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1 — Introduction

Welcome to Seislmager/SW™! Seislmager/SW is an easy-to-use, yet powerful program
that allows you to analyze multi-channel active and passive source (microtremor) surface
wave data. Seislmager/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.

Seislmager™ is the master program that consists of four modules for surface wave and
refraction data analysis. The individual modules are Pickwin™, Plotrefa™, WaveEq™,
and GeoPlot™. The Surface Wave Analysis Wizard™ is not a separate module but
automatically calls on specific functions from Pickwin, WaveE(q, and GeoPlot to walk
you through the analysis process.

e Wave
Analysis)

[

|I|'L

1D curve

Seislmager/SW Manual
Version 3.0, October 2009

2D cross-section

{First Breaks or!
Dispersion
Curves) i
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2D cross-section

1 — Introduction
Page 8 of 314



Pickwin and WaveEq are the main modules used for surface wave data analysis, making
up the program called Seislmager/SW™, which is available in two packages. The first,
Seislmager/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 WaveEqg. The second package, Seisimager/SW-2D, is capable of
two-dimensional (2D) analysis of multi-channel active 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. GeoPlot will eventually be available as a
separate module; at that time, a full manual will also be released.

For refraction data analysis, Pickwin and Plotrefa make up the program called
Seislmager/2D™. A separate manual exists for Seislmager/2D, and due to the overlap of
Pickwin with Seislmager/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 Seislmager/SW-2D.

Section 2 of this manual describes software installation, Section 3 describes data
acquisition methods, Sections 4, 5, 6, and 7 describe data processing, and Section 8
provides data examples. Some theory is touched on, 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
principals of seismology and mathematics in order to understand the principals behind the
analysis techniques employed by the software. See Section 9 for a recommended reading
list on surface wave theory and techniques.

Although the manual can be printed, it was designed as an online resource. It will be
updated on a semi-regular basis, and a current version will always be available by
contacting us at seismicsales@geometrics.com or support@geometrics.com. 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: All screens in this manual were captured in Windows XP Home or Professional
Edition. If you are running a different version of Windows, some dialog boxes may look
slightly different than they appear here.

Seislmager/SW Manual 1 — Introduction
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2 — Installing the Software

The Seislmager software CD is supplied (1) for trial evaluation of the programs, (2) for
purchase, rental, or upgrade of one of the programs, or (3) with purchase of an ES-3000,
SmartSeis ST, Geode, or StrataVisor NZ seismograph, which all include the Lite version
of Seislmager/2D. The single CD contains all programs and all documentation.
Occasionally, there will be a software release in between CD releases. In this situation,
the CD will be labeled with a notice to refer to the Seisimager website to download the
latest version.

Seislmager is recommended for Windows XP Home or Professional but is compatible
with all versions of Windows up to Vista. Note that you must have Administrator rights
to install the software. After installation by an Administrator, users with lower level
privileges can use the software.

1. To install the software, insert the Seislmager CD into the CD drive. The contents of
the CD will be listed as shown below.

o =2/t
File Edit ‘iew Favorites Tools  Help ;:'
] ? ? P Search || Folders ] x E) EI -
Address ;} [EH v E Go
Size | Twpe Date Modified Locakion
v { File: Folder 10)5/2009 §:25 PM Files Currently on the CD
_JRefraction_Example_Data File Folder 1045/2009 5:25 FM Files Currently on the C0
1 5eisImager20_Manual File Folder 1005/2009 5:25 PM Files Currently on the CD
| ) 3eisImager s _Manual File Folder 1052009 5:25 FM Files Currently on the C0
|5urfaceiave_Example_Data File Folder 105/2009 5:25 PM Files Currently on the CD
IW95-93-MT File Folder 1052009 5:25 FM Files Currently on the C0
‘,'_'.Z Inskallakion_Instructions_w3.0.pdf 35 KB  Adobe Acrobat Doc... /232009 9:37 PM Files Currently on the CD
jE‘SeisImager.msi 3,272 KB Windows Installer P...  9/20/2009 2:33 PM Files Currently on the CD
< 2]

2. Double-click on the file named SeisImager.msi to install the software. The Welcome
to the Seislmager Setup Wizard window will appear as follows.

a. Ifyou are presented with the option to Repair Seisimager or Remove
Seislmager as shown below, the installer has detected an older version. Select
Remove Seislmager and click on Finish, then Close after the uninstall process
is complete. Double-click again on the file Seislmager.msi to install the new
version as described in Step 2b.

Seislmager/SW Manual 2 — Installing the Software
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ﬁ' Seislmager

Welcome to the Seislmager Setup Wizard

Select whether you want to repair or remove Seiglmager.

() Repair 5 eizlmager

(%) Remaove Seislmager

wiaRMIMG: Thiz computer program i protected by copyright law and international treaties.
|Inauthiorized duplication or digtribution of this program, or any partion of it, may result in severe
civil or criminal penalties. and will be prozecuted to the maximum extent pozsible under the lam,

rﬁ' Seislmager g O 1
B

E

Installation Complete

Seizlmager has been sucessfully removed.

Click "Cloge" o exit.

Cloze

Seislmager/SW Manual 2 — Installing the Software
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b. If an older version is not detected, you will be presented with the installer as
shown below. Click on Next, indicate the directory for installation (the default
directory is recommended), click on Next, Next, and Close. It is not necessary to
reboot the PC after completing the installation.

ﬁi] Seislmager

Welcome to the Seislmager Setup Wizard

The ingtaller will guide you through the steps required to install Seizlmager on vour computer.

Click "Mext" to continue.

wiaRMIMG: Thiz computer program i protected by copyright law and international treaties.
|Inauthiorized duplication or digtribution of this program, or any partion of it, may result in severe
civil or criminal penalties. and will be prozecuted to the maximum extent pozsible under the lam,

== I .
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ﬁT Seislmager

Select Installation Folder

The ingtaller will install 5 eizlmager in the following folder,

Toingtall in thiz folder, click "Hest'. To install to a different new or existing folder, enter one
below ar click "Browse",

Folder: C:AProgram FileshSeizlmagert, Browse. ..

'ou can install the zaftware an the fallowing drives:

Wolume Disk ||
=15 27}
SH: 2|
i i [

Cancel ] ’ Previouz ] [ I et ]
ﬁT Seisimager

Confirm Installation

The inztaller iz ready to install Seizlmager on your computer,

Click "Mext" to start the installation,

Cancel ] [ Fresvious ] [ M et

2 — Installing the Software
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f;ij Seisimager

Installation Complete

Seizlmager has been sucessfully installed.

Click "Cloge" o exit.

Cloze

3. To copy the Seisimager manuals to your hard drive (~125 MB), select the folders
Seislmager2D_Manual and SeislmagerSW_Manual on the CD and copy them to your
hard drive in the desired location. Note that the Seisimager2D_Manual folder contains
.avi video clips that must reside in the same location as the files
Seislmager2D_Manual_vX.X.pdf and Seisimager2D_Examples_vX.X.pdf (where X.X is
the current version).

You will need Adobe’s freeware program Acrobat Reader to view the manual files. If
you need this program, go to the Adobe website to download the latest version
compatible with your operating system.

4. To register the software, go to the Start menu, under All Programs, Seislmager to

ui

find the Seisimager Registration f Seislmager Registration program as shown below. If
you are using the software on a trial basis in demonstration mode, skip to Step 5.
Open the register and email the keyword shown 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 password to enable the version of the
software you have purchased. Once received, enter the password into the password field
and click OK.
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-

i Seislmager Registration
Send the kesnword to sour sales agent and get a password.
Your keyaord is Bt
| 93naaaTe3
Enter the password
Pickwin Flotrefa WaveEy CreoPlot
+ Man v Mon * Ilone (x iew
L £ ¥l & (i
= Stavidard = Stavdard e
) )
o

The programs enabled by the password will be reported in a series of messages. For
example, as shown below, for purchase of Seislmager/2D Standard and Seislmager/SW-
2D, the register reports that Seisimager/2D Standard, Seislmager/SW-2D, and GeoPlot
Standard are registered. Click OK to accept each message.

HHin
Fnag
Send the kevaord to sonr sales agent and get a password. IR
Your keyword is Fuit
] O3mm 723
Enter the password
pl— SeislmagerRegistration
Eiclman ! E The program is registered as Seislmager)Z0 Standard. enFlot
(= 1 5 Tiew
- :
 Stan
o 3
7
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HHin

Foag

Send the kesnword to sour sales agent and get a password. OF
Your keyaord is Fot
| 93naaaTe3
Enter the password (i ]
lp— SeislmagerRegistration
Ptk L] 'j The program i registered as SeisImager|3wi-20, CrenPlat
L
= b &
; ;
)
) )
o
Muin
Fnag
Send the kesnarord to sour sales agent and get a password. K
Your keyword is Fat
| 93nannTe3
Enter the password s 1)
Ip SeislmagerRegistration @
Piclan Flatref: ! E 3eoPlok Standard is enabled. ChenPlat
(1 (= i (5 7
5 {5
) )
o6

After these messages have appeared, the register will also reflect the programs that have
been registered, as shown below.
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iz Seislmager Registration

Send the kesnword to sour sales agent and get a password.

Your keyaord is Fot
| 93naaaTe3
Enter the password
Pickwin Flotrefa WaveEy CreoPlot
R ﬂ'f‘l S m L Ef‘l [ ; ol lot

'
(& Stap
r

W
")

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.

5. Once installed, the program modules can be opened directly through the desktop
icons shown below or through the links in the Seis/mager Start menu folder.

B
d A ot
surface Wawe!  First Breaks orp .
Analysis @ | Dispersion { i PlotrefalRefrai  HmeoPlob{visuali
Wizard | @ Curves)  © i Analysis) ichion Analysisyi | ze Data)

SeisImager/2D consists of the Pickwin and Plotrefa modules. Seislmager/SW-1D
consists of the Pickwin and WaveEq modules. Seislmager/SW-2D consists of the
Pickwin, WaveEq, and GeoPlot modules. 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 will be shown
regardless of which program(s) have been purchased or will be used.

To begin using the software, double-click the Pickwin module icon. If you have installed
for the first time or upgraded from a version older than April 2007, a prompt will ask you
to set the language as shown below. Choose English.
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Fiekwm

Select the language |

Englizh Japanese |

For registered installations, upon selection of the language, the module opens and is
ready for use. As well, the other registered modules are ready for use. For unregistered
installations running in demonstration mode, proceed to Step 6.

If the wizard icon is missing or when double-clicked does not open Pickwin, a new
shortcut will need to be manually created. In the software installation directory there is a
file called Wizard Readme.txt as shown below.

-
I3 C:\Program Files\Seislmager g @
File  Edit ‘Wiew Favorites  Tools  Help ;',"
@ Back ~ > ‘ﬁ‘ 7 Search || - Folders i x n v
Address |[3) C\Program Files\SeisTmager V a Go
Marne Size | Twpe Date Madified
DJ Dataviewer, exe 692 KB Application 712412009 4102 AM
ZGeoPlot.exe 1,464 KB Application 10§20/2009 6:52 AM
Pickwin95.exe 2,332 KB  Application 10/23/2009 9:57 AM
Brlatrefa.exe 1,116 KE  Application 9/20/2003 4:11 AM
Tt SeisImagerRegistration, exe 316KB  Application 4/3§2009 8:42 PM
B waveEq.exe 1,124 KB Application 9/20/2009 4:45 &M
.:a] dll_szcwa. dll 265 KE  Application Extension  7/8f200Z 11:19 AM
ﬁ] libmywsgL.dl 244 KB Application Extension  5/28/2004 Z:54 FM
B surface wave Analysis Wizard ZKE Shortcut 10/23/2009 7:24 PM
[£] Wizard_Readme. txt 1KE Text Document 9/2{2009 1:29 AM
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Open the file for instructions on how to create a new shortcut for the wizard.

o Wizard_Readme. txt - Motepad E]@
File Edit Format Wiew Help
EURFACE WAVE ANALYSIS WIZARD README

If the wizard fails to launch from the Surface Wave Analysis Wizard shortcut, perform the following
steps.

1. Go to the C:\Program Files\SeisIlmager folder and find the file Pickwin95.exe, If you have installed the
software in a directory other than the default directory, wou will need to change the path to reflect
your individual settings.

2. Right-click on Pickwin95 . exe and select Create Shortcut,

3. Once the Pickwin35.exe shortcut has been created, right-click on the shortcut and select Properties,

4, Under the Shortcut tab, enter the following path (including the quotation marks) in the Target field:
" NProgram FileshSeisImageriPickwinds. exe" "-MARISW"

5. Click on OK to accept the changes.
6. Delete the broken Surface Wave Analysis Wizard shortcut.

7. Right-click on the Pickwin95.exe shortcut and select Rename. Rename the shortcut to Surface Wave
Analysis Wizard,

Mow the wizard will run using the new shortcut,

Seislmager/SW Manual 2 — Installing the Software
Version 3.0, October 2009 Page 19 of 314



6. If you are using the software in demonstration mode, after selecting the language you
will be presented with the registration dialog box as shown below. Leave the password

field empty and click OK.

Seislrrager

-

Password

. g:ful

Send the kesnanord to sour sales agent and get a password.

Your kesnarord is

I wpinrea’?

Enter the password

!

RENIRRNRRRANRRRENENE

Ok

——— B

Pickwin|

Detection of no password and the number of available run-times will be reported as

shown below. Click OK.

wu L O I WA

Seislrrager
Pickwin Version 4.0.1.3

ETK!

Piclwin%h

‘ 009

'T Passward incorreck,
[

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

Pickwin|

After running the software in demonstration mode, if you later purchase the software,
refer to Step 7 on how to enter your registration password.
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7. To enter your password after running the software in demonstration mode, go to the
Start menu, under 4/l Programs, SeisImager t0 find the Seisimager Registration

i, SeisImager Registration program as shown below. Open the register and email the
keyword shown 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 password to enable the version of the software you have purchased. Once
received, enter the password into the password field and click OK.

in Seislmager Registration
Send the kesmarord to sour sales agent and get a password.
Your keyword is Fuit
I wpfural
Enter the password
Pickwin Flotrefa WaneEy GreoPlot

AL (v s & Homne fx .7

g & £z 411 5t

= = e

) )
&

Once the software is registered (refer to Step 4 for a full description of the process), the
data input dimensions of the demonstration version will be updated to reflect the limits of
the program purchased. Click OK.
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Seislrrager

—il /T — ) Pickwan Yersion 401 5

Pickwin95

"'_.. The Dimension size has been updated to

rumber of traces = 128
Mumber of samples = 16400

Refer ko the Cptions menu, under Dimension size, For more information

A 0 W

Pickwin|

This completes the description of all possible registration pathways.

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

A general recommendation when using Seisimager/SW 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 data processing.

If functions are selected in an illogical order for any given data processing flow, the
program may crash and the standard Windows error message will appear. With each
release, more Seislmager messages are being incorporated to communicate to the user
that the functions selected do not make sense and to allow for more elegant recoveries.

Regarding making report graphics and documenting your data processing, it is handy to
have a screen capture program such as HyperSnap from Hyperionics
(www.hyperionics.com). Bitmap screen captures can be quickly and easily made at the
desired stages of processing and saved for import to Microsoft Office or other programs.
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3 — Data Acquisition

Seislmager/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.

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 phase velocity of surface waves. Surface wave
dispersion can be significant in the presence of velocity layering, which is common in the
near-surface environment. There are other types of surface waves, or waves that travel
along a surface, but 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 imparted into the ground. This is in
contrast to “passive source” surveying, also called “microtremor surveying”, or
sometimes referred to as “refraction microtremor” (or the commercial term “ReMi”)
surveying, where there is no time break and motion from ambient 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 V100 (UBC V30) curves and
the usefulness of V; cross-sections. In Seisimager/SW the results from active and passive
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source surveys can be combined to maximize the resolution and overall depth range of
investigation.

3.1 1D MASW Data Acquisition

Seismic energy for active source surface wave surveys can be created 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 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 two.
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, because 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 one-half-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 need to 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 were only doing an active source survey and would not have passive data to
resolve greater depths, it is recommended that the spread length equal 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.
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Table 1. 1D MASW Acquisition Parameters

Parameter

Setting

Spread configuration

Spread length

Geophone interval

Total number of
geophones
Geophone type
Shot locations

Shot near offset

Source equipment

Trigger

Sample interval

Record length

Stacking

Linear

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*

1.5to3mor5to 10 ft*

12 or more, minimum of 16 preferred

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

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

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

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

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

0.5 milliseconds (ms)

1 to 2 seconds (s), long enough to enclose the surface wave
train

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

*also refer to preceding discussion in text

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 fairly simple and easy to
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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), 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 1). 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 geophone is the
spread length or total offset 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
pd '\

T Y Y Y YWYV Y Y VY VYT w W r—
~— _ J
o . |
Spread length Near offset Shot point

Figure 1. 1D MASW survey spread configuration.

3.1.2 1D MASW Survey Data Acquisition with Geometrics Seismodule
Controller Software

The data acquisition set-up 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
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 the 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 Set-up

First, 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 at a later time for
reference. Click OK when done.

Mew Survey Log File

Survey Name uctive_Site1 oK. |
PATH: Access
Cancel dialog box through
Initial Line Murnber |4 ﬁ the Survey menu.

Next, set the Geophone Interval, or distance between each geophone in the line, and the
applicable units. Click OK when done.

This 15 geophone interval of next file to be written

Geophone Inkeryval | 5| | FEET ﬂ

PATH: Access
dialog box through
the Geom >
Geophone Interval
menu.

Ik | Zancel

Next, 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
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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.

This 15 gceometry of next file to be written

Shot coordinate |

0.a0

h

N R A A A A A A S AR G AR AR R SR G R

1 2 3 4 &5 &6 Yy & 4 A0 41 412 13 14 15 16 17 418 419 20 21 22 23

Trace 1 2 3 4 5 B

Interal | 500 | RO0O | GO0 | &00 | 500 PATH: Access
dialog box through

Geophone

e | 000 | 500 | 1000 | 1800 | 2000 | 2500 the Geom >

Giair | HIGH 26 | HIGH 35 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 35 Group/Shot
Locations menu.

Use | DATA | DATA | DATA | DATA | DATA | DATA

Freeze | wNO | WO | NO | WO | WO | HNO

N 2

USE LEFT/RIGHT KEYS SHIFT SHOT POINT BY PHOME IMNTERWAL
OR EMTER WEW SHOT LOCATIOM.
FRESS ENTER “WHEM DOME.
DOwWM EEY FOR PHOME INTERWAL

[+ Ripple | Ok | Cancel [In Feet ]

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

Note that the seismograph is wired so it 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 24-
takeout spread cable, when the line is set up, the nearest geophone to the Geode will be
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 0 to the
appropriate value greater than the coordinate of geophone 24. Once it is determined
which end of the spread the shot is located, set the Shot Coordinate to reflect that
location.
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If the data is recorded with the wrong geometry, it can easily be assigned in
Seislmager/SW at the time of data processing.

The default settings in the rows 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. Click OK when done.

Next, set the Sample Interval and Record Length. Click OK when done.

Acquisition Timing Parameters w

Sample [nterval |

~ 20813 Max Length = 32,768 Sec PATH: Access dialog

(02O LE Currert File Size = 62.50 KB box through the
i~ .250 us Acquisition > Sample
5 Interval/Record Length

62500 us Record Len 1 ec i g
" 0125 ms

" 0.250 ms

f+ 0,500 ms Delay [ Sec

" 1.000 ms

" 2.000 ms

" 4.000 ms

" 8.000 ms

~

16.000 ms Cancel |

Next, check the acquisition filter settings. Acquisition filters are destructive, any data
filtered with an “acquisition” (versus “display”) filter will be irretrievably removed.
Acquisition filters are not typically needed when collecting surface wave data, and thus,
should be disabled with the setting Filter Out. Click OK when done.

[ 1

Acquisition Filter Parameters
Acguizition Filter 1 |F|LTEH ouT j PATH: Access dialog
Acquizition Filker 2 |F|LTEH ouT j box through the

Acquisition > Acquisition
Filters menu.

O, | Cancel |

Next, set the stack options. 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
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are collected. Coherent signal will add in and incoherent noise will cancel out. In many
cases, stacking will not be needed, and thus, the Stack Limit default value is setto 1. If,
for example, 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. (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 stacks. To stack 8 times,
enter 8 as the Stack Limit. Click OK when done.

Acquisition Stack Parameters

Stack Ewvery Shat,
Send. Save Data Aind Clear Memary Only On Stack Limit

Stack, Limit 1| PATH: Access
dialog box through

the Acquisition >
Stack Options menu.

f* Auto Stack [v Stack Polarity Positive

" Replace

[ Digplay Intermediate Stacks

Auto Save iz OM

k. | Cancel
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Next, set the gains to A/l High Gain, which equals 36 dB. All Low Gain equals 24 dB
and Individual applies when non-uniform gain settings are applied. 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, ndividual gain
settings of 24 dB for the near channels and 36 dB for the rest of the channels can be used.
Click OK when done.

FPreamp Gains
" Al Low Gain
& Al High Gain  Concel |
O Individual

PATH: Access dialog
box through the
Acquisition > Preamp
Gains menu.

Thiz zetting only affects all DATA
channelz. Use 'Specify Channels' fram
menu o set preamp gaing for AL
channels.
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Next, set up how the data files will be saved. 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. Since the
survey line is called Line 1, the suggested starting file number is 101.

Auto Save checked means 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, note that only one folder deep can be created. Enter the
desired folder name. Click OK when done.

Storage Parameters

Mext File Murmber {109 v Auto Save  Stack Limit [

PATH: Access

Data Tupe: SEG-2 Only dialog box through
the File > Storage
Parameters menu.

v SawvetoDigk

Dive [p. | Path  [Dasw_siel] =|

Select a path from list or twpe in name to create a new folder

k. | Cancel

This is the last essential dialog box in SCS for the 1D MASW survey set-up.
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3.1.2.2 After Set-up — Acquiring, Displaying, and Quality Checking 1D MASW Data

Once the set-up is complete, you are ready to begin data collection. 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.

@ Geometrics Single Geode 05 B
15urvey 2 Geom 3 Cbserver 4 Acquistion SFile 6 Display 7 DoSurvey 8 Window 9 Answers OPrint |, System
- —
] [T Hoise Monitor Window =EE) T
HO.005 miblts
Client name : 125456780 101112131415161713 19302122 2554
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 setto 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|
| Ew— ;
DL LR R B D B D D DL D B e D T e e D B T L D D f e e e DD T B DD e B B D D e T T [ Db T e e T T EE
s ; T T i T T T . 1
SHOT LOC R REL]
OFFSET e e
Fz e
LOCATION o 118
TRACE 3 1 2 3 + 5 & i 8 9 1 1i 12 & & ir 18 13 = =2 = 2| 3
CHANNEL 3 1 z 3 4 g & 7 8 3 18 11 12 14 15 16 17 18 1% =8 2 22 23|
CHANNEL # 1240 Eq
&)
GEODE # \h_ >~ 61
13,80
~ 4 3 %) ] 4 ' 144 129
__-|‘|-|‘|-|-\-|-\-|-T‘|-|‘\-|-\-|-|‘|-|ﬁ-|-\-|-\-|-|‘|-|-\-3]:\-|-|‘|-|‘|-|-\-li‘|-|‘|-|-\-|-\-|-|F]:|‘|-|-\-|-|‘|-|‘|-8]-\-|-\-|-|‘|-|‘\-l-\:|-|‘|-|‘|-|-\-|-\- -|‘|-|‘\-|-\-|-|‘|-T‘|-|-\-|-
BRMED. SHOT: NORMALIZE STACK D MEMORY CLEAR SHOTLOGI 130

Before any data is recorded, use the Noise Monitor Window to check the line. Tap the
top of the nearest geophone and watch which trace shows a response; it should be the
geophone with the highest channel number. Check that the response level of all the
geophones 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 is able to 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
colored green. You may want to first press the 7 shortcut key to toggle the armed state
off and practice swinging the hammer and hitting the striker plate.

When ready, 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.
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When you first view the data, probably the display gains will need adjustment. One
condition that can occur is that the signal may not be visible for all traces as shown in the

record below.

~ Shot Window Mi==

0.0000

311.000m=s RL2.000: DELAY Oms LOC 290Ft STACK1
Channelt 2 5 7 8 11 13 15 17 19 21 232
Gain: 46 46 46 46 46 45 46 46 456 45 46 46

0.0500

0.1000

0.1500

0.2000

0.2500

0.3000

03500

04000 l'

0500

0.5000
05500

0 .Go00

06500
0.7o00

07500

02000
02500

0.2000

09500
1.0000

To adjust the display gains, select Auto Scale Traces or press the 6 shortcut key. By
selecting Auto Scale Traces, the software finds the gain that optimizes the allotted space

for each trace in the Shot Window.

7 DoSurvey 3 Window 9 Answers  OPrink . Syst

1 ArmjDisarm 1
2 Clear Memary 2
3 Shot Location  0.00 Meters 3
4 Maximize Moise Monitar Window 4
5 Maximize Shot wWindow 5
6 Aukto Scale Traces ]
7 Save 101.DAT 7
3 Print Shot Record a
0 Restore All Windows But Hidden Windows 0

Halk Kevys Descripkion
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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. Click OK when

done.

Shot Display Gain Style Parameters

[z ain Shyle
o
* Fiued Gan
AGE Cancel
" Marmalize Apply

AGC window in zamples Trace Owverlap

j100 =

E
a0

PATH: Access
dialog box through
the Display > Shot
Parameters >
Gain Style menu.

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 up/down to adjust gainz. CLA [or ESC] when done

Press the Esc key to end.

PATH: Access
dialog box through
the right arrow key
when the Shot
Window is selected.

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.
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The final display settings should provide a shot record looking similar to that shown
below.

" Shot Window M=

511.000m=s RLZ.000: DELAY Oms LOC 290Ft STACKA
Channell 3 5 7 8 11 13 15 17 19 21 I3
Gain: 73 75 6 T} B9 A7 64 63 62 57 49 249
0.0000

0 0500 ] : |
n.mnnIs %:E IERE. 1 a3
|

RRREADRE"E:

0.1500

0.2000
02500 2
0.3000
0.3500 '!I
04000 Il l!
04500 )

Ground roll

05000
05500

06000

— T Tw]

0 .G500

. Y,

0.7o00
0.7500

_""".r"_‘\.

lr‘_""-l-f
Pred

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 on how to run a field check of dispersion
using Seislmager/SW.

After you have collected the active source record(s) and are satisfied with the data,
continue to the passive source survey if applicable.
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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. The fundamental assumption
of microtremor data analysis using the spatial autocorrelation (SPAC) method of
Seislmager/SW is that the signal wavefront is planar, stable, and isotropic (coming from
all directions) making it independent of source locations. 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 long records (32 seconds) and at
least 20 records. 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.

Table 2. MAM Acquisition Parameters

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 Various based on spread configuration

geophones

Geophone type 4.5 Hz vertical geophones, with base plates for surveys on

paved ground; alternatively, if available, 1 or 2 Hz
seismometers can be 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
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3.2.1 MAM Survey Geometry

3.2.1.1 MAM Survey Spread Configurations

Seislmager/SW allows four set types of passive source spread or array configurations and
a custom option. Figures 2 through 6 illustrate the various set configurations. As in
Figure 1, the black line represents the spread cable and the green inverted triangles
represent the geophones.

Of the four set arrays, one is linear and three are 2D, that is, geophones are distributed in
two directions 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
Seislmager/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 of 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, sources 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 applied.

Array size

7 o d

Figure 2. Map view of MAM survey equilateral triangle spread configuration with 10 geophones (Triangle
10).
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Ayin

Figure 3. Map view of MAM survey equilateral triangle spread configurations with 7 (Triangle 7) and 4
geophones (Triangle 4).

For a triangle array (Figures 2 and 3), the Array size is equal to the side length. The
resultant Vs curve is an average over the array and accordingly should be located at the
center of the triangle.

v T S

v &

Y 90 degrees > Array size
/ Il

w

1ﬂ L A - S S v’ W b ¥

Figure 4. Map view of MAM survey L-shape spread configurations with 11 (L11), 9 (L9), and 7 (L7)
geophones.

For an L-shape array (Figure 4), 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-
shape 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.
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> Array size

J

Figure 5. 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 37).

For the Double circle 37 array (Figure 5), 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.

Receiver spacing (geophone interval)

T r ey T r vy r Ty rrvy vy T v

1 16

Number of receivers (geophones)

Figure 6. MAM survey linear spread configuration using all channels, one per geophone.

For a linear array (Figure 6), 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 set-up for MAM surveys involves the same dialog boxes used in the
1D MASW survey set-up. This section assumes that you have already worked through
the 1D MASW survey set-up, that you are doing a MAM survey at the same site to
supplement the 1D MASW survey, and that the MAM survey type is L11 for a depth of
interest of approximately 30 meters (100 feet). MAM surveys can also be performed to
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supplement 2D MASW. Refer to Section 3.1.2 for an introduction to the 1D MASW set-
up process and for more detail on the dialog boxes common to both survey set-ups.

3.2.2.1 MAM Survey SCS Set-up

First, assign a Survey Name and Initial Line Number. An Initial Line Number 0Of 2
indicates that this is a new line configuration with different geophone locations compared
to Line 1.

Mew Survey Log File

Survey Name |F'assi\.fe_5ite1 ] |
PATH: Access
C I dialog box through
Initial Line Mumber |2 ﬁ g g

the Survey menu.

Next, set the Geophone Interval to reflect the distance between active geophones in the
applicable units. Although it is common practice to set the 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 next file to be written

Geophone Interval |30 | FEET] j PATH: Access

dialog box through
the Geom >
Geophone Interval
menu.

Ik | Zancel
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Next, set up the survey geometry.

This 15 gceometry of next file to be written

Shot coordinate |

0.00
I
A A A A A A A A A AR A &&ﬂ.&ﬂ&ﬁi‘
1 3 4 5 5 7 & 19 E!

i i
2 0 11 42 12 14 15 186 A7 18 19 20 21 2R 23

Trace 1 2 3 4 4] E

Interval 3000 | 000 | 3000 | =000 | 3000 PATH: Access
dialog box through

Geophone [™“n oy ["3000 [ 000 | 9000 | 12000 | 150.00 the Geom >

coordinate Group/Shot

Liain | HIGH 26 | HIGH 35 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 35 Locations menu or

Usze | DaTA | DATA | DATA | DaTa | DaTa | DaTa press the 3
shortcut key.

Freeze | NO | WO | WO | MO | NO | NO

JEN al

USE LEFT/RIGHT KEYS SHIFT SHOT POINT BY PHOME IMNTERWAL
OR EMTER WEW SHOT LOCATIOM.
FRESS ENTER “WHEM DOME.
DOwWM EEY FOR PHOME INTERWAL

[+ Ripple | Ok | Cancel [In Feet ]

Since there is no active source at a single location, the Shot Coordinate is non-applicable
and should equal 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 of dead channels can
be done in Seislmager/SW, but it is most efficient to deactivate them at the time of
acquisition. 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
to that takeout.

Example 3A For a 16-channel seismograph with 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 3A.

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

are deactivated.

This 15 geometry of next file to be written
Shot coordinate g
FD'DD
A A A A A L A A A i)
2 4 G =] 10 12 14 16 18 20 22
Trace 1 2 3 4 ] E
Interyal | 300 | 3000 | 3000 | 3000 | 3000
Geophore g™ 3000 | BO00 | 9000 | 12000 | 150.00
coordinate
Gain | HIGH 35 | HIGH 35 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 35
Use |INACTIVE | DATA  [IMACTIVE | DATA  |INACTIVE | DATA
Freeze | NO | WO | WO | MO | NO | NO
L o
USE LEFT/RIGHT KEYS SHIFT SHOT POINT BY PHOME INTERWAL
OR ENTER NEW SHOT LOCATION.
PRESS ENTER WHEN DONE.
DOWN KEY FOR PHONE INTERVAL
| Ripple | Ok | Cancel [InFeet]

End Example 3B.

The Geometry dialog box only shows linear configurations of geophones, you will not
see a graphic of the actual 2D L-shaped 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.
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Next, set the Sample Interval and Record Length.

-

Acquisition Timing Parameters w
Sample [nterval |
~ o083 Max Length = 131.072 Sec PATH: Access dialog

HEEE EE Current File Size = 500,00 KB box through the
31 250 us Acquisition > Sample
Recard L Sec Interval/Record Length
 B2500us EERIEE = menu. ’
" 0125 ms
" 0.260 ms
{0500 ms Delay [ Sec
£ 1.000 ms
f« 2000 ms
£ 4.000 ms
" B.000 ms
~
16000 s I—IDK Cancel
Next, make sure the acquisition filters are disabled.
Acquisition Filter Parameters
Acquisiion Filter 1 [FILTER OUT ~| | | PATH: Access dialog

Acquigition Filker 2

Ok, | Cancel |

FILTER OUT ~|

box through the
Acquisition > Acquisition
Filters menu.

Seislmager/SW Manual
Version 3.0, October 2009

3 — Data Acquisition
Page 44 of 314



Next, set the Stack Limit to 1 since stacking is non-applicable to MAM surveys.

Acquisition Stack Parameters

Stack Ewvery Shat,
Send. Save Data Aind Clear Memary Only On Stack Limit

Stack, Limit 1| PATH: Access
dialog box through

the Acquisition >
Stack Options menu.

f* Auto Stack [v Stack Polarity Positive
" Replace

[ Digplay Intermediate Stacks

Auto Save iz OM

k. | Cancel

Next, make sure the gains are set to A/l High Gain.

Preamp Gains
£ Al Low Gain
& Al High Gain  Cancel |
O Individual

PATH: Access dialog
box through the
Acquisition > Preamp
Gains menu.

Thiz zetting anly affects all DAT A
channelzs. Use 'Specify Channels' fram
menu o set preamp gaing for AL
channels.
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Next, 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.

Storage Parameters

Mewt File Murnber | 209 I+ AutoSawe Stack Limit [q

PATH: Access

Data Type: SEG-Z Only dialog box through
the File > Storage
Parameters menu.

v Save toDisgk

Dive [p. +|  Path  [DASw_Siel =]

Select a path from ligt or type ik hame to create a new folder

] | Cancel

This is the last essential dialog box in SCS for the MAM survey set-up.

3.2.2.2 After Set-up — Acquiring, Displaying, and Quality Checking MAM Data

Once the set-up is complete, you are ready to begin data collection. 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]

15urvey 2Geom 3 Chserver 4 Acquistion S5File 6 Display 7 DoSurwey 8 Window 9 Answers OPrint | System

-

1 [ Moise Monitor Window =& =] .
Sample Interval 2.000 msec, Record Len 30.000 ! 0,002 mibks
Filters: FILTER QUT. FILTER OUT 12345678 01011121314151617181930213223124
Geophone Interval 5.00 Meters
Preamp Gain Style is setto 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.
Not Using External Trigger Distribution Box g { E

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= z i % i gz % ? Ei %
lel 4 I
In Meters IIT\-I-\-I-é‘l-l‘\-I-\-I-I‘I-I‘EJ-I-\-I-\-I-I‘I-I-\-SJ-\-I-I‘I-I‘I-I-\-I-EI-I‘I-I-\-I-\-I-I‘|-I‘I-I-\-I-I‘I-I‘IJ-\-I-\-I-I‘I-I‘\-I-SJ?-I-I‘I-I‘I-I-\-I-\-é-l‘l-l‘\-I-\-I-I‘I-l‘l-l-\-l-
SHOT LOC g :
OFFSET i = 35 i 8 i 75 i 1 165 115
Iz g . 4 U4 g e g 1' e I
LOCATION 18 25 E5 45 55 5 75 25 185 118
TRACE # 1 2 3 4 5 & 7 8 E] e 11 iz 13 14 15 16 1r 18 13 28 B 22 23
CHANNEL = 1 z E 4 5 g 7 ] 3 e 11 iz 1% 14 1§ 16 1y 18 13 =8 =21 2z =23
CHANNEL. # 124t ke
i
GEODE & S 6
12,90
- 1 4 4 1 7a 7 181 114
_-I‘I-I‘I-I-\-I-\-I'T‘I-I‘\-I-\-I-I‘I-I‘E!-I-\-I-\-I-I‘I-I'\ﬁ:\-I-I‘I-I‘I-I-\-I-f‘I-I‘I-I-\-I-\-I'I‘E]:I‘I-I-\-I-I‘I-I‘I-\-\-I-\-I-I‘I-I‘\-I- :I-I‘I-I‘I-I-\-I-\-T-I‘I-I‘\-I-\-I-I‘I- el
ARVED. SHOT: NORMALIZE |STACK 0 MEMORY CLEAR. SHOTLoC: 0

Once ready, manually trigger, by pressing the ¢ shortcut key or select the System menu,
Manual Trigger.

. Swsken
1 Set Date|Time 12)0z{2006 21:56:54 DATH A
. ) - : Access
2 Trigger Options Holdoff 0.2s, AUTO ARM, Sensitiviby S0 .
AT gf P ! ! Y , function through the
Es_ System menu, Manual
S Serial L/O d Trigger or press the t
& Marual Trigger k shortcut key.

7 Configuration Status

3 Alarms Setup

Channel Remapping

Sounds [

Wersion Mumber 2,14.0.0
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. With 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).

0.0000

10.0000

20.0000

200000

| Shot Window =JolE
S14.000ms RL3p.0o0s DELAY Oms LOCOFt STACK 1 READ FROR |
Channal: 7 ] a 10 11 12 13 14 15 16 17
Gain: af a3 a5 az a3 a2 a1 83 a4 83 oa

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 signal of noise without strong changes in amplitude throughout the

record and from trace-to-trace is ideal.

In addition to visual analysis, refer to Sections 4 and 5 on how to run more sophisticated

checks of data quality.
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3.3 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 Seislmager/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 from Section 3.1 applies.
Passive source data may not be available, or if available, will only supplement with a 1D
V; curve, so the active source energy level will have larger bearing on the maximum
possible depth of penetration.

Table 3. 2D MASW Acquisition Parameters

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 12 or more, minimum of 16 preferred
geophones
Geophone interval 1.5to 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

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 Ibs (3.6 kgs), 16 Ibs (7.2
kg), 20 Ibs (9 kg), scale hammer weight up with increase in
spread length, and striker plate
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Table 3. 2D MASW Acquisition Parameters

Parameter Setting

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

Sample interval 0.5 milliseconds (ms)

Record length 1 to 2 seconds (s), long enough to enclose the surface wave
train

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

3.3.1 2D MASW Survey Geometry

The basic linear geometry of MASW surveys is described in Section 3.1.1. The linear
spread is simple, but with 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.

Table 4. Selected 2D MASW Geometry Plot Attributes

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)

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.
Seislmager/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, Seislmager/SW cross-correlates every pair of traces in a shot record,
gathers all correlation traces by CMP, then those traces having equal spacing are stacked
in the time domain (Hayashi and Suzuki, 2004). These additional steps advance the
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original MASW technique by effectively increasing the lateral resolution and accuracy of
the final Vs cross-section.

In Figure 7, the top row (1) illustrates the distribution of CMPs for a shot record (1b) and
a CMP gather (1c). Gathering by CMP (1c) 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 1D MASW
poses no resolution issues as 1D MASW provides a single Vs curve averaged over the
total length of the spread. A series of 1D MASW V; curves could be used to construct a
V cross-section, but first processing by CMP (2c) increases lateral resolution and
accuracy.

Single channel record Shot record CMP gather

1. Distribution of
sampling for
reflection methods

la. 1b. 1c.

Original surface wave New surface wave Advanced surface
method (SASW) method (MASW) wave method (CMP-
based MASW)

2. Distribution of —0—00— | 600000000 | 000600000

sampling for active \N\N\A \N\N\A \N\N\A

source surfacewave | |

methods | e e |
2a | 2b. 2c

Figure 7. 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 8).
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.
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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.

Survey distance
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Spread length (a)

Figure 8. 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 there are limited channels and 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 or the roll-
along end-on spread should be used.
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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
9). First, Spread A is set up then 12 shots (one end-shot and 11 inner-spread shots) are
taken. Receivers from sub-spread Al 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 channels live for each shot. This process
continues until the survey line length of interest has been covered.

Survey distance
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Spread length (a)

Figure 9. 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
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geophones per shot (again assuming that the shot interval equals the geophone interval).
For the example in Figure 9, full fold will start at shot 13 in between geophones 12 and
13 (between sub-spreads Al and A2). It is best practice to leave space at the survey site
so the locations of full fold can be positioned at the start 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 a number of takeouts equal to one-
half the seismograph channels. This allows for the first spread cable and associated
geophones to be picked up and advanced at the halfway point. For the example in Figure
9, 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 on 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.

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 is 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
similarly 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.

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.

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
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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 takeout 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. Figure 10 illustrates the roll-along end-on spread configuration
with a fixed receiver spread configuration used at the end of the line.

Shot
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Survey distance
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Figure 10. 2D MASW roll-along end-on geometry.
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The Spread length (a) equals the survey line length over which there are active
geophones. The survey depth is approximately /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 set-up for 2D MASW surveys involves the same dialog boxes used
in the 1D MASW survey set-up plus a few more for advanced geometry settings. This
section assumes that you have already worked through the 1D MASW survey set-up and
only covers the dialog boxes that are new for 2D MASW surveying. Refer to Section
3.1.2 for an introduction to the 1D MASW set-up process and for more detail on the
dialog boxes common to both survey set-ups.

3.3.2.1 2D MASW Survey SCS Set-up

The difference between the 1D and 2D MASW survey set-ups 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
Seislmager/SW at the time of data processing. It is also possible to manually update the
geometry in 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 has been completed, the shot and receiver coordinates can be set up
to automatically increment depending on the configuration, either a fixed receiver spread,
continuous fixed receiver spread, Of roll-along end-on spread.

Seislmager/SW Manual 3 — Data Acquisition
Version 3.0, October 2009 Page 56 of 314



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.

This 15 gceometry of next file to be written
Shot coordinate |
FD.DD
A A A A A A A A A A R A R A A A S A A
1 2 3 4 5 & 7 &8 4 110 11 42 13 14 15 16 4¥ 18 419 20 24 ZE 23
Trace 1 2 3 4 4] E
Interval PATH: Access
| BOD | 500 | s00 | 500 | 500 dialog box through
Geophone [“nng [ 5p0 [ 000 | 1500 | 2000 [ 2500 the Geom >
coordinate
Liain | HIGH 26 | HIGH 35 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 35 Group/Shot
Locations menu or
Use | DATA | DATA | DATA | DATA | DATA | DATA press the 3
shortcut key.
Freeze | NO | WO | WO | MO | NO | NO
JEN al
USE LEFT/RIGHT KEYS SHIFT SHOT POINT BY PHOME INTERWAL
OR EMTER NEW SHOT LOCATION.
PRESS ENTER WHEN DONE.
DOWN KEY FOR PHOME INTERWAL
I+ Ripple | Ok | Cancel [InFeet ]
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Example 3C For a fixed receiver spread, with a geophone interval of 10 feet
geophone coordinate of 100 feet, the first shot is set at 95 feet.

and first

-

This is geometry of next file to be written

Shat coordinate |E|57

5.00

T

A0 A A AN AN ANANA A A NSNS AN A A AN
1 2 3 4 & 6 F 2 9 10 11 12 12 14 15 16 17 18 19 20 21 22 23 24
Trace 1 2 3 4 4] E

Interyal | fooo | fooo | 1000 | 1000 | 1000

Geophene [“yonon [ 11000 [ 12000 | 13000 | 14000 | 150.00
coordinate

Gain | HIGH 35 | HIGH 35 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 35

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

Freeze | NO | WO | WO | MO | NO | NO

L L

LUSE LEFT/RIGHT EE%S SHIFT SHOT POINT BY PHOME INTERWAL
OR EMTER WEW SHOT LOCATIOMN.
FRESS ENTER “WHEM DOME.
DOwM KEY FOR PHOME INTERWAL

I+ Ripple | oK | Cancel [In Feet]

End Example 3C.
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Next, set up rolling of the shot coordinate in the Roll Parameters dialog box. 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. Click OK when done.

Foll Parameters

Roll Increment -fukn Roll (auko Save only

[ Disable &uta Rall PATH: Access
SHOT 1 Geophone Interyal(s)

dialog box through
{* Enable Auto Roll UpfRight 9 9
ACTIVE SPREAD |0 Gaeophonels)

the Geom > Roll
" Enable Auto Roll DownLeft Parameters menu.

Ik | 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 click OK.

=,

Geometrics Seismodule Controller

Warning: active spread iz not equal to shat increment, continue?

XY
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Next, activate Auto Save as required with automatic rolling.

Storage Parameters

Mewt File Murnber |49 lv AutoSawe  Stack Limit |4

PATH: Access

Ll 1.2 SEE-E Ol dialog box through
the File > Storage

v Save toDisgk

Parameters menu.

Dive [p. +|  Path  [Dasw_Siel] =]

Select a path from ligt or type ik hame to create a new folder

] | Cancel
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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 3D 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.

This is geometry of next file to be written
Shaot coordinate |95
FE'DD
A0 A A AN AN ANANA A A NSNS AN A A AN
1 2 3 4 & 6 F 2 9 10 11 12 12 14 15 16 17 18 19 20 21 22 23 24
Trace 1 2 3 4 4] E
Interyal | fooo | fooo | 1000 | 1000 | 1000
Geophore “ygnpg [ 11000 | 12000 | 13000 | 14000 | 150.00
coordinate
Gain | HIGH 35 | HIGH 35 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 35
Use | DATA | DATA | DATA | DATA | DATA | DATA
Freeze | NO | WO | WO | MO | NO | NO
L L
USE LEFT/RIGHT KEYS SHIFT SHOT POINT BY PHOME INTERWAL
OR ENTER NEW SHOT LOCATION.
PRESS ENTER "WHEN DONE.
DOWN KEY FOR PHOME INTERWAL
I+ Fipple | Ok, | Cancel [Ir Feet ]
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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.

This is geometry of next file to be written
Shot coardinate |15
FE'DD
S0 A A AN AN ANAAA NS AN AN A AN A DA
1 2 3 4 & 6 F 82 9 190 11 12 12 14 15 16 17 18 19 20 24 22 23
Trace 1 2 3 4 4] E
Interyal | fooo | fooo | 1000 | 1000 | 1000
Geophore “oonpn | 23000 | 24000 | 25000 | 26000 | 270.00
coordinate
Gain | HIGH 35 | HIGH 35 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 35
Use | DATA | DATA | DATA | DATA | DATA | DATA
Freeze | NO | WO | WO | MO | NO | NO
L L
USE LEFT/RIGHT KEYS SHIFT SHOT POINT BY PHOME INTERWAL
OR ENTER NEW SHOT LOCATION.
PRESS ENTER "WHEN DONE.
DOWN KEY FOR PHOME INTERWAL
I+ Fipple Ok, | | Cancel | [Ir Feet ]

End Example 3D.
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For a roll-along end-on spread configuration, the geometry set-up will depend on the
rolling method (Section 3.3.1.3), 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, there will be an increasing
number of inactive channels up-line and a decreasing number of inactive channels down-

line.

Example 3E For a roll-along end-on spread using Method A, with 48 channels and 24
channels live for each shot, channels 25 through 48 are deactivated.

-~

This 15 geometry of next file to be written

-,

Shat coordinate Ir

.00

T T T T T T T T T

123456759 11 13 15 17 19 21 =23 25 27 20 31 323 35 37 39 41 43 45 47

Trace 22 23 24 25 26 27

Interval | 200 | 200 | 200 | zo0 | 200

Geophore [“ygon0 | 14400 | 14600 | 14800 | 15000 | 152.00
coordinate

1-DATA, & -ALK, 3- WAL 4 - INACTIVE
LSE LEFT/RIGHT EEYS TO SELECT CHAMMEL.
PRESS EMTER *WHEN DOME.
P EEY FOR PREAMP GAIM, DOWM FOR CHAMMEL FREEZE

Iv Ripple | Ok | Cancel [ I Meters )

Giain | HIGH 36 | HIGH 35 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 35

Use | DATA | DATA | DATA  |INACTIVE |INACTIVE |INACTIVE

Freeee | NO | WO | WO | MO | NO | NO

o I il

Seislmager/SW Manual 3 — Data Acquisition

Version 3.0, October 2009

Page 63 of 314



After clicking OK, the Geometry Toolbar in the main SCS window reflects the
deactivation by graying out the symbols for geophones 25 through 48 (circled in red).

In Heters gll‘l-l-Tl‘\-I-Il-g-al-l-\‘I-I-\‘I-I-Il‘lal-l‘\-I-I-\-I-I-\ll-sl-\‘I-I-I‘I-I-I‘\I-L?I-\-I-I-\-I-I-\‘Il-l-sl‘l-l-l‘\-I-I-\-Il-é-g\-l-l-\‘I-I-I‘I-Il-;‘e\-l-l‘\-I-I-\-I-Il-gzl-l-l‘l-l-l‘\-I-Ilg-al-l-\-l-

SHOT LOC A
OFFSET

LOCATION

TRACE #
CHANMEL 1

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
12 12 14 15 16 17 18 19 20 21 22 (22 gNgE 20 2r 28 29 90 31 2232 34 35 36 2v 22 30 40 41 42 42 44 4C 46 47 &
12 13 14 15 16 17 18 19 2@ 21 22 (25 44 P5326 27 28 29 3@ 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 47

.
CHANMEL 1 1-. 240

GEODE 7 NP w Gz
12,89 12,80

LINE #
PC LOCATION 148.6

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.

[ Foll Parameters

Foll Increment -Aiko Roll {auto Save only)

[ Disable &uta Rall
SHOT 1 zeophone Interval(s)

+ Enable Auka Rall UpfRight
ACTIVE SPREAD | 1 Geophonels)
(" Enable Auto Roll Down Left

o | Cancel

End Example 3E.

To set up using Methods B and C, none of the channels would be deactivated 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 synch 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 Set-up — Acquiring, Displaying, and Quality Checking 2D MASW Data

Once the set-up is complete, you are ready to begin data collection. 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.
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4 — Data Analysis Using the Wizard

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

4.1 Surface Wave Analysis Wizard

As discussed in Sections 1 and 2, the modules Pickwin, WaveE(q, and GeoPlot comprise
Seislmager/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), MAM passive source data
(Section 4.1.2), and 2D MASW active source data (Sections 4.1.3 and 4.1.3.1).

This section provides an explanation of wizard operation, processing flows, and basic
dialog box parameters. Please refer to Sections 5 and 6 for complete description and
explanation of menu items and dialog box parameters (including the Advanced menu
items) and Section 7 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
Input data, g?é‘;ﬂ?;i -‘ V< model seek Vs mo_del
edit curve. edit based on -‘ _that pest fits
’ observed data dispersion curve
of observed data

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).
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4.1.1 Active Source 1D MASW Wizard

Double-click on the Surface Wave Analysis Wizard icon.

S

SUrface wave;
Analysis

The Welcome to SeisImager/SW dialog box appears. Select Active Source 1D MASW and
click OK.

r'Esieislmﬂngve r/SW Analysis of Surface Waves “
Welcome to SeislmagerSW | 0K
Flease select a data processing wizard:
(v Bctree Source 1D DIASW
(" Passmre Source (Mlicro-tremor) 1D MAT
" Actree Sowrce 2D LIASW
The Pickwin module is launched.
Fn &3
Seislrrager o
i Pickwin Version 4.0.1.5 E’f
=], S0 S [momeni e
A T T /S, A ~ag -
| pf! 1‘!‘""’!‘@"—‘"‘: | | OY0D Corporation
i \ LY,
.Jﬁaﬁw* N
M #H""‘WA '
!
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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) EditjDisplay (E) Wiew () Pick first arrivals (P)  Surface-wave analysis (3)  Option (©)  Help (H)
=[] ||| =M o] v s[5 | [ ] v w(e| A | v [ =[sf W o [Fo[in]|
Press Enter key to start Surface Wave Analysis Wizard Active 1D MASW(0) Igl
53
EAN (2]
[ Z

The first step is to input the active source data file. Highlight the file and click Open.

rﬂpen @W

~ e @k E-

Look jn: | (£ 1DMASW_24ch_Rxlm_SXTE

File namme: Is:-:teEEEI'I 507

Open I

Files of type: ISeg2 file[* 292)

d Cancel |

A
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The waveform file is displayed.

] sxte 2301 502 - =JIo/&d
File (F) EditjDisplay (E) Wiew () Pick first arrivals (P)  Surface-wave analysis (3)  Option (©)  Help (H)
= H[ S0 W W e =) W A s | 5B8e | ]E[ XWX A v W =2 w o |m]|i
Press Enter key to continue Burface Wave Analysis Wizard, Active 1D MASW(1) A
Source=-0.5m Time (m=ec)
0 i 200 300 400 500 600 700 500 900 1000 1100
0 P i L
- Jir’ P <SP I
ey ' 3o
: — _._"‘”:j.z
g - _— -‘\_.-'_—ﬁ‘uj
9 — == T S
2 1s — T Aye— P——. ——
o e — ] ] 2 T £
4 —_— | - o e,
oo g e — e
o Em——r e | :::S
25 {Trigger
sxteZ30l. sg2
W
< >
[lime=230, 7msec [dist,=15.80m  |16:amp,=-0.00041
If the unit labels displayed are incorrect, select the Edit/Display menu, Edit
source/receiver locations.
Edit/Display (B} Wiew (W) Pick first arrivals (P)  Surf:
UndoiZ) Chrl4+Z
Exit edit mode
Seleck trace
Select all traces
Selected traces 3
Tirne shift kraces
Correct shok Eime
Automatic shift
Carreck S-wave
Filker »
Truncate traces {shorken record length) *
Resample data
Edit source/receiver locations
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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 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
applicable values for Shot coordinate and Group interval. Click on Ser to apply the new
Group interval and to recalculate the Geophone coordinates. Click OK when done.

-

Geometry
Uit
Shot coordinate | 2 :11 s . Mumber of channels | 24 O
* roeters
" feet Cancel

Crroup interval 2
Set |
First geaphone coordinate |0

Chanmel 1 2 3 4 ] fi

Interval | 2 | 2 | 2 | 2 | 2
oonimts |° |2 O (N N
Back | Newt |
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In the waveform view, the settings can be modified to optimize the display. All of these
settings are common with Seislmager/2D for refraction data processing; refer to the
Seislmager/2D manual included on the Seisimager CD for complete explanation. The

main functions needed are the Waveform amplitude | T | ‘I’| buttons, the Horizontal scale
HO
<= buttons, the Vertical scale|.|.| buttons, and the Normalize . BMI button.

When done, press the Enter key to continue.

[ sxte2301.522 - g@
File {F) Edit/Display (E)  Wiew (%) Pick first arrivals (P}  Surface-wave analysis (51 Option {03 Help (H)
S|S0 |mwe s m M A v s]we F |G [E| X T e[| A v |E=[=fw o]
Press Enter key to continue Surface Wave Analysis Wizard. Active 1D MASW(1) i
Source= 2.0m Time (msec)
1] 1ao 200 300 400 500 600 Foa s00 a0a 1aao 1100
g ey i o S I
— 'y B,
5 ] pEy 'y A
10 I j&g P I
— i i .
— 15 — \h_r—l-._,——..,l.__.—
E _ h‘-\-—'_—\-w-‘-\:
S s s
G 25 . — o Yy
=] = HV‘\,AJ\J
R || N P PTG ] IS P
u —_— o e —————.
u 35 = i _._-\M.,W-u-——w-:
a —— s B Womeman
40 I— 7 I -
RS P > “-u—h-:
45 g --:A-.,-a A, Wmmhﬁ
Trigger
sxteZ301l. sg2
=
< >
[ime=624,7msec [dist,=-21,35m [0:amp.=-0,00018
Click Yes when ready to proceed.
[ Ty
Procedure step confirmation
bl
Ready to proceed? Back
Canicel
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Next, set the parameters for calculation of phase velocity. Set the 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. Click OK when
done.

-~

Phase velocity-frequency transformation

-,

Phase welocity

Start 0 risec

Frecuericy
Start 0 He
" End 20 Hz

OF

Canrcel

Lebranced menn

Seislmager/SW Manual
Version 3.0, October 2009

4 — Data Analysis Using the Wizard
Page 71 of 314



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 assuming that 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 to that end (any bad picks can be manually deleted
later).

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

Fa o

Min. and Max. frequency
DK
Ilindronrn Frequency = | 3 Hz
Cancel
Inlavirmurm Frequency = | a0 Hz
bdveanced menu
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Once the calculations are complete, a phase velocity-frequency plot is displayed with the
automatically determined maximum amplitudes shown as red points.

[ sxte2301.5g2 - okl

File (F) Edit/Display (E) Wiew ()  Pick First arrivals (P)  Surface-wave analysis (3)  Option {20 Help (H)
HEIEIR G EEN RS S R AT =B 0
Press Enter key to continue Surface Wave Analysis Wizard Active 1D MASW(2)

i |

ZJource= 8.0m Phase welocity (m/sec)
0 500 1000 1500 2000

[ R SN U e
b

=]
Iy

10 B
12 .
14 e
16 g
13 .
20 &
22 g
24 8
26 L
28 8
30 g

{Hz)

Frequency

Disperslon curve : sxteZ30l.=g2

c=2479.2m/s freq.=6.28Hz |6:amp.=-0.00003
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=
The default display settings for the phase velocity-frequency plot are Wiggle trace ﬁ
Shaded black ﬂ Usually the dispersion curve is more obvious in color contours.
|
Select the Fine color contour |=| button to switch to a color plot and use the Waveform

amplitude |ﬂ! buttons, the Horizontal scale o g buttons, and the Vertical scale
|!ﬂ buttons to optimize the display.

If you need to manually make or edit picks, you can do so by clicking the mouse 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 bottom bar l1ziamp.=0.57285 | where the value
preceding the colon is the frequency and the value following is the amplitude. To restore
the automatically determined picks, select the Surface-wave analysis menu, Pick phase
velocity (1D).

-

sxte2301.5g2 - JoEd

File (F) Edit/Display (E) Wiew ()  Pick First arrivals (P)  Surface-wave analysis (3)  Option {20 Help (H)

SRS EEN | BRI e 2 i O A I e

Press Enter key to continue Surface Wave Analysis Wizard. Active 1D MASW(2) Igl
ZJource= 8.0m Phase welocity (m/sec)
1] 00 1aao 1500 2000
1]
2
4
fi
8
Lic I N1
s
R b
= 14
= 16
L1z
o

8 20
2oa2
24
26
28
30

Dispersion curve : sxteZ30l.sg2

v

£ [
|c=2515.0m/s  [freq.=0.08Hz |0:amp.=0,00014 | 4
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Save the dispersion curve picks if you would like to be able to input them again later.
Select the File menu, Save pick file.

File (F} Edit/Display (E}  Wiew (%) Pick First arriv.

Open SEGZ file
Save SEGZ file

Cpen SEGZ file (SmartSeis)

Cpen MoSeis-3 file

Open OYO 160MY (SEG1) File

Open synkthetic wawveform {.8hd) File

Save pick File

Assign a file name with the extension .pvs and click Save.

Save As @W

Savein: | ) 1DMASW 2dch_Rxlm_SXTE = £ E-

-~

File narme; |s:-:t323lil1_d|:pi|:ks.pvs
Save as type: |F'hase-'-.feh:u:it_l,l data file for wavebq [*.pvs) j Cancel |

Once the file is saved, click OK.

—

‘Pickwin95

L] "j Phase-velacity data File for WaveEq has been saved
[
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Once the file is saved, the dispersion curve is displayed with a pink line connecting the
picks. Refer to Section 5.1.3 on how to re-input saved picks.

Press the Enter key to continue.

[ sxte2301 582 -

(5=

File (F) Edit/Display (E) Wiew ()  Pick First arrivals (P)  Surface-wave analysis (3)  Option {20 Help (H)

=|@|S[o|c|m| W e = MM v, | 5|88 | e x| x| Al v W= =lw o

Press Enter key to continue Surface Wave

Zource= 2.0m
0 500

Analysis Wizard.

Phase wslocity (m/sec)
1000 1500 2000

{Hz)

Frequency
oo

Dispersion curve ;

(<.

sxtez2301l.sg92

Active 1D MASW(2)

el

E]

le=2380.1m/s  [freq.=-13.58H: |0:amp.=0,00014

I

Click Yes when ready to proceed.

i

Procedure step confirmation

Beady to proceed?

Back

Cancel |
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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.

WaveEq - ;_;-_ &l
File{fF) EditiE) View{¥) Dispersioncurves Velocity model(M) MASW{IDN(O) MASW(ZDNT) Options HelpiH)
e | o o ] ) ] 2 ] e ) v
Press Enter key to start Surface Wave Analysis Wizard, 1D Swrtace wave analysis )
Frequency (Hz) ‘
0.0 5.0 0.0 150 2000 250 300 350 400 450 500
0000 — 11— e
18000
n
£ 16000
= 1400.0
il
-
Yo 12000
i
£ 1oo0o
0
% 800.0
ﬁ 600.0
400.0 S S
200.0
0.0
Dizpersicon curve : sxteZ301.=gZ2
||
£ >
~ [mum

If the plotting scales need adjustment, select the View menu, Axis configuration.

Wiew(d)  Dispersion curvesi(D)  Melocity model(M

Axis configuration Chrl8

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

Axis configuration
Dlirdremre Diasdrourn  Interwal O
_avd n a0 5
a L Cancel
Voamz |0 2000 200 —_
Seislmager/SW Manual 4 — Data Analysis Using the Wizard

Version 3.0, October 2009 Page 77 of 314



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 arrow key 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 left arrow key. Press the Enter key when
done.

[ wave Eq - g@ L%

File(F) Edit{E) Wiew(¥) Dispersion curves VYelocity model(M) MASWIDNOY MASW(ZDNT) Options HelpfH)

| ||| 8] = o o | | | ] P X 4] Ve o ] B[ ] 2 D

e

Use arrow kevs to set gates. Press Enter to move from first to next gate.

Frequency (Hz)
0.0 50 100 150 20,0 250 30,0 350 400 450 500

2000.0

1800.0

1600.0

{m/s)

1400.0

1200.0

1000.0

800.0 w@@a%

600.0 e
US%GSGS@

400.0

Phase-velocity

200.0

0.

Dispersion curve : sxtezZ30l.sgZ

[MUM

In addition to noisy picks on the edges of the curve, there may be outliers within the

curve. Outliers can be deleted by clicking the Selection M button, selecting the outlying
points on the curve, then pressing the Delete key. When done, unclick the Selection
button.

If the curve has noisy jitter, it can be smoothed by selecting the Dispersion curves menu,
Smoothing (individual curves). Upon selection, the curve will automatically be
smoothed.

Dispersion curves(D) | Yelocity model(M)

Smoathing (individual curves)

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

e S

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. Click OK when done.

e el

Initial model for inversion .%

0K

Canicel

A branced renn

Depth = IT m
#of layer = IT
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The initial model is displayed. Press the Enter key to continue.

Wa\reEq-
File{F} Edit{E) Wiew(¥) Dispersion curves Welocity model(M) MASW{IDNO) MASW(ZDNT) Options HelpiH)
(||| | | | oA | ][O

Press Enter key to continue Surface Wave Analysis Wizard.

vs

b B G111 R W
|

1D Swrtace wave analysig
S-velocity (m/=)

0.

0.0 2500 5000 75000 1000.0 12500 1500.0

5.0

10.0

{m)

Depth

S-velocity model : sxte2301.sg2

. v
€] I (]
I T

Click Yes when ready to proceed.

-~

Procedure step confirmation

Ready to proceed?

Back

Cancel |
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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 initial model with the observed data.
The default value of 5, up to 10, for Iteration is suitable for most cases. Click OK when

done.

-

Least Square Method
Iteration = 3 DK
Canicel
& cbranced menn
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Once the inversion is complete, the final V; curve is displayed.

5 wavekq -

M= X

File{Fi Edit(E) Wiew(y¥) Dispersioncurves Velocity modeliM) MASW{ID)NO) MASW(ZDO(T) Options HelpiH)

Disf| DisF
ezt Al

SSIEIEE RSN | IS P

[V5 f8|%5| Y| V||| M fFm wa(Fy| PRl G| [ D)W

A1

Press Enter key to continue Surface Wave Analvsis Wizard.

S-velocity (m/=)

0. 250.0 500.0 750.0 1000.0 12500 15000

0.0
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{m)

15.0

Depth

30.0

g-velocity model : sxteZ301.sgZ2

il 1}

1D Surface wave analysis ’—‘
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Click on the Show apparent velocity model E button to overlay the one-third-
wavelength approximation (green points), which is the best indicator of the actual depth
range of penetration. In the latest version of the software, 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.

5 WaveEq - B@
FilefF) Edit{E} “iewiN) Dispersioncurves Velocity model(M) MASW(LDMNO) MASW(ZDXT) Options Help{H)
| ||| 8] | | o o [ ] Bl [ ] ) [V I e Al F o] @D
End of Surface Wave Analysis Wizard. 1D Surface wave analysis &
g-velocity (m/s)
0.0 250.0 5000 75000 1000.0  1250.0 15000
0.0
5.0
10.0
E 15.0
o
]
=3
8 200
25.0
300 : : ; ; -
S-velocity model : sxteZ30l.sg2
Average Ve 30m = 604.9 m/fs
w
£ >
MM

If there is good control to a depth of 30 m (100 ft), select the View menu, Show AVS for
IBC, to calculate and display the average V; value.

Wiew(d)  Dispersion curvesi(D)  Melocity model(M

Axis configuration ChrlA

Dispersion curves

Show one dispersion curves

Show P-velocity
Show converted M-value
Cpen M-value file

Cpen PS resulk file

Showe 8BS For IBC
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When done, press the Enter key to continue.

Click Yes when ready to proceed.

-~

Procedure step confirmation

Ready to proceed?

Lastly, save the result. Assign a file name with the extension .~s¢ and click Save.

-
Save As

ax]

Save in: | ) 1DMASW_24ch_Rxlm_SKTE

x| & B cf E-

File rame: Is:-:teESEH_"#'sfinal.rsﬂ

Save I

Save as type: I.-'l‘-.nal_l,lsis result file[*. rat)

j Cancel |

A
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After the file is saved, check the fit of the calculated and observed dispersion curves.
DisP
Click on the Show one dispersion curve T button to display the original dispersion

curve. Click on 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.

[ Wavekq - .
File{F} Edit{E) Wiew(¥) Dispersion curves Welocity model(M) MASW{IDNO) MASW(ZDNT) Options HelpiH)
o | | [DaF st vs|us|y 1 = .
| ||| o = o o | o | | B[] ] Ve e b ] Bl | @ | D
End of Surface Wave Analysis Wizard. 1D Swrtace wave analysig =
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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) 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 click OK.

Seislmager/SW Analysis of Surface Waves

Welcorne to Seislinager/SW |
Fleaze select a data processing wizard:

(" Beotiee Somrce 10 DA SW

(* Paszsme Source (hlicro-tremor) 10 I A
" Actrve Source 20 MIASW

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

Pickwin - [;]@
File (F) EditjDisplay (E) Wiew () Pick first arrivals (P)  Surface-wave analysis (3)  Option (©)  Help (H)
=[] ||| =M o] v s[5 | [ ] v w(e| A | v [ =[sf W o [Fo[in]|
Press Enter key to start Surface Wave Analysis Wizard Pagsive 1D MAM(0) I;:
hdl
EAm| (2]
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 click Open.
Open
Look in: | 3 M&M_T10_50m_S:As ~| & & B
sxaaliol . sg2 swaallly =gz swaallls, =gz _sxaa_l__'_l_lgl_}_'_:'_lfgg
swaallls, =gz swaallls,sg2 swaalll4, =gz
sxaa0003, 502 sxaal009, =g sxaal0l5,.502
sxaaldlt,sgZ sxaal0ll.sgZ sxaalll6,.s02
sxaa0005,.502 sxaaldll.sgqZ sxaalily.sgqZ
sx3a0006,.502 sxaalilz.sgqZ sxaal0l§.s02
File narne: I"s:-:aaEIEIEEI.SQE" "swaal00].sg2" "sraall0z g Open I
Files of type: | All files("." ~| Cancel |
[~ Open as read-only
A
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Once the selected files are open, click OK.

-,

‘Pickwin95

L] E 20 files hawve been opened!
[ ]

The first in the group of waveform files is displayed. Set the units if necessary.

B Pickowin - =] <
File (F)  EditjDisplay (E)  Wiew ()  Pick First arrivals (P)  Surface-wave analysis (3)  Option (@) Help (H)
SRR SIEN 1| IR E NN AP Skl i SENL AT THES el
Press Enter key to continue Surface Wave Analysis Wizard Passive 1D MAM(1) i
Source= 0.0m Time (msec)
0 5000 1o00a 15000 20000 25000 30000 35000
J S TP i
0 vﬂl,'l' T Lk iy w
; _.. Al s AW e Mw
4 4
R 0 I S b L s hm M
T T el
cu S JUTIPT PRRNHPPTITY RPNV m
. 9 e L R LR ]
|Trigger
sxaaliil. sg2
|
< >
time=371%3,9mse dist.=-1,%6m  |0:amp,=0,00000

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 clicking on the Frequency domain FO putton. The
view will change to a plot of the frequency content or spectrum for each trace.

After clicking on the Frequency domain button, click on the right Horizontal scale |2|
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 below indicates high-quality
passive source data.
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To toggle back to the waveform view, click the Time domain M button.

To scroll through the files, use the Show previous waveform & and Show next waveform
¥ buttons.

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

¥ Pickwin -

.File (F) Edit/Display (E) Wiew () Pick First arrivals (P)  Surface-wave analysis (S)  Option (23 Help (H)
=| &[0 || W[ e || WA A v (0] [ G| T X & | v | =[5 w o[l

Press Enter key to continue Burface Wave Analysis Wizard. iad

Source= (0.0m Frequency [(Hz)

0 2z 4 fi g 10 12 14 16 18 20 22
0 s et Iy i L
1 YO U il 'y i
2 hudbh L
g 3 anthin i
o 4 * i
0 5 ail & i
S 5 i
4U_; 7 A FEY h
- ol oy
Py 8
9 = s

sxaalinl. sg2

”Freq.='12'.'6|'—.|'z "~ [dist.=3.10m 5;:amp.=D..|'53'9?"6

Click Yes when ready to proceed.

-

Procedure step confirmation

Ready to proceed?

Back

Cancel
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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. Click OK when done.

=

2D SPAC

Greornetry OF
2D array

Triangle Canicel

(" Triangle 4
" Trangle 7
{« Triangle 10

&ibranced menn

L shape

Angle= |0 destees

L7
~La
L1l

(" Single circle 9
" Dauble circle 37

brray size = |5 tn

Linear array
" Lingar arrasy

Recerser spacing = 10 T
Mumber of recemvers = | 11

(" Tylarmal arvasy
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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. Click OK when

done.

-~

Phase velocity-frequency transformation

-

Fhase welocity
Start ] trlgec
i}
“ End 200 mmfser E
Diowrn
Freguency
Start 1] Hz
Up
" Frd 15 e Diown

0K

Cancel

Arbranced menn
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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 sensitivity of
the geophone. 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).

Fa o

Min. and Max. frequency

)8
Ilindronrn Frequency = | 4 Hz

Caricel
Inlavirmurm Frequency = | 15 H= -

& ibranced menn

Seislmager/SW Manual

4 — Data Analysis Using the Wizard
Version 3.0, October 2009

Page 92 of 314



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.

File: (F) EditiDisplay (E)  Wiew (%) Pick first arrivals (P} Surface-wave analysis (3)  Option () Help (H)

| 6| &0 ||| W &= WA 4| 588 F | 1] X[ e[| A v |m]= 2w e

Press Enter key to continue Surface Wave Analysis Wizard. Pagsive 1D MAM(2)
Source= 0.0m Phase welocity (m/=ec)
0 100 200 300 400 500 600 00 &00
]
1
2
3
4
r 5
Z
7
8

Frequency
el

14
15
Dispersion curve : sxaallll.sgZ-sxaallZ0.=g2
(]
£ EY
Il |c=790.0ms [freq.=-6.90Hz [0:amp.=0.83613 | 7
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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).

i Wavekq - B]=1]%]
File{Fi Edit{E) Wiew(¥) Dispersion curves Velocity model(M)  MASW(IDXO) MASW(ZDNT) Options  HelpiH)
HEERE TR LI e 0| Vi 0 e e Bl 2] D[ |
1
Use arrow keys to set gates. Press Enter to continue MASW wizard. I
Frequency (Hz) ‘_:‘
0.0 5.0 10.0 150 20.0
500.0 . = st M 3
2 7000
E
. 600.0
pik}
-
Lo 5000
s
=
& an00
:
9 3000
o
[=F)
200.0
100.0
0.0
Dizpersion curve : =xaall0l.sgZ-=xaallzZ0. =g
_ 5
£ T — (]
eI
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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.

[ = =1

Initial model for inversion
Ok
Carniel
L bvanced menu - -
E— Least Square Method
Depth= 20 T
Tteration = | - D
#of layer = 15
Catize]
L&bvranced menn
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Once the inversion is complete, the final Vs curve is displayed. For indication of the

actual depth range of penetration, click 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), select the View menu, Show AVS for IBC, to calculate and display the average
V; value.

Wavekq - 3
.File(F) Edit{E) Wiewi¥) Dispersion curves Velocity modeliM)  MASWIIDNO) MASW(ZDXT) Options HelpiH)
11| ] 0] ] o 5 ] ¢ ] ] e O s ] e [
Press Enter key to continue Surface Wave Analysis Wizard. 1D Surtace wave analysis )
S-velocity (m/s)
0.0 100.0 200.0 300.0 400.0 500.0
0.0
5.0
10.0
g 15.0
o
]
=%
8 20.0
25.0
30.0 ; ; o -
g-velocity model : sxaal00l.sgZ-sxaallzZ0.sgZ2
(ol
£ >

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

Refer to Section 4.2 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) 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,
WaveE(q, 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, only the GeoPlot functions needed for
viewing 2D MASW initial and final V; cross-sections are covered. As noted in Section
1, GeoPlot will eventually be made available as a separate module; at that time, a full
manual will also be released.

Double-click on the Surface Wave Analysis Wizard icon.

Fbe

Surface Wave!
Analysis
| Wizard

The Welcome to SeisImager/SW dialog box appears. Select Active Source 2D MASW and
click OK.

= =)
Seislmager/SW Analysis of Surface Waves
Welcorne to SeislinagerSW | oK
Please select a data processing wizard:

(" Beotree Source 10 BASW
(" Pagsre Source (Mlicro-trermor) 100 IvD A
(v Brotiee Somrce 20 DA SW
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The Pickwin module is launched.

FII l*!'i;

1|’E;ﬁ

!

L ] er|

AL

%.

A

Pickwin
Seisl
eislmager ﬁ'lf‘!
Pickwin Version 40.1.5
| — WLl ‘l,!a!' | Copyright (C) 2004 - 2009

OV D Corporation

Pickwin
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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 - E]@"'
_FiIe_(F)_ EditjDisplay (E)  Wiew (¥) Pick Firsﬁarrivals (=)} Surface—wa\ieﬂaﬁ (_S) Option {(©)  Help (H) - -
Q[ ||| = | Ay A 35)R F| o[]  e r[| A| w |i[ =[] o [FD[10)] |
Press Enter key to start Surface Wave Analysis Wizard Active 2D MASW(0) :;:
(v
&l Il
r =
The first step is to input the dataset; all the dataset files are input at one time. This is
done by making a new file list. Select Yes: make new file list.
Pickwin
Dlake vewr file list 7
! Ves : make new file list ! Mo : use exsting file List |
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Use the Shift key to highlight the first through last file in the dataset and click Open.

eren @W

Laok jre | ) 2DMASW _24ch_Rxlm_Sxim_Sx0K | & & 5 E3-

= sxbiz07.sgz = swb0z13sgz = swb0z19.sgz = swibozzs.
o swb0z0g.sgz ) sxbOzi4.sgz  H sxlb0220,5g2
H sxb0z09.sg2 T sxb0z15.s02  H sxb0221,5g2
H sxb0z10,sgz T sxb0zi6.sg2  H sxb02zz, sgz
o sub0zil.s0z ) sxb0217.502 ) sub0223,502
H seb0z12.502 o sxb0zigsgz  E sxb0z24,sg2

7]

< 2]
File name:  ["sIb0225.502" "s4lbD201 3g2" "slb0202.502"
Files of type: |l fles(* ") ~| Cancel |

[ Open az read-orly

Once the selected files are open, click OK.

=,

‘Pickwin95

L] E 25 files have been opened!
[

Next, indicate if 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 t0 apply the header information to the geometry.
Click OK when done.

-,

Use information in file

Ok

v Source position

v Fecefver position Cancel

Check to use source and recemver 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 columns; only the Apply source coordinates from file header and Apply
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receiver coordinates from file header boxes will be checked. (If coordinates need to be
entered manually, click on Ser up to enter the pattern that describes the geometry. Refer
to Section 5.1.4 for a full explanation of how to enter coordinates manually.) Click OK
when done.

"File tist ﬂ
Index  Edit ID Sowrce(r) st receiver(m) Receiverint(m) #ofaw: O
0 - [ [0 0 1 E St
1 m ] 202 ] 0 ] 0 ] 1 ] 0 —
2 o | 203 | 0 ] 0 ] 1 ] 0
3 |4 |0 o |1 |0 Bk
4 - |s |0 E E 0 Set up
Ij r JEEIrS JD ]D Il ]D Set # of aux.
é N |0 |0 [1 |0
7 I |0 o |1 |o ek
I—‘—E - | 0 l 0 | 0 | 1 | 0 Huraber of files
25
9 T T 210 |0 o [1 |0
v Lpply source coordinates from file header
v bpply recefver coordinates fror file header

Next, assign the file list a unique alpha-character tag. The characters indicated are
prefixed by the letters “sx” and used to name all output from analysis of the dataset. The
files are automatically saved in the dataset directory. Use the up and down arrow keys to
increment or decrement a character and use the right and left arrow keys to toggle
between characters. Click OK when done.

P o

Set line ID

FF

Use up and down arrowr kews to incrernent characters.

Ok

Cancel

Use right and left arvoowr kess to mose between characters.
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The first in the group of waveform files is displayed.

EH Pickwin - =Jo/Egd
File {F) EditiDisplay (E)  View ()  Pick first arrivals (P)  Surface-wave analysis (51 Option (0)  Help (H)
S|E|S| < | |0 W] e[| m M| A s, | %N | L]E) X e A | v [E=2]w o[
Press Enter key to continue Surface Wave Analysis Wizard. Active 2D MASW(1) =
Bource= -0.3m Time (mzsc)
1] 200 400 600 a00 1000 1200
(T LTS U U
5 - e e —
T S 5| S T 4
o | —— e — e el | e e
2 1 - L e e e e
—_——a e e O ]
@ E———— T o e
o 15 - H,J——-——-_———'—-----—v-—\‘,-\_/-——:
— . el
S I ——| e L
2 30 e — T A
a — T g S U~y
e |- - T el
|, || e s || e o ] s
a5 Trigger
sxlb0201. 592
™
< ¥
time=566.6msec |dist,=-13,73m |0:amp,=-0.00004
If the unit labels displayed are incorrect, select the Edit/Display menu, Edit
source/receiver locations.
Edit/Display (E)  Miew ) Pick first arrivals (P)  Surf:
UndaiZ) Chrl+Z
Exit edit mode
Select trace
Select all traces
Selected traces r
Tirne shift kraces
Correct shot bime
Autamatic shift
Correck S-wave
Filker 4
Truncate traces (shorten record length)
Resample data r
Edit sourcefreceiver locations
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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 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. (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.) Click OK when done.

- -

Geometry
; Units
Shot coordinate | -0.5 Number of charnels I 24 O
0+ meters
" feet Cancel

Crroup interval 1
Set |
First geaphone coordinate |0

Chatmel 1 2 3 4 i f
Interval |1 1 [1 E E
coommts |0 ! O N O E
Back | Newt |
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In the waveform view, the settings can be modified to optimize the display. All of these
settings are common with Seislmager/2D for refraction data processing; refer to the
Seislmager/2D manual included on the Seisimager CD for complete explanation. The

main functions needed are the Waveform amplitude | T | ‘I’| buttons, the Horizontal scale
HO
<= buttons, the Vertical scale|.|.| buttons, and the Normalize . BMI button.

To scroll through the files, use the Show previous waveform 2

| ¥ buttons.

and Show next waveform

When done, press the Enter key to continue.

Pickwin - =Jo/es
File {F} EditiDisplay (E)  View (¥  Pick first arrivals (P)  Surface-wave analysis (51 Option (D) Help (H)
S| E|S | |3 W e S m M A8 |55 F e ] v e x| A v [ =2 w o[
Press Enter key to continue Surface Wave Analysis Wizard. Active 2D MASW(1) :-'_\:
Source=-0.5m Time (meec)
0 200 400 600 a00 1000 1200
0 e i S —
el = I — (3
5 - e e
e 1
e [
o o e ]
e S el e B TR o P g SV g D
E 10 . b e — e A —
T ay [
g —————= e T R T
— e il e
= 15 - | | ——1
] o ——— ]
ﬁ i oo Mw:
w e — — e A
] L —-— . S B ]
e P —— iy S P - g Py
|, o | e o]
a5 Trigger
sxlb0201. sg2
|2l
< ¥
ltime=773, Imsec |dist.=15.52m |16:amp,=-0,00001

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

e 1

Frocedure step confirmation

Beady to proceed? Back

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

o =,

Pickwin5

"'-., SouUrce-receiver geometry is completed
- Analysis result was saved into [n\Example Files\ZDMASW _24ch_Raclm_Sxim_SxOfFset0.5misxaa. xmil

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

Pickwin - E]@

File {F) EditiDisplay (E)  View ()  Pick first arrivals (P)  Surface-wave analysis (51 Option (0)  Help (H)

|| @] | o | o 7 v R | i o e | [ | =] =5 w [ 6 |10
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Press Enter key to continue Surface Wave Analysis Wizard. Active 2D MASW(2) =
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Click Yes when ready to proceed.

e S

Procedure step confirmation

Beady to proceed? Back

Next, calculate the CMP cross-correlation gathers. The First distance and Last distance
are taken from the first and last coordinates of the receiver spread and the Bin size is
automatically calculated as two times the receiver 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. Click OK when done.

F = =]

Phase velocity calculation for CMP
Elm SEE lzi T OK ................
First distarice 0 1 E—

Ance
Last distance 23 T
Mow calculating !

Calculating CWIP Cross-Corelation (CRPCC) zathers
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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.
Click OK when done.

-~

Phase velocity-frequency transformation

e

Fhase welocity
Start 0 raizec

Freguency
Start 1] Hz
" End 40 e

0K

Arbranced menn

Cancel
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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 assuming that 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 to that end (any bad picks can be manually deleted
later).

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

Fa o

Min. and Max. frequency
O
Ilindronrn Frequency = | 3 Hz
Caricel
Iulaxdrenirn Frecuency = | 40 Hz
L heanced merm

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, click OK. Refer to
Section 5.1.2 on how to re-input saved picks.

-,

Pickwin95 &3

L] "_-. Dispersion curves were saved into D Example FilesiZDMASW_Z4ch_Rxlm_Sxim_SxOfFsetd,Smisxaa.pys
L
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The first in the group of CMP cross-correlation gathers is displayed. To scroll through

the files, use the Show previous waveform &

B Pickwin - mEX]

File {(F) Edit/Display (E) Wiew () Pick first arrivals {F)  Surface-wave analysis (5)  Option {0} Help (H)

o5 1| 8 | o 5 0 = [ v | ] o | w [ =[P 10

Press Enter key to contime Surface Wave Analysis Wizard. Active 2D MASW(4)

Source= 3.0m Time (msec)
1] 200 400 600 300 Lgon 1200

{m}

SRR

| <SS [ U | I XN

Trigg
cmp_ 002200.sg2

Distance

[time=771.6msec dist,=21,65m |7iamp.=0,01690

& J

and Show next waveform | ¥ buttons.

To display a file with a specific geometry, click on 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.

Hpickwin - [ [=1%
Fila {F) Edit/Display (E) Wiew () Pick first arrivals (P)  Surface-wave analysis (3)  Option {0} Help (H)
& @S| 0| oo 15| W | = (A4 v %[N F | 5B k] (X A v W[ =[x w]e [
Press Enter key to continue Surface Wave Analysis Wizard. Active 2D MASW(4) =
10 Spacing (m) 21.0
_ | |
% 1] G000
s I EERER T X T o o
T GCLo8GBOBO0G - - -
E D000 0 0o O 00000000 .
[ R R R R R R R R R
o GLLLCU00000R00RE0RR00
(] L0000 0000000000 000000
O G0 L O0CB0O0000C0eED e .
[T D00 00 90000 d0 0 B : :
= D00 00 4 o000 . F S @ .
o 1o S oo e e e - - - - - B
w
73
[time=077. 3msec [dist.=14.36m  [7iamp.=-0.05016
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Use the Show previous waveform /
geometry of a waveform file to display.

Pickwin -

BE]

File (Fy EditjDisplay (E} Wiew (V)  Pick first arrivals (P} Surface-wave analysis (3)  Option {0} Help (H)

(]85 | o 0 A v 58 | A [0 | =] w6 o0

[lime=593, 9msec |dist.=-6.92m  0:amp.=0.01613

. : 2 = F 1T |~
Press Enter key to continue Surface Wave Analysis Wizard. Active 2D MASW(4) °
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and Show next waveform | ¥ buttons to select a

Toggle back by clicking on the Waveform ﬂ button to display the selected file.

Pickwin -

BE]

File (Fy EditjDisplay (E} Wiew (V)  Pick first arrivals (P} Surface-wave analysis (3)  Option {0} Help (H)
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Trigger

Press Enter key to continue Surface Wave Analysis Wizard. Active 2D MASW(4) A
Source=11.0m Time (msec)
0 200 400 600 a00 1n00 1200
1
s B = —
£
VI — -——_
[} | e,
o
<16 - R —_—
n
i — st T ——
o [ 4 e T P R g

cmp_00ZZ200.=g92

< > o
[time=075, 3msec |dist.=-0.04m  O:amp.=-0.02133
When done, press the Enter key to continue.
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Click Yes when ready to proceed.

~

Procedure step confirmation

Beady 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.

Wavekq -

SEIEE

i]”f J L

File{Fi Edit{E) Wiew(¥) Dispersion curves Velocity model(M)  MASW(IDXO) MASW(ZDNT) Options  HelpiH)

e aema

0.a 50 100 150  Z20.0

Press Enter key to start Surface Wave Analysis Wizard.
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w
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=
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o]
S
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0.0
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2D MASW analysis e
i
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If the plotting scales need adjustment, select the View menu, Axis configuration.

Wiewry)  Dispersion curves(D)  Welocity model(M

fxis configuration Chrl+8

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

rﬁ'nn:is configuration “
Dlindrooore  Dlacaroarn  Interseal OF
s o ? L Cancel
Foadgs |0 400 100 s

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 instabilities in the inversion. The default settings for these functions are suitable
for most cases. Any of the editing steps can be skipped by clicking No. Refer to Section
6.4 for a complete explanation of the dispersion curve editing functions.

Select Yes.

=~

rWaveEq

Automatically filter lovar cuality and higher mode data ?

Yes | Mo

Seislmager/SW Manual 4 — Data Analysis Using the Wizard
Version 3.0, October 2009 Page 112 of 314



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

%4 waveEq - g@

-FilE(F) Edit(ﬂE) \fiew(\l'). D\.spEr%\.un curves \I'EIDU.tym?\.:lel(M.) M:Q.SWQD)(O) MASW(ZD)T) C.)Ftinn? Hn.a\.p(H). i - - )
Z|=|2|o| mwle|=mm |« w| xx| T sl ] Vel mie| Bel ]2 0w
Press Enter key to continue Surface Wave Analysis Wizard 2D MASW analysis

‘ |
Frequency (Hz) |

0.0 50 100 150 2000 250 300 350 400 450 500

400.0

im/5)

3000

200.0

Phase-velocity

100.0

0o

Dispersion curve :

|8
&l fm | [E2

Click Yes when ready to proceed.

7o -

Procedure step confirmation

Ready to proceed?

Select Yes.

rWﬂveEq

Set up miniranrn and rmacareorn frequency (editing gate) ?

| e | i [a] |

Follow the instructions in the upper left-hand corner of the window. The red gate is the
active gate. Use the right arrow key 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

Seislmager/SW Manual 4 — Data Analysis Using the Wizard
Version 3.0, October 2009 Page 113 of 314



gate and position it the same way using the left arrow key. When done, press the Enter

key to delete the picks outside of the gates.

- Wavekq - g
Fil=fF) Edit(E} Wiewi¥) Dispersion curves Welociky model{M) MASWIID)O) MASW(ZD)NT) Options HelpiH)
@ |8)o| mwe=mm v «w| KX o EE]gE 9] Vel (e e Bl 2 D]
Use arrow keys to set gates. Press Enter to continue MASW wizard. e
Frequency (Hz) _=‘
0.0 5.0 1m0 150 2000 250 300 350 400 450 500
400.0 ey i e
n 4
e .
=
= 3000
txy
+H
-
U
5]
—
2 2000
O
n
s
=
[= 1)
100.0
0.0
Digpersion curve :
2]
AR I B
1 ] ]
The edited dispersion curves are displayed. Press the Enter key to continue.
- Wavekq - g
File{F) Edit(E) Wiew{y) Dispersion curves Welociky modelfM)  MASW{1D)(O) MASW(ZD)TY Options HelpiH)
(|| m|awe|=(m|m| o] v|ww| x| SR [E]dE] ] Vel mfrn wiry| Beln 2[00
Press Enter key to continue Surface Wave Analysis Wizard 2D MASW analysis Iy
Frequency (Hz) ‘_:‘
0.0 50 o0 150 200 250 300 350 400 450 500
400.0 TR e e
W
B
£
3000
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B
6]
s)
=
£ 2000
O
0
b
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[=T)
100.0
IR}
Dispersion curve :
(]
S_I__ 11l |_)|
[ 4
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Click Yes when ready to proceed.

Procedure step confirmation
Ready to proceed?
Select Yes.
WavekEq

&utoraatically srooth data using 200 median filter ?

The edited dispersion curves are displayed.

Fi Wavekq - =1
Fil=fF) Edit(E} Wiewi¥) Dispersion curves Welocikty modsl{M) MASW(ID)O) MASW(ZD)NT) Options HelpiH)
=|R|S[o| w0 =/ m(m| o> || x| i S[EIvE] ] el o] mry] Bel ]2 (0]
Press Enter key to continue Surface Wave Analysis Wizard. 2D MASW analysis ey
Frequency (Hz) ‘__‘
0.0 50 1000 150 200 250 300 350 40,0 450 3500
400.0 e
W
~
=
o000
gl
+H
-~
U
o
—
£ 2000
b
n
o
£
[=1)
1n0.0
0.0
Digpersion curve :
[
2 TR )
o ] ]

This is the last editing step. Press the Enter key to continue.
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Click Yes when ready to proceed.

Procedure step confirmation

Ready 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. Click OK when done.

-,

.
Initial model for inversion .%
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Once the initial cross-sectional model is calculated, the number of curves used in the
model is reported, click OK.

-,

rWﬂveEq

L] "_q,‘ Mo, of curves = 11
[ ]

The initial model file is automatically saved, click OK.

- =]

Wavekq

] Analysis resulk (initial model) was saved into D:Example
. FilesiZDMas_24ch Rxlm_Sxlm_SxOffset0,Smisxaa_analysis resulk,pyvs

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

WaveEq - l=Jojes
File{Fi Edit{E) Wiew(¥) Dispersion curves Velocity model(M)  MASW(IDXO) MASW(ZDNT) Options  HelpiH)
|| @ o| | es(=>m(m( | oo W] K| *5[Ef 0] % ME[XR] 4| Ve[ | rw ma[Fu] PelC [ [ D]W|
|
Press Enter key to continue Surface Wave Analysis Wizard. 2D MASW analysis |.A-.i
curve=0 Distance=1.000000m ‘é
S-velocity (m/=) |
0.0 100.0 200.0 300.0 400.0 500.0
0.0 l
5o [P o T  easensinas NPT
£
]
]
o
o 10,0 | - - - -~ == b= === —mo-hmm-mmsomsoe
15.0
G-velocity model :
]
< 1 | [EA
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. . Vs
To control the velocity curve display, use the Velocity section 1 ﬂ and Velocity section
S : . i o :
next M buttons to view one, or three curves at a time, respectively. With either setting,
the Show previous \1 and Show next \LI buttons and the Home \ﬁ and End |£| buttons

allow you to move through displays. The Velocity section all Iﬁl button displays all
velocity curves.

WaveEq- g
HEIEING e el e | s el e TR s e SR
| (S| m|w(e(=m{m| o>« w| K[| /5 VS[¥S]7F | Ve|m| e mfry mir el [ 2[Dw|
Press Enter key to continue Surface Wave Analysis Wizard. 2D MASW analysis |.A-.i
S-velocity (m/=) ‘E|
n.o 1na.0 200.0 300.0 400.0 s00.0
0.0
5.0
£
=
]
o,
A R | e
150 4 .
G-velocity model :
(]
3| I | B
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Click on the Show apparent velocity model E button to overlay the one-third-
wavelength approximation (green points), which is the best indicator of the actual depth
range of penetration. In the latest version of the software, 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.

WaveEq - E]@

.File(F) Edit(l.E) View(\n'). Di.spersi.on CL.II’VES VelociFy mgdeI(M.) MASWQD)(O) MASW(ZD)(.T) Option.s Help(H). ] ] ] ]
|| S| ||« m{m| o v o] K[| %% % [0 XEIKR| ] Ve 0] rn ] Pl [ 2] D[v]

Press Enter key to continue Surface Wave Analysis Wizard. 2D MASW analysis )
curve=3 Distance=7.000000m

|
S-velocity (m/=) ‘I

0.a 100.0 200.0 300.0 400.0 500.0
n.o

5.0

}

{m

Depth

0o fe e N S, SR

G-velocity model :

Bl
<] I | [EA
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For the dispersion curves, the Dispersion curve 1 _11and Dispersion curve next et
buttons, the Show previous \1 and Show next \LI buttons, the Home |i and End m

DisF . .
buttons, and the Dispersion curve all Al button, function the same as described for the
velocity curve display.

When done, press the Enter key to continue.

5 wavekq - [;]
File{Fi Edit{E) Wiew(¥) Dispersion curves Velocity model(M)  MASW(IDXO) MASW(ZDNT) Options  HelpiH)
|| S| m|w|e|=mm| o v« K[| % VS[EIKE 1 Vel m[mry wlF Beln[2]D[v]
Press Enter key to continue Surface Wave Analysis Wizard. 2D MASW analysis |.A-.i
curve=3 Distance=7.000000m ‘é
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w
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B
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Digpersion curve
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(i i ||
Click Yes when ready to proceed.
fam -1
Frocedure step confirmation
Ready to procesd?
Back
Catizel
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Select No: show initial model to display the initial cross-sectional model in GeoPlot. (To
skip this step, select Yes: perform inversion.)

e 1

Wavelq

Do iterersion ?

Fes : perform version | | Mo : show matial roodel |

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

=,

rGeuPlut

L] "_n.‘ Welcome bo GeoPlat
L

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 click Yes when ready to proceed.

-

Procedure step confirmation

Ready to proceed?

Select Yes: perform inversion.

rWﬂveEq

Do iterersion ?

i Yes : perforn ersion Mo : shoar indtial model
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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 initial model with the observed data.
The default value of 5, up to 10, for Iteration is suitable for most cases. Click OK when
done.

Least Square Method
Iteration = 3 DK
Canicel
& cbranced menn

Note that depending on the dataset size, the inversion can be computationally intensive
and may take some time to complete. Also, the higher the Izeration 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, click OK.

-,

rWﬂveEq

L] E Inversion complete,
L
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Once the final cross-sectional model is calculated, the number of curves used in the
model is reported, click OK.

Fa 1

Wavelq

L] E Mo. of curves = 11
[ ]

The final model file is automatically saved, click OK.

=,

rWaveEq '

] Inverked result was saved into Dy\Example
. FilesiZDMas_24ch Rxlm Sxlm_SwOfFset0.Smisxaa_inverted resulk.pys

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

WaveEq-
File{F} Edit{E) Wiew(¥) Dispersion curves Welocity model(M) MASW{IDNO) MASW(ZDNT) Options HelpiH)
| ||S[o| W= mm o]« w| XA ] ESIE | Ve m| ]y ] Pl
1
Press Enter key to continue Surface Wave Analysis Wizard. 2D MASW analysis ™)
g-velocity (m/=) ‘_E‘
n.a 100.0 200.0 300.0 400.0 500.0
0.0 P] ;
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o
a e e S | | SR R
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g-velocity model :
[sl
£ T (]
[ [ [
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Check the fit of the calculated and observed dispersion curves. Click on the Show one
DisF
dispersion curve 1| button to display the original dispersion curve. Click on 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.

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 V; 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 curves should be double checked and the process re-run to improve the
match.

Press the Enter key to continue.

i waveEq - .
File{Fi Edit{E) Wiew(¥) Dispersion curves Velocity model(M)  MASW(IDXO) MASW(ZDNT) Options  HelpiH)
|| &[o| mw/e|=mm ||« w| [F x| 7 vsvevE Y e [P KA
End of Burface Wave Analysis Wizard. 2D MASW analysis
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Click Yes to proceed.

e S

Procedure step confirmation

Ready to proceed?

Back

Cancel

The GeoPlot module launches again to display the final model, click OK. Refer to
Section 4.1.3.1 for an explanation of the GeoPlot functions used for viewing final V;
cross-sections.

-,

rGvaL'nF'I!:lt

L] E \Welcome ko GeaPlok
L ]

Refer to Section 4.2 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.

Seislmager/SW Manual 4 — Data Analysis Using the Wizard
Version 3.0, October 2009 Page 125 of 314



™Z Untitled - GeoPlot mE <)
HLED R SRR G D e D Bl ) D
D|=|a| o HMX| - BES S=—{ 1] 5(25)7 AN 66w
[
5 S-wave velocity cross-section : LinelD=aa .
@ . S-wwave velocity
500
E 00 230
E=] 240
o
& 100 L — 1ed
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80
200 ! ! 40
00 100 200 300 (misec)
Distance (m) Scale = 1,763
|me |
lm | [E3]
[Elevation=25.4(m) Distance=96.2(m) /|

To optimize the display of the model, first select the Scale menu, Fit in window to

maximize the display area.

Scalefs)  WiewM) EditE) Calculation{T) [

125
1/50
1/75
1/100
1200
1/250
1/500
1/1000
1/2000
1/2500
1/5000
110000
Option

Change werticalhorizontal ratio
Fit in wirdo
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Click Yes to auto-scale the display.

M

\ ? ) Zhange wertical/horizonkal ratio?

File{F) Scale{S) Wiew(y) Edit(E) Calculation(C) Drawing tools(D)  Options(C)  HelpiH)
D|=(a| 2| M| il =] == 1] 5[] s~ A ][] m]
ﬁ
® i S-wiave velocity cross-section : LinelD=aa
o0 S-wwave velocity
00
e 360
£
= 280
£ 80
= 220
& 180
120
130
160 i
70
200 Al
20 40 60 80 100 120 140 160 180 200 220 (misec)
Distance (m) Soale(H) = 1/198
Scale(v) = 11392
[v]
< w | m—‘
[Elevation=11.8{m) Distance= 3.9(m} /4
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If the axes need adjustment, select the View menu, Axis configuration.

Vi) Edit(E)  CalculationdC)  Drawing koaols(D)  Opk

v Tool bar(T)
v Skatus bar(5)

Select section(s) ko display

Cell boundaries
Cell layver boundaries
Wertical velocity boundaries

Show shaded cells
Shaded cells with contour lines
v Shaded contours without lines
Shaded contours with lines
Monochrome
Contour lines onky
Layer boundaries (faor layvered models only)

Aeis configuration Chrl+8

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.

¥ o

Axis configuration
Ivlin InTax Interval [Tt
s |2 E 2 ) L
Y-axis |-24 |4 |2 ||:m:|

[ Set Interval {and hiax) automatically

[ Rewerse X-axs direction

Diecitral places Vertical axis
(0 (Mone) (" Elewation
" 1 (+ Depth

When Show grid lines is checked, blue horizontal and vertical lines will be displayed at
each tick interval. Checking Set Interval (and Max) automatically will allow the tick
intervals to dynamically decimate 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
decreases the horizontal scale to the right. Decimal places 0 (None) or 1 sets the number
of significant digits for the axis tick interval values. When Depth (the default) is selected

Seislmager/SW Manual 4 — Data Analysis Using the Wizard
Version 3.0, October 2009 Page 128 of 314



for the Vertical axis, the values are positive below zero, conversely, when Elevation is
selected, the values are negative below zero.

If the cross-section display extends beyond the deepest apparent velocity indicated by the
one-third wavelength approximation, it is recommended that the display be adjusted to
that depth to prevent interpretation beyond the constraints of the data. Enter the deepest
extent of the display in the Y-axis Min field. The cross-section will be uniformly
shortened to that value. Click OK when done.

P o

Axis configuration
Ivlin InTax Interval [Tt
s |2 E 2 ) L
Vs | -8 4 E ES

[ Set Interval {and hiax) automatically

[ Rewerse X-axs direction

Diecitral places Vertical axis
(0 (Hone) (" Elewation
1 f+ Depth

To shorten the cross-section non-uniformly, select the Edit menu, Extent of deepest layer,
Set with mouse.

Edit(E} Calculation{C) Drawing tools(D)  Options{®)  HelpiH)

Mo active editing | | 95 | 9L,
3

Select section to edit
Apply sektings ko other sections

Extent of deepest layer » Sek with mouse
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Starting on the left vertical axis and ending on the right vertical axis, select new depth
points using the left mouse button to define the base of the cross-section. The best guide
to what depth points should be selected will be the fold taper. A minimum of two depth
points are required.

S-wave velocity cross-section : LinelD=aa

40 .
00 S-wvave velocity
500
4D *\ - 360
=
= 280
5 80 . *"’/. I
= 220
a 160
120 I
130
100
160
70
200 40
20 40 B0 &0 100 120 140 160 180 200 220 (m/sec)

Distance (m) Scale(H) = 1195

Scale(V) = 1/392

Next, select the View menu, Contour interval, Automatic, Linear scale, to automatically
adjust the contour interval.

Wiew() Edit/E) Calculation{C) Drawing tools(D)  Options(C)  Help{H)
" St o L] 5[50 G~ AN (2] =]

Select section(s) ko display

Cell boundaries
Cell layer boundaries
Wertical velocity boundaries

Shows shaded cells

Shaded cells with contour lines

Shaded contours without lines

Shaded contours with lines

Monochrome

Contour lines anly

Layer boundaries (For lavered models only)

Axis configuration Chrl+a
Contout inkeryal 3 Automatic 3 Linear scale
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S-wiave welocity cross-section | LinelD=aa
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=
Click the Fine color contour |£| button to increase the display resolution.

S-wave velocity cross-section | LinelD=aa
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To save a custom contour file so that it can be applied again later, select the View menu,
Contour, Save contour file.
Miew(y)  Edit(E) Calculationf{C)  Drawing tools{D)  Options{C)  Help(H)

v Tool bar(T) | | | 25|25|_ %|"'\-|A| | | | |

v Status bar{s)

Seleck section(s) ko display

Cell boundaries
Cell layer boundaries
Yertical velocity boundaries

Show shaded cells
Shaded cells with contour lines
v Shaded contours without lines
Shaded conkours with lines
Monochrome
Contour ines anly
Laver boundaries (For lavered models anly)

Axis configuration Chrl+A
Contour inkerval k Auktomatic L4
Contour inkerval values r Manually set by range
Invert scale Manually set by inkerval
Reverse scale Cpen contour File
| ahale Save contour File
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Assign a file name with the extension .zxt and click Save.

-

Save As

My Recent
Documents

Desktop

s

by Documents

&

ty Computer

@

by M etwiork,
Flaces

Saveir | () 2DMASW_24ch_Rxim_S¥1m_SuDffsetl 5m |

= E cF Ey

IEj] delete_higher_mode kxk
I.:Ej dispersion_out, bxk

EI geamekry, bk

EI raktriz, bxk

IE:I redian_Filker, kxt

E:I miodel. bxk

E:I mulki_separation, bxt

[Z] pickPhasevelocity. bxt
[Z] RMSE_2Dn bt

File name: ||:|:unt|:-ur_fi|e.t:-:ﬂ

Save as lype; | Contour file[” kxt]

=
=

Save I
Cancel |
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Next, edit the title of the cross-section by selecting the View menu, Labels.

Yiewy)  Edit{E) Calculation{C) Drawing tools{D) Opt

v Tool bar(T)
v Skatus bar(3)

Select sectionis) to display

Cell boundaries
Cell laver boundaries
‘Wertical velocity boundaries

Show shaded cells
Shaded cells with contour lines
v Shaded contours without lines
Shaded contours with lines
Monochrore
Contour lines only
Layer boundaries (for lavered models only)

Aeis canfiguration Chrl+8
Conkour interval 3
Conkour inkerval values 3

Invert scale
Reverse scale

Labels

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

Edit title and legend
Title O
S-wave velocity cross-section : LinelD=aa
Cance]
Srale Unita
S-rae welooi (rrzec)
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If you do not want to display the Title, select the View menu, Labels to display and
uncheck Title.

Wi Edit(E)  CalculationdC)  Drawing tools(D)  Opkionsi2)  HelpiH

v Tool bar(T)

v Status bar(s) ‘—ll 25|25
Select section(s) to display

Cell boundaries
Cell laver boundaries
‘Wertical velocity boundaries

Show shaded cells
Shaded cells with contour lines
v Shaded contours without lines
Shaded conkours with lines
Monochrore
Conkour lines anly
Laver boundaries (For layered models only)

Axis configuration Chrla
Contour interval 4
Contour inkerval values r

Irvert scale
Reverse scale

Labels
Labels ko display k| Title

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

[ GeoPlot w

L ] "_-. Figure was saved inka D Example Files\2DMAsW_24ch_Raclm_Swim_SxOFffsekl,Smisxaa.geo
-

To save the file by hand, select the File menu, Save GeoPlot file as.

FilefF) Scale(s) Miew(d) Edit(E) Calculation{C) Drawing toolsiD)  Options(
Mew GeoPlot File
Cpen GeoPlak Filel(o) Chrl+0
Save GeoPlot File(s) Chrl+5
Save GeoPlot File as(a)
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Assign a file name with the extension .geo and click Save.

Save As X
Savein: | () 2DMASW_24ch_Ruim_Swim_SsDffsst0Sm v| ¢ B o5 B~

T 5%ad,geo0
L ? sxae.geu

My Recent sxah.gen

Documents

F‘[‘:
Desktop

s

by Documents

ty Computer

by Metwark.  File name: |fina|_V3m0dE|-EIED .ﬂ m
Flaces
Save az lype; |GEDP|Dt file[*.qen) .ﬂ ﬂ'

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

&

EditiE) Calculation{C) Drawing toolsiDd  Options{Q)

Mo ackive editing _| | | L

Select seckion ko edit >|V Mone

S-wiave velocity cross-section : LinelD=aa

-4 _
S-wvave velocity
.20
E -no 200
s 20 172
o
o 40 144
=] 116
8.0 &g
20 40 B0 80 100 120 140 160 180 200 220 (misec)
Distance (m] Seale(H) = 1196
Scalery = 1/332
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To capture an image of the cross-section for report graphics, select the Edit menu, Copy
to clipboard, and then paste the image into the program of choice.

EditiE) Calculation{C) Drawing tools{Dy <

Mo ackive ediking

Select seckion to edit k
apply settings to other sections

Extent of deepest laver k
Smioath seckion k
Extract data »
Data value »
Selected object »
Selected section »
%Y coordinates b
Garoundwater »

Copy ko clip board
Copy to clip board{opkion)

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

o S

Draw section
v Section )4
o fuxds Cancel
v tods labels

v Section title
v Cilor legend
[v Scale
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To output the cross-section data in text format for input into other data visualization
programs, select the File menu, Save (x, z, variable) formatted file (.txt).

File(F) Scale(s) MiewW) Edit(E) Calculation(C)  Drawing tools(Dh Optionsic

Mew GeoPlok File

Cpen GeoPlok File(o)
Save GeaPlot File(S)
Save GeoPlot File asia)

Chrl+D
Ctrl+5

Open Refractiond, ws), Surface-wavel.pvs), or Resistivity(, ovs) files

Save Refraction].vs), Surface-wavel . pvs), or Resistivity], ovs) files
Open RESZDIMY file { xv)
Save (x, 2, variable) Formatted File [ Exk)

Assign a file name with the extension .zxz and click Save.

P

Save As

A

B)
>

E

My Recent
Documents

Desktop
by Documents
38
ty Computer
H.J

by M etwiork,
Flaces

| swbnz01 sg2
= sbiz0z g2
= swlb0z03.502
sxlb0204, 502
= sxib0205,.502
) swb0206, 592
=) swb0207 502
R
svlb0209,502
= sub0z10.592
= sb0z11.502
sxlb0212,502
= 0213502
) swb0214,502
=) 0215592

2
File name:

Save as lype;

Saveir | () 2DMASW_24ch_Rxim_S¥1m_SuDffsetl 5m |

=] sulbnz16.592
sxlb0Z17.502
=] sxlb0z18.502
s¥lb0219,502
=] sxibnzz0.502
sxlb0z21.592
=] sxlbizz2. 502
=] swlb0zz3.502
=] swlbizz4.502
s%lb0225.502
: 5xa4.pvs

sxaa.xml

11

@ swaa_analysis_result,pyvs
sxaa_inverted_result.pys

Hal) 5xaa.Je

B o E-

AEEYEY

[E;

B

]

=

@

W

]final_"-.-"smu:u:lel_u:uutput.t:-:ﬂ

Save

][:-:, z. warnable] farmatted file [*.7]

=l
ﬂ Cancel
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Confirm the x-value range of data points to output and click OK.

-

Area

-

O

Cancel

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

value listed in rows.

_ﬁ: final_Vsmodel_output.txt - Motepad

File Edit Format Wiew Help

|3.DDDDDD -0.173571 89.021660
5.000000 -0,178571 89.051727
7.000000 -0,178571 89.139130
90.000000 -0.178571 89.296997

13.000000 -0,173571 39,276375
15.000000 -0.178571 39.646240
17.000000 -0.178571 89,47E5502

21.000000 -0,173571 90,.425812
3.000000 -0,563187 83.358017
5.000000 -0.563187 88.348999
7.000000 -0,563187 88.3264113
9.000000 -0,563187 83.468124
11.000000 -0.563187 358.566673
13.000000 -0.563187 28.249763

17.000000 -0.563187 38.009705
19.000000 -0.563187 358.348129

3.000000 -1,002747 89.005183
5.000000 -1.002747 89.121216
7.000000 -1,002747 89.394165
0.000000 -1.002747 89.795280
11.000000 -1.002747 90,490105
13.000000 -1.002747 90,975301
15.000000 -1.002747 91,792953
17.000000 -1.002747 92,.2374E57
19.000000 -1.002747 93.106186
21.000000 -1.002747 93,975761

11.000000 -0.178571 89,.567734

19.000000 -0.178571 39,427364

15.000000 -0.563187 35,15886014

21.000000 -0.563187 29.143784
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Some other useful GeoPlot functions include the following:

opening and appending other cross-sections
applying a saved contour file

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, select the File
menu, Open GeoPlot file, to open and append another cross-section to the display.

File(F) Scale(3) WiewW) Edit(E) Calculation(C)  Drawing kools(Dd Options(;

Mew GeoPlot File
Cpen GeoPlok File(o) Chrl+O

Select to Append to present data and click OK.

COpen GeoPlot file
O
" Mew file
Cariel
(v Syppend to present data
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S-wiave velocity cross-section : Initial

-4.0 .
S-wave velocity
-2.0

E oo 192
£ 20 167
o
240 142
g0 17
80 a
20 40 &0 80 100 120 140 180 180 200 220 im/zec)

Distance (m) Scale(H) = 17196

it Sawave velocity cross-section : Inverted Scale(v) = 1/332
o S-wave velocity
20
£ 00 200
= 20 172
)
Z 40 144
B0 116
5.0 a5
20 40 60 80 100 120 140 160 180 200 220 (misec)

Distance (m) Scale(H) = 11196

Scale(v) = 1/392

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, select the View menu, Select section(s) to
display should you wish to uncheck a cross-section to remove it from the display.

Yiewy)  Edit{E) Calculation{C) Drawing tools{D) Opt

v Tool bar(T)
v Skatus bar(3)

Select seckionis) to display
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[ = =]

Select section(s) to display

Display Titls oK

v 1 |S-wwe velocity cross-section : Initial
Cancel

v 2 |S-wwe welocity cross-section : [rverted

Mo, of sections

2

To change the vertical separation between the cross-sections, select the View menu,
Vertical section spacing.

WiV Edit(E)  CalculationdC)  Drawing kools(D)  Opt

v Tool bar(T)
v Status bar(3)

Select section(s) to display

Cell boundaries
Cell laver boundaries
Wertical velocity boundaries

Show shaded cells
Shaded cells with contour lines
v Shaded contours without lines
Shaded conkours with lines
Monochrore
Conkour lines anly
Laver boundaries (For layered models only)

Axis configuration Chrla
Contour interval 4
Contour inkerval values r

Irvert scale
Reverse scale

Labels
Labels ko display *
‘Wertical section spacing
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Enter the desired spacing and click OK.

f = 1

Vertical spacing between sections E

Ok

I 30
A Cancel

S-wave velocity cross-section : Initial

-4.0 .
S-weave velacity
=20

£ o0 192

= 20 167

Ty

& 40 142
E0 17
g0 a1

20 40 B0 80 100 120 140 160 180 200 220 {mizec)

Distance (m] ScaletH) = 17195

Scale(t) = 1/392

S-wave velocity cross-section : Inverted

-4.0 .
S-wave velocity
=20

E 0o 200
S 20 172
)

I a0 144
B0 118

8.0 af

50 40 B0 80 100 120 140 180 180 200 220 (misec)

Distance (m] ScaletH) = 1196

Scalely) = 1/392
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To apply a saved custom contour file to another cross-section, select the View menu,

Contour, Open contour file.

Wiy Edit  Calculation  Drawing tools  Option Help(H)

v Tool bar(T)
v Skatus bar(5)

Shioww sekion list and select sections ko be shown

Cell boundary
Laver boundary
Wertical boundary

Cell
Cell with contour line

v Conkour without contour line
Contour with contour line
Contour line onlky
Mo shading {only laver boundarw)

Contour
Monachronme
Coloring

Highlight the contour file and click Open.

—| 1] 25|25f71 Gs|av|A |

Aukomatic
Manual set up
Cpen conkour file

P

Cpen

Wk

|- | cantour_file txt
r=:| delete_higher_mode kxk

E

My Recent [Z] dispersion_out. bzt
Documerts Ej Final_Ysmodel_output, Ext
FL [Z] geometry.bxt
E] maktriz, bxk
Desktop =] median_filker, bt

r=:| model, bk

rﬂ rulki_separation, bxk
r;l PickPhaseWelocity, bxk
[Z] RMSE_2D. bt

4

by Documents

=
II

J‘:

by Computer

Lok in: | (9 2DMASW_24ch_Rxlm_SxTm_SxOffset).Gm v |

B eF EE-

by Metwork,
Flaces

File name:

Il:l:untl:uur_file. bt

Filez of type;

I Contaur file[” bt

j Open
ﬂ Cancel
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To overlay the values of the contour intervals, select the View menu, Contour interval

values, Show values.

Wigwy)  Edit{E) Calculation{C) Drawing tools{D) Options{Q) Help{H)

v Tool bar(T)
v Skatus bar(3)

|| 255

Select sectionis) to display

Cell boundaries
Cell laver boundaries

‘Wertical velocity boundaries

Show shaded cells

Shaded cells with contour lines
v Shaded contaurs withoot lines
Shaded contours with lines

Monachronme
Contour lines only

Layer boundaries (for lavered models only)

Aeis canfiguration
Conkour interval
Contour inkerval values

CErl+a

]

3 | Show walues

S-wave velocity cross-section : Inverted

-4.0
-20

S-weave velocity

-00
20

Depth (]

g0
g0

20

40 g0 g0 100 120 140 160

Distance (m)

200
172

116
g5

180 200 220 (misc)

Scale(H) = 1196
Scalely = 1/392

If the font size of the contour interval values needs to be increased, select the View menu,
Contour interval values, Set up.
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Wigw(y) Edit{E) Calculation{C) Drawing tools{D

v Tool bar(T)
v Status bar(S)

Select sectionis) to display

Cell boundaries
Cell laver boundaries

‘Wertical welocity boundaries

Show shaded cells

Shaded cells with contour lines
v Shaded contours without lines

shaded contours with lines

Monachronme
Contour lines anly

Layer boundaries (for lavered models only)

Axis configuration
Contour interval

Contour interval values

Invert scale

Cpkions{a)  HelpiH)

| 1] 5[5

Ctrl+a

]

¥ Show values

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. Uncheck No fi// to turn on a white background.

-~

Contour value plot setup

=,

Font size

Llindronarm separation

v b fill

40

100

0K

Canecel
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S-wave velocity cross-section : Inverted

4.0 )
S-wegve velocity
=20

E -0o 200
S 20 172
P e
D 40 144
£.0 186
&0 &g
20 40 60 8O 100 120 140 160 180 200 220 (mizec)

Distance (m) ScalerH) = 111 96

Scale(y) = 1/392
To invert the color gradient of the scale, select the View menu, Invert scale.

Wi Edit(E)  CalculationdC)  Drawing kools(D)  Opk

v Tool bar(T)
v Skatus bar(5)

Select section(s) to display

Cell boundaries
Cell laver boundaries
Wertical velocity boundaries

Show shaded cells
Shaded cells with contour lines
v Shaded contours without lines
Shaded conkours with lines
Monochrome
Contour lines onky
Layer boundaries (for layered models onl)

Aeis configuration Chrl+-5
Contour inkerval r
Contour inkerval values r

Irvvert scale
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S-wave velocity cross-section | Inverted

-4.0 )
S-wwave velocity
-20

£ 00 200
£ 20 172
Ty
L 40 144
B0 186
&0 &g
20 40 60 80 100 120 140 160 180 200 220 (misec)

Distance (m) ScalerH) = 1196

Scalery = 1/392

To flip the direction of the scale so that it increases downwards, select the View menu,
Reverse scale.

Yiewy)  Edit{E) Calculation{C) Drawing tools{D) Opt

v Tool bar(T)
v Skatus bar(3)

Select sectionis) to display

Cell boundaries
Cell laver boundaries
‘Wertical welocity boundaries

Shove shaded cells
Shaded cells with contour lines
v Shaded contours without lines
Shaded conkours with lines
Monochrore
Contour lines anly
Layer boundaries (for lavered models only)

Axis configuration Chrla,
Conkour interval 3
Contour interval values *

Invert scale
Reverse scale
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S-wave velocity cross-section : Inverted

4.0 )
S-wegve velocity
=20

£ oo 58
ey 116
5 20 i 144
oo4p [ 00 137 14q
O 172
80
200
80
20 40 60 8O 100 120 140 160 180 200 220 (mizec)

Distance (m) ScalerH) = 111 96

Scale() = 1/392

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

Edit(E) Calculation{C) Drawing tools(Dy <

Mo active editing

Select section to edit r
Apply settings ko other sections

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.

Apply settings to other sections
— Settings to be applied ———— [~ Sections to be applied —— O
Sectinn Ma. IE v 1
) 2 Canicel

[ Clortonr interval e
[T Contour colar [~ 4
[~ s s

. il
[~ Lowest layer shading -7
[ Flags -z
[~ Logging results [~ 9
[~ Lines [ 10
[T Texts
[~ Grourd water lewel
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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 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 WaveEq icon.

%

A
SaveEqiSurfa
i oceWave

i Analysish

Open the dispersion curve result file for either the 1D MASW active or MAM passive
source dataset by selecting the File menu, Open velocity or dispersion curve file (.rst).

FiletF) Edit(E) Wiewy) Dispersion curvesiD)  Welocity m

Cpen 10 phase welociky curve Filed, rsk)

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 click Open.

Cpen ﬁ

Loak in: | (£ MaM_L11_100f ~| & & ef E-

-~

%] 2001-20_MAM_ed_Ysfinal.rst

File name: |2EIEI'I -20_ A rst
Files of type: |Elbservati|:-n datal” rzt) j Cancel |
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Use the same File menu function to open the result file for the 1D MASW dataset.

rﬂpen “'
Laok ir: | ) 1DMAS\W_2dch_Rx1 Dft -] £k B

| 1008.rst

5] 1008 _ed.rst
%] 1008 _ed_vsfinal.rst

File namme:; |1 008 rst
Filez of bype: |I:I|:u$ewatil:ln datal” rzt) ﬂ ﬂ

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

-,

Append data
" Hew data oK
f+ bAppend to present data Cancel

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

IIthEEq [:]E]”-ﬁ

Flle(F) EditiE) Wiew(V) Dispersion curves VeloutymodeI(M) MASW(ID)(O) MASW(ZD)(T) Optlons HelpiH)

| 1|@] 0| e =] [ $ee155] 5| Ve[ o fF walev] BT 2[00 W]

| |

Frequency (Hz)

0.0 50 10.0 15.0 200 25.0 30.0
2000.0 e -

w

ey

i}

H

~ 15000

ey

D %E

-

]

o

s

L 10000

b K

mw

)

i o

= e e tan o
500.0 o ]
0.0

Disgpersion curve

Select the File menu, Save 1D phase velocity curve file (.rst) to save the combined results
as a new file.

FiletF) Edit(E) Wiewy) Dispersion curvesiD)  Welocity m
Cpen 10 phase wvelociky curve Filed, rst)
Save 1D phase velocity curve Filed,rsk)
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Assign a file name with the extension .rst and click Save.

o - |

Save As [llﬁ
Save in: | ) Comb_1DMASW_MAM ~| & & 5 B

[y 10MAsSw  24ch_Rax10ft
[C=3MamM L1100

File name: II:DmI:uined_DI:.rsﬂ Save I
Save as type: I.-'l‘-.nal_l,lsis result file[*.rat) ﬂ Cancel |
2

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

A Wavetq - ME X
File{Fi Edit(E) Wiew(y¥) Dispersioncurves Velocity modeliM) MASW{ID)NO) MASW(ZDO(T) Options HelpiH)
(| | | o e | [P | B[22 | M Ve | Bl @[] |
A1
Frequency (Hz) ’Z‘
0.0 5.0 10.0 15.0 200 250 300
2000.0 e 7
w
S
)
i
15000
o %\
-
)
o]
e
£ 1oooo
b K
1
m
i
B M
500.0
n.a
Disgpersion curve
) [se]
A 1] [i%]
[T T T 4
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Generate an initial model by selecting the MASW (1D) menu, Initial model.

MASWELDIO)  MASMIZDNT)

Initial model

Set the maximum depth for the initial model.

Initial model for inversion
Cancel
Advanced menn
Depth= 100] ft
#of layer = 15
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Run the inversion by selecting the MASW (1D) menu, Inversion.
MASW(IDIT)  MASW(2D)(T)

Initial model
Inversion

Accept the default value or increase as desired for Iteration.

o o
Least Square Method
lteration = | - OK
Cancel
L ehranced menu
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Once the inversion is complete, the final V; curve is displayed.

Wavekq -

FilefFy Edit{E) Wiewi) Dispersion curves Velocity model{M) MASW(IDNO) MASMAED)T) Options  Help{H)

FEIERSE IR T IR

| %5| M| Ve 0| B I rm e Bl

S-velocity (ft/s)

0.0 500.0 1000.0 1500.0 2000.0

40.0

50.0

0.0

Depth (£ft})

0.0

S-velocity model :
Average Vs 100ft = 926.1 ft/s

3 T

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

i Wavetq - B[]
Fil=fFy Edt(E} Yiewi¥) Dispersioncurves Melociky model(M) MASW(IDNO) MASMAZDNT) Options  HelpiH)
e TREL T I Y| v | v ] Bl & @[O0 v
RMSE = 15.003664 ft/s ’é‘
Frequency (Hz) L4
0.0 5.0 10.0 15.0 200 25.0 30.0
2000.0 e
w
=k
I}
i
15000
oy %\
-
o)
(o]
i
£ 10000
b K
n
m
S
2 S
500.0
0.0
Dispersion curve
2]
[ T 2]
SIS

Save the final result by selecting the File menu, Save 1D phase velocity curve file (.rst).
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4.2.2 Combining 2D MASW and MAM Results

Double-click on the WaveEq icon.

7]
CfF

i aveEqiainfa
ioceWave
[ Anabsis)

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

FilelF) Edit(E) “iewy) Dispersion curves(D)  Welocity m

Open 10 phase velociby curve Filed, rsk)

Cpen 20 phase velociky curve filed, pys)

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

eren -,

Laok in: | (3 2DMA&SW_24ch_Re2m_Sx2m_Oftssl v | ¢ (B] 5 EF-

- |2001-35_DiCs_gated.pys:
B phase_welocity _curves.pys
m sxag pys

File name: ~|2001-35_DCs_gated.pvs
Files of type: | Platrefa fle (% ) =l ﬂ

The number of imported dispersion curves is shown, click OK.

-,

rWaveEq

L ] E Mo, of curves = 16
L

4 — Data Analysis Using the Wizard

Seislmager/SW Manual
Page 157 of 314

Version 3.0, October 2009



The first in the group of dispersion curves is displayed.

Wavekq -

File{F} Edit{E) Wiew(¥) Dispersion curves Welocity model(M) MASW{IDNO) MASW(ZDNT) Options HelpiH)

(|8 | | o o0 k[ [ B VE[E[4R] | Ve

LI

curve=0 Distance=2.000000m

Frequency (Hz)

150.0

0.0 5.0 10.0 15.0 20.0 5.0 30.0 35.0 400
G I . NS S BNO 71RO 1 PN £ A

w

T

£ 2000

100.0 =

Phase-velocity

0.

Dispersion curve :

) |5 |
<] | 2
Open the dispersion curve from the MAM dataset by selecting the File menu, Open 1D
phase velocity curve file (.rst).
FilelF) Edit(E) “iewy) Dispersion curves(D)  Welocity m
Cpen 10 phase velocity curve filed, rsk)
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Highlight the file and click Open.

-~

COpen

Laok in: | (£ MaM_T10_50m

File rame: |23EI‘I -B0_bAdsb rat

Filez of type: |I:I|:u$ervatil:un datal” rzt]

5

Cancel |

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

Append data

-

" Hewr data

f+ bAppend to present data

O

Cancel

Next, a prompt asks whether the MAM dispersion curve should be appended to only the
currently displayed 2D MASW dispersion curve or to all of 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 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.
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Select Yes to append the MAM dispersion curve to each of the 2D MASW dispersion

curves.
7 =
Wavelq 2
L E Append to all dispersion curves ?
L ]

Yes Mo

The first in the group of composite dispersion curves is displayed. The MAM and
MASW 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.

Wavekq - E]@
File(Fy Edit(E) WiewiV) Dispersioncurves Velocity modeliM) MASW(ID)O) MASW{ZD)T) Options HelpiH)
=@ | mwe|smm ||« w| Alx| R YE[YE[SF 4] Ve/m|m|

W ) o] 2]0]]

curve=15 Distance=62. 000000m

Fraquency (Hz)

0. 5.0 10.0 15.0 20.0 25.0 30.0 35.0

|
|

250.0 e e e e

{m/=)

200.0

150.0

100.0

Phase-velocity

s0.0

n.o

Dispersion curve :
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Select the File menu, Save 2D phase velocity curve file (.pvs) to save the combined
results as a new file.

FilelF) Edit(E) “iewy) Dispersion curves(D)  Welocity m

Cpen 10 phase velocity curve filed, rst)
Save 10 phase velocity curve filed,rsk)

Cpen 20 phase velociky curve filed, pys)
Save 2D phase velocity curve Filel, pvs)

Assign a file name with the extension .pvs and click Save.

Save As W

Savein: | ) Comb_2DMASW_MAM ~| & & et E-

-

I 2ZDMASW _2dch_Rx2m_Sx2m_Cffsetim_Var
[C)MAM_T10_50m

File narme: |Eamhined_dc:s.pvs{
Sawve as type: |F'In:utrefa file [*.prvs] j Cancel |
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Edit the dispersion curves as needed and save the edited results as a new file if desired.

WaveEq -

File(Fy Edit(E) Wiewiy) Dispersioncurves Yelocity model(M) MASW(ID)OY MASW(ZD)T) Options HelpiH)

== IE

©| m|e]s(m(m| ||« w| K|x| IR YS[¥EXE| "] Velmm] | m[ry mry Bel ]2 (D]

(m/s)

Phase-velocity

2500

200.0

150.0

100.0

0.0

Sl I

Frequency

20.0

e

(Hz)

Dispersion curve :

|=1{%
o
40.0
[v]
B
i e [
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Generate an initial model by selecting the MASW (2D) menu, Initial model.

MASWIZDNT) Opkions(CQ)  Help(H)

Show 20 welocity model <launches GeoPlot

Initial model

Set the maximum depth for the initial model.

o <

Initial model for inversion .%

0K

Canicel

A branced renn

Depth = a0 m
#of layer = IT
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Run the inversion by selecting the MASW (2D: All data) menu, Inversion.

MASWMIZDNT)  Options{0)  HelpiH)

Showw 20 welocity model <launches GeoPlot >

Initial rodel
Inversion (200 Al daka)

Accept the default value or increase as desired for Iteration.

Least Square Method
Iteration = 3 QK
Canicel
Abranced menn

Note that depending on the dataset size, the inversion can be computationally intensive
and may take some time to complete. Also, the higher the Izeration 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.
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Once the inversion is complete, the first in the group of individual final models is
displayed.

[ wavekq -
File{F) EditiE) Wiew(¥) Dispersion curves Yelocity modeliM) MASW(ID)O) MASW(ZD)(T) Options HelpiH)
HEIEEE T EE T RTINS e Y R
curve=0 Distance=2 000000m
S-velocity (m/s)
0.0 500 100.0 150.0 200.0 250.0 300.0
0.0
10.0
20.0
El
5
o, 30.0
CI.J
=
40.0
50.0
g-velocity model :
Average V= 20m = 120.1 m/= =
(B8]
2] 10} | [
EE=E VA
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Display the final cross-sectional model in GeoPlot by selecting the MASW (2D) menu,
Show 2D velocity model.

MASWZDNT) Opkions{Q)  Help(H)

Showe 20 velociky model <launches GeoPlak=

E'Cnmhined_\fsf‘i'nal.geo - GeoP'lot [;]
File(F) ScalefS) Wiew(y) Edit(E) Calculation{C) Drawing toolsiD) Options{d)  HelpiH)
D|=(a| o HlX| ol EEE == 0] 525 s~Alm| mm] ]
|
Surface-wave method &)
® 250 ; , ; |=|
S-welocity
-0.0
239
2149
— 250 4 |1
E 199
= 180
o
160
0 snp
140
121
750 101
a1
61
1000 T T T T T T
oo 100 200 00 400 500 g0.0 700 (misee)
Distance (m) Scale(H) = /666
Scale(y) = 11 666
)
£ S [E3
|Click right mouse button to re-draw display [Elevation=36.7{m) Distance=112,3{m) ﬂ

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

FilelF) Scale(s) MiewW) Edit(E) Calculation(C)  Drawing tools(Dh Optionsic
Mew SeaPlok File

Open GeoPlot File(o) ChrHD
Save GeaPlot FilelS) Chrl+5
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Assign a file name with the extension .geo and click Save.

Save As
Save in: | ) Comb_2DMASW_MAM ~| « &5 E-

[yzDMasw_24ch Rx2m_Sx2m_Offsetim_var
[C=3MaM_T10 S0m
Combined_vsinitial,geo

K-

File namme:; IEDmI:uined_stinal.gecu Save I
Save as lype: IGEDP‘IDI: file[* gea) j Cancel |
2

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

-
WaveEq- g
File{F) EditiE) Wiew(¥) Dispersioncurves Yelocity modeliM) MASW(ID)O) MASW{ZD)T) Options HelpiH)
=@ | m|we(=mmo(v|«|w| K x| 7 e vElysivE 2] velm(m|mr mie Beln] 20w
curve=0 Distance=2.000000m g
RMSE = 2415013 mis g‘
Frequency (Hz) L4
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
250.0 T e e e
w
oy
& 2000
ey
g
-
2 1s00
o
L
7
% 100.0
m
e
[uT]
5000
n.a
Digpersion curve
. [v]
. w. (2]
EE=E

Save the final result by selecting the File menu, Save 2D phase velocity curve file (.pvs).
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5 — The Pickwin Module Surface Wave Analysis Functions

5.1 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 Seislmager/SW and SeisImager/2D, refer to the separate Seisimager/2D manual
included on the Seislmager CD.

File {F) Edit/Display (E)  Wiews () Pick Firsk arriv.

Cpen SEGZ file See Section 5.1.1
Save SEGZ file

Open SEG2 File (SmartSeis)
Cpen McSeis-3 file
Open OYO 160MX (SEG1) File

Cpen synthetic waveform (. Shd) File See Section 5.1.2,
Section 5.1.3, and
. Section 5.1.4
Save pick file
Print window display (P)... Chrl+P

Print preview ()
Page setup (RJ...

roup (File sG] b } See Section 5.1.5
Options k
Exit )

5.1.1 File Menu: Open SEG2 File &
To open a 1D MASW active source data file in SEG-2 format, select Open SEG? 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 .sg?2.
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After setting the Files of type, highlight the file and click Open.

~

COpen

ax]

Look in: | £ 1DMASYW_24ch_Rxim

=« & ¥ B

swkat001 592
SxkjFO03,502
sxkjFO03_1.502

File name: Is:-:ki?EIEISJ 502

Open I

Filez of bype: ISegE filef*. 2g2)

ﬂ Cancel |

A

5.1.2 File Menu: Open Synthetic Waveform (.8hd) File

To open a waveform file generated from a synthetic velocity model, select Open synthetic
waveform (.8hd) file. Highlight the file and click Open.

-

0 pen

Look in: | =7 1DMASW 24ch Rxlm

- & ®cFE

E

ky Recent
Documents

Bl

Desktop

s

My Documents

by Computer

@ waveform_data_[%WM.Shd

&

Py Metworl,
Places

File name:

Filez of type;

|wavefnrm_data_DWM.Ehd

| 8 header filef* Ehd)

=
E3

Open I
Cancel I
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5.1.3 File Menu: Open Pick File

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 click Open.

Open W

Lock in: | ) 1DMASW_24ch_Rslm - £k ER-

-

J phase_welocity_curve. ps

File narme: |phase_veln:nc:it_l,l_c:urve.pvs
Files of type: |F'hase-velu:ucit_l,l datal” pus] j Cancel |

The dispersion curve picks will not be visible until the phase velocity is recalculated.
Refer to Section 5.3 on how to calculate phase velocity.

5.1.4 File Menu: Save Pick File

To save dispersion curve picks, select Save pick file. Assign a file name with the
extension .pvs and click Save.
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rSave As @W

Savein: | ) 1DMASW _24ch_Fixlm ~| « @m e E-

m phase_wvelocity_curve. pres

File narme: Iphase_velu:u:ity_curve_1 e Save I
Save az type: IPhase-veIDu:it_l,l data file for wavebq [*.pvs) ﬂ Cancel |
2

Confirmation that the file has been saved is displayed, click OK.

-,

‘Pickwin95

L] "_n,, Phase-velocity data file for WawveEq has been saved
L
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In the phase velocity-frequency plot view, the picks will be connected by a pink line.

T sxki7003_1.502 - =<
File (F) EditjDisplay (E) Wiew () Pick first arrivals (P)  Surface-wave analysis (3)  Option (©)  Help (H)

3|3\ &|o| || W] &= | A4 A %5 b8 | 1] ] e A | v = g w o))

Status : Pick first arrival

Source=-0.5m Fhase velocity (misec)
] 1aa 200 300 400 500
]
2
4
6
= g
T 10
- 12
2o
o 16
g_ 18
@ 20
el
24
26
28
a0
Dispersion curve : sxkj7003_1.5g2
el
N B
Il Pick Firsk arrival |c=247.7ms [freq.=12.64Hz |13:amp.=0.36032  |sxkj7003_1.592 4‘
5.1.5 File Menu: 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.
Group (File lisk iG] r Make File lisk
ok R Cpen File lisk
pHons Save file liskibexk)
Recent files Save file lisk(xML)
Shiow File lisk(F Ckrl+F
Exit ()
| Set up geometry
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5.1.5.1 File Menu: Group (File List): Make File List

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 individual files. If A/l 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.

Open @
Lack in: | (2 MA&M_L11_50m ~| « @ e E-

ﬂ sxad0031.592 ﬂ sxad0037.592 ﬂ sxad0033,592 ﬂ sxad0039,592
1_Efl sxad0032.592 1_Efl sxad0038,.592 1_Efl sxad0034,592 ﬂsxadﬂlﬂﬂsgz
o sxading3.sgz 7 sxadi0gw,sg2 ) sxadings,sgz
= sxadong4.sgz | sxad00on.sg2 7 sxad00ge.sg2
= sxad008S.sg2 | sxad0091.sq2 % sxad097,sg2

= sxading6.sgz ) sxadinoz.sqz ] sxadiiog,sg2

-

Files of type: |,-'.‘-.II files[* %] j Cancel

File name: [ “swad0100.502" "s#adD081 502" "swad00B2 sq

[ Open az read-only

Confirmation that the files are input is displayed, click OK.

-,

‘Pickwin95

L] E 20 files hawve been opened!
[ ]
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Next, you will be prompted to set up the geometry. For MAM datasets, the source
locations are non-applicable and the geometry of the spread/array is set in another
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 click OK.

-

Use information in file

-

[ Sowrce position
| Recefver position

Check to nse souree and recemver coordinates i file headers

(8]

Cancel

Next, the File list dialog box presents the data files listed by file ZD. No action is needed

for MAM datasets. Click OK to proceed to viewing the waveform files.

Fite et x|
Index Edit 1D Source(r)  Istrecefver(m) Recefverint(m) #ofamx OK
e B [0 [0 1 E sod
| T = [0 [0 1 [0 o
[ T < [0 [0 1 [0
gl e B3 [0 [0 1 [0 —
Eai = i o o Fa e
L s CE NN CN DN OB [
[ 1 <7 [0 [ 1 [0
B [0 [0 1 [0 —
T 0 0 1 E N‘“;":Lﬂﬂ”
2 I« [0 [0 [1 [0
[~ Apply source coordinates from file header
I Apply recever coomdinates from file header
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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 click OK.

-

Use information in file

-

v Source position

v Recefer position

Check to nse souree and recemver coordinates i file headers

(8]

Cancel

Next, the File list dialog box presents the data files listed by file /D. 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, 1*' Receiver,
and Receiver int. columns. Checking Source position and Receiver position in the
previous dialog box activates the Apply source coordinates from header and Apply
receiver coordinates from header options in this dialog box. If those options are
checked, although not shown, the coordinates from the file headers will be applied.

P

-

File fist
Index  Edit ID Sowrce(r) st receiver(m) Receiverint(m) #ofaw: O
0 - [ [0 0 1 E St
1 m ] 203 ] 0 ] 0 ] 1 ] 0 —
2 o | 204 | 0 ] 0 ] 1 ] 0
3 r jaos |0 o |1 |0 Bk
4 i P |0 E E 0 Set up
Ij r sz JD ]D Il ]D Set # of aux.
é r |a0s |0 |0 [1 |0
7 I |0 o |1 |o ek
I—‘—E - |21EI ID |E| |1 |EI Huraber of files
13
9 n [E¥ |0 o [1 |0
v Lpply source coordinates from file header
v bpply recefver coordinates fror file header
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If coordinates are to be imported from the file headers, confirm the options Apply source
coordinates from header and Apply receiver coordinates from header are checked. Click
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, I° Receiver, and Receiver int. columns individually or by
setting up and applying a geometry pattern via the Ser up button. The default Set up

parameters are as shown below.

fam =1

Froperty

15t sonrce 05 . 0]

Somrce
interial 2 m Cancel

" Warlable recener

Offset frorn somrce to 1st 05 1

TRCETYEY

{+ Fied recerver

First recerver position 0 1
Recerver
interwal 1 m

I’ 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 location of the shot to the location of the nearest live geophone (the
near offset). It is assumed that the line has been shot from lowest to highest channel
number, indicated by a positive polarity for the Source interval. 1f the data was shot
toward the lowest channel number, the Source Interval should have a negative polarity to
indicate that the source rolled 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 collected with a fixed receiver spread where the shot location was
incremented 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 each geophone.
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Example 5A Set up a Fixed receiver geometry for a 2D MASW dataset (201.dat-
225.dat) with no file header coordinates. The dataset consists of 25 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.

-~

Use information in file

=,

| Source position

[ Recefver position

Check to use source and recemver coordinates in file headers

Ok

Carcel

The File list dialog box shows the file /Ds but only default values for the Source, 1*
Receiver, and Receiver int. columns. Also, Apply source coordinates from header and
Apply receiver coordinates from header are unchecked.

-

-

File fist
Index Edit 1D Source(r)  Istrecefver(m) Recefverint(m) #ofamx OK
i | = E [0 [0 1 E sod
W m EE [0 [0 1 [0 o
T 0 [0 [0 1 [0

5 Rl T 204 [0 [0 1 [0 Bk

[ ] 20 [0 [0 E |a Set up
ol m G [0 [0 1 [0 e
[ T 1 [0 [ 1 [0

T BB [0 [0 1 [0 FeE
Bl B [0 [0 ¥ E N,“;?Lﬂﬂ“
[757— i fawo |0 o |1 o

[~ Apply souce coodinates from file headsr

I Apply recever coomdinates from file header
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Through the Ser up dialog box, enter and apply the applicable geometry values.

FProperty

-,

13t source I 05 o
Somrce
interial I 1 m

0K

Caneel

{” Variahle recerver

TRCETYEY

Ciffzet frorm source to 1st

IEI.j T

{+ Fied recerver

First recerver position

T a

The File list dialog box reflects the geometry pattern.

-

File tist &3
Index Edit 1D Source(r)  1strecefver(m) Recefverint(m) #ofaumx OK
T = [03 [0 1 [0 el
| T -2 [03 [0 [1 [0 —

|2 N P |13 o [1 o

[z [ [25 [0 1 [0 Bk
O T I 20 [35 [0 [1 |0 Set up
B I = |43 o |1 [0 i
5 o ja07 [53 o [1 |0

| w EE [6.5 [0 1 [0 L

L T I o |7.5 |0 1 [0 _NI“;":JLMHBS'
2 I =10 [85 [0 1 [0

[~ Apply source coordinates from fils header

[~ Apply rceiver coordinates from file header

End Example 5A.
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Example 5B Set up a Variable receiver geometry for a 2D MASW dataset (201.dat-
225.dat) with no file header coordinates. The dataset consists of 25 shots
with a near offset of 4 m, 24 geophones located at 0 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.

-~

Use information in file

=,

| Source position

[ Recefver position

Check to use source and recemver coordinates in file headers

Ok

Carcel

The File list dialog box shows the file /Ds but only default values for the Source, 1*
Receiver, and Receiver int. columns. Also, Apply source coordinates from header and
Apply receiver coordinates from header are unchecked.

-

File fist
Index Edit 1D Source(r)  Istrecefver(m) Recefverint(m) #ofamx OK
i | = E [0 [0 1 E sod
W m EE [0 [0 1 [0 o
T 0 [0 [0 1 [0

5 Rl T 204 [0 [0 1 [0 Bk

[ ] 20 [0 [0 E |a Set up
ol m G [0 [0 1 [0 e
[ T 1 [0 [ 1 [0

T BB [0 [0 1 [0 FeE
Bl B [0 [0 ¥ E N,“;?Lﬂﬂ“
[757— i fawo |0 o |1 o

[~ Apply souce coodinates from file headsr

I Apply recever coomdinates from file header
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Through the Ser up dialog box, enter and apply the applicable geometry values.

-,

FProperty

13t source I -4 1 Ok
Somrce

interal I 2 T Cancel

{+ Variahle recerver

Offzet frorm source to 1at I 4 i

TRCETYEY

{~ Fixed recerver

First recerver position I 1] -

The File list dialog box reflects the geometry pattern.

Fite it =]
Index Edit 1D Source(r)  1strecefver(m) Recefverint(m) #ofaumx OK
T = [ [0 2 [0 el
| T -2 [2 2 2 [0 —
|2 N P o | 4 |2 o
[z [ 2 6 2 [0 —
O T I 20 [4 [ [2 |0 Set up
B I = |6 | 10 |2 [0 i
5 o ja07 E [ 12 E |0
| w EE [10 [14 [2 [0 L
L T I o |12 | 16 2 [0 _NI“;":JLMHBS'
2 I =10 [14 [13 2 [0
[~ Apply source coordinates from fils header
[~ Apply rceiver coordinates from file header

End Example 5B.
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Additional information on the File list dialog box includes the Next and Back buttons,
which allow scrolling through the next, or last, ten file /Ds, respectively. For users of
OYO seismographs an auxiliary channel is automatically recorded; the number of the
auxiliary channel can be indicated by clicking on the Set # of Aux. button. If any file
needs to be deleted from a list, check the Edit box next to that file /D and click on the
Delete button.

Once geometry assignment in the File list dialog box is complete, click 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.

5.1.5.2 File Menu: Group (File List): Open File List

To open an existing file list that was previously saved in a .zxt or .xm/ format, select Open
File List. Highlight the file list and click Open.

Open /e
Laok in: | (3 2DMASW_24ch_Rstm_SxTm_Sx0f | 5 Ed-

|2] File_list., sl

-

File name: |Fi|e_|i3t.:-:m|
Files of type: | File st ] ~]  Coned |
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The waveform files with assigned geometry are displayed.

EH Pickwin -
File (F} Edit/Display (E)  Wiew (¥) Pick First arrivals (P)  Surface-wave analysis (S)  Option (D) Help (H)
=[S ||| W e = M4 |55 N | GB K T | A | v == w o |Fo)i0)
Status : No editing A
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Mo editing time=1076.4mse dist.=-15.00m |0:amp.=0.00000 sxlbDZDi.ng

5.1.5.3 File Menu: Group (File List): Save File List (Text)

Once afile 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.
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Assign a file name with the extension .zxz and click Save.

-~

Save As

Ax]

Saveir: | () 2DMASW _2dch_Rwlm_Slm_Sx0ff = | £F E-

File_list. :rnl

sxlb0201,5g2
sxlb0202, 592
sxlb0203. 592
sxlb0204.5g2
s%lh0205, 592
sxlb206.5g2
sxb0207. 592

sxlb0z08, 592
sxlb0209, 592
sxlb0z10,5g2
sxlb0z11.5g2
sxlb0212.5g2
sxlb0213.502
sxbl214.502
sxb0215.592

sxlb0z16.5g2
sxlb0217.5g2
sxlb0z18.502
sxlb0219,5g2
sxlb0220,5g2
sxlb0221,502
sxbl222, 502
sxb223.502

sxlb0z24,5g2
sxlb0225, 502

File narme:

IFile_list. bt

Sawve as type: |Hmlmﬂfﬂ

_:J Cancel |

The file is formatted in space-delimited columns by file ID, shot location, geophone
location, receiver interval, and auxiliary channel number.

-~

& File_list.txt - Notepad

NEX)

PREPRERPRERRPRE

000000
000000
000000
000000
000000
000000
L Q00000
000000
000000
slulsluloly]
000000
000000

[l i O

000000
000000
L Q00000
000000
000000
000000
000000
000000
000000
000000
L Q00000

File Edit Format Miew Help
2001 -0.500000 O, 000000 1.000000 0
202 0.500000 O, 000000
203 1.500000 O, Q00000
204 2.500000 O, 000000
205 3,500000 O, 000000
208 4.500000 O, 000000
207 5.500000 O, 000000
208 4, 500000 O, 000000
209 F.500000 O, 000000
210 8, 500000 O, 000000
211 S, 500000 O, QQoO000
212 10.500000 O, Q00000
213 11.500000 O, 000000
214 12.500000 O, Q00000
215 13.500000 O, Q00000
215 14, 500000 O, 000000
217 15.500000 O, Q00000
218 16. 500000 O, Q00000
21% 17, 500000 O, Q00000
220 18, 500000 O, Q00000
221 1%, 500000 O, 000000
222 20.500000 O, 000000
223 21.500000 O, 000000
224 22.500000 O, 000000
225 23.500000 O, 000000

FRERPRPRERERERERRERRE R
Ll e o e

000000
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5.1.5.4 File Menu: Group (File List): Save File List (XML)

Once a file list has been generated, it can be saved as an .xm! 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 click Save.

rSave As W

Savein: | ) 2DMASW_24ch_Retm_S¥Tm_Sx0f | £5 EF-

File name: |Fi|e_|ist.:-:m|
Sawve as type: |File lizt[* =ral) j ﬂ
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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.

<7aml wersion="1.0" encoding="Shift_1I5" 7=
- =linex=
zline_name=line_name</line_name:>
zline_id=0</line_id=
<ouw_menus0</suw_menus
=file_type=0</file_types=
<apply_source_position=0</apply_source_positions
<apply_receiver_position=0</apply_receiver_position:=
- =file_list=
- =file=
<file_name=sxlb0201.sq92</file_namex=
Zid=201=/id=>
<file_type=0</file_type=
<shot_distance=-0.500000</shot_distances
<first_receiver=0.000000</first_receivers
<receiver_interval=1.000000</receiver_intervals
shiumber_of_auxiliary=0</number_of_auxiliary=
= /file=
- =file=
<file_name=sxlb0202.sq92 < /file_namex=
<id=202</d=
<file_type=0</file_type=
<shot_distance=0.500000</shot_distances
<first_receiver=0.000000</first_receivers
receiver_interval=1.000000</receiver_intervals
znumber_of_auxiliary >0</number_of_auxziliar =
= /Mfile=
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5.1.5.5 File Menu: Group (File List): Show File List

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 tist =

Index  Edit ID Sowcs{m)  lstrecerver(t) Receiverint(m) #ofaw: OK

0 r |2n1 ]-0.5 ]n | 1 |n e

1 m ]znz ]n.j ]n ] 1 ]n —

2 I S [13 |0 [1 |0

3 I |zn4 ]2.5 ]n ] 1 ]n Bk
[21_“ - fas [35 [0 E 0 Set up

5 I TS |45 o [1 |0 T
é |07 |53 o |1 |0

7 B |zns ]6.5 ]n ]1 ]n el

2 I T |75 |0 E 0 S

25
9 i E EE o |1 [0

[ Lpply sowrce coordinates from file header
[ Apply recefver coordinates fror file header

5.1.5.6  File Menu: Group (File List): Set Up Geometry

In Seisimager/SW, the 2D MASW process requires calculation of CMP locations (refer
to Section 3.3.1 for explanation) before the dispersion calculation. The 2D MASW file
list with source and receiver locations is used to find the CMP locations.
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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. Click OK.

-y

-
Pickwin95
Mo, of sources = 25
W Mo, of receivers = 24
Mo, of CMPs = 45

il

Next, the total number of waveform traces and the maximum range of the survey
geometry are calculated and reported. Click OK.

-,

‘Pickwin95

"'_., Tokal number of shok gather traces = 600
[ ]

Range of source/receiver geometry = -0.5to 23.5m

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, click OK to Input waveform data.

-,

“Pickwin95

L] E Input waveform data 7
L
(0] 4 | Cancel |
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The number of traces assigned a CMP coordinate is reported and should equal the Total

number of shot gather traces reported previously. Click OK.

Pickwin%h

L] E &00 of 600 shak gather kraces input
L

Ik

Once complete, a plot of the source-receiver geometry is displayed.

BEX

®H Pickwin -

(& o | - | 0 == ] A v S8 | 0o 1 e e | [ = 2e w [  Fofn|
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Table 5 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.

Table 5. 2D MASW Geometry Plot Attributes

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)

The Show previous waveform 4 and Show next waveform | ¥ buttons can be used in
the geometry view to select a waveform shot record to display, as well these buttons can
be used to scroll through waveform files in the waveform view. Click on the Waveform

ﬂ and Geometry ﬂ buttons to toggle between the views.
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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.

Pickwin -
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5.2 Edit/Display Menu

The single Edit/Display menu function essential or uniquely used for surface wave data
processing is covered in this section. For complete description of the Edit/Display menu
functions common to Seislmager/SW and Seislmager/2D, refer to the separate
Seislmager/2D manual included on the Seisimager CD.

Edit/Display (E)  Wiew (%) Pick First arrivals (P Surf
ndofZ) Chrl+2

Exit edit mode

Select trace
Select all traces
Selected traces »

Tirne shift kraces
Correck shok time
Automatic shift
Carreck S-wave
Filker »
Truncate traces (shorten record length)
Resample data

Edit source/receiver locations } See Section 5.2.1

-

5.2.1 Edit/Display Menu: Edit Source/Receiver Locations

To change the unit labels shown in the displays and in the dialog boxes, select Edit
source/receiver locations 10 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.
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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.)

Fa

Geometry
Unit
Shot coordinate | 0.5 :11 s . Mumber of channels | 24 O
* meters
" feet Clancel

Crroup interval 1
Set |
First geaphone coordinate |0

Channel 1 2 3 4 5 5

Interval | 1 | 1 | 1 | 1 | 1

b o £ 2 3 |4 E
EE | Mext |

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 click on Ser to calculate all the Geophone coordinates. Next and Back can be used to
scroll through the coordinate values in sets of six channels. Click OK when done to
apply the changes. A new SEG-2 file will need to be saved by selecting the File menu,
Save SEG? file to preserve the changes, otherwise they will need to be made each time
the shot record is input.
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5.3 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 three sections, the top
for functions that pertain to 1D MASW and MAM data processing, the middle for 2D
MASW data processing, and the bottom for an additional function for MAM data
processing. For purchases of Seisimager/SW-1D, the top and bottom sections are active
and the middle section is grayed out. For purchases of Seislmager/SW-2D, all three
sections are active.

Surface-wave analysis £51  Option (23 Help (H)

Fick phase welocity {100 1D functions

Show phase velaciky curve (100 <launches WaveEq=

Make CMP gather files (20
Phase welocity-Frequency transformation and picking (200
Show phase velocity curves (200 <launches WaveEqQ=

2D functions

2D Spatial autocorrelation MAM function (in addition
to 1D functions)

5.3.1 Surface-Wave Analysis Menu: Phase Velocity-Frequency
Transformation

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 5.3.7 for a complete explanation.
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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.

- =

Phase velocity-frequency transformation

Fhase welocity O

Start 0 raizec

Cancel
& End (1000 e Ll
Tisrm &ibranced menn

Freguency

Start 1] Hz

Up

" End |30 Hz Down

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 enclose 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. Clicking 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

Fhase velocity oK Phase velocity oK

Start a0 mizec Start a0 rfsec

Cancel Cancel
Up Up
*  End 1000 *  End 1500
mfsze Olewm Bdvanced menu e i B ibranced menu

Interval | 2.5 Tfzen Interval | 2.5 rfsen
Frequency Frequency

Stat |0 - Sm L Hz

Up Up
™ End 30 Hz Down ™ End 15 Hz Down
Ivlode Direction Frequency Iode Dhrection Freguency
(* Shot gather || & Forward Resolution (¢ Shot gather || * Forward Reaolution
" CMFP " Backward 1 " CWP ™ Backward 1
Option Option
Offset range used in transfonmation Offset range used in transformation
] to 100000 m 0 to 100000 m

Ilethod Tlethod SPAC

(+ Phase shift (" Phase shift 1D

(" SPAC (v SPALC (v 2D

Weve rreder Liredt | 100 Werve turdber Lirait | 100

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 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 vice-versa for Backward. 1f you have recorded with
individual gain settings, you may want to check that the software correctly determined
the direction.
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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 non-applicable for 1D 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 correspond 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.

Source=-0.5m Fhaze wvelocity (m/zec)
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5.3.2 Surface-Wave Analysis Menu: Pick Phase Velocity (1D)

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.

Min. and Max. frequency Min. and Max. frequency

Miriaun Frecuency = | 5 Hr L Mirirom Frecuency = | 2 gy e
Caneel Cancel

Ilareurn Frequeney = | 30 Hz Mladrourn Frequeney = | 15 Hz
Adkranced menn Adbvaniced menn
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The default dialog box format hides the Advanced menu. Clicking 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 Max. frequency

0K
Ilindrourm Frequency = | 2 Hz 4

Cancel
Iladrourn Frecquency = |15 Hz

For phase-velocity picking
|v Use medhan filter

(04
Minirorn Frequency = | 5 Hz Q
Cancel

Masdreourn Fregquency = | 30 Hz

For phase-relocity picking
|v Usze median filter

# of sample for median filter = ’5—
[v Wavelength limitation
Madnom wavelength= |2 times
Ilirdronmn wawelength = |2— times

# of sarnple for median filter = IS—
[v Wavelength liritation
Maxinom wavelength= |4 times
Ilinironn wavelength = |4— times

Ilivdrourn phase velocity = 35 misec Iliniraum phase velocity = 70 mfsec
Ilacdronrn phase velocity = 200 misec Ilaxdrourn phase welocity = 200 mfsec

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 Section 8.3.1 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.
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0 50 100 150 200 250 300
1] 4
¢ -
4 .
b xx\k —
T @ —
E 10 1ot -
= 12 e —
E 14 — 1\1‘\‘_ —
o 16 — —
> 18 A \\\I e
2 D e
L 22 . : - ﬁ'\
24 & 1A
o5 ek — —
28 —— -
30

Dispersion curve : sxkabl01 sg2

Picks are automatically made at the mathematical maximum amplitude for each
frequency. The X, 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
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|
picks. Manual picking is facilitated using the Fine color contour |:| button to switch to
a color plot and the Waveform amplitude | T | L |, Horizontal scale Iﬂil, and Vertical

scale |.|.| buttons to optimize the gain and scale. (These functions are common with
Seislmager/2D; refer to the Seisimager/2D manual included on the Seisimager CD for
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.=0.872585 | 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.

5.3.3 Surface-Wave Analysis Menu: Show Phase Velocity Curve (1D)

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.
WaveE(q 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).
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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 6 for a complete
explanation of this plot.

Frequency (Hz)

0.0 5.0 10.0 15.0 20.0 25.0 jo.a 350 40.0
250.0 =

fm/s)

200.0

150.0

100.0 oeey

Fhase-velocity

0.0

Digpersion curve : sxkad00l.=g2

5.3.4 Surface-Wave Analysis Menu: Make CMP Gather Files (2D)

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
Make CMP gather files (2D).
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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. Click OK.

Pickwin95 <)

L] E Make new file lisk 7
L ]
K | 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 V; cross-section. The 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. Click OK.

e S

Phase velocity calculation for CMP
Bin size 3 » Ok
First distarice
. m Cancel
Last chstance 23 m

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.

e ]

Mow calculating !

Calenlating CIP Cross-Correlation (CIWPCC) gathers
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Confirmation that the CMP cross-correlation gathers are calculated and assembled is
displayed, click OK.

-

Pickwin95

L] "_'.‘ ZMP files have been calculated |
[ ]

A series of reports on the process statistics are displayed, click OK to each report.

-

Pickwin95

Mo, of sources = 11
' Mo, of receivers = 21

= Mo, of CMPs = 33

-,

Pickwin95

' Total number of CMP gather traces = 150
L] Range of source/receiver geometry = 1.0k0 21,0 m

o <

Pickwin95

L] "_n,, 150 af 150 CMP gather kraces input
L
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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 5.1.4.6 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.

bk SEx
File (F) Edit/Display (E) Wiew (%) Pick first arrivals (F)  Surface-wave analysis (3)  Option {Q)  Help (H)
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£ >
Ma editing [time=21.7msec  |dist,=-14.00m |[0iamp.=-0.13936  |cmp_002200.592

5.3.5 Surface-Wave Analysis Menu: Phase Velocity-Frequency
Transformation and Picking (2D)

Once CMP cross-correlation gathers are assembled, select Phase velocity-frequency
transformation and picking (2D) 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.
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The Phase velocity-frequency transformation dialog box (shown on left and Advanced
menu Shown on right) is the same as that explained in Section 5.3.1. Click OK when

done.

Phase velocity-frequency transformation

Phase velocity-frequency transformation

Phase wvelocits
Start 0 Talsec
& End (300 e Ur
Down
Freguency
Start a0 Hz
Up
™ Frd an Hz Do

Caneel

ol

Advaneed rmenn

Phase velocity

Start 0 fsec

Up
s
End 00 mfzec —
Interval | 2.5 Tizec
Frequency
Start 0 Hz
Up
" End 40 Hz Do
Ilode Diitection Frequency
™ Shot gather || & Forwad Resolution
f+ CHP " Backward 1
Option

Offset range used in transformation

0 to

Ilethod
(" Phase shift

" SPAC

Warre nvaher limit | 100

100000 m

Canieel

ol

Bkranced menu
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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 5.3.2. Click OK when done.

i =

Min. and Max. frequency Min. and Max. frequency

CK
Ivlinirum Frequency = | 3 Hz Ivlinimum Fregquency = | 3 Hz 4

Cancel Cancel
Iladranm Fregquency = | 40 Hz Ivlazdroum Frequency = | 40 Hz

A dvranced menn

U

For phase-welocity picking
v Use median filter

# of sample for median filter = ’5—
v Wavelength livadtation
Maxdimoue wavelength= |2 times
Ivlinirenarn wanvelength = |2— tirres

Ilinitnutn phase velocity = 35 rlsec
Tlaitmrn phase velocity = 1000 mzec

Upon completion of picking, because 2D MASW datasets include many files, all of 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%5

] Dispersion curves were saved inko 0ty 1 Debl\SeisImager_swiExample
[ FilesiZDMasiy_24ch_Rxlm_Sxlm_SxOffset0.Smiphase_welocity _curves.pus

5.3.6 Surface-Wave Analysis Menu: Show Phase Velocity Curves (2D)

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) to automatically launch WaveEq and import the

dispersion curves from Pickwin.
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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 6 for a complete
explanation of this plot.
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5.3.7 Surface-Wave Analysis Menu: 2D Spatial Autocorrelation

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.
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Once selected, set the geometry of the passive source array in the 2D SPAC dialog box.
Refer to Section 3.2.1 for explanation of the different array types and Array size.

.,

20 spac

Creometry Ox
20 array
Triangle
" Triangle 4
(" Triangle 7
& e I Lbranced renm

Cancel

L shape

Angle= | o0 desrees

L7
(L9
L1

" Single circle 9
" Donble cirels 37

Lrray size = | 5 tm

Lirear array
" Linear array

[ Tse recerver distance it trace header

Recener spacing = 10 m
Farber of recervers = | 10

(" Iylarmal arvay
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The default dialog box format hides the Advanced menu. Clicking Advanced menu
reveals options to define a Manual array, Open array file, Save array file, and to set Data

storage parameters.

20 SPAC
Geometry O
20 array

Tria.ng]s Catel

" Triangle 4

" Trangle 7
& Trianele 10 Lichraniced menn
L shape Cipen array file

fingle= |9 degrees R
{ Bb
[ R
(IR 11
" Single circle 9

" Double circle 37

Araysize = |5 tn

Linear atray
" Linear array

| Usze recerver chistance i trace header
Recerser spacing = 10 il
Mumber of recerers = | 10

" Nlarmal array

Diata storage
[ Rewerse cable divection

Start channel = |0 {charmel nunber starts at 0)

Unused channels (space or cornmma
delirated, starts at 0) = l

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.
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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.

-~

& ManualArray_L15.txt - Hotepad

mEx]

File Edit Format Miew Help

0, 000000 0, 000000
0. 000000 10, 000000
0. 000000 20, 000000
0. 000000 30, 000000
0. 000000 40, 000000
0. 000000 50, 000000
0. 000000 &0, 000000
0. 000000 FO. 000000
10, 000000 O, 000000

20,000000 0.000000
30.000000 0.000000
40, 000000 ©,000000
50.000000 0. 000000
60, 000000 0. 000000
F0.000000 0. 000000

Once the Array file is prepared, click on Open array file, highlight the file, and click

Open.

-~

COpen

ax]

Laak in:; | ) Example Files

[C5) 1DMASYW_24ch_Racim

) 2DMASW _12ch_Rx10ft_Sx10Ft_SxOfFsetSht
) 2DMasw_24ch_Rxlm_Sxlm_S=Offsetl,Sm
[ChMamM_L11 50m

E] Example_Elewation_File, kxk

- ‘Manualarray 115,k

E] miodel, bxk

x| & B cf E-

File narme; |Manual.-’-‘-.rra_l,l_L1 .t

Files of type: |.-'-‘-.rr.5|j,I file*."]

j Cancel |
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If changes are made to an existing Array file, click on Save array file to revise the file or
to save a new file with a different name.

Save As
Save in: I |9 Example Files j = =F EH-

I 1DMAasw_24ch Rxlm

[C5) 20MASW_ 12ch Raxl0ft_Swl0Ft SwiiFFsetSt
I3 20Masw_24ch_Raclm_Sx1m_SxOffset0,Sm
[ChMaM L11 S0m

Igj Example_Elevation_File.kxk

Igj Manualfrray_L15,kxk

Igj miodel, bxk

~

File name: IManuaI.i‘-.rray_U B _rl.twt Save I
Save as type: I,-'l'-.rray file[. %] j Cancel |
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Once the 2D Spatial autocorrelation process is complete, a signal coherency plot is
displayed.

Source= 0.0m Frequen[:'_.l.' |:Hz:|
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Coherence : sxaal001 . sg2-sxaali20. 52

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 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 L7/ array that
shows poor coherence for all separations greater than zero (shown below).
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Source= O.0f Frequency (Hz)
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In the field, coherence is a quick calculation and can be readily performed to confirm that

MAM datasets will yield good results.

5.4 Option Menu

The Options menu includes program controls and display settings.

Options (2 Help (H)

Dimension size
fFeet and Ftfsec

v English
Menu bype k

5.4.1 Option Menu: Dimension Size

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
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Maximum traces t0 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 be
increased if you are processing a passive source dataset with a large number of traces, for
example, greater than 48.

- =,

[Mmension size @

WARMING: The default program dirnensions may be increased; hoareseer, srour PO OK
rernory ray be msufficient for larzer direensions. ¥ou may encounter an exror next
tirne o try to open the program and the dimensions will need to be reduced.

To reduce the dirnensions, press the Shift keyr when double-clicking the program
icon {consult the manual for full details).

Present size Ivasarmurn
Ilarennm saraples 16400 2000000
IWlaarourn traces 128 100000

[ Change ditnension size
Password for upgrade

Your keyrword is yipglown?

3P352M
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To change the dimensions, enter the new value(s), check Change dimension size, and

click OK.

P

[Mmension size

-,

X

icon {consult the manual for full details).

WARMING: The default program dirnensions may be increased; hoareseer, srour PO OK
rernory ray be msufficient for larzer direensions. ¥ou may encounter an exror next
tirne o try to open the program and the dimensions will need to be reduced.

To reduce the dirnensions, press the Shift keyr when double-clicking the program

Iv Change ditension size
Password for upgrade

Your keyrword is yipglown?

Present size Ivasarmurn
Ilarennm saraples 16400 2000000
IWlaarourn traces 512 100000

3P352M

Click OK and restart the program.

-,

‘Pickwin95

Memory size has been changed |

Please re-start the program
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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.

Pickwin®h

The dimensions may be koo large For the PC memary,
- If s, the program may nok open and report an errar,
' In this case, re-open the program while pressing the shift kesy,
This will open the Dimensions dialog box to allow you bo 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.

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 Seislmager Registration program instead.
5.4.2 Option Menu: Meters and m/sec and Feet and ft/sec

Select the desired unit labels by choosing meters and m/sec or feet and fi/sec. The setting
is reflected in the display labels, dialog box labels, and default values where applicable.
5.4.3 Option Menu: English

The program language can be converted between English and Japanese. To convert to
Japanese, uncheck English. Obviously, this is not recommended unless you want to use
the software in Japanese and have the necessary version of Windows. If symbols appear
in various places, it is likely that the language is not set to English and Windows is
unable to render the program in Japanese.

5.4.4 Option Menu: Menu Type

Menu type of Simple pertains to the menu structure of Seislmager/2D.
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5.5 Button Bar Functions

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 Seislmager/SW and Seislmager/2D, please refer the separate Seisimager/2D manual
included on the Seislmager CD.

5.5.1 Button Bar: Undo Iﬂland Redo Igl

After the phase velocity-frequency transformation has been calculated for a given
waveform file or dataset, click on the Undo button to cancel the phase velocity plot.

Source= -0.56m Phase velocity (mésec)

1} 50 100 150 200 250 300 350 400

—

Fraquency (Hz)

Dispersion curve : sxkabl01. 592

For a single file (shot or CMP cross-correlation gather), after clicking the Undo button,
the waveform file will appear.

Source= -0.5m Time (msec)
o 200 400 600 ano 1000 1200
o
5
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For a passive source dataset, after clicking the Undo button, the coherency plot will
appear.

Source= 0.0m Frequency (Hz)

o 20 40 B0 go 100 120 140

Distance (m)
]

Coherence ; sxaall01. sg2-sxaa0020. 592

To return to the phase velocity plot in either case, click the Redo button. Note that the
Undo and Redo functions run only one cycle, so if Undo is clicked again, the waveform
and coherency files will not be found and it will 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.

5.5.2 Button Bar: Normalize|h'$I

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 appearance of all the traces across the record and allows viewing of the
active source surface wave train.
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With Normalize off, the traces distant from the source are not visible.

Source=-60.0ft Time({msec)
0 500 1000 1500 2000 2500
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1008.dat

With Normalize on, traces at all distances are visible.

Source=-60.0ft Time{msec)
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With passive source surface wave data, to observe trace-to-trace variations, Normalize
should be turned off. With Normalize on, note the appearance of traces 4 through 7.

Source=-0.5ft Time(msec)
o 5000 10000 15000 20000 25000 30000 35000

T P — s o

ledailfors
i bt

133

. i s o

Db

i O S
R A A B o

Version 3.0, October 2009 Page 219 of 314



With Normalize off, traces 4 through 7 are slightly higher amplitude.
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5.5.3 Button Bar: Show Previous Waveform File 4 and Show Next
Waveform File | ¥
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.

5.5.4 Button Bar: Coarse Contour Color ‘!I

The phase velocity-frequency plot display is enhanced with color gradients. To apply a
coarse contour color scale, click the Coarse contour color button.

Source=-1.0m Phase wvelocity (misec)
0 50 100 150 200 250 300

Frequency(Hz)

Dispersion curve : sxchz035.5g2
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5.5.5 Button Bar: Fine Contour Color |:|

The phase velocity-frequency plot display is enhanced with color gradients. To apply a
fine contour color scale, click 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

FrequencyiHz)

Dispersion curve : sxch2035.52

s
5.5.6 Button Bar: Wiggle Line ‘%’ and Shaded Black 4

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.

Bource=-1.0m Phase velocity {m/sec)
i 50 100 150 200 250 ann

Freguency(Hz)

Dispersion curve : sxchz2035.sg2

5.5.7 Button Bar: Show Waveforms ﬂ and Show Geometry ﬂ

After the geometry has been calculated and applied for a given dataset, the Show
waveforms button and the Show geometry button are activated and allow toggling
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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

Spacing (m) 21.0

CMWPCC gather Mo,
oo o o o o % o 4o o. ¢ B
o o oo oo o % @« o0
e o o o O & o o Q¢
Lo R o B - B+ B e i)
e o o o O & <o O
o 0 o 9 @ 0O 0O
e O O O & O 0
L= I = - - B .
=] L=l =] L=l L] L=l .
e ¢ o & O -
L=l =] L=l L] L=l .
e o oo o @
Qo @ .

o o oo oo o & o o O O
o0 o D oD 0 e o0 9 0
o 0O o 0 o O & O O O 0O
o 0 o o o O & O O O

o °ooCc o Cc o e O @ 0

Click the Show waveforms button to display the gather associated with the selected
geometry.

Source= 2.0m Time (mzec)
a00 500 1000 1200

K4

{m}

T

|

Distance

H
;
I

cmp 002200, sg2

5.5.8 Button Bar: Frequency Domain E

The Frequency domain button transforms a time-domain waveform file to the frequency
domain. Clicking on 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 |2| 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.
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Source=-0.5ft Frequency (Hz)
0 EH 10 15 20 25 30 35

Distance(ft)

Ak
g %
10 i

sxadl086.sg2

Uneven frequency content from trace-to-trace indicates lower-quality data.

Source=-35.0ft Freguency [Hz)
0 5 10 15 20 25 30 kL
5410
520 ”
500
-4a0 et
-4G0 b
-441
g
o 400 Ll
2 s
= 360 Al s
7 a4 e "
O a0 I B
300 b TP o g
-2a0 L
260
240 e
EDAT

5.5.9 Button Bar: Time Domain |E|

The Time Domain button toggles out of the Frequency domain view.
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6 — The WaveEq Module Functions

6.1 File Menu

The File menu includes functions for opening WaveEq result files, importing and

exporting various files, and printing.

FilefF} Edit{E) Miew(Y) Dispersion curves

Cpen 10 phase velocity curve filed, rst)
Save 1D phase velocity curve Filed,rst)

Open 20 phase velocity curve filed, pys)

Save 20 phase velocity curve File].pws)

Prink{F...

Print previgw(h
Page st up(R)...

Impoart elevation data file
Save 10 analvsis result in tabular Form (¥ Ext)

Advanced options

Exit(x)

Melocity mode

Crl+P

The Advanced options are not active at this time.

6.1.1 File Menu: Open 1D Phase Velocity Curve File (.rst)

To open a single dispersion curve or Vs curve previously saved with the extension .rst,
select Open 1D phase velocity curve file (.rst).

Highlight the file and click Open.

-

Open

File narne:

Files of twpe:

Lack if: | () 1DMASYW_24ch_RsTm_SXTE

x| & @ ek EE-

|$Hte23lil1_‘-fsfinal.rst

| Obzervation datal” rst]

ﬂ Cancel
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6.1.2 File Menu: Save 1D Phase Velocity Curve File (.rst)

To save a single dispersion curve or Vs curve, select Save 1D phase velocity curve 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.

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

K=

Save As

Bx]

Save in: | ) 1DMASW_24ch_Rx1m_SXTE

m sxbe2301_Vsfinal rst

~| & &k B

File name: |s:-:t323|:|'|_"u-"sfinal_rEVE.rst

Save

Save az type: |.-'1'-.na|_l,lsi$ result file[* rat]

ﬂ Caniel

6.1.3 File Menu: Open 2D Phase Velocity Curve File (.pvs) H

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 click Open.

e

COpen

Ax]

Lok in: | I Comnb_20MAS54_MAM

I[N ZDMASW _Zdch_Raczm_Sx2Zm_Offsetim_Mar
[CS)MaM_T10_S0m

B Combined_DiCs,pys

B Combined_DiCs_ed.pws

J Combined_DCs_ed_Wsfinal, pvs

B S-velocity_model_ZD_jteration_1.pvs

(2

=| « ®@ ¥ E-

ﬂ S-welocity_model_Z0_jkeration
ﬂ S-welocity_model_Z0_jkeration
ﬂ S-welocity_model_Z0_jkeration
ﬂ S-welocity_model_Z0_jkeration
ﬂ S-welocity_model_Z0_jkeration

ﬂ S-velocity_model_ZD_jteration

£

File narne: |I:|:|ml:-ineu:|_D Cz_ed_Vsfinal pvs

Files of type: | Plotrefa file [* ps]

j Cancel
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6.1.4 File Menu: Save 2D Phase Velocity Curve File (.pvs) |E|

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 click Save.

Save As w

f =

Savein: | () Comb_2DMASW_MAM -] £k E5-
|)2DMAasW_Z4ch_RxZm_Sx2m_Offsetim_Var J S-velocity_model_Z0_jteration
|IMAM_T10_50m ﬂ S-velocity_model_Z0_jteration
B Caombined_DiZs, puws ﬂ S-velocity_model_20_jteration
B Caombined_DiZs_ed.pvs ﬂ S-velocity_model_20_jteration
B Combined_DiCs_ed_Wsfinal, pvs ﬂ S-welocity_model_Z0_jkeration
B S-velocity_model_ZD_jteration_1.pvs ﬂ S-velocity_model_ZD_jteration
<] E

File name: |Eu:um|:uineu:|_D Cz_ed_Vsfinal_rev? pys
Sawve az ype: |F'In:utrefa file [*.ps] ﬂ Cancel
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6.1.5 File Menu: Print |@ Print Preview, and Page Set-up

To print the current WaveEq display, choose Print (P), press Ctrl-P, or click the Print &
button.

22 Print )&

General I

— Select Printer
[2) add Prinker £ EPSON Stylus €80 Series ol
Q}g Acrobat Distiller Es HP Color LaserJet 5500 PO
;g;,?.ﬁ.dmin_Laser an MAIL i hp psc 1310 series
[il T [i]
Stakuis: IInable to connect [~ Printtafle  Preferences |
Location:
Commant: Find Frinter... |

—FPage Range
o Al Mumber of copies: I'I 3:
£ Selection £ Cument Page
" Pages:  |1-65535 I~ Collate .E .H
Enter either a single page number or a single @
page range. For example, 512

| Frint I Cancel |
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To preview the WaveEq display before printing, select Print preview (V).

H Waveta - BEX
Frint... I Mewut Page I Frew F. T Fa i Zoom Out | Cloze I
||
Frecuency (H=z)
1an 15.0 200 250
i ,1'7{ ,{ﬁr‘ ",, 1.;1-*'::15‘":"' ‘;"’b”,{ =
7 A | ,--w:ﬂ-z-
ik
t
8 & |
o
2
u
7
u
L]
k|
f=
Dispersion curwe : sxkacO0l.sg2
~|
To set up a page for printing, select Page set up(R).
Print Setup 2Jed
— Printer

Marme: Wibdal LA dmin_Lazer LI Froperties. .. |

Statuis: Feady

Type: HF Lazer)et 4000 Senes PCLE

“Where: 20686214 251:ADMIN_LASER

Cannnnent:

— Paper Orientation
Size; ILetter ;I &+ Portrait
Source: I.-’.'-.utu:. Select ;I " Landscape
MNebwark.. | ] I Cancel
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6.1.6 File Menu: Import Elevation Data File

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.

-~

_51 Example_Elevations.txt - Hotepad

BEX)

oo
102
104
106
108
110
112
114
116
118
120
122
124
126
128
130
132
134
136
138
140
142
144
146

File  Edit

100,
100,
100,
100,
100,
100,
100,
100.
100,
100,
100,
100,
100,
100,
100,
100.
100,
100,
100,
100,
100,
100,
100,
100,

Format  Wiew Help

=Y alalaR AR N FOY NNl ol el el ol el ol Cl i R T N el ol ol
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To open an elevation file, select Import elevation data file, highlight the file and click

Open.

-

Save As W

Savein: | 2 Example Files j £ B~
I2) 1DMAs_24ch_Fxlm [CSIMar_L11_S0m_SxaD
) 1DMASW_24ch_Racdm_SXTE C)MAM_T10,50m,_SHAA

() 2DMASW_12ch_ P10 Sx10ft SxOffsetSft [[0) Tests

[ 2DMASYW_24ch_Rxlm_Sxim_SxOFfsetD.Sm || Example_Elevations. kxk
25 Comb_1DMASY _MAM [Z] Manualtrray L15.Ext
=) Comb_2DMASW_MAM

3

2]
File narme; |E:-:ample_EIevatin:-n$.t:-:t
Sawve as type: |T|:||:u:|gra|:|h_l,l file[*."] j Cancel |

If not imported here, elevation data can also be imported in GeoPlot by selecting the File

menu, Open topography data file.

6.1.7 File Menu: Save 1D Analysis Result in Tabular Form (.txt)

To save the final results of a 1D MASW or MAM dataset analysis in tabular form, select

Save 1D analysis result in tabular form (.txt).

Assign a file name with the extension .zxz and click Save.

-

Save As @W

Save i | I Example Files j "~ % Ef-
[C3) 1DMASW _24ch_Rxim [C3)MAM_L11_50m_SxAD
IC5) IDMASW _24ch_Rxim_SXTE [CS)IMAM_T10_S0m_Sxas

[C)2DMASW _12ch_Rx10ft_Sx10ft_SxOFffsetSft () Tests

[C5) 20MASW_24ch Raxlm_Swelm_SwOffset0.Sm (2] Example Elewvations.bxt
25 Comb_1DMASY_MAM [Z] Manualtrray_L15.Ext
I3 Comb_2DMASW_MAM

&

2]
File narme: |E:-:am|:|le_1 DR esultz tat
Save az type: |.-'-‘-.su:ii file j Cancel |

Seislmager/SW Manual
Version 3.0, October 2009

6 — The WaveEq Module Functions
Page 230 of 314



The file is a simple text file with Depth, S-wave velocity, P-wave velocity, Density, and N
(or blow counts). Refer to Section 6.5.4 for more information on the relationships used
for calculating the equivalent P-wave velocity, Density, and N.

o Example_1DResults.txt - Hotepad g@
File Edit Format  Wiew Help

Depthim) S—velocity(mss) P-welocity(m/s) Density(q/ cc) ]

0. 000000 240, 201654 478, 715135 2.451754 17.953686
0.535714 241.758524 480,818502 2.451754 18.327154
1.153846 206,903282 416, 289685 2.451794 11.162379
1.8543964 171. 800114 345 477288 2.450823 G.174623
2.637363 203225841 405, 725995 2.453108 10, 543385
3.502748 272.5558965 538.458011 2.459779 26, 844084
4.450550 317.506564 631, 251244 2.466313 43, 658286
5.480770 335, 260817 A76. 9759654 2.470500 53.917F032
6. 593407 357448472 7l6. 906592 2.475054 B3.671732
7.788462 301.665652 784423694 2.481561 25.191053
G, 0655934 421.1459715 B40. 605763 2.484316 107. 3444153
10.425825 438.123030 872388271 2.484316 121.738446
11. 868132 448, 739565 B0l 207761 2.484316 131.384254
13.392857 523.269114 1036,073513 2.4843516 214.315468
18. 214285 523265117 1036, 073565 2.484316 214315468

6.2 Edit Menu

The Edit menu contains functions for making and reversing edits and copying graphical
displays to the clipboard.

EditiE)  Wiew() Dispel

Copy ko clipboard

6.2.1 Edit Menu: Undo |?

The Undo function can be used to reverse the selection or repositioning of a point on a

L]

dispersion curve using the Select dispersion curve| L or Correct dispersion curve
buttons, respectively. Undo does not apply to all functions.

6.2.2 Edit Menu: Delete

The Delete function or Delete key becomes active when a point on the dispersion curve

has been selected using the Select dispersion curve| L3 button. To delete a point on a
dispersion curve, activate editing with the Select dispersion curve button, then use the
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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.

6.2.3 Edit Menu: Copy to Clipboard

To copy the current display to the clipboard for pasting in Microsoft Word or other
program, select Copy to clipboard.

6.3 View Menu

The View menu includes functions to configure scales, alter displays, and overlay or
import other types of data.

Wiew(y) Dispersion curves(D)  Velocity model(M

Axis configuration ChrlA

Dispersion curves

Show one dispersion curves
Show three dispersion curves
Shove all dispersion curves

Show P-welogity
Show converted MN-value

Cpen M-value file
Open PS result file

Shiows BYS For IBC

Show water table depth

Show laver boundary:

Show apparent velocity madel{vR)
v Show effective depth (WR max.)

Shows Ws and depth

Advanced options r
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6.3.1 View Menu: Axis Configuration

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.

rﬁ'nn:is configuration “
Diindrooure  Dlacgroorn  Interwal OF
s . ? Hz Cancel
Vs |0 250 50 1mis

6.3.2 View Menu: Dispersion Curves

The Dispersion curves dialog box controls how dispersion curves are displayed. The Plot

curve options allow Single, Next curves, or All curves to be displayed. These settings

DisF DisF
correspond to the Show one dispersion curve ﬂ, Show next dispersion curve [feil and

. , \ﬂ :
Show all dispersion curves LA puttons, respectively.

[ = ]

Dispersion curves .ﬁ

20 data )

Flat curves

* Single
(" Mext curves
(&1 cnrves

Shift 1]

v Showr oquality

Cancel

[ Show ellipticity (HW)

Single and the Show one dispersion curve button display one dispersion curve in red.
Next 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
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three curves. All curves and the Show all dispersion curves button display all curves
starting with red, blue, green, and with the rest unique in color but undefined. They are
undefined since with all curves displayed, it the overall trend that is meant to be
discerned, not the individual curves.

Shift allows the curves to be bulk shifted by the value entered.

Show quality checked (the default) displays a dashed quality curve 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.

Frequency (Hz)

0.0 20.0 40.0 60.0 80.0
1750.0 —

o
I
£ 15000
?‘ 12500 |— : Quality curve
g "o -
S 10000
g o
: e .
o TFA00 wen\q_‘
E e
G
50,0
0.0

Dispersion curve : 3015.DAT

For display of a Single, Next curves, or All curves, the quality curve has the same colors
as the associated dispersion curves. Refer to Sections 6.4.4 and 6.4.5 for more
information on quality.

Show ellipticity (H/V), allows the horizontal over vertical amplitude ratio for three-
component passive source data to be plotted.
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6.3.3 View Menu: Frequency/Period Fp

The function Frequency/period and the Frequency/period b button allow toggling the
view of the dispersion curve between frequency (cycles per second) and period (seconds),
the inverse of frequency.

Fregquency (Hz) Period (sec)

00 250 300 5.0 0.00 0.0z 0.04 0.0 0.08 0.10
—— - 12000 e

1200.0

{m/s)

1000.0

1000.0

(m/s)

&00.0

600.0 f

400.0

&00.0

0010 LS

Phase-velocity

Phase-velocity

4000

200.0 200.0

Dispersion curve : Dispersion curve :

It may be more intuitive to think in terms of seconds, which directly relates to the natural
period of buildings, etc.

DisF DisF DisF
6.3.4 View Menu: Show One ﬁ Three \ﬁl and All \A_ill Dispersion Curves

Show one dispersion curve, Show three dispersion curves, and Show all dispersion curves
are the menu items associated with the button bar functions described in Section 6.3.2.

6.3.5 View Menu: Show P-Velocity and Show Converted N-Value

To overlay calculated P-wave velocities (Vp) and N-values on a Vs curve, select Show P-
velocity and Show converted N-value. A green curve is displayed for V, and the
horizontal axis will include a second scale corresponding to the V,, values. A red curve is
displayed for 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 100 120 140 160 H(blow count}
0. 1000.0 20000 30000 4000.0 50000 60000 7000.0 80000 P-Uelocity (mfs)
0.a 200.0 400.0 f00.0 200.0 10000 12000 14000 1600.0 S-Velocity (m/s)

0.0 ——
5.0
E 1o
=
]
[N
i
[}
15.0
200

g-velocity model

The V, values and N-values are calculated using the equations defined in the Velocity

model menu, Advanced options, V,, and V; relationship and N and V relationship. Refer
to Section 6.5.4 for more information.
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6.3.6 View Menu: Open N-Value File and Show N-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 .z or .txt.

-

BE]

- Example_MValues.n - Notepad
File Edit Format “iew Help
0.20 4.
0.40 4.
0. a0 2.
0. 80 15.5
1.00 28,
1.20 2.
1.40 29,
1.a0 29.8
1. 80 19.3
2.00 15.3
2.20 24.3
2.40 17.8
2.a0 24,3
2. 80 31.3
3.00 H5.8
3.20 15.3
3.40 42.3
3.680 2.8
3. 80 1.
4,00 35.7
4,20 32.9
4,40 23,48
4,a0 21.1
4,80 22,7
5.00 23,5
5.20 24.7
5.40 19,2
5. 860 21.
5.80 26,6
a. 00 15.6
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Once the file is prepared, select Open N-value file, highlight the file, and click Open. If it
has the extension .zxt, you will need to choose Al files under Files of type SO it is shown

in the list.

-~

COpen -\

Look in: | (2 Example Files =l i g
|22 1DMASW_24ch_Rxim CIMAM_L11_S0m_SXAD
(55 1DMASY _z4ch_Rxim_SKTE C5IMAM_T10_50m_S%Aa

[C5) 20Masw 12ch Rxl0ft Sxl0Ft SxOFFsetSFt [C5) Tests
hZDmMaaw_24ch_Rxlm_SxIm_SxOFfset0,S5m JExampIe_N'u‘alues.n
[C5) Comb_1DMASYW _MAM

IC5) Comb_ZDMASYW_MAM

.{.

e ) -
File name: |E:-:ample_N‘-.-’aIues.n
Files of type: | N-value filef.n] | Cancel |

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 6.6.1

for more information.

i} 20 40 Gl a0 10a 120 H{blow count)
0.0 2000 4000 4000 800.0 10000 12000 S-Velocity (m/s)

0.0
10.0

B

=

e

o

a 20.0
30.0

g-velocity model :

To toggle between viewing the Vs curve with and without N-values, select Show N-value.
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6.3.7 View Menu: Open PS Result File and Show PS Result

Once a velocity model exists, measured V, 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.

) Example_PSResult.txt - Notepad g@

File Edit Format Miew Help

2.0 240.0 180.0

16.0 760.0 300.0
1%.0 570.0 240.0
21.0 570.0 300.0
21.0 570.0 250.0
0,0 1500.0 §10.0

-~

Once the file is prepared, select Open PS result file, highlight the file, and click Open.

Open W

-

Loak ir: | 2 Example Files j £ B~
[CIMAM_L11_S0m_S#an | Example_PSResult.bxt
[ MAM_T10_S0m_S=as E] Manualfrray _L15. Exk
=) Tests

r.:=j Example_1DResulks bxk
r.2=:| Example_Elevations. bxt
B Example_fvalues.n

<] 2]
File narme; |E:-:ample_F'SF|esuIt.t:-:t
Files of type: |F'S-resu|t file[*."] j Cancel |

To toggle between viewing the model with and without the measured V,, and V; data,
select Show PS result.
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6.3.8 View Menu: Show AVS for IBC

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.

S-velocity (ft/s)

n.o s00.0 1000.0 1500.0 2000.0

0.0 J

40.0
g
— 60.0
i)
i)
[N
]
= g0.0
1000 freeemnanaaes e . . .- -~ - -
120.0
S-velocity model :
Average Vs 100ft = 230.1 ft/s
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The result is saved to a text file with the name AVS.zxt 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 (V;), slowness (s/) (the inverse of velocity), layer
thickness (), layer thickness divided by Vs (Tot. V), and total thickness (7ot. d). The
last row reports the IBC Vs100/UBC V30 value. In this example, the second layer (No.
1) is 3.132-feet thick (d) with a layer thickness-to-V; ratio of 13.024 seconds (7ot. V),

and the total depth at the base of this layer is 7.692 feet (Tot. d).

-

b AVS.txt - Notepad

BEX)

File Edit Format Wiew Help
Lnit=ft Depth=100. 000001
MO, WS =1

0 0. 585 1. 709
1 0. 595 1.671
2 0. 455 2.021
3 0,615 1. 616
4 0. 5458 1.824
5 0. 554 1.685
5] 0. 852 1.174
7 1.156 0. 865
] 1. 259 0. 770
=] 1.3570 0. 730
10 1,368 0. 731
11 1.338 0. 748
12 1.3556 0,738
13 1.379 0,725
AvS100 = 930.1 ft/

. 560
L1352
L6570
220
. 769
. 3159
. BAE
418
967
. 516
L0685
LB15
10.165
10,715

[telte R v BN N W W WL NI R P

ToT.

F.70L1

13.
22,
30.
41.
52.
60,
64G.
F2.
78,
85.
G2.
100,210
107,578

024
463
G0l
423
oGl
152
550
651
897
323
F11

WS

Tot., d
4,560
7.692

12,
17.
23.
20,
36,
43.
51.
60,
69,
Fo.
59,
100,000

362
582
351
670
5=8
556
523
435
305
120
285
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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.

i] 20 40 a0 &0 100 120 H{blow count)
0.0 200.0 400.0 600.0 8§00.0 1000.0 1200.0 S-Velocity {m/s)
0.0
10.0
£
=
e
0
A 20,0
30.0
S-velocity model :
Average Vs 30m = éa01.5 m/s=
Average N 30m = 15.1
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The result is saved to a text file with the name AN.zxt 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 (7ot. d), and layer
thickness divided by the N-value (7ot. 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 (<) with a layer
thickness-to-N ratio of 0.1 (7ot. d/n), and the total depth at the base of this layer is 0.4
meters (Tot. d).

-~

=\ AN.txt - Notepad E]@
File Edit Format Miew Help
MO, I d Tot., d Tot. dfn ”~
0 4,000 0. 200 0. 200 0,050
1 4., 000 0. 200 0. 400 0,100
2 2.000 0. 200 0. a0 0. 200
3 15.500 0,200 0. 800 0.213
4 28.000 0,200 1. 000 0,220
5 26,000 0,200 1. 200 0,228
5] 29,000 0,200 1.400 0.235
7 29,800 0,200 1,400 0. 241
] 19,300 0,200 1. 800 0.252
= 15.300 0,200 2.000 0. 265
10 24.300 0,200 2.200 0.273
11 17.800 0,200 2.400 0. 2584
12 24.300 0,200 26800 0. 292
13 31.300 0,200 2. 800 0. 2595
14 5. 800 0. 200 3.000 0.322
15 15,300 0,200 3,200 0,335
16 42,300 0,200 3.400 0,335
17 32.800 0,200 3.6800 0.345
18 51. 000 0,200 3. 800 0,345
19 35.200 0,200 4,000 0.355
20 32.900 0,200 4,200 0. 361
21 23.500 0,200 4,400 0,370
22 21.100 0,200 4. 800 0,375
23 22.200 0,200 4,800 0. 388
24 23.500 0,200 5.000 0. 3597
25 24.700 0,200 5.200 0. 405
26 19,200 0,200 5.400 0.415
27 21.000 0,200 5. 600 0,425
258 26,600 0,200 5. 800 0.4352
25 15.600 24,200 30,000 1.954
AMZ0O = 15.1

b

If the average Vs and N are to be calculated, it is recommend 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 6.3.9 on how to estimate the depth of penetration.
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6.3.9 View Menu: Show Water Table Depth, Show Layer Boundary |&|

Show Apparent Velocity Model (VR) E, Show Effective Depth (VR
Max), and Show Vs and Depth

To show the depth of the water table on a velocity model, select Show water table depth.
A Dblue 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 6.5.3.

Selecting Show layer boundary or clicking the Correct velocity model |ﬁ| 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 clicking on the Comparison ﬂ button. The V; curve can be manually fitted
to the observed data in this manner.

S-velocity (ft/s)

0.0 s00.0 1000.0 1500.0 2000.0
0.0 : : .
< n
20.0
40.0
]
::."‘ o
o gop [HES RO S
= : : o ‘
i
Qc 1 1 e !
il : : o '
B 800 e e P CROEEEEEE
' ' = i
1000 jpesesececeoe. e
120.0
S-velocity model
Average W= 100ft = 930.1 ft/is
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Selecting Show apparent velocity model (VR) or clicking the Apparent velocity model E
button will plot in green 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.

Show effective depth (VR max) shades the profile light gray from the deepest green point
downward. This setting is on by default to call attention to the limits of the data.

Show Vs and depth overlays the layer information used to calculate the IBC V,100/UBC
V30 value.

S-velocity (ft/s)

0.0 500.0 1aaa0.o 1500.0 2000.0
. : : 598_4'6
’ 1 1 —an
\ ‘ ‘ 494_124
' : ‘ G1E '
20.0 s |
234
593
207
551
6.5
40.0 1155
4.0
1200
E 519
: : ' 1370
S i R AR e e 60.4
: : i 1368
fm 635
oo, i ' ' 1337
il 1 1 1
A B0 e o B R 79.1
' ' 1 1355
=03
1000 freseceeoeees SR ey EESEERERERREREE
] ] H 1379
120.0
g-velocity model
Average W= 100ft = 930.1 ft/=
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6.3.10 View Menu: Advanced Options: Show Regression Line
Advanced options 3

Show regression line is not active at this time.

6.4 Dispersion Curves Menu

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, and 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.

Dispersion curves(D)  Welocity model(M)

Smioathing (individual curees)
Smioathing (2D median Filker)

Delete picks by value
Delete picks oukside of gate ()
Delete picks between gate (B}

Delete low quality data
Delete higher mode

Advanced options »

6.4.1 Dispersion Curves Menu: Smoothing (Individual Curves)

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).

Frequency (Hz) Frequency (Hz)

0.0 0.0 200 300 40.0 0.0 10.0 200 300 40.0

2000.0 T 20000 .\
. R _ W
n [
~ ~
£ £
n,  1300.0 %& my 1500.0 %\
it o
b -
U U
O Q
= ~
2 tooon 2 tooon
b “?& ! ?%%
0 0
i d
= - =
o % = :
500.0 500.0
0.0 0.0
Dispersion curve : Dispersion curve :
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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).

2500

(m/s)

200.0

150.0

100.0

Phase-velocity

500

0.0

Frequency (Hz)

0.0 50 10.0 15.0 200 25.0 30.0

350

(m/s)

Phase-velocity

Dispersion curve :

2500

2000

1500

100

500

Frequency (Hz)

0.0 5.0 10.0 15.0 200 250 300 35.0

Dispersion curve :

Because Smoothing (individual curves) is applied in the direction of frequency, you may
find for some 2D datasets, that a smoothing function applied from curve to curve yields
preferable results.

6.4.2 Dispersion Curves Menu: Smoothing (2D Median Filter)

To smooth between dispersion curves in a 2D dataset, select Smoothing (2D median
filter). The 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).

2500

(m/s)

200.0

150.0

100.0

Phase-velocity

s0.0

0.0

Fregquency (Hz)

oo 5.0 10.0 15.0 200 250 30.0

350

m/s)

Phase-velocity

Dispersion curve :
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6.4.3 Dispersion Curves Menu: Delete Picks by Value, Delete Picks
Outside of Gate, and Delete Picks Between Gate

To set the minimum and maximum gate frequencies by entering specific values, select
Delete picks by value.

[ = ]

Min. and max. frequency

O

Llin. frequency a5 He

Canicel
li

Il frequency 30 Hz

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). If needed,
press the Esc key to exit.

The color red indicates which gate is active and the color green indicates which gate is
inactive. Use the right arrow key to move the red gate to the new minimum frequency
(shown on right).

Frequency (Hz) Frequency (Hz)

0o I 1o 150 300 350 300 350 0.0 50 10.0 15.0 20.0 5.0 50.0 35.0
1750.0 1750.0 . .

1500.0

1250.0 %“ 12500

1000.0 % 1000.0 X
2 7500 1

%% Ll %M ]

500.0 500.0

1500.0

(ft/s)
(ft/s)

Phase-velocity
Phase-velocity

250.0 2500

oo 0.0
Dispersion curve : Dispersion curve :
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After the first gate is positioned, press the Enter key and the next gate will become active.
Use the left arrow key to move the gate to the new maximum frequency (shown on left).
Press the Enter key when done and the trimmed dispersion curve is displayed (shown on
right).

Frequency (Hz) Frequency (Hz)

5.0 100 150 200 25.0 30.0 3.0 0.0 5.0

150 200 5.0 30.0 350
1750.0 -

00
1750.0

1500.0 1 ;' L 1500.0
1250.0 1250.0

1000.0 X 1000.0 E
7500 % 7500 %

500.0 5000

Phase-velocity (ft/s)
Phase-velocity (ft/s)

2500 2500

Dispersion curve : Dispersion curve :

In setting the gates, exclude only the points that are poor-quality or spurious. Commonly,
on the low-frequency end, the phase velocity will start 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.

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.
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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 the color teal blue. Delete picks between gate is useful for deleting higher
modes. The editing sequence progresses below from left to right.

Fregquency (Hz) Frequency (Hz)
0.0 20.0 40.0 60.0 30.0 0.0 20.0 40.0 40.0 30.0

1750.0 s priy 1750.0 1
0 A 0
I I
s 15000 5 15000
? 1250.0 —— ;" 1250.0 T
U g, YA U YA
S 10000 L S 10000 e et
i} G%E - o 519@6 L=

- = e

Z 750.0 s, I \ 0 7500 =1 \
a T oudasod L " ek L]
= =
o 50000 w5000

250.0 250.0

0.0 0.0

Dispersion curve : 3015.DAT Dispersion curve : 3015.DAT
Frequency (Hz) Frequency (Hz)
1] 0.0 40.0 60.0 80.0 0.0 200 40.0 40.0 30.0

1750.0 RECEaC aeiy 1750.0 T
" k n
5 5
H15000 215000
*?. 1250.0 — 4?' 1250.0
o L o
S 10000 g { e | S 10000 g
g ac 3 s
=
b TS0 Z 750.0
’ o] : S SR
=] =
o 50000 o 50000

250.0 250.0

0.0 0.0

Dispersion curve : 3015.DAT Dispersion curve : 3015.DAT

6.4.4 Dispersion Curves Menu: Delete Low Quality Data and Delete Higher
Mode

To automatically delete low quality picks, select Delete low quality data. Low quality
tolerance is set in the Advanced options menu, Setup low quality limit. Refer to Section
6.4.5 on how to adjust the quality tolerance.
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Upon selection, all the points that fall below the quality limit will be deleted (shown on

right). To reverse the changes, click the Undo Iﬂl button.
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IR} 2000 40.0 6a0.0 a0.0
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g CE [ .
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] 500.0 /
200 Low quality
0o —
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Dispersion curve : 3015.DAT

If higher mode picks appear in the dispersion curve (shown on left), select Delete higher
mode to automatically delete the picks (shown on right). Higher mode tolerance is set in
the Advanced options menu, Setup higher mode selection. Refer to Section 6.4.5 on how
to adjust the higher mode tolerance.
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6.4.5 Dispersion Curves Menu: Advanced Options: Smoothing (Multiple
Curves), Resampling (Every Other), Setup Low Quality Limit, and

Setup Higher Mode Selection

Advanced options

3

smookhing {multiple curves)

Setup low quality limik

Setup higher mode selection

To smooth between dispersion curves in a 2D dataset, select Smoothing (multiple curves).
The process is similar to Smoothing (2D median filter) (Section 6.4.2) except that the
average of five adjacent data points is used instead of the median. The original
dispersion curves (shown on left) are converted to smoother curves with fewer outlying
data points but the relative difference between the individual curves is minimized (shown
on right).

0.0
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100.0
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Dispersion curve :

The function Resampling (every other) is used to speed up processing by decimating the

dataset (removes every other sample).
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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.

e o

Setup quality limit
Ok
Cmality Lirmit ||:|_?7 {Dto 1 F—
Default

Setup higher mode selection allows the filter limits used when the function Delete higher
mode 1s 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.

f 1

Higher mode selection

Fundamental raode livait 1.2 OK
Higher mode maxirmm depth 25 m Cancel

Defanlt
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6.5 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.

Yelocity model(M)  MASYWE LD

Horizonkal smookhing( 200
Wertical smoathing

Show welocity model
Show three models
Show all models

Setup water table

Advanced options »

6.5.1 Velocity Model Menu: Horizontal Smoothing (2D) and Vertical
Smoothing

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.

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.

: . Vs
6.5.2 Velocity Model Menu: Show Velocity Model "1, Show Three Models

@, Show All Models Iﬁ

Once a velocity model exists, Show velocity model, Show three models, and Show all
models, are used to control the display. These settings correspond to the Show velocity

S
model ® , Show three models b , and Show all models |E buttons, respectively.

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 the overall trend that is meant to be
discerned, not the individual models.
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The Show velocity model button is useful for toggling from the dispersion curve to
velocity model view.

6.5.3 Velocity Model Menu: Setup Water Table

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 click OK.

Enter float number
Water table (o) = O
] Cancel

The model layer boundaries will be adjusted to place a boundary at the water table depth.
Click Yes to confirm the change.

WavekEq

L] E Madify layer boundary based on the water bable?
[

Yes Mo

The water table is now set. Select the View menu, Show water table depth to display the
water table as a blue line with the standard water table symbol on the velocity model.

6.5.4 Velocity Model Menu: Advanced Options: V, and Vs Relationship and
N and Vs Relationship

Advanced options » WP and W5 relationship
M and W3 relationship

The V), and V relationship and N and V; relationship dialog boxes allow the equations
used for calculating V,, from Vs and N from V; to be customized.

To modify the default equations for calculating V,, from Vs, select V), and V 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, Setup water table dialog box (Section
6.5.3). The default equation for above the water table is simply two times Vs. 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.
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r'u'p and Vs

Ehoee wrater table 0K
o Linear

yp- |2 wys+ |0 s Cancel

" Tylanmal Drefault

Water table depth = I 10 m

Belowr water table
{+ Linear
VP= 1.11 * TS 4 1290 Tz

" Ilanmal

r'u'p and Vs

Lbore water table 0K
{* Lingar
1;';-P= I 2 * VS + I |:| f’t.l's CEI].CE].

" Tylanmal Drefanlt

Water table depth = I 10 ft

Belowr water tahle
{+ Linear
Tp= |1.11 ® S 4 IESTD ftis
" Tylanual

Relationships can also be manually set by choosing Manual and inputting V, values
through the View menu, Open PS result file.
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To modify the default equations for calculating N from Vs, select N and V; 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 oK
Logl{W5)= | 0314 * LoglO(Hy + |97 s

Caneel
Defanlt

M and Vs
{* Linear oK
Logl0{Ws)= | 0314 * Logl (M) + | 291 fls

Caneel
Defanlt

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 back to the default values, click Default.

6.5.5 Velocity Model Menu: Advanced Options: Interpretation, Show UBC
or IBC Site Classifications and Seismic Interpretation

Advanced options » WP and ¥5 relationship
M and %3 relationship

Interpretation » Shiow UBC or IBC site classifications

Seismic interpretation 4

In addition to calculating the average Vs as described in Section 6.3.8, 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.]
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Once Show UBC or IBC site classifications is selected, the average Vs is calculated and
displayed with the associated site class (Table 6).

-

Wavelq

-,

' AYS = 235,83 m/s.
LI

Site classfication is Class D,

Table 6. UBC/IBC Site Classifications

Site class  Soil type UBC V30 IBC V100

Class A hard rock V30 > 1,500 m/s V100 > 5,000 ft/s

Class B rock 760 < V30 < 1500 m/s 2,500 < V100 < 5,000 ft/s

Class C very dense soil, 360 < V30 < 760 m/s 1,200 < V100 < 2,500 ft/s
soft rock

Class D stiff soil 180 < V30 < 360 m/s 600 < V100 < 1,200 ft/s

Class E soft soil V30 < 180 m/s V100 < 600 ft/s

Class F soils requiring site Non-applicable Non-applicable

specific evaluation

Calculating traveltime and Seismic interpretation are not active at this time.
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6.5.6 Velocity Model Menu: Advanced Options: Truncate Min and Max
Velocity and Horizontal Average (2D)

Advanced options » Fix %P and density
WP and W5 relationship
M and W3 relationship

Inkerpretation 4

Truncake min, and mazx, wvelocity
Horizonkal average( 200

To set a minimum and maximum velocity for a given velocity model, select Truncate
min. and max. velocity. The Min. velocity and Max. velocity reported are the actual
minimum and maximum velocities for the current model. (Although m or ft is shown as
the unit label, the values are actually velocities with the unit label of m/s or ft/s,
respectively.)

F = =]

Min. and max. velocity

Iin. velocity fil 450 - oK
Ilae. welocity 138 E17 m Cancel

S-velocity (m/=)

n.o 1n0.n 200.0 300.0
n.a

20.0

(m}

30.0

40.0

Depth

50.0

a0.0

S-velocity model
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To set new boundaries, enter new values as desired and click 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.

Min. and max. velocity
Iin. welocity 100 n OF
Ilae. welocity 200 » Cancel

g-velocity (m/=)

0.o 100.0 200.0 300.0
0.a

10.0

20.0

{m)

30.0

40.0

Depth

SO0 (R e SRR

60.0 * :
g-velocity model

Typically, Truncate min. and max. velocity is used when building an initial model from
scratch.
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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) with horizontal variation is
converted to a simplified, horizontally uniform model (shown on right).

(M) aurface-wave method 2&?) gurface-wave method
200 - e
0o S-velocity 0.0 g-velocity
198.41 195.41
200 H - 133,93 200 + — 184.30
=] 169.54 = 170.18
£.400 155.10 5,400 156.07
8 140.66 8 141.95
60.0 126.22 G0 127.34
111.79 11372
20.0 9735 30.0 99 61
52.91 3549
100.0 — 8847 100.0 7138
0.0 100 200 300 40.0 500 6on 700 @ imfsec) 00 100 200 300 400 500 A00 700  (m/sec)
. (m) ) (m)
Distance gcale = 1/1000 Distance

gcale = 171000

6.6 MASW (1D) Menu

The MASW (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 initial model 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.

MASWEIDNI]  MASWZD0(T)

Initial model
Inversion
Comparison

Shaow welociky madel

Modeling 100
Calculating waveforms  #

Advanced options r

The Advanced options are not available at this time.
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6.6.1 MASW (1D) Menu: Initial Model

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.

F = = |

Initial model for inversion .%

0]

Cancel

Abranced roenu

Depth = =0 T
#of layer = IT
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Clicking on Advanced menu reveals the rest of the parameters with default values.

Typically, none of these settings need to be changed.

-~

Initial model for inversion

-

" Linear rodel
OK
(" Hornogereous model
Carirel
{+ Baged on depth corsersion result e
™ Use MNovale Lucheaniced menn

Depth= IT il
foflyer= 15

Minvel= |75k
5 e

Il wel.

Layer thickness

(" Identical
{v Variahle
For variahle layers

Larer thickress gradient 0.5
Bottorm layer ranltiplier 3

{~ Based on M-walue

[ Use asswmption that welocity is increasing with depth
[ Lpply horzontal interpolation

Water table = |0 m
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Initial models are calculated 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.

0.0

0.0

20.0

30.0

Depth (m)

40.0

0.0

S-velocity (m/=)

100.0 200.0 3000

g-velocity 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) 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) has
no velocity variation with depth; the Minimum and Maximum velocity have the same

W) . .
value. The Show apparent velocity model ﬂ button overlay provides a visual
comparison of the Based on depth conversion result model with the Linear model and the

Homogeneous model.
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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, Open N-value file. If it is not open, you will be notified. Click
OK, open the N-value file, and then come back to /nitial model.

WavekEq

L] "_-. Mo M-value data
[ ]

Layer thickness applies to all models. Selecting Identical sets all layers equal in
thickness. By default, the layer thickness is set to Variable, and thus, layers increase 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, Open N-value file.

To disallow velocity inversions in the final Vs model, check Use assumption that velocity
is increasing with depth. 1t 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, is it 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 back to the default values each
time the dialog box is opened.
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6.6.2 MASW (1D) Menu: Inversion and Inversion with N

6.6.2.1 MASW (1D) Menu: Inversion

To calculate the V; curve that best matches the observed data, select /nversion. The
mathematical process is based on the Least-Squares Method and simply stated, iteratively
modifies the initial model to minimize the difference from the observed data. After
running through a number of iterations, the modified initial model is output as the final

model. Refer to Hayashi (2003) for a complete explanation.

Upon selecting Inversion, the Least Squares Method dialog box shows the Iteration

parameter with a default value of 5.

Least Square Method

-

5

Iteration =

Ok

Canizel

Abranced menn
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Iteration is the number of times the initial model 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 flowchart below.

Dispersion
curve

v

Initial model

Observed and Forward modeling Modified model
calculated data

*

Modified vector

Matrix inversion

Jacobian matrix

Partial differential

A 4

@@ Iteration

Yes

Analysis result

\ 4
Residual

The default /zeration value of 10 is suitable for most cases. Increasing the lteration value
may occasionally be necessary; this will allow the process additional attempts to
minimize the mismatch between the initial model and the observed data.

Upon clicking OK, the inversion process begins and the error in velocity (m/s or ft/s) and
percent (%) is displayed. The error should decrease after each iteration and the final error
should be less than about 5% but will depend on the dataset.

Mon-linear least square method ! calculating derivative for 1 !ompleted
lteration=0 RMS=36.978845 m/s [13.913927%) -ccity (m/s=)
lteration=1 RM53=29,371461 mfs [8.762567%8) 50 spppn 25000 30000
lteration=2 RMS=24.046611 m{s (7.039501%) __ : :

lteration=3 RMS=19.093178 m/s (5.559619%)

lteration=4 RMS=15.085287 m/s (4.402213%] | | |
T [ — HE— T S A
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Once the inversion is complete, click OK.

-,

rWﬂveEq

L] E Inversion complete,
L

The final error value is saved to a file called RMSE.zxt in the dataset directory.

Wawvekq

L] E RMSE error has been saved in 'RMSE. bt
L

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 corrected if necessary before running the process again.
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Clicking on Advanced menu reveals the rest of the parameters with default values.
Typically, none of these settings need to be changed.

P -1

Least Square Method
Iteration = 3 DK
Alpha = 03 Canicel
_ 1
Beta = Libranced merm
8= 001

Begularization = 0.5

Constraint

[~ Yes Dlinwel= |75 s
Dilax. wel= | 215 Tz

[ Weighting for quality
| Robust estiration
[ Eleep first layer welocity

[ Save moatro mforration

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 is 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
of the layers would be artificially similar if excessive smoothing was applied.
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The values for Alpha, Beta, e, and Regularization rarely need to be changed. Illogical
values for these parameters will cause erroneous results.

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 error. 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 back to the default
values each time WaveEq is opened.

6.6.2.2 MASW (1D) Menu: Inversion with N

If N-values are used to construct the initial model, select Inversion with N instead of
Inversion. The Least Square Method dialog box settings are the same as those explained
in Section 6.6.2.1, except that the default value for £ equals 0.1 and for Regularization
equals 0.5.

6.6.3 MASW (1D) Menu: Comparison or Calculate Theoretical Dispersion
Curves ﬂ

To calculate and overlay a theoretical dispersion curve over an observed dispersion

curve, select Comparison or click the Calculate theoretical dispersion curves E button.
The calculated curve is shown as a black line. To remove the calculated dispersion curve
from the display, unclick the Calculate theoretical dispersion curves button.

: VS
6.6.4 MASW (1D) Menu: Show Velocity Model 1

To toggle to the velocity model display from the dispersion curve display, select Show
. Vs
velocity model or click the Show velocity model 1| button.
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6.6.5 MASW (1D) Menu: Modeling (1D) or Creating a New Velocity Model
for Modeling |£|

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 click the Creating a new velocity model for modeling |E| button.

10 model
Depth of model= a5 il L
Caneel
Freuency

4.5 ta 30 Hz
Mureber of frequency = | a0

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 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. Upon clicking OK, the following
homogeneous model appears; the associated dispersion curve does not yet exist.

Seislmager/SW Manual 6 — The WaveEq Module Functions
Version 3.0, October 2009 Page 271 of 314



S-velocity (m/s)
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g-velocity model

To modify the velocity model, click the Correct velocity model by 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/=)

0.0 2000 4000 a00.0 g00.0 1000.0

0.0
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g-velocity model
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Position the rest of the layers and set the water table if desired.

S-velocity (m/=)

0.0 2000 4000 a00.0 g00.0 1000.0
0.o

5.0
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(m}

150 forreecs TN U B S S—

Depth

WO [ o R S

25.0

g-velocity model

Refer to Section 6.6.6 to continue modeling by simulating a survey and generating a
dispersion curve.

6.6.6 MASW (1D) Menu: Calculating Waveforms, Discrete Wave-number
Method (3D)

Zalculating waveforms  *

o Discrete wave-number method{300
Once a synthetic velocity model exists, to calculate the dispersion curve, first a synthetic
waveform file must be generated. Only active source waveform files can be simulated.
To generate the waveform file, select Calculating waveforms, Discrete wave-number
method (3D). The DWM parameters dialog box settings determine how the waveform
record is calculated.
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DWHM parameters

Data length = ’17 » 0K
Muroher of saraples = 128 Cancel
Periodicity length ranltiplier = E

First recerer distance = ’17 " Diefault
Fecefver sparing = 1 "

Muroher of recerers = 24

Sorce depth = 0.5 -

Epsilon = 0,001

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 intensive.

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 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 back to the default values, click Default.
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Click OK and the corresponding waveform file is calculated and automatically displayed
in Pickwin.

Bource= 0.0m Time (msec)
0 z00 400 GO0 500 1000 1200

21

Distance(m)

26 Trigger

wanveform_data_Dvhi.Bhd

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 FPhase velocity (misec)
0 200 400 g00 800 1000

) | | |

Frequency(HzZ)

Dispersion curve - wawveform_data_D'wWha.8hd

Import the dispersion curve picks into WaveEq, set-up an initial model, and run the
inversion. Refer to Section 6.10.7 for explanation of additional modeling functions.
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6.7 MASW (2D) Menu

The MASW (2D) menu includes functions for calculating an initial model for a 2D dataset
and running the inversion to find the best fit of the initial model with the observed data.
For purchases of Seisimager/SW-1D, this menu is not active.

MASWZDNT) Options  Help(H)

Show 20 velocity model <launches GeoPlot >

Initial model
Inversion (20:all daka)
Inversion {with M)

Calculake RMS Faor all daka

Advanced options ¥

The Advanced options are not available at this time.

6.7.1 MASW (2D) Menu: Show 2D Velocity Model

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 for more
information on setting display parameters in GeoPlot.

6.7.2 MASW (2D) Menu: Initial Model

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 /nitial model. The Initial model for inversion dialog box
settings are the same as those explained in Section 6.6.1 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.

6.7.3 MASW (2D) Menu: Inversion (2D: All Data) and Inversion (with N)

The Inversion (2D: 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 Izeration 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.
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6.7.3.1  MASW (2D) Menu: Inversion (2D: All Data)

To calculate the V; cross-section that best matches the observed data, select Inversion
(2D: All Data). The Least Square Method dialog box settings are the same as those
explained in Section 6.6.2.1, except that the default value for £ equals 0.1 and for
Regularization equals 0.5.

6.7.3.2 MASW (2D) Menu: Inversion (with N)

If N-values are used to construct the initial model, select Inversion (with N) instead of
Inversion (2D: All Data). The Least Square Method dialog box settings are the same as
those explained in Section 6.6.2.1, except that the default value for £ equals 0.1 and for
Regularization equals 0.5.

6.7.4 MASW (2D) Menu: Calculate RMS for All Data

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 percent (%). It is preferable for the
error to be less than about 15%, but it will depend on the dataset.

-

rWaveEq

! '-_., RMSE=45,3523580m/s 13,327635%
L]

6.8 Options

The Options menu includes program controls and display settings.

Cptions(0] | HelpiH)

Dirnension size

feet and ftlsec
Japanese

Advanced opkions  #

6.8.1 Options: Dimension Size

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 click OK.

Fs S

Hmension size :‘:

OE

WARHMING: The default program dirnensions may be increased; howeseer, srour PO
roeraoty oy be meufficient for larzer direensions. ¥ou may enconnter an exror next
tiree w0ty to open the prograra and the dirensions will need to be reduced.

To reduce the dimensions, press the Shaft key when double-clicking the program
icon feopsult the manual for full detala).

Fresent size Ivlacarmurn

Ivlacdreurn dispersion curves |251 |2I:|I:|1

[ Change dimension size
Password for upgrade

Vour kesrword is yipghwa?

Click OK and restart the program.

Wavelq

'T Memory size has been changed!
L

Flease 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 Seislmager Registration program instead.

6.8.2 Options: Meters and m/sec and Feet and ft/sec

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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6.8.3 Options: Japanese

The program language can be converted between English and Japanese. To convert from
English, check Japanese. Obviously, this is not recommended unless you want to use the
software in Japanese and have the necessary version of Windows. If symbols appear in
various places, it is likely that the language is not set to English and Windows is unable
to render the program in Japanese.

6.8.4 Options: Advanced Options: Reverse Y-Axis Text for Clipboard Copy

Advanced options ¥

Layered model analysis *

Reverse ¥ axis bext for clipboard copy

Layered model analysis 1s not active at this time.
Reverse Y-axis text for clipboard copy controls how the label for the vertical axis appears
when the Edit menu, Copy to clipboard is selected. If Reverse Y-axis text for clipboard

copy is selected, the vertical axis label appears written top to bottom. If not selected (the
default), the vertical axis label appears written bottom to top.

6.9 Help E

Help(H
Wersion info. (W aweEq) (A, ..

The Help menu or Version info E button reports the software version information.

Version info.(WaveEq)

WanveEn Version 2.07 0]:4

Eﬁ,ﬁ Copyright (€ 2004

Dlarr. 192005
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6.10 Button Bar Functions

The WaveEq button bar functions not already discussed in association with specific menu
functions are explained in this section.

6.10.1 Button Bar: Enlarge Waveform Amplitude ﬂ and Reduce Waveform
Amplitude|i|

The Enlarge waveform amplitude and Reduce waveform amplitude buttons have no
meaning in WaveEq.

6.10.2 Button Bar: Reduce Horizontal Scale |S| and Enlarge Horizontal

Scale |2|

To reduce or enlarge the horizontal scale of plots of dispersion curves, geometry, and
velocity models, click the Reduce horizontal scale and Enlarge horizontal scale buttons.
The associated keyboard shortcuts are the left arrow and right arrow keys, respectively.

6.10.3 Button Bar: Enlarge Vertical Scale I!I and Reduce Vertical Scale |!|
To enlarge or reduce the vertical scale of plots of dispersion curves, geometry, and

velocity models, click the Enlarge vertical scale and Reduce vertical scale buttons. The
associated keyboard shortcuts are the up arrow and down arrow keys, respectively.

6.10.4 Button Bar: Show Previous Iil and Show Next ILI
To scroll through individual dispersion curves or velocity models, click 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.

6.10.5 Button Bar: Home |i| and End |£|

To jump to the first or last of a set of dispersion curves or velocity models, click the
Home and End buttons.
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6.10.6 Button Bar: Calculate Theoretical Dispersion Curve by Fundamental
Mode LF#!

The Calculate theoretical dispersion curve by fundamental mode button toggles off
Calculate theoretical dispersion curve by harmonic mode.

6.10.7 Button Bar: Calculate Theoretical Dispersion Curve by Harmonic

Mode M

For synthetic modeling, in the dispersion curve view, higher modes can be modeled by
first clicking on the Calculate theoretical dispersion curve by higher mode button, then

clicking on the Calculate theoretical dispersion curves E 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.

Frequency (Hz)

oo 0.0 200 30.0 40.0
6000 e e

s00.0

400.0 Q‘gﬁ\ﬂ

300.0 - \5%8\
200.0 . \"un%

Phase-velocity im/s)

Loo.a

0.0

Disper=sion curve : waveform data DWM_000.8hd

To toggle off the higher mode dispersion curves, click the Calculate theoretical
dispersion curves button again. To return to the fundamental mode, click the Calculate

theoretical dispersion curve by fundamental mode It putton.
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6.10.8 Button Bar: Select Dispersion Curve| L3 and Correct Dispersion

Curve |£|

The Select dispersion curve and Correct dispersion curve buttons can be used for point-

based editing. To reverse any changes, click on the Undo Iﬂl button.

Click on 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.

Frequency (Hz)
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- |
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q 00 — data points
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:Ib e
o 100.0
m
i
[T}
50.0
0.0

Dispersion curve :

When done selecting points, hit the Delete key or select the Edit menu, Delete. If you
change your mind and do not want to delete the selected points, click 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, click the Correct dispersion curve button. Click the left mouse
button 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 clicked after any deletion or repositioning to reverse the effect.

Seislmager/SW Manual 6 — The WaveEq Module Functions
Version 3.0, October 2009 Page 282 of 314



7 — Basic Processing Flows

The basic processing flows for 1D MASW, MAM, and 2D MASW datasets are
summarized in this section. In Sections 7.1, 7.2, and 7.3, the functions automatically run
by the wizard are listed in order, with exceptions noted. Section 7.3.1 describes the
processing flow to individually edit 2D MASW dispersion curves in the Pickwin phase
velocity-frequency plot view.

7.1 Active Source 1D MASW

1. In Pickwin, open a waveform file.

File (F} Edit/Display (E}  Wiew (%) Pick First arriv.

Dpen SEGE file
Save SEGE file

Cpen SEGZ file (SmartSeis)

Cpen McSeis-3 file

Oipen YO 160MY (SEG LY File

Cpen synkhetic wavefarm (.8hd) File

Save pick file

Prink windowy display (F)... Ckrl+P
Prink preswiew (W)
Page setup (R)...

aroup (File liskiE) k
Options k

1 sxkat00l,sg2
Z sxlb0z01 .50z

Exit (%)
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2. In Pickwin, set the unit labels to meters or feet by selecting the Edit/Display menu,
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 used last.)

Edit/Display (E)  Miews ) Pick First arriwals (PY  Surf,

Exit edit mode

Seleck krace
Select all traces
Selected traces r

Time shift kraces
Correct shok kime
Automatic shift
Carreck S-wave

Filter 3
Truncake traces (shorken record length) 3
Resample data r

Edit sourcefreceiver locations

Alternatively, the unit labels may be set by selecting the Options menu, meters and m/sec
or feet and ft/sec.

Cpkions (20 Help (H)

Dirmension size

Feet and Ftfsec
v English
Menu type 3

3. In Pickwin, calculate phase velocity.

Surface-wave analysis (53 Options (00 Help (H)

Phase welocity-frequency transformation Chrl4+D

Upon viewing the phase velocity-frequency plot, if the calculation parameters need to be
changed, click the Undo button and re-run the process. (This is not an automatic part of
the wizard.)
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4. In Pickwin, pick the dispersion curve.
Surface-wave analysis (53 Options (00 Help (H)

Pick phase velocity (107
Show phase velocity curve (100 <launches WaveEq >

5. In Pickwin, import the picks into WaveEq.
Surface-wave analysis (5] Options (0 Help (H)

Pick phase welocity (100
Showe phase welociky curve (100 <launches WaveEqg =

6. In WaveEq, edit the dispersion curve.

Dispersion curves(D) | Yelocity model(M)

Smioathing (individual curves)

Delete picks by value
Delete picks outside of gate (%)
Delete picks between gate (E}

Delete low quality data
Delete higher mode

Advanced options k
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7. In WaveEq, calculate the initial model.

MASMELDNIY  MASWIZDIT)

Initial model
Inversion
omparison

Shio welocity rodel

Modeling{10)
Calculating wawvefarms  »

Advanced options *

8. In WaveEq, run the inversion.

MASWELDNTY  MASWZDNT)

Initial model
Irversion
Comparisan

Shaw welocity madel

Modeling{ 10
Calculating waveforms  »

Advanced options r
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7.2 Passive Source MAM

1. In Pickwin, make a list of the waveform files in the dataset.

File (F1 Edit/Display (E]  Wiew (W) Pick first arrivals (P)  Surface-wave analysis (5

Open SE2 File |rv|¥-ﬁ.,« cL|Ho |%

Save SEGZ file

Open SEG2 File (SmarkSeis)

Open McSeis-3 file

Open OYO 160MX (SEG1) file

Open synthetic waveform {,8hd) file

Save pick File

Prink windaw display (F)... Ckrl+P

Prink preview (W)

Page setup (R...

Group (File [isk(E) 4 Make file list
] Cpen File lisk

Options

1 sxkar001, 502
2 sxlbD201 592

Exit (1)
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2. In Pickwin, set the unit labels to meters or feet by selecting the Edit/Display menu,
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 used last.)

Edit/Display (E)  Miews ) Pick First arriwals (PY  Surf,

Exit edit mode

Seleck krace
Select all traces
Selected traces r

Time shift kraces
Correct shok kime
Automatic shift
Carreck S-wave

Filter 3
Truncake traces (shorken record length) 3
Resample data r

Edit sourcefreceiver locations

Alternatively, the unit labels may be set by selecting the Options menu, meters and m/sec
or feet and ft/sec.

Cpkions (20 Help (H)

Dirmension size

Feet and Ftfsec

v English
Menu type b

3. In Pickwin, run the spatial autocorrelation.

Surface-wave analysis (53 Options (0 Help (H)

Phase welocity-frequency transformation Chel+D

2D Spatial aukocaorrelation
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4. In Pickwin, calculate phase velocity.

Surface-wave analysis (53 Options (0 Help (H)

Phase welocity-frequency transformation

2D Spatial aukocaorrelation

Upon viewing the phase velocity-frequency plot, if the calculation parameters need to be
changed, click 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 (53 Options (200 Help (H)

Pick phase welocity (107
Show phase velocity curve (100 <launches WaveEq >

2D Spatial aukacarrelation

6. In Pickwin, import the picks into WaveEq.

Surface-wave analysis (5] Options (0 Help (H)

Pick phase velocity (10
Show phase velociky curve (100 <launches WaveEg=

20 Spatial autocorrelation
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7. In WaveEq, edit the dispersion curve.

Dispersion curves(D) | Yelocity model(M)

Smioathing (individual curves)

Delete picks by value
Delete picks outside of gate  (¥)
Delete picks between gate (E}

Delete low quality data
Delete higher mode

Advanced options »

8. In WaveEq, calculate the initial model.

MASWELDNTY  MASWZDNT)

Initial rodel
Irversion
Comparisan

Shaw welocity madel

Modeling{ 10
Calculating waveforms  »

Advanced options r

9. In WaveEq, run the inversion.

MASMELDNIY  MASWIZDIT)

Initial model
Inversion
Camparison

Shiows welocity rodel

Modeling{10)
Calculating waweforms  »

Advanced options *

Seislmager/SW Manual 7 — Basic Processing Flows
Version 3.0, October 2009 Page 290 of 314



7.3 Active Source 2D MASW

1. In Pickwin, make a list of waveform files in the dataset.

File (F1 Edit/Display (E]  Wiew (W) Pick first arrivals (P)  Surface-wave analysis (5

Open SE2 File |rv|¥-ﬁ.,« cL|Ho |%

Save SEGZ file

Open SEG2 File (SmarkSeis)

Open McSeis-3 file

Open OYO 160MX (SEG1) file

Open synthetic waveform {,8hd) file

Save pick File

Prink windaw display (F)... Ckrl+P

Prink preview (W)

Page setup (R...

Group (File [isk(E) 4 Make file list
] Cpen File lisk

Options

1 sxkar001, 502
2 sxlbD201 592

Exit (1)
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2. In Pickwin, set the unit labels to meters or feet by selecting the Edit/Display menu,
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 used last.)

Edit/Display (E)  Miews ) Pick First arriwals (PY  Surf,

Exit edit mode

Seleck krace
Select all traces
Selected traces r

Time shift kraces
Correct shok kime
Automatic shift
Carreck S-wave

Filter 3
Truncake traces (shorken record length) 3
Resample data r

Edit sourcefreceiver locations

Alternatively, the unit labels may be set by selecting the Options menu, meters and m/sec
or feet and ft/sec.

Cpkions (20 Help (H)

Dirmension size

Feet and Ftfsec

v English
Menu type b
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3. In Pickwin, save the file list for future use.

File (F} Edit/Display (E) Miew (M) Pick first arrivals (P1  Surface-wave analysis (5

Cpen SEGZ file
Save SEGZ file

A4 Ay 5B MBI F |

Cpen SEGZ file (SmarkSeis)

Open McSeis-3 file

Open OYO 160MY (SEG1) File

Dpen synthetic waveform §,8hd) File

Save pick File

Prink windaw display (F)... Ckrl+P
Print preview (W)
Page setup (...

rake File lisk

Cpen File lisk

Save file liskibexk)

Save file list(xML)

Shiow File lisk(F Ckrl+F

Group (File lisk iG] r
Options k

1 sxkaf001,502
2 sylbD201 .52

Exit (3 Set up geometry

4. In Pickwin, set up the source-receiver geometry.

File {F) Edit/Display (E)  Wiew ()  Pick first arrivals (P} Surface-wave analysis (3

Open SEGZ file
Save SEGZ file

A4 A SE N[ F | 1

Dpen SEGE file {(SmartSeis)

Open McSeis-3 file

Oipen Y0 160MY (SEGLY File

Cpen synkhetic waveform (8hd) File

Save pick File

Print window display (F...
Prink preview (Y]
Page setup (R)...

aroup (File lisk iG]
Options

1 sxkag00l,sq2
2 sxlb0z01 502

Exit (%)
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Make File lisk

Cpen File lisk

Save file lisk{bext)

Save file lisk{xML)

Shiow file lisk{F) Ckrl+F

Set up geomekry
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5. In Pickwin, calculate and assemble the CMP cross-correlation gathers.

Surface-wave analysis (53 Option () Help (H)

Phase welocity-frequency transformation Chel4+D

Make CMP gather files (2D
Phase welocity-frequency transformation and picking (207

2D Spatial aukocarrelation

6. In Pickwin, calculate phase velocity for the CMP cross-correlation gathers and
automatically pick the dispersion curves.

Surface-wave analysis (53 Option (2 Help (H)

Phase welocity-frequency transformation Chel+D

Make CMP gather Files (2D}
Phase welocity-frequency transformation and picking (200
Show phase velociky curves (200 <launches WaveEqQ:

2D Spatial aukocaorrelation

7. In Pickwin, import the dispersion curves into WaveEq.

Surface-wave analysis (51 Opkion (00 Help (H)

Phase velocity-frequency transformation Chrl+D

Make CMP gather files (200
Phase welocity-frequency transformation and picking (207
Show phase velaciky curves (2D) <launches WaveEqQ >

20 Spatial autocorrelation

8. In WaveEq, calculate the initial model.

MASMICZDNT)  Options{0)  HelpiH)

Initial model

Advanced options »
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9. In GeoPlot, view the initial model.
MASMEZDNT)  Cptions{0)  HelpiH)
Shaow 20 velacity model <launches GeoPlak =

Initial model
Inversion (20:all data)

Calculake RIS Faor all data

Advanced opkions »

10. In WaveEq, run the inversion.
MASWIZDNT) Opkions{Q)  Help(H)
Show 20 velocity model <launches GeoPlot

Initial model
Inversion (204l daka)

Calculate RMS Far all data

Advanced options »

11. In GeoPlot, view the final model.

MASMEZDNT)  Cptions{0)  HelpiH)
Shaow 20 velacity model <launches GeoPlak =

Initial model
Inversion (20:all data)

Calculake RIS Faor all data

Advanced opkions »

7.3.1 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 in Section 7.3.
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1. In Pickwin, click the Geometry ﬂ button to display the geometry view. Use the

Show previous waveform 4 and Show next waveform | ¥ buttons to select the CMP
cross-correlation gather for which you want to view and edit its dispersion curve.

1.0 Spacing (m) 21.0
| |
D—QOOO""
= D00 00 oo s -
= & 00 0 @SS ese
o D0 000 DE 000 ooa 000 - .
% D0 000 D00 e0aae00000 00
=] D0 000 D000 Sae 00000000
8 D0 000D D000 0ae 00000000
'l D00 00 D000 0eee 00000
= [eRR St R R ¢ R B¢ ¢ R & R B ¥ & -
o oo e oo : & -
m daececeeeo - - - - R+

2. Click 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 (51 Opkion (20 Help (H)

Phase velocity-frequency transFormation Chrl+D

Make CMP gather files (200
Phase welocity-frequency transformation and picking (200
Showw phase velociky curves (200 <launches WaveEq >

20 Spatial autocorrelation
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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 of Section 7.3. 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 Phaze velocity (m/zec)

i 100 200 300 400 500

(Hz)

Frequency
ca

Dispersion curve : cmp_002200.sg2

Adjust the dispersion curve picks as desired and use the Update | X button to register the
new picks.

Bource= 7.0m Phasze velocity (m/sec)

i 10 200 300 400 500

(Hz)
d
Tf-

Frequency
IS
li

R —-
24 = e
26 - . —
% -
30
Dispersion curve : cmp 002200.sgZ2

5. To edit other dispersion curves, repeat the process from Step 1.
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6. Once editing is complete, save the revised dispersion curves.

File (FY Edit/Display (E)  Wiew (M) Pick First arriv.

Cpen SEGZ file
Save SEGZ file

Cpen SEGZ file (SmarkSeis)

Open McSeis-3 file

Open OYO 160MY (SEG1) File

Dpen synthetic waveform §,8hd) File

Cpen pick, file
Save pick File

Prink windaw display (F)... Ckrl+P
Print preview (W)
Page setup (...

Group (File lisk)iE) 4
Options k

1 sxkaf001,502
2 sylbD201 .52

Exit (%)

7. Import the revised dispersion curves into WaveEg.

Surface-wave analysis (31 Option (2 Help (H)

Phase welocity-frequency transformation Chel4+D

Make CMP gather files (200
Phase welocity-frequency transformation and picking (200
Show phase velociky curves (ZD) <launches WaveEq >

2D Spatial aukacarrelation
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As an alternative, the saved dispersion curve file can be opened in WaveEq.

FilelF) Edit(E) Wiew) Dispersion curves(Dl  Yelociby m

Cpen 10 phase velocity curve filed, rst)
Cpen 20 phase velociky curve filed, pys)

Print{F}... k4P
Prink preview
Page sk up(R)...

Advanced options »

Exit(x)
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8 — Examples

8.1 Active Source Waveform Data

8.1.1 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 also waiting for a quieter recording period,
would probably help.

Bource=25 0ft Time(msec)
0 200 400 0] 800 1000 1200 1400 1600 1800 2000 2200
5D Mt
_q,t’ ,_.-—--_._—__-—-.._F—-.,,.---_._ R
e
70 . fl I S o -
'l“l y MM“MW%W‘:&J—”—W—W‘
Ny Y N T " o Ry P g
% 90 i!-l[‘:l'h : o e T e [
v AR MR S B A
A ”“.“:M\"’! VV"\/ :@ V \%M\‘ V
: SR MR
; Var VYV e v
O 180 ,\.\‘V‘VVV o 3
FsiiM 36
A AR AR

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.

Bource=320.0ft Time(msec)
0 200 400 600 a00 1000 1200 1400 1600 1800 2000 2200
0
50
1
E=S R N e Ea P P, B
@ S N [
o 150
c N S e
p I
- z00
T 1
. 250 M - or— ]
u\Hru—-_-—n_-L--..-——.-—-._.-————,_._-—-_..u—
300
Trigger
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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

Distance ()

]

Time{msec)
300

400

500

600

8.1.2 Higher Quality

The shot record below displays high signal-to-noise ratio, no clipped traces, and
coherency from trace-to-trace.

Source= -0.5m

Distance(m)

I

Time(msec)

200 400 600 aa0 1000 1200
Y Ay
_ A 1“‘1':1 .
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s |, e
Y A A -
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e
e
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— A4/ e S e
Trigqger v

sxkj7003_1.502
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8.2

Passive Source Waveform Data

8.2.1 Lower Quality

The record below shows wide variation in trace amplitude from trace-to-trace.

Source=-35 0ft Time{msec)
a L] 15000 20000 26000 30000 35000
RS
Z 140 S J i L - ] —
@ i i
o 6D P S e . :
= I st *
ZB0
w
= o
o 4D
GEO e
Trigger
1.04T
Upon viewing the spectrum, it is clear that the frequency content is uneven.
Source=-35.0ft Frequency (Hz)
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A similar condition is evident in this record and associated frequency spectrum.

Source= 0.0ft Time(msec)
0 5000 10000 15000 20000 25000 30000 35000
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In this record, the traces are similar to each other, but over time, there is wide range in
amplitude.

Source= 0.0ft Time (msec)
1] 5000 10000 15000 20000 25000 30000 35000
120
10 AP A O O B
50 I
180 i 4
&= <o iy m TR
o 220 - \ i .
2 2 b F .
SR 11 B ’
2 oean - MM’N "
320 i mmm
340 “u“
Trigger
3005 dat

The spectrum shows fairly consistent frequency content from trace-to-trace, but not as
tight as it could be.

Source= 0.0ft Frequency (Hz)
i 2 4 B ] 10 12 14 16
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8.2.2 Higher Quality
The record below is ideal showing even signal amplitude from trace-to-trace and in time.

Source= 0.0m Time{msec)
0 5000 10000 15000 2000a 25000 30000 35000

piie i i
i R
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The corresponding frequency spectrum shows the energy contained in a neat envelope
from approximately 2 to 7 Hz.

Source= 0.0m Freguency (Hz)
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This record has some intermittent higher-amplitude noise from passing cars (between 21
and 26 seconds).

Hource= 0.0m Time(msec)
1] RO00 10000 15000 20000 26000 30000 35000
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sxaali0b.sg2

The frequency spectrum shows the car noise has relatively little impact on the record
quality since it comprised a relatively short period compared to the total recording time.

Source= 0.0m Freguency (Hz)
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8.3 Dispersion Curves

8.3.1 Characteristics

Dispersion curves are smooth, curved or straight lines.

S-wave velocity structure Dispersion curve
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Dispersion curves reflect the average velocity model beneath the geophone spread.
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Only the Rayleigh wave fundamental mode is used for analysis, although higher modes
are present and often visible.

Fundamental mode ] ) ) )
0 Woodwoop o aw o osw s A0 0 Dispersion curve including

‘ ' ‘ ' ‘ ‘ ' ‘ noise and higher mode
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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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8.3.2 Comparison of data from ground with variable stiffness
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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.

Seislmager/SW Manual
Version 3.0, October 2009 Page 314 of 314



