/3D: ALL DATA)

MASW AN (20,300 (T)

Show 20 velocity model <launches GeoPlot:
Show 30 welocity model <launches GeoPlot3D -

Initial model

Irversion (2030080 data) I}

The Inversion (2D/3D: All Data) and Inversion (with N) processes can be computationally
intensive, and may take some time to complete, depending on the size of the dataset. Also, the
higher the Iteration value, the longer the process will take. In the Windows Task Manager,
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WaveEq may report as “Not Responding”, but if the memory usage is dynamically changing, this
indicates the process is running properly.

7.8.5 INVERSION (2D/3D: ALL DATA)

hASEW AN (20,5300 (T)

Showe 20 welocity model <launches GeoPlot:

Showe 30 welocity model <launches GeoPlot3D -

Initial model

[reversion (20300 data) %

To calculate the Vs cross-section that best matches the observed data, select Inversion
(2D/3D:All Data). The Least Squares Method dialog box settings are the same as those
explained in Section 7.7.2 (Page 483), except that the default value for e equals 0.1 and for
Regularization equals 0.5.

7.8.6 INVERSION (WITH N)
RASSNBALRA (20300 (T)

Show 20 velocity model <launches GeoPlot:
Show 30 velocity model <launches GeoPlot3D -

Initial rodel
lrversion (20300001 data)
Ireersion fuith B Ib

If N-values are used to construct the initial model, select Inversion (with N) instead of Inversion
(2D/3D:All Data). The Least Squares Method dialog box settings are the same as those
explained in Section 7.7.2 (Page 483), except that the default value for e equals 0.1 and for
Regularization equals 0.5.
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7.8.7 ADVANCED INVERSION

PSS MAM (207300 (T)

Advanced inversion I} > 58 (20 Average data)
GA 20 Individual data)

Initial rmodel (interpolation)
Sort model by RMS error for GA data

Set number of models to be shown

SeisImager includes several advanced inversion tools. Many of the items in the following sub-
menus are rarely used, and when they are, support from Geometrics is generally required.

7.8.7.1 GA (2D: AVERAGE DATA)

MASW AN (20,300 (T)

Advanced inversion

G& (20 Average data) %

Select MASW/MAM (2D/3D) | Advanced inversion | GA (2D: Average data) to apply the
inversion to two-dimensional data using the Genetic Algorithm (GA).

A 2D velocity section of the initial model, example of 1D dispersion curve, and velocity model
are shown below.

534
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



GEOMETRICS

Simplify your search

)

The WaveEq Module Functions

-5
]
E 5
£
5
253k
20 4-
25 e
O 5 10 45 20 25 30 35 40 45 S50 55 60 &5 TO TS 80 85 o0 o5 100 105 (M)
Distance {m s
nders] Distance (m) e 1m0
RMISE = 13.009095 mise: B
bl | 3 —r S i T tered Dutancesg 500500m
| 1 | ] ] FY———
- | 1 =) s 4 s =1 ¥
sl ]
+ !
p T
£ ¥
ool 4 M ul — ] !
i ]

I |

- oy e e
aa b — N i M ety
T R T - = = = L s
| . = i —1 r — i

4
x4
__| st

Coparnmn curve ; hardia-a_reveried_rewsl pes Tama moon e MEALAD AR IEHEEL

Figure 246: Example 2D velocity section, 1D dispersion curve, andlD Vs model.
Set the parameters for the Genetic Algorithm. The default values (Iteration=50, Population=50,

Binary digits=5, Crossover probability=0.5, Mutation probability=0.5) are suitable for most
cases. Press the OK button to proceed.

Genetic Algorithm

[teration 50 OK
Population a0 Cancel

Birary digits 5

Crossover 05
probability |
Iutation 0.5
probabality

Set the parameters for constraints based on site conditions. (Contact
support@seisimager.com for assistance.) Press the OK button to proceed.
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Velocity model inversion with GA&

Constraint O
" Mo constraint
Cance]
' Setup allowed velocity reversal (default)
&llowred velocity reversal (defanlt=20%) 20 A
Current velocitsy reversal = | 0 ¥a
{7 Increasing with depth
(" Diecreasing with depth
Search area
v TUse constant search area
Search area for velocity {defalt=20%) 20 Y
Iin and max. velocity
v Define min. and max. velocity
Iin. welocitsy 300 fsec
Ilaz. welocity 1950 ol
Search method
{+
i
i
[ Fixbattom layervelocity
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An example of an inverted result is shown below. The error between observed and theoretical

phase velocities is smaller than that for the initial model.
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Figure 247: Inverted result.

7.8.7.2 GA (2D: INDIVIDUAL DATA)

kALEMS ALK (20300 (T
Advanced inversion

G4 (20 : Awerage data)
GA (20 : Individual data) h

L LT

This feature is highly specialized and rarely used. Please contact support@seisimager.com for

assistance.
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7.8.7.3 INITIAL MODEL (INTERPOLATION)

MASW AN (20,300 (T)

Advanced inversion

G4 (20 Average data)
GA G20 Individual data)

Initial rodel (interpolation) I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.7.4 SORT MODEL BY RMS ERROR FOR GA DATA

hASEW AN (20,5300 (T)

Advanced inversion

G4 (20 Average data)
GA 20 Individual data)

Initial model (interpolation)

Sort model by RS error for G4 data L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.8.7.5 SET NUMBER OF MODELS TO BE SHOWN

MASW AN (20,300 (T)

Advanced inversion

o420 Average data)
G2 (20 Individual data)

Initial model {interpolation)
Sort model by RMS error for GA data
Set number of models to be shown L\?

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.8 CALCULATE RMS FOR ALL DATA

MASW AN (20,300 (T)

Show 20 velocity model <launches GeoPlot:
Show 30 velocity model <launches GeoPlot3D -

Initial rodel
lrversion (20300001 data)

Irversion fuith M)
Advanced inversion >

Calculate RS for all data I}

To calculate the RMS error for an inversion, select Calculate RMS for all data. The RMS error is
reported as a velocity (m/s or ft/s) and a percentage (%). It is preferable for the error to be less
than about 5%, but it will depend on the dataset.
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l i RMSE= BA821560 mfsec 17.530853 %

7.8.9 2D

rAASU ALK (207300 (Th

20 l} » set latitude and longitude at waypoints

Delete dispersion curves outside of distance range

The items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.

7.8.9.1 SET LATITUDE AND LONGITUDE AT WAYPOINTS

hASEW AN (20,5300 (T)

2D

Set latitude and longitude at waypoints I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.9.2 DELETE DISPERSION CURVES OUTSIDE OF DISTANCE RANGE

MASW AN (20,300 (T)

2D

Set latitude and longitude atwaypaoints

Delete dispersion curves outside of distance range I}
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This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.10 3D

MASM RSN (207300 (T)

£l I} > Set latitude and longitude at corners
Convert grid data to randormn data
Corvert randorn data to grid data

The items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.

7.8.10.1 SET LATITUDE AND LONGITUDE AT CORNERS

hASEW AN (20,5300 (T)

D
Set latitude and longitude at carners L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.10.2 CONVERT GRID DATA TO RANDOM DATA

MASW AN (20,300 (T)

D

Zet latitude and longitude at carners

Corvert grid data to randorm data I/\\T

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

541
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



The WaveEq Module Functions gﬁ) GEOMETRICS

Simplify your search

7.8.10.3 CONVERT RANDOM DATA TO GRID DATA

MASW AN (20,300 (T)

D

Set latitude and longitude at corners
Corevert grid data to randorm data
Cormvert randorn data to grid data L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.11 SURVEY DESIGN (3D)

MASW AN (20,300 (T)

Supvey design (307 I} * Mewy supvey
Acquisition gearmetry
Wiew options
Generate new 30 velocity model
Calculate theoretical dispersion curees

Convert synthetic data to "observed” data

The items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.

7.8.11.1 NEW SURVEY

hAL SN B (207300 (T)
Sureey design (300

Mee su ey I,\\—-3

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.8.11.2 ACQUISITION GEOMETRY

hASEW AN (20,5300 (T)
Supeey design (300

Meww supey

Scquisition geornetry %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.11.3 VIEW OPTIONS

hASSW AR (20,5300 (T)
Sureey design (300
Mewe supeey
Scquisition gearmetry

Wiews options I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.8.11.4 GENERATE NEW 3D VELOCITY MODEL

MASW AN (20,300 (T)

Supeey design (300

Mew sureey
Acquisition geometry
Wiew options

Generate new 30 velocity model %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.11.5 CALCULATE THEORETICAL DISPERSION CURVES

hAL SN B (207300 (T)
Sureey design (300

Mewe sureey

Acquisition geormetry

Wiews options

Generate new 30 welocity model

Calculate thearetical dispersion curses %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.8.11.6 CONVERT SYNTHETIC DATA TO “OBSERVED”’ DATA

MASW AN (20,300 (T)

Supeey design (300

Mewy supey

Acquisition gearnetry

Wiew options

Generate new 30 velocity model
Calculate thearetical dispersion cupees

Comwert synthetic data to "observed" data L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.12 ADVANCED OPTIONS

hAAS WAAN (20,300 (T)

Advanced options I}. ¥ Calculate 10 amplification for all data
Result of GA
~  Allow edit all dispersion curses/models
Copy current velocity model to all other dispersion curves
20730 analysis >

Statistic quality evaluation
Custom color >

Unit »

Many of the items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.
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7.8.12.1 CALCULATE 1D AMPLIFICATION FOR ALL DATA

hAAS WAAN (20,300 (T)

Advanced options

Calculate 10 amplification for all data I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.12.2 RESULT OF GA

MASW AN (20,300 (T)

Sdvanced options

Calculate 10 arnplification for all data

Result of G&, (s

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.12.3 ALLOW EDIT ALL DISPERSION CURVES/MODELS

MASM RSN (207300 (T)

Sdvanced options

Calculate 10 arnplification for all data
" Result of G&

~ Allow edit all dispersion curvesfmodels %
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This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.12.4 CorY CURRENT VELOCITY MODEL TO ALL OTHER DISPERSION
CURVES

MASM RSN (207300 (T)

Sdvanced options

Calculate 10 amplification for all data
" Result of GA
~ BSllow edit all dispersion curves/models

Copy currentvelocity model to all other dispersion curves %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.12.5 2D/3D ANALYSIS

PSS MAM (20300 (T)

Sdvanced options

20/3D analysis b » Corwvert 20 data to 30 data (set XY location)
Read and apply X or ¥-¥ location file
Corrvert 2D data to 3D data (import XY location file)
Sawve each dispersion curve as 10 RET ar XML files

The items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.
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7.8.12.5.1 CONVERT 2D DATA TO 3D DATA (SET XY LOCATION)

MASW AN (20,300 (T)

Sdvanced options

2D/30 analysis

Corvert 20 data to 3D data (set XY location) h

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.12.5.2 READ AND APPLY X OR XY LOCATION FILE

hASEW AN (20,5300 (T)

Sdvanced options

2D/30 analysis

Corvert 20 data to 30 data (set XY location)
Fead and apply X or 3 location file I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.8.12.5.3 CONVERT 2D DATA TO 3D DATA (IMPORT XY LOCATION FILE)

MASW AN (20,300 (T)

Sdvanced options

2D/30 analysis

Cornvert 20 data to 3D data (set XY location)
Read and apply X or ¥-% location file
Convert 20 data to 3D data (import XY lacation file) I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.12.5.4 SAVE EACH DISPERSION CURVE AS 1D RST or XML FILE

MASM RSN (207300 (T)

Sdvanced options

2D/30 analysis

Caorwvert 20 data to 3D data (set XY lacation)

Read and apply X or X-% location file

Corvert 20 data to 30 data (import XY location file)
Save each dispersion curve as 100 RET ar XML files I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.8.12.6 STATIC QUALITY EVALUATION

MASW AN (20,300 (T)

Sdvanced options

Calculate 10 amplification for all data
»  Result of G&
~ Allgur edit all dispersion curvesfrmodels
Copy current velocity model to all ather dispersion curees
2D/30 analysis >
Statistic quality evaluztion I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.12.7 CustoM COLOR

hAAS WAAN (20,300 (T)

Advanced options

Custarn colar b * Sawe custorn dispersion cupve list

Open custom dispersion curve list

The items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.

7.8.12.7.1 SAVE CUSTOM DISPERSION CURVE LIST

MASM RSN (207300 (T)

Sdvanced options

Custorm color

Save custormn dispersion curse list %

550
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



The WaveEq Module Functions gﬂ GEOMETRICS

Simplify your search

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.12.7.2 OPEN CUSTOM DISPERSION CURVE LIST

hASEW AN (20,5300 (T)

Sdvanced options

Custorm color

Save custom dispersion curse list

Dpen custom dispersion curee list %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.12.8 UNIT

PSS MAM (20300 (T)

Advanced options

Ihit % > Corwert to feet

Continue.

7.8.12.8.1 CONVERT TO FEET/METERS

RALEM A A (20300 (T)
Sdvanced options
Unit

Caormvert to feet I}s,
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You may convert between units for 2D and 3D models in a manner similar to that described in
Section 7.7.9.10.1, Page 526. If you are working in units of feet, it will say “Convert to meters”
and vice-versa.

7.8.13 ALMIGHTY

rAASU ALK (207300 (Th

Llrrighty I} b Imversion (ZDiIndividual data)

Plate model inversion (200

Open phase velocity curvesionly data)

The items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.

7.8.13.1 INVERSION (2D: INDIVIDUAL DATA)

kALEW P (20300 (T
Slrmighty
Inwersion (2D:Indiadual data) %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.8.13.2 PLATE MODEL INVERSION (2D)

RALEN Tl Al (20300 (T)
Slrmighty

Inversion (2DiIndividual data)

Flate model irversion (200 L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.8.13.3 OPEN PHASE VELOCITY CURVES (ONLY DATA)

RALEM A A (20300 (T)
Slrmighty

Iheersion (2ZDelndividual data)

Plate rmodel inwersion (200

Open phase velocity curves{only data) I}b

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9 OPTIONS MENU

The Options menu includes program controls and settings.

Options (07 Help (H)

Dirmension size
Settings -]

rmeters and mfsec

feet and ftfsec

Site name and coordinates

Language *
Meural netinmork >
Advanced options -]
Almighty »
7.9.1 DIMENSION SIZE
Optians ()
Dirmension size b

To view or change the program data input allowances, select Dimension size.
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Present size reflects the current Maximum dispersion curves number for 2D MASW. The
Maximum of 2001 is the highest possible value. To change the number, enter the new value,
check Change dimension size, and press OK.

Dimension size

oK

WARNING: The default program dimensions may be increased; hoaeser, your PC
rnernory may be insufficient for larger dirnensions. ¥ou may enconnter an error next
tiree wo trv to open the prograrn and the divaensions will need to be reduced.

To reduce the diriensions, press the Shaft kew when double-clicking the progratn
icon (eonsult the marmal for full details).

FPresent size Ivlavaroirn

Ilaxdranr dispersion curves | 501 | 2001

[ Change direension size
Password for upgrade

Your keyword is rfTubraga

25W3D 5151

Press OK and restart the program.

Memory size has been changed!

Please re-start the program

The wizard automatically defaults to standard dimensions to run efficiently. To use non-standard
dimensions, you will need to process data manually.

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.
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7.9.2 SETTINGS

Options (O}
Zettings » b axirnum walue I}

Suserage walue

Setup (Phase-velocity calculation)

Setup (HA calculation)

Setup (Bmplification)

Setup (Full-wawve calculation using DWhA)

Sawe group welocity

Parzen window band
Various parameters can be set under Options | Settings. Some of the items in the following sub-
menus are rarely used, and when they are, support from Geometrics is generally required.

7.9.2.1 MAXIMUM VALUE

Options (O}
Settings
kdaximurm walue I}

Theoretical phase velocity may be calculated under “averaged” or “maximum” dispersion curve
assumptions. Activate Maximum value or Average value under Options | Settings to switch
methods. We recommend using Maximum value and Average value for MASW and SPAC,
respectively.

7.9.2.2 AVERAGE VALUE

Optians ()
Settings

haxirmurm walue

Borerage value I}.

555
Hayashi/Underwood/Lippus SeisImager/SW Manual v. 4.0
PN 770-00118-01 July 2024



The WaveEq Module Functions %} GEOMETRICS

Simplify your searc h

See prior section.

7.9.2.3 SET UP (PHASE VELOCITY CALCULATION)
Options ()

Settings

rAaxirmum walue

Borerage value

Setup (Phase-welocity calculation) %

Select Options | Settings | Setup (Phase velocity calculation) to change the settings for higher
mode calculations of phase velocity. The following dialog box appears when the fundamental

mode calculation is selected. (Press 7#l before opening dialog.) Note that the number of modes is
hardwired to one.
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Phiase welocity caloulation O

i* Raylei
yieigh Cancel

Fobust caloulation

¥ Eohust caleulation
Phiase velocity resolution (defanlt=100) = a0

Srface ligmid laer
[ Include Liguid layer

Liguid layer thickness = 2 i

" Plate
[ Show model dialog box

" Full wasee {DW)

& o (P sl st 1 fndica'Ees ﬁmd_amental mode
_ calculation and 1= the default
v Raobust caleulation when the FM button is

For Rayleizh and Lave rabust caleulation—|enabled.

Muraker of maodes (defanlt=1) = ' : i

[ Show higher mode curves and armplitude

[ Sawe velocity roodel

When the higher mode calculation is selected (press L before opening dialog), the number of
modes defaults to 5. Use 5 to 20 for the number of modes. The number of modes integrated is
proportional to computation time. Calculating five to ten modes is suitable for most cases. Use a
large number (20 to 50) if the data includes significant higher modes that are due to a high
velocity thin layer underlying a low velocity layer.

For Rayleigh and Love robust calenlation

Larger
Murker of modes (defanlt=5) = | 5 nmn‘f:rer

[+ Showr higher ode carves and araplitude

For more information on working with higher modes, see Section 5.1.1, Page 174.
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7.9.2.4 SET UpP (H/V CALCULATION)
Optians ()
Settings

kA axirmum walue

Borerage value

Setup (Phase-velocity calculation)
Setup (HAY calculation) L\\)

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.2.5 SET UP (AMPLIFICATION)
Options (O}

Settings

haximurm walue

Sverage value

Setup (Phase-velocity calculation)
Setup (HAY calculation)
Setup (Amplification) [}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.2.6 SET UP (FULL-WAVE CALCULATION USING DWM)
Optians ()
Settings

kA aximum walue

BAorerage value

Setup (Phase-welocity calculation)

Setup (HA calculation)

Setup (Brmplification)

Setup (Full-wave calculation using DAk I/\\"»

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.2.7 SAVE GROUP VELOCITY

Options ()
Settings

kA aximum wvalue

Aorerage walue

Setup (Phase-welocity calculation)

Setup (HA calculation)

Setup (Arnplification)

Setup (Full-wave calculation using DYk
Save group welocity Ib

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.2.8 PARZEN WINDOW BAND

Options (O}
Settings

Maximum wvalue

Aierage walue

Setup (Phase-welocity calculation)

Setup (HAY calculation)

Setup (Brmplification)

Setup (Full-wave calculation using DWRA)

Save group welocity

Parzen window band L\a‘

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.3 METERS AND M/SEC AND FEET AND FT/SEC

Options ()

Dimension size
Settings *

reters and mfsec

feet and ftfsec I}

Select the desired unit labels by choosing meters and m/sec or feet and ft/sec. The setting is
reflected in the display labels, dialog box labels, and default values where applicable.
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7.9.4 SITE NAME AND COORDINATES

Options (O}

Dirmension size
Settings >

rmeters and mysec

feet and ftfsec

Site name and coordinates L\a‘

Site coordinates

Latitude 47.526123046875 degree OK
Longitude -T0.5130615234375 degree Cancel
Elevation 0 m

Site name SitelName

Acquisition date | 2023/08/14 yyyy/mm/dd

AVE30 | 224 681 m'sec

—Micro geomorphology (Tapan)
J-SHIS name
I-SHIS mndex I -1 J-SHIS AVS30 (from Geomo.) I 0 m/sec
G5l name
GELindex I Update |
Database

Database index | _

You may update the survey data, including coordinates, elevation, site name, and date by
selecting Options | Site name and coordinates. The lower half of the dialog is applicable for
surveys conducted in Japan and is rarely used. Contact support@seisimager.com for assistance.
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7.9.5 LANGUAGE
Optians ()
Dirmension size
Settings >

rrieters and mysec

feet and ftfsec

Zite name and coordinates

Language % > English
lapanese
Chinese
Spanish
Continue
7.9.5.1 ENGLISH, JAPANESE, CHINESE, SPANISH
Options ()
Language
English
lapanese
Chinese

Spanish Ib

Choose your preferred language. At the time of this writing (January 2025), Chinese and Spanish
were under construction.
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7.9.6 NEURAL NETWORK

Options (O}

Dirmension size
Settings »

rmeters and myfsec

feet and ftfsec
Site name and coardinates
Language -]

Meural netuark I} » Export training data
Export observed HA data

Showe training data

Randam model

Dpen standard data and/or rmodel file {(json or txt)

Dpen models

Save rmodels
Review models
Save training data
Save observed data

Irport predicted velocity profile (standard welocity model)

Calculate waveform data

Calculate phase welocity image

The items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.
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7.9.6.1 EXPORT TRAINING DATA

Options (O}
Meural network
Export training data L\\,.)

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.6.2 EXPORT OBSERVED H/V DATA
Options ()

Meural network

Expart training data
Export observed HMN data L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.6.3 SHOW TRAINING DATA

Optians ()

Meural neturark

Export training data
Export observed HAY data
Showe training data %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.6.4 RANDOM MODEL
Optians ()

Meural neturark

Expot training data
Export observed HA data
Shoy training data

Random maodel L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.6.5 OPEN STANDARD DATA AND/OR MODEL FILE (.JSON OR .TXT)

Options ()
Meural network

Expor training data
Export observed HA data
Show training data

Random maodel

Dpen standard data andfor model file {json or ) L\}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.6.6 OPEN MODELS

Options (O}
Meural netnrark

Export training data
Export observed HAY data

Showy training data

Random model

Open standard data and/or model file {json or txt)

Open maodels L\\)

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.6.7 SAVE MODELS
Optians ()
Meural neturark

Export training data
Export observed HAY data

Showe training data

Fandom model

Open standard data and/or model file {json or txt)

Dpen models

Save models L\Xb

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.6.8 REVIEW MODELS

Options (O}
Meural netnrark

Export training data
Export observed HAY data

Showe training data

Fandom model

Open standard data and/or model file {json or tet)

Dpen models
Save models

Rewview models %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.6.9 SAVE TRAINING DATA
Options ()
Meural hetwork

Export training data
Export observed HM data

Show training data

Random model

Dpen standard data andfor model file (json or txt)

Open models
Save models
Fewview models

Zawve training data L\}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.6.10 SAVE OBSERVED DATA

Options (O}
Meural netnrark

Export training data
Export observed HAY data

Showe training data

Fandom model

Open standard data and/or model file {json or txt)

Dpen models
Save models
Review models
Save training data

Save observed data %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for

assistance.
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7.9.6.11 IMPORT PREDICTED VELOCITY PROFILE (STANDARD VELOCITY
MODEL)

Options ()
Meural network

Export training data
Export observed HM data

Show training data

Random model

Dpen standard data andfor model file (json or txt)

Open rmodels

Save models
Rewview rmodels
Save training data
Save observed data

Import predicted welocity profile (standard welocity rmodel) L\}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for

assistance.
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7.9.6.12 CALCULATE WAVEFORM DATA

Options (O}
Meural netnrark

Export training data
Export observed HAY data

Showe training data

Fandom model

Open standard data and/or model file (json or txt)

Dpen models
Save models

Rewiew models

Save training data
Save observed data

Import predicted welocity profile (standard velocity model)

Calculate wawefarm data L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.6.13 CALCULATE PHASE VELOCITY IMAGE
Optians ()

Meural neturark

Export training data
Export observed HM data

Showe training data

Randam model

Dpen standard data andfor model file {json or )

Open models

Save models
Review models
Sawe training data
Sawve observed data

Import predicted welocity profile (standard velocity model)

Calculate waveform data

Calculate phase velocity image %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.7 ADVANCED OPTIONS

Dptions (0

Sdvanced options % -] Rewerse Y axis text for clipboard copy

Set up GeoPlot.exe location
Setup GeoPlot3D.exe location
Setup Pickwin.exe location

Zet up Seislmagerbdap.exe location

Parallel pracessing
Use online database

= |se thread
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The items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.

7.9.7.1 REVERSE Y-AXIS TEXT FOR CLIPBOARD COPY
Options ()
Advanced options

Rewerse % axis text for clipboard copy I}

Reverse Y-axis text for clipboard copy controls how the label for the vertical axis appears when
Copy to clipboard (Section 7.2.3, Page 342) is selected from the Edit menu. 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.

7.9.7.2 SET UP GEOPLOT.EXE LOCATION
Options ()

Advanced options

Fewerse % axis text for clipboard copy

Set up GeoPlot.exe location L\Xﬁ

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.7.3 SET UP GEOPLOT3D.EXE LOCATION

Optians ()

Advanced options

Rewerse % axis text for clipboard copy

Setup GeoPlotexe location

Set up GeoPlot3Dexe location h

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.7.4 SET UP PICKWIN.EXE LOCATION

Options ()
Advanced options

Rewerse % axis text for clipboard copy

Setup GeoPlot.exe location
Setup GeoPlot3D.exe location
Set up Pickwin.exe location Ib

Set up Seislmagerbdap.exe location

Parallel processing

Ilse anline database

" |lse thread

This feature is highly specialized and rarely used. Please contact support@seisimager.com for

assistance.

7.9.7.5 SET UP SEISIMAGERMAP.EXE LOCATION

Optians ()

Advanced options

Rewverse ' axis text for clipboard copy

Setup GeoPlotexe location
Set up GeoPlot3D.exe location
Set up Pickwin.exe location

Set up Seislmagerhdap.exe location b

This feature is highly specialized and rarely used. Please contact support@seisimager.com for

assistance.
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7.9.7.6 PARALLEL PROCESSING

Options (O}
Advanced options

Rewerse % axis text for clipboard copy

Set up GeoPlotexe location
Setup GeoPlot3D.exe location
Set up Pickwin.exe location

Set up Seislmagerfap.exe location

Parallel processing I}
If parallel processing is enabled, processing will be faster, but other apps may run slower.

7.9.7.7 USE ONLINE DATABASE

Optians ()

Advanced options

Reverse Y axis text for clipboard copy

Setup GeoPlotexe location
Setup GeoPlot3D exe location
Set up Pickwin.exe location

Set up Seislmagerbdap.exe location

Parallel processing

Ilse online database I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.7.8 USE THREAD

Options (O}

Advanced options

Rewerse % axis text for clipboard copy

Set up GeoPlot.exe location
Setup GeoPlot3D.exe location
Set up Pickwinexe location

Set up Seislmagerbap.exe location

Parallel processing
Use online database

" |lse thread I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.8 ALMIGHTY

Dptiohs (0

Dirmension size
Settings *

rmeters and myfsec

feet and ftisec

Site name and coordinates

Language -]

Meural netnaork *

Advanced options »

Alrnighty I} -] Layered rodel analysis ]
SPAC b
Hormogeneous model *

The items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.
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7.9.8.1 LAYERED MODEL ANALYSIS
Dptians (00
Alrmighty
Layered rmodel analysis I} » L.5M. inversion (WS and H : multi-layers, multi-cunses)

L. 5M, imversion(d layers)
2 layer analysis

Select model

Read and plot best solutions

Save hest salutions

The items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.

7.9.8.1.1 L.S.M. INVERSION (Vs AND H: MULTI-LAYERS, MULTI-CURVES)

Optians ()
Alrnighty
Layered model analysis
L.5M, imversion (S and H : rmulti-layers, multi-cupees) L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.8.1.2  L.S.M. INVERSION (2 LAYERS)

Options (O}
Almighity
Layered model analysis

L5, irrversion (W5 and H @ multi-layers, multi-curces)

L.5M. imversion(d layers) Ib

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.8.1.3 2 LAYER ANALYSIS

Options (O}
Almighity
Layered model analysis

L5, ireversion (W5 and H @ multi-layers, multi-curces)

L5, ireversionid layers)
2 layer analysis I}%

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.8.14  SELECT MODEL
Options (0)
Almighty
Layered model analysis

L.EM. inversion (WS and H: multi-layers, multi-cuprses)
L.5M. imversionid layers)
2 layer analysis

Select model %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.8.1.5 READ AND PLOT BEST SOLUTIONS
Options (0)
Almighty
Layered model analysis

L.5M. inversion (W3 and H : multi-layers, multi-cunses)
L.5M, imversion(d layers)
2 layer analysis

Select madel

Read and plot best solutions L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.8.1.6  SAVE BEST SOLUTIONS
Options (0)
Almighty
Layered model analysis

LS8 irversion (WS and H @ multi-layers, multi-curces)
L.5M, inversionid layers)
2 layer analysis

Select model

Read and plot best solutians
Save best solutions I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.8.2 SPAC

Dptians (00
Alrnighty
Layered model analysis *
SPALC [} * Set minimum phase velocity

The item in the following sub-menu is rarely used, and when it is, support from Geometrics is
generally required.
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7.9.8.2.1 SET MINIMUM PHASE VELOCITY
Optians ()
Alrrighty

SPaC

Set minirnum phase velocity I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.8.3 HOMOGENEOUS MODEL
Dptions (0
Almighity
Layered model analysis »
SPAC >
Homogeneous model I} > 1-D

1-DiComplex)
1-DiAttenuation)
2-D
2-DiAttenuation)
3-D

Circlefu)
Circlefsz)

Cornparizon for wariable grid

Lamb's problem
Larnb's problern (2)
Larnb's problerm (3)
Lamb's problerm (2kim)

Plane weave (1D frequency domain solution)

Plane wawe (10 time domain salution)
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The items in the following sub-menus are rarely used, and when they are, support from
Geometrics is generally required.

79831 1D

Optians ()
Alrrighty

Horogeneous rmodel

1-D [

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.8.3.2 1D (COMPLEX)

Options (O}
Almighity
Hormogeneous model

1-D
1-DiComplex) h

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.8.3.3 1D (ATTENUATION)

Options (O}
Almighity
Horogeneous rmodel

1-D
1-DiComplex)
1-DiAttenuation) L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

79834 2D

Optians ()
Almighty
Hormogeneous model

1-D |
1-DiCamplex)
1-DiAttenuation) |

&b L3 |

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.8.3.5 2D (ATTENUATION)
Options (0)
Almighty
Homogeneaus model

1-D

1-DiCamplex)

1-DiAttenuation)

2-D

2-Difttenuation) L}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.9.8.3.6 3D

Optians ()
Almighty
Hormogeneous model

1-D
1-DiComplex)
1-DiAttenuation)
2-D
2-Difttenuation)

3-D %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.8.3.7 CIRCLE (VX)
Options (O}
Almighity
Horogeneous rmodel
1-D

1-DiComplex)
1-DiAttenuation)

2-D
2-DiAttenuation)
3-D
Circlefue) [
This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
7.9.8.3.8 CIRCLE (VZ)
Options (O}
Almighity
Hormogeneous model
1-D

1-DiComplex)
1-DiAttenuation)
2-D
2-DiAttenuation)
3-D

Circlefuw)

Circlefuz) %

This feature is highly specialized and rarely used. Please contact support@seisimager.com for

assistance.
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Optians ()

Alrmighty

Horogeneous rmodel

1-D
1-DiComplex)
1-DiAttenuation)
2-D
2-Difttenuation)
3-D

Circlefue)
Circlefvwz)

Cornparizan for wariable grid

L3
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This feature is highly specialized and rarely used. Please contact support@seisimager.com for

assistance.
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7.9.8.3.10 LAMB’S PROBLEM
Options (0)
Almighty
Homogeneaus model

1-D
1-DiCamplex)
1-DiAttenuation)
2-D
2-Difttenuation)
3-D

Circlefn)
Circlefwz)

Cormparizon for variable grid

Lamb's problem I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.8.3.11 LAMB’S PROBLEM (2)
Options (0)
Almighty
Homogeneaus model

1-D
1-D(Complex)
1-Difttenuation)
2-D
2-Di{Attenuation)
3-D

Circle v
Circlefvz)

Caormpatison forwariable grid

Larnb's problermn

Lamb's problerm (2) I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.
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7.9.8.3.12 LAMB’S PROBLEM (3)

Optians ()

Alrrighty

Hormogeneous model

1-D
1-DiComplex)
1-DiAttenuation)
2-D
2-DiAttenuation)
3-D

Circlefv:)

Circlefvz)

Cormparizon forwariable grid
Larnb's prablem

Lamb's prablern (2}
Latnb's prablern (3)

L

%) GEOMETRICS

Simplify your search

This feature is highly specialized and rarely used. Please contact support@seisimager.com for

assistance.
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7.9.8.3.13 LAMB'S PROBLEM (2 KM)

Optians ()

Alrrighty

Hormogeneous model

1-D
1-DiCamplex)
1-DiAttenuation)
2-D
2-Didttenuation)
3-D

Circlefe)
Circlefvz)

Cornparizan for wariable grid

Larnb's prablern
Lamb's problern (2}
Lamb's prablern (3)
Larnb's prablerm (2km)

L

%) GEOMETRICS

Simplify your search

This feature is highly specialized and rarely used. Please contact support@seisimager.com for

assistance.
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7.9.8.3.14 PLANE WAVE (1D FREQUENCY DOMAIN SOLUTION)

Options (O}

Almighity

Horogeneous rmodel

1-D
1-DiComplex)
1-DiAttenuation)
2-D
2-DiAttenuation)
3-D

Circlefue)
Circlefwz)

Cornparizon for wariable grid

Larnb's problerm
Larnb's probler (2)
Lamb's prablern {3}
Lamb's problern (2kim)

Plane wawe (10 frequency domain solution) [}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for

assistance.
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7.9.8.3.15 PLANE WAVE (1D TIME DOMAIN SOLUTION)
Options (0)
Almighty
Homogeneaus model

1-D
1-DiCamplex)
1-DiAttenuation)
2-D
2-DiAttenuation)
3-D

Circlef)
Circlefwz)

Cornparizan forwariable grid

Larnb's prablerm
Lamb's prablern (2}
Lamb's prablern (3]
Larnb's prablerm (2km)

Plane wave (10 frequency domain solution)

Plane wawe {10 time dormain solution) I}

This feature is highly specialized and rarely used. Please contact support@seisimager.com for
assistance.

7.10 HELP MENU ﬂ
Help (H)
YWersion info. (&),
Seislmager.com
Continue.
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7.10.1 VERSION INFO

Help (H)

Wersion infa, (8., I}

The Help menu or Version info ﬂ button reports the software version information.

Version information (WaveEq)

:‘i,/;o:‘ WaveEq Version 7.0.4.1 0K
WE | Tan 13, 2024

Copyright (C) 2004-2024

Geornetnics, Ine.

7.10.2 SEISIMAGER.COM

Help (H)

YWersion infao, (2.,
Seislmager.com I}

Selecting this item will take you to the SeisImager.com website.

7.11 TOOL BUTTONS

The WaveEq Tool Button functions not already discussed in association with specific menu
functions are explained in this section.

7.11.1 ENLARGE WAVEFORM AMPLITUDE E AND REDUCE WAVEFORM

AMPLITUDE I!I

The Enlarge waveform amplitude and Reduce waveform amplitude buttons have no meaning in
WaveEq.
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7.11.2 REDUCE HORIZONTAL SCALE Iil AND ENLARGE HORIZONTAL

SCALE |i|

To reduce or enlarge the horizontal scale of plots of dispersion curves, geometry, and velocity
models, press the Reduce horizontal scale and Enlarge horizontal scale buttons. The associated
keyboard shortcuts are the left arrow and right arrow keys, respectively.

7113 ENLARGE VERTICAL SCALE I!I AND REDUCE VERTICAL SCALE I!I

To enlarge or reduce the vertical scale of plots of dispersion curves, geometry, and velocity
models, press the Enlarge vertical scale and Reduce vertical scale buttons. The associated
keyboard shortcuts are the up arrow and down arrow keys, respectively.

7.11.4 SHOW PREVIOUS Iﬂ AND SHOW NEXT ILI

To scroll through individual dispersion curves or velocity models, press the Show previous and
Show next buttons. In the geometry plot view, these buttons are also used to select a specific
geometry of a waveform file to display.

7.11.5 HOME Iil AND END M

To jump to the first or last of a set of dispersion curves or velocity models, press the Home and
End buttons.

7.11.6 CALCULATE THEORETICAL DISPERSION CURVE BY FUNDAMENTAL
Mobk

The Calculate theoretical dispersion curve by fundamental mode button toggles off Calculate
theoretical dispersion curve by harmonic mode.

711.7 CALCULATE THEORETICAL DISPERSION CURVE BY HIGHER MODE

In the dispersion curve view for synthetic modeling, higher modes can be modeled by first
pressing on the Calculate theoretical dispersion curve by higher mode button, then pressing on

the Calculate theoretical dispersion curves ﬁ button. The dispersion curve view will display a
set of curves. The curves with connected open circles are fundamental mode dispersion curves
and the solid lines are the higher mode dispersion curves, associated with each fundamental
mode curve by color. The dashed lines are the relative amplitudes of the higher modes, also
associated by color.
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Frequency (Hz)
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Phase-velocity

100.0

0.0

Disperzion curve : waveform_ data DWM_000.Bhd

Figure 248: Theoretical fundamental dispersion curve with higher modes shown.

To toggle off the higher mode dispersion curves, press the Calculate theoretical dispersion
curves button again. To return to the fundamental mode, press the Calculate theoretical

dispersion curve by fundamental mode lﬂ button.

7.11.8 SELECT DISPERSION CURVE‘ 3 AND CORRECT DISPERSION CURVE
[
The Select dispersion curve and Correct dispersion curve buttons can be used for point-based

editing. To reverse any changes, press the Undo Iﬂ‘ button.

Press the Select dispersion curve button, then click on the point(s) on the dispersion curve that
you wish to delete. The selected points will be highlighted in red.
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Figure 249: Date points selected for deletion.

When done selecting points, hit the Delete key or select Delete from the Edit menu. If you
change your mind and do not want to delete the selected points, press the Select dispersion curve
button to deselect the points and exit editing mode.

To edit the dispersion curve by dragging points to new positions in the direction of phase
velocity on the plot, press the Correct dispersion curve button. Left click on the point and drag to
adjust; it will turn red and then revert to white at the new position when the mouse button is
released.

The Undo button can be pressed after any deletion or repositioning to reverse the effect.
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Appendix A BASIC PROCESSING FLOWS

The basic processing flows for ID MASW, MAM, and 2D MASW datasets are summarized in this
section.

A.1 Active-source 1D MASW

1. In Pickwin, open a waveform file.

File (F)
Open waveform (SEG2) file(O]... h Ctrl+ 0

]

2. In Pickwin, set the unit labels to meters or feet by opening the Edit/Display menu and selecting
Edit source/receiver locations (this is not an automatic part of the wizard, but should be done if there
is a change from the unit labels last used).

Edit/Display (E)
Undo(d) Ctrl+<Z
Redo

Exit edit mode

es——

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 scurce/receiver locations I:.\r* Ctrl+R

Alternatively, the unit labels may be set by opening the Options menu and selecting meters and
m/sec or feet and ft/sec.
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Option (Q)

Dirnension size
Atom >

rmeters and my/sec

feet and ft/sec h

3. In Pickwin, calculate phase velocity.

Surface wave analysis (5) | Processing (4] Option (0] Help (H)
Phase velocity-frequency transformation [} Ctrl+D

Upon viewing the phase velocity-frequency plot, if the calculation parameters need to be changed,
press the Undo button, and re-run the process (this is not an automatic part of the wizard).

4. In Pickwin, pick the dispersion curve.

Surface wave analysis (5] Processing (4)  Option (O] Help (H)

Phase velocity-frequency transformation Ctrl+D
Stack as Shot Cross-Correlation (SCC) gathers (10 active data)
Pick phase velocities (10 l}

5. In Pickwin, import the picks into WaveEq.

Surface wave analysis (5] Processing (&)  Option (0] Help (H)
Phase velocity-frequency transformation Ctrl+D
Stack as Shot Cross-Correlation (SCC) gathers (10 active data)
Pick phase velocities (101
Show phase velocity curve (10] <launches WaveEqg> I}

6. In WaveEq, edit the dispersion curve.

Dispersion curves (0]
Smoothing (individual curves)

Smoothing (20 median filter)

Interpolation

HAverage same frequency data

Delete picks by value
Delete picks cutside of gate (X) N Ctrl+X

7. In WaveEq, calculate the initial model.
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MASW/MAM (107 ()
Initial model h l

8. In WaveEq, run the inversion.

MASW/MAM (107 (1)
Initial model

Inwersion (L5M) h

A.2 passive-source MAM

1. In Pickwin, make a list of the waveform files in the dataset.

File (F)
Open waveform (SEGZ] file(O]... Ctrl+0
Save waveform (SEG2) file(s)... Ctrl+5

Save waveform (SEG2) file as(A)..

Cpen McSeis-3 file
Open QY0 160MX (SEGT) file
Open synthetic waveform (2hd) file

Open pick file

Save pick file

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

Page setup (R)...

Group (File list) (5] ¥ Make file list h

2. In Pickwin, set the unit labels to meters or feet by opening the Edit/Display menu and selecting
Edit source/receiver locations (this is not an automatic part of the wizard, but should be done if there
is a change from the unit labels last used).
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Edit/Display (E)
Undol(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 b
Truncate traces (shorten record length) >
Resample data b
Edit source/receiver locations N Ctrl+R

sSimplify your search

Alternatively, the unit labels may be set by opening the Options menu and selecting meters and
m/sec or feet and ft/sec.

Option (O]

Dirmension size
Atorm ¥

meters and m/sec

feet and ft/sec l\é

3. In Pickwin, run the spatial autocorrelation.

Surface wave analysis (5]

Phase velocity-frequency transformation Ctrl+D
Stack as Shot Cross-Correlation (SCC) gathers (10 active data)

Pick phase velocities (107

Show phase velocity curve (10) <launches WaveEqg=

Calculate Shot Cross-Correlation (SCC) gathers

Spatial Autocorrelation (SPAC) for 1D passive data h

4. In Pickwin, calculate phase velocity.
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Surface wave analysis (5]

Phase velocity-frequency transformation I} Ctrl+D r

Upon viewing the phase velocity-frequency plot, if the calculation parameters need to be changed,
press the Undo button, and re-run the process (this is not an automatic part of the wizard).

5. In Pickwin, pick the dispersion curve.

Surface wave analysis (5)
Phase velocity-frequency transformation Ctrl+D
Stack as Shot Cross-Correlation (5CC) gathers (1D active data)
Pick phase velocities (10) %

6. In Pickwin, import the picks into WaveEq.

Surface wave analysis (5]
Phase velocity-frequency transformation Ctrl+D
Stack as Shot Cross-Correlation (SCC) gathers (1D active data)
Pick phase velocities (10
Show phase velocity curve (10) <launches WaveEq> l}

7. In WaveEq, edit the dispersion curve.

Dispersion curves (0]
Smoothing (individual curves)

Smoothing (20 median filter)

Interpolation

Average same frequency data

Delete picks by value
Delete picks outside of gate (X I Ctrl+X

8. In WaveEq, calculate the initial model.

MASWBAM (107 (1)
Initial model |> l

9. In WaveEq, run the inversion.
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MASW /AN (T10] (1)
Initial model

Iwersion (LSM) l\}

A.3 Active-source 2D MASW

1. In Pickwin, make a list of waveform files in the dataset.

File (F)
Open waveform (SEG2) file(D)... Ctrl+ 0
Save waveform (5EG2) file(s)... Ctrl+5

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

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) ¥ Make file list h
2. In Pickwin, set the unit labels to meters or feet by opening the Edit/Display menu and selecting

Edit source/receiver locations (this is not an automatic part of the wizard, but should be done if there
is a change from the unit labels last used).
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Edit/Display (E)
Unde(d) 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 b
Truncate traces (shorten record length) ¥
Resample data *
Edit scurce/receiver locations h Ctrl+R.

Alternatively, the unit labels may be set by opening the Options menu and selecting meters and
m/sec or feet and ft/sec.

Option (0]
Dimension size
Atom >

meters and m,/sec

feet and ft/sec h

3. In Pickwin, save the file list for future use.
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File (F)
Open waveformn (SEG2) file(O)... Ctrl+ 0O
Save waveform (5EGZ) file(S)... Ctrl+5

Save waveform (SEG2) file as(4)...

Open McSeis-3 file

Open OYO 160MX (S5EG1) file

Open synthetic waveformn (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 ChUsersh..\16.dat
2 ChUsers\..\17.dat
3 ChUsersh..\17a.dat

4. In Pickwin, set up the source-receiver geometry.

Hayashi/Underwood/Lippus
P/N 770-00118-01

Make file list

Make file list(zelect a folder)
Open file list

Sawve file listitext)

Save file list(XML)
Show file list(G)

/%) GEOMETRICS

Simplify your search

Ctrl+G
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File (F)
Open waveform (5EG2) file(O)... Ctrl+Q
Save waveform (SEG2) file(s)... Ctrl+5

Save waveform (SEG2) 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
Print preview (V]

Page setup (R}...

/%) GEOMETRICS

Group (File list) (&) » Make file list

Options

Make file list{zelect a folder)
Open file list

1 CA\Usersh..\16.dat

2 CAUsers\..\17.dat

3 CA\Users\..\17a.dat

4 ChUsers\..A\Shot_101m.sg2

Exit ()

Save file list{text)
Save file list(XML)
Shaow file list(G)

Set up geometry

Edit

Atom/McSEIS-MTiMea)

simplify your search

Ctrl+G

5. In Pickwin, calculate and assemble the CMP cross-correlation gathers.

Surface wave analysis (5)

Hayashi/Underwood/Lippus
P/N 770-00118-01

Phase velocity-frequency transforrmation Ctrl+D
Stack as Shot Cross-Correlation (SCC) gathers (10 active data)

Pick phase velocities (10

Show phase velecity curve (10) <launches WawveEq»

Calculate Shot Cross-Correlation (SCC) gathers
Spatial Autocorrelation (SPAC) for 1D passive data

Calculate CMP Cross-Correlation (CMPCC) gathers b
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6. In Pickwin, calculate phase velocity for the CMP cross-correlation gathers and automatically pick
the dispersion curves.

Surface wave analysis (5)
Phase velocity-frequency transformation Ctrl+D
Stack as Shot Cross-Correlation (3CC) gathers (10 active data)
Pick phase velocities (107
Show phase velocity curve (1D) <launches WawveEqg>

Calculate Shot Cross-Correlation (3CC) gathers >
Spatial Autocorrelation (SPAC) for 10 passive data

Calculate CMP Cross-Correlation (CMPCC) gathers
Phase velocity-frequency transformation and picking (20/3D) I}

7. In Pickwin, import the dispersion curves into WaveEq.

Surface wave analysis (5]
Phase velocity-frequency transformation Ctrl+D
Stack as Shot Cross-Correlation (5CC) gathers (10 active data)
Pick phase velocities (107
Show phase velocity curve (10} <launches WaveEq>

Calculate Shot Cross-Correlation (5CC) gathers >
Spatial Autocorrelation (SPAC) for 10 passive data

Calculate CMP Cross-Correlation (CMPCC) gathers
Phase velocity-frequency transformation and picking (20/30)

Show phase velocity curves (20/30) <launches WaveEqg> h

8. In WaveEq, calculate the initial model.

MASW/MAM (2D/3D] (T)

Show 20 velocity model <launches GeoPlot>

Show 30 velocity model <launches GeoPlot30De-
Initial model I}
9. In GeoPlot, view the initial model.

MASW/MAM (2D/30) (T)
f Show 20 velocity model <launches GeoPlot= I} |

10. In WaveEq, run the inversion.
A-11
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MASW/MAM (2D/3D) (T} Options (O} Help (H)
Show 20 velocity model <launches GeoPlot=

Show 3D velocity model <launches GeoPlot3D=

Initial model

Inwersion (20/30:All data) Ib

11. In GeoPlot, view the final model.

MASW/MAR (2D/30) (T)
Show 20 velocity model <launches GeoPlot= %

Show 30 velocity model <launches GeoPlot3D>

Initial model
Inversion (2D/30:AIl data)

Inversion (with M)
MAdvanced inversion >

Calculate RMS for all data

20 »
3D »
Survey design (30 >
Advanced options *
Alrnighty >

A.4 Viewing and Editing Individual Dispersion Curves in Pickwin

In Pickwin, prior to launching WaveEq, dispersion curves from a 2D MASW dataset may be
individually edited in the phase velocity-frequency plot view. Usually, with 2D MASW datasets,
there are too many curves to pick manually, and the automatic picker is more precise than the human
eye. Occasionally, however, there may be a need to override the automatic picks. This section
describes the processing flow; these steps would be added in between Steps 6 and 7 on Page A-11.

1. In Pickwin, press the Geometry ﬂ button to display the geometry view. Use the Show previous

waveform 2 and Show next waveform " buttons to select the CMP cross-correlation gather for
which you want to view and edit the dispersion curve.
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Figure A-1: Geometry plot with CMP cross-correlation gather selected (red).

2. Press the Waveform ﬂ button to display the waveform file for the selected CMP cross-
correlation gather.

3. Calculate phase velocity for the CMP cross-correlation gather.

Surface wave analysis (5)

Phase velocity-frequency transformation lb Ctrl+D

4. The phase velocity-frequency plot for the selected CMP cross-correlation gather is displayed with
the rest of the dispersion curves picked in Step 6 on Page A-11. The pink line connecting red picks is
the individual dispersion curve associated with the selected CMP cross-correlation gather. The rest
of the curves are shown in green.

Source= 5.0m Phase wveloclity (m/sec)
1] 100 200 300 400 500
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Frequency
=

Digpersion curve : cmp_ 002200.=g2

Figure A-2: Phase velocity-frequency plot for selected CMP cross-correlation gather.
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Adjust the dispersion curve picks as desired and use the Update |* button to register the new picks.
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Figure A-3: Adjusted dispersion curve picks.

5. To edit other dispersion curves, repeat the process from Step 1.

6. Once editing is complete, save the revised dispersion curves.

File (F)

Open waveform (3EG2) file(O)... Ctrl+0
Save waveform (SEG2) file(S)... Ctrl+5
Save waveform (SEG2) file as(4)...

Open McSeis-3 file

Open OY0 160MX [SEGT) file {
Open synthetic waveform (.8hd) file

Open pick file

Save pick file I}

7. Import the revised dispersion curves into WaveEq.
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As an alternative, the saved dispersion curve file can be opened in WaveEq.

#

Surface wave analysis (5]
Phase velocity-frequency transformation
Stack as Shot Cross-Correlation (SCC) gathers (10 active data)
Pick phase velocities (10)
Show phase velocity curve (10) <launches WaveEq»

Calculate Shot Cross-Correlation (SCC) gathers
Spatial Autocorrelation (SPAC) for 10 passive data

Calculate CMP Cross-Correlation (CMPCC) gathers
Phase velocity-frequency transformation and picking (20/30)
Show phase velocity curves (20/30) <launches WaveEqg>

File (F)
Open 10 phase velocity curve or H/V spectrurn file {rst)

Save 1D phase velocity curve or H/V spectrum file (.rst)

Import 10 phase velocity curve or H/V spectrum from database
UpdatelD phase velocity curve or H/V spectrum in database

Upload 1D phase velocity curve or H/V spectrum to database

Open 10 phase velocity curve or H/V spectrum file {xml)
Save 1D phase velocity curve or H/V spectrum file (xml)

XML options

DOpen 20/30 phase velocity curve file (pvs) l}

A-15
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Appendix B DATA EXAMPLES AND QUALITY CONTROL
Continue.

B.1 Active-source Waveform Data

Continue.

B.1.1 Lower Quality

The shot record below lacks coherent surface wave signal from the near to far traces and is

heavily contaminated with relatively lower frequency noise, particularly from 75 to 170 feet.
Shot stacking or a larger source, and waiting for a quieter recording period, would probably help.
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Figure B-1: Example of low-quality active-source record due to poor signal-to-noise ratio.

In this shot record, the takeouts for channels 6, and 12 through 16 were left open with no
geophones connected. No signal was recorded, giving up 100 ft of offset on the far end of the
spread and creating a 40-foot gap in between traces 5 and 7.
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Figure B-2: Example of low-quality active-source record due to dead traces.
Due to a small near offset, in this shot record, the signal on the geophone at 51 feet was clipped.
A few overdriven channels can be tolerated but it is best practice to not record clipped signal.

Source= 65.0ft
0

Time(msec)
300 400 500 B0

Distance(ft)

|

Figure B-3: Example of low-quality active-source record due to small near-offset, resulting in clipped traces.

B.1.2 Higher Quality

The shot record below displays high signal-to-noise ratio, no clipped traces, and coherency from
trace-to-trace.
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source= -0.5m

Distance(m)

I
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Figure B-4: High-quality active-source record.

B.2 Passive-source Waveform Data

Continue.

B.2.1 Lower Quality

The record below shows wide variation in trace amplitude from trace-to-trace.

Source=-35.0fL
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Figure B-5: Low-quality passive-source record due to large amplitude variation between traces.

Upon viewing the spectrum, it is clear that the frequency content is uneven.

Hayashi/Underwood/Lippus

P/N 770-00118-01

B-3
SeisImager/SW Manual v. 4.0
July 2024



Appendices /%) GEOMETRICS

simplify your search

Source=-35.0ft Frequency (Hz)
0 5 10 15 20 25 30 35
-R40 o il e oty
N
=340 obunbins Ll s, hohentinnty e
b
=) -140 E i
o
o B0
= aabbbd ) ol
S 260 4 e Lty bl o ok FrpRY sl
T s kil e altho PRV
O 960 - h i
hb) MM
GED " ¥ dia )
1.04AT

Figure B-6: Frequency spectrum of record shown in Figure B-5.

A similar condition is evident in this record and associated frequency spectrum.
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Figure B-7: Second example of low-quality passive-source record due to large amplitude variation between traces.
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Figure B-8: Frequency spectrum of record shown in Figure B-7.
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In this record, the traces are similar to each other, but over time, there is a wide range in
amplitude.

Source= 0.0ft Time(msec)
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Figure B-9: Example of low-quality passive-source record due to large amplitude variation over times.

The spectrum shows fairly consistent frequency content from trace-to-trace, but not as tight as it
could be.
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Figure B-10: Frequency spectrum of record shown in Figure B-9.

B.2.2 Higher Quality

The record below is ideal, showing even signal amplitude from trace-to-trace and in time.
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Figure B-11: Ideal passive-source record.

The corresponding frequency spectrum shows the energy contained in a neat envelope from
approximately 2 to 7 Hz.
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Figure B-12: Frequency spectrum of record shown in Figure B-11.

This record has some intermittent higher-amplitude noise from passing cars (between 21 and 26
seconds).
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Figure B-13: passive-source record with noise from passing car.

The frequency spectrum shows the car noise has relatively little impact on the record quality
since it was of short duration compared to the total recording time.
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Figure B-14: Frequency spectrum of record shown in Figure B-13.
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B.3 Dispersion Curves
Continue.
B.3.1 Characteristics
Dispersion curves are smooth, curved or straight lines.
S-wave velocity structure Dispersion curve
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Figure B-15: VS models and corresponding dispersion curves.
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Dispersion curves reflect the average velocity model beneath the geophone spread.
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Figure B-16: Gradual change of dispersion curves over abrupt change in velocity.
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Only the Rayleigh wave fundamental mode is used for analysis, although higher modes are
present and often visible.
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Figure B-17: Phase velocity-frequency plot and dispersion curve indicating fundamental mode, higher mode, and
noise.

The frequency range within which phase velocity is considered stable corresponds to the
minimum and maximum wavelengths recorded, and there is generally a one-to-one relationship
between the minimum and maximum wavelength, and the geophone interval and total offset
(spread length), respectively.

The bounds of the stable frequency range are depicted on the phase velocity-frequency plot by
blue lines (shown above) and by bold black lines (shown below), with slopes that correspond to
the minimum and maximum wavelengths.
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Figure B-18: Bounds of the stable frequency range.
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B.3.2 Comparison of data from ground with variable stiffness
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Figure B-19: Comparison of waveform files, phase velocity-frequency plots, and Vs models for different geology
types.
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Appendix C H/V THEORY

Theory and methods of the Horizontal to Vertical Spectral Ratio Method, or H/V method, are
summarized from the USGS publication, Estimation Of Bedrock Depth Using The Horizontal-To-
Vertical (H/V) Ambient-Noise Seismic Method by Lane et al.

The H/V method uses passive seismic data to evaluate a site’s resonant frequency. Three-component
ambient seismic data is collected and used to calculate the horizontal-to-vertical spectral ratio. The
method has primarily been used for micro zonation studies to characterize earthquake site response,
and to estimate depth to bedrock.

The theoretical seismic resonant frequency may be estimated for a two-layer model according to the
equation below, where n, Vs, and Z correspond to mode, average shear-wave velocity of the upper
layer in m/s, and sediment thickness respectively.

Vs
fn=02n+ l)(E)

Nakamura (1989) demonstrated how the fundamental resonant frequency of a site can be
approximated from the H/V spectral ratio. The H/V spectral ratio is calculated as follows.

1l

H/V(w) = ((S2(w)ys + S2(W)zy) /25%(w)y)?

The method assumes an acoustic impedance contrast equal to or greater than two between the
bedrock and overlying sedimentary layer. Case studies have shown the inability of the method to
accurately determine depth to bedrock where this assumption does not hold (Lane et al., 2008). The
assumption may not hold if gradational cementation, strong heterogeneity, or deep weathering exists.

Please see the referenced article for further discussion on H/V theory.
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Appendix D TUTORIALS AND EXAMPLE DATA

Atom: Active and Passive surface wave methods using Atom for AVS30 investigation: Tutorial

Atom: 3D ambient noise tomography using Atom and SeisImager/SW3D: Tutorial

Atom: 2D MASW (Atom data) processing using Seislmager/SW 2D: Tutorial

Atom-3C: 3C SPAC processing using Atom and SeisImager/SW3C: Tutorial

Atom-3C: Horizontal to vertical spectral ratio (H/V) using Atom-3C and SeisImager/SW: Tutorial

Atom-3C: Horizontal to vertical spectral ratio (H/V) using Atom-3C and SeisImager on mobile
devices: Tutorial

Atom-3C: 3D and 3C ambient noise tomography using Atom/Atom-3C and SeisImager/SW3D:
Tutorial

Geode/Atom: Calculate a dispersion curve from multi-shots in 1D MASW: Tutorial

Geode: 2D SPAC processing using Geode and Seislmager/SW2D: Tutorial

Geode: 2D MASW (Geode data) processing using SeisImager/SW2D: Tutorial

Instant downloads

Atom: 3D passive: Tutorial and example data (108.5 Mb)

Atom: 1D active (2 m spacings) and passive (Triangle 10 50 m): Tutorial and example data (19.7
Mb)

Atom: 1D passive (L-shape 11 75 m): Data only (22.6 Mb)

Atom: 1D passive (Triangle 10 50 m with 3C): Tutorial and example data (9.6 Mb)

Atom: Horizontal to vertical spectral ratio (H/V or HVSR): Tutorial and example data (1.2 Mb)

Atom: 2D Passive: Tutorial and example data (97.7 Mb)

Geode: 1D MASW: Data only (0.2 Mb)

Geode: 2D MASW (variable receiver): Tutorial and example data (5.8 Mb)

Geode: 2D MASW (fixed receiver): Data only (1.4 Mb)
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Geode: 1D Passive: Data only (7.8 Mb)

Geode: 1D active and Passive (linear array with 10 ft receiver spacing): Data only (14.6 Mb)
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Appendix E SHORT COURSE PRESENTATIONS

Overview of Surface Wave Methods

Waveform Data Processing

Calculating Phase Velocities

Data Acquisition

CMPCC and CMPSPAC

Data Processing Using SeisImager

Inversion and Uncertainty

Application Examples
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Geometrics, Inc. takes no responsibility for any interpretation of data or effects resulting from
use of the SeisImager software package or its support of the SeisImager software package.



