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1 Introduction

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

Read in and display your data.

Control how your data is displayed.

Make changes/corrections to your data files and save them.
Calculate and edit dispersion curves.

Invert your data for a one-dimensional shear wave velocity profile.
Output the results in tabulated and graphical form.

SeisImager is the master program that consists of three modules for surface wave and
refraction data analysis. The individual modules are PickwinTM, PlotrefaTM, and
WaveEq™. Pickwin and WaveEq are used for surface wave data analysis and make up
the program called SeisImager/SW. Pickwin and Plotrefa are used for refraction data
analysis and make up the program called SeisImager/2D™. A separate manual exists for
SeisImager/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.

XX Section 2 of this manual describes the software installation process, Section 3
describes the process of data collection, Sections 4, 5, 6, and 7 describe how to process
data, 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
micro-tremor 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. Please 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 for
download on our ftp site (ftp://geom.geometrics.com/pub/seismic/SeisImager/). 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@mail.geometrics.com with any
comments you might have.

Note: All screens in this manual were captured in Windows XP Home Edition. If you are
running a different version of Windows, some dialog boxes may look slightly different
than they appear here.



2 Installing the Software

Insert the SeisImager CD, click on My Computer, click on the CD icon, and then double-
click on file named SeisImager e wt.msi.

LI == %)
File  Edit View Favorites  Tools  Help ﬂ‘
Address (=) FiY | aGo
() Back ~ 9 D search Folders x ) -
Mame Size | Type Date Modified Location
Files Currently on the CD
o} File Folder 1152005 6:41 PM Files Currently on the €D
|ChRefraction_Example_Data File Folder 1f29/2004 2:20 PM Files Currenthy on the CD
|2 SeisImager2D_Manual File Folder 1/18/2005 7:24 PM Files Currently on the CD
| SeisImagershw'_Manual File Folder 1/18/2005 6:41 PM Files Currently on the CD
| 5urface_Wave_Example_Data File Folder 1/18/2005 7:23 PM Files Currently on the CO
I Wo5-95-MT File Falder 1/20/2005 5:30 PM Files Currently on the CD
@Seislmager_e_wt.msi 1,800 KB ‘Windows Installer P, 1/18/2005 6:13 PM Files Currently on the CD
ESeisImager_InstaII_Instructi-:ns_v1 1.pdf 86 KB Adobe Acrobat Doc...  1/18/2005 7:11 PM Files Currently on the CD
*

The Welcome to the SeisImager e Setup Wizard window will appear as follows.

a. Ifyou are presented with the option to “Repair SeisImager e” or “Remove
SeisImager e”, the installer has detected an older version. Select “Remove
SeisImager_e” and click on Finish, then Close after the uninstall is complete.
Double click again on the file SeisImager e wt.msi to install the new version as
described in the next step.

b. Ifan old version is not detected, you will be presented with the installer. Click on
Next, indicate the directory for installation (we recommend you use the default
directory), click on Next, Next, and Close.

Next, you may copy the SeisImager manuals to your hard drive. It will require about 150
Mb. If you want to save hard drive space, you can also use the manuals directly from the
CD. Ifyou decide to copy the manuals to your hard drive, follow these steps.

a. Select the folders SeisImager2D Manual and SeisImagerSW_Manual on the CD
and copy to your hard drive in the location you choose. Note that the
SeisImager2D folder contains avi video clips that must reside in the same location
as the files SeisImager2D Manual vX.X.pdf and
Seislmager2D Examples vX.X.pdf (where X.X is the applicable version

number).

b. You will need Adobe’s freeware program Acrobat Reader to view the manual
files. If you need this program, go to
http://www.adobe.com/products/acrobat/readermain.html to download the latest

version compatible with your operating system




Once the installation is complete, four shortcuts will appear on your desktop. As noted
above, Pickwin and WaveEq comprise SeisImager/SW and the Surface Wave Analysis
Wizard uses Pickwin and WaveEq. SeisImager/2D, the program for refraction data
processing, consists of the modules Pickwin and Plotrefa. All of the icons will be
showing regardless of which program you have purchased. Note that a lite version of
SeisImager/2D comes free with all seismograph purchases, so if you have purchased
SeisImager/SW with a seismograph, you are also entitled to the lite version of
SeisImager/2D. If you do not already have a license of SeisImager/2D, lite or otherwise,
but would like to order a copy, please contact us at seismicsales@mail.geometrics.com.

LN
{PickwiniFick '} Fi'e | s A
First Breaks or; WM MdaveEqiSurfal  Surface Wave!
| Dispersion | iPlotrefalRefral | ce wave Analysis
i Curves) | ichion Analysisii [ Analysis) Wizard

In addition to the icons, you can also run the software from your Start menu.

You are now ready to use SeisImager/SW. Double-click on the Pickwin or Surface Wave
Analysis Wizard icon. Upon startup, you will be prompted to choose a language, click on
“English”. Once selected, this prompt will not appear again.

Pickwin

Select the language |

Ernglish Japatese |

Next, you will be presented with a user code:

Password

Send the ey Word to you sales agent and get the password | OF

Vo keynanord is
| fedfivgdz
Enter the password

Email (seismicsales@mail.geometrics.com) (preferred) or fax (408-954-0902) the user
code, and we will provide you with a password to register your software. Note that
passwords are provided only for the program you have purchased. You will need a
password for both Pickwin and WaveEq for SeisImager/SW. Or if you have launched the




Surface Wave Analysis Wizard, which calls on Pickwin and WaveEq, you will only need
one password.

A general suggestion 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 easy to launch so this is easy to do, and will
help prevent complications when data processing.



3 Data Acquisition

SeisImager/SW includes the functions for two main processing flows, one for analyzing
active source data records and another for passive source data records. Methods for
collecting both data types for input to SeisImager/SW are discussed in this section with
specific set-up instructions for use of the ES-3000, 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 can be derived by inverting 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
(upper 100 meters). There are other types of surface waves (waves that propagate along
the earth’s surface), but for this application we are concerned with the Rayleigh wave,
also known as “ground roll”. Although there are other wave types, the term “surface
wave” when used in the SASW (Spectral Analysis or Surface Waves), MASW (Multi-
channel Analysis of Surface Waves), or MAM (Micro-tremor Array Measurement)
context has come to mean the Raleigh wave.

There are two ways surface waves are generated. “Active source” means that seismic
energy is intentionally generated at a specific location and recording begins when the
source energy is imparted into the ground. This is in contrast to “passive source” or
“micro-tremor” surveying where there is no time break and motion from passive, ambient
energy generated by cultural noise, traffic, factories, wind, wave motion, etc. is recorded.

Surface wave energy decays exponentially with depth beneath the surface. The energy or
amplitude of any particular frequency is dependent on the ratio of depth to wavelength.
Thus, for each frequency, the amplitude decreases by the same factor when the depth
increases by a wavelength. This means that the longer wavelength (longer-period, lower-
frequency) surface waves travel deeper and thus contain more information about deeper
velocity structure and shorter wavelength (shorter-period, 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
active source surface waves resolve the shallower velocity structure and passive source
surface waves sample the deeper velocity structure. Since the shallower section can have
a relatively large impact on the average shear-wave velocity profile, it is important to
sufficiently sample the shallower depths. In SeisImager/SW the results from active and
passive source surveys can be combined to maximize the depth of investigation and yield
a composite high-resolution result over all depths (to the maximum depth of penetration).



3.1  Active Source Data Acquisition

Seismic energy for active source surface wave surveys can be created various ways, but
we recommend using a sledgehammer to impact a striker plate on the ground since it is a
low-cost, readily available item. 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 used for active source MASW surveys. Most
parameters are self-evident, but one setting to consider further is the geophone interval
and resultant spread length.

There is a general rule of thumb that surface waves sample to an approximate depth of
their wavelength divided by two. In surface wave surveying it is assumed that the longest
wavelength that can be sampled is as long as the spread length. When combining active
and passive results, because the passive source survey will be used to sample the greater
depths, the active source survey spread length need not be two times the depth of interest.
To determine the spread length, we suggest that you consider the maximum distance that
source energy propagates and the shallowest depth of interest.

For an active source survey with a 10 to 20-pound sledgehammer, a geophone interval of
5 to 10 feet is suggested. Using a 24-channel seismograph, this would give a spread
length of 115 feet using the 5-foot geophone interval. Applying the one-half-wavelength
rule of thumb, the depth of penetration would be about 58 feet. Depending on the site
materials and conditions, source energy may not strongly propagate to an offset of 115
feet, and stacking may be needed and/or the geophone interval may need to be reduced.
Note that the spread length has more importance on data resolution than geophone
interval. You need to find the balance between signal propagation and maximizing 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 active source survey and would not have passive data to resolve
greater depths, it is recommended that the spread length equal about two times depth of
interest. Additionally, the active source testing can include two (or more) spreads, one
with a shorter and lighter weight hammer and one with a longer spread length and heavier
weight hammer, to sufficiently sample a range of depths.

-10-



Table 1. Active Source Acquisition Parameters

Parameter

Setting

Spread configuration

Spread length

Geophone interval

Total number of
geophones

Geophone type

Shot location

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 data available*

2to3 mor 5 to 10 ft*

16 or more

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 by about 10 to 20% of spread
length; an additional shot located at about 40% of
spread length and reverse shots also recommended

Sledgehammer, 8 Ibs (3.6 kgs), 16 1bs (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 or 1 milliseconds (ms)
1 to 2 seconds (s)

As needed to improve data quality

*also refer to preceding discussion in text

-11 -



3.1.1 Active Source Survey Spread Configuration

SeisImager/SW allows one type of active source spread configuration, linear (Figure 1).
The geophones are configured in a straight line on the ground and interconnected with a
spread cable (black line).

Geophone
, ~_

T I YR Y Y Y Y Y Y T YT T TYT —

\ /

Spread length

Shot location

Figure 1. Schematic of linear active source spread configuration.

3.1.2 Active Source MASW Wizard

To facilitate surface wave data acquisition, the Seismodule Controller Software (SCS),
version 9.10 and above, will include automatic wizards, called Active Source MASW
Wizard and Passive Source MAM Wizard, that walk you through the survey set-up
process and prompt you to set particular parameters. The wizards come standard with the
controller software for the ES-3000 Surface Wave seismograph and are options for the
regular ES-3000 and single Geode seismographs. The wizards are based on dialog boxes
from the standard SCS menus so if you are using an older version or have not purchased
these SCS options, you can simply open the dialog boxes manually. In this section, only
use of wizards for acquisition of surface wave data is discussed. Please refer to the
seismograph manual specific to your instrument for a complete explanation of SCS and
for directions on how to set up the seismograph hardware.

To use the wizards, the first step is to install SCS. Once this is done, launch SCS from
the icon on your desktop, shown below, or from the Start menu under All Programs,
Geometrics, Seismodule Controller.

code and asked for a registration password. Copy and paste the 12-digit code in an email
and send along with the serial number of your seismograph to
seismicsales@mail.geometrics.com. We will reply with a 40-digit registration password.
We recommend email because it is easy to mistype or misspeak the code and registration
password.

-12 -



The first time the software launches you will be prompted to choose which type of survey
wizard to run. If you did not purchase the surface wave wizards, choose to run the
General Start-up Wizard. Even if you have not purchased the MASW Wizards, the
General Start-up Wizard can be used to set your data acquisition parameters for surface
wave surveys. The General Start-up Wizard includes the same dialog boxes plus a few
others compared to the surface wave wizards and uses different default parameters. All
of the dialog boxes shown in the wizards can be accessed through the normal menus in
the acquisition software. Refer to the TIP boxes below for the exact menu paths.

The first dialog box you will see is shown below. Enter a Survey Name pertinent to your
job. You can enter the actual name of your site instead of “Sitel” but we recommend that
you retain the term “Active” to help identify the active source phase of your survey.

What you enter is also used as the name for the survey log that is maintained during your
survey. All software activities, such as parameters set or files written to the hard drive,
during that survey are saved to the survey log. The survey log is a text file that you can
recall at a later time. Click OK when you are done.

Mew Survey Log File

e s [Active_Sitet ok | TIP: Return to this
Carcel dialog box later
Initial Line Mumber |4 L through the

Survey menu.

-13 -



Next, you will be prompted to set the stack options. Stacking is a way to increase the
signal-to-noise ratio by hitting the striker plate repeatedly and adding files together as
they are collected. In many cases, stacking will not be needed, and thus, the Stack Limit
is set to 1. If you are in an urban environment and there is a high level of noise, you can
stack records by hitting the striker plate with the sledgehammer in the same location
multiple times. Note that what is called “noise” in an active source survey is actually
what is recorded during a passive source survey. The benefits of stacking taper off after
~6 stacks. To stack 6 times, enter 6 as the Stack Limit. Click OK when you are done.

Acquisition Stack Parameters

Stack Ewery Shat,
Send, Save Data &nd Clear Memon Only On Stack Limit

Stack Limit 1| TIP: Return to this
dialog box later

through the
Acquisition > Stack
Options menu.

f* Auta Stack [v Stack Polarity Positive

" Replace

[ Dizplay Intermediate Stacks

Auto Save iz OM

k. | Cancel

- 14 -



Next, you will be prompted to set the sample interval and record length. The defaults are
already equal to the recommended settings for active source MASW surveys. Click OK
when you are done.

Acquisition Timing Parameters

Sample [nterval

M ax Length = 32. 768 Sec
Current File Size = 125.00 KB

TIP: Return to this dialog
" B2.500 us Record Len Z See box later through the
Acquisition > Sample
£ 0125 ms Interval/Record Length
" 0.250ms menu.
+ 0,500 ms Delay g Sec
" 1.000 mz
" 2.000 mz

k. | Cancel

The next dialog box allows you to set the Geophone Interval, or distance between each
geophone in the line, and the units you are using. The default is the suggested geophone
interval in English units. Click OK when you are done.

This 15 geophone interval of next file to be written

Geophone Inkeryval | 5| | FEET ﬂ

TIP: Return to this
dialog box later
through the Geom >
Geophone Interval
menu.

Ik | Zancel
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Next, you will be prompted to set up the spread geometry, or coordinates. Note that in
this window, it is recommended to navigate using the keyboard keys and not the mouse.
The up/down arrows will move the cursor between rows and the right/left arrows will
move the cursor between traces.

The way to view this window below the spread graphic is as rows and columns. The
names of the rows are shown on the left hand side and the name of the columns is the
Trace number 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.

The Geophone Interval you entered in the previous dialog box is shown. The default
Shot Coordinate and Geophone Coordinate is zero, but you can set whatever value you
wish corresponding to the desired coordinate system. If you change a value, the change
will ripple through the rest of the coordinates if Ripple is checked (default).

Note that the seismograph is wired so it is always on the “high-side”. In native
configuration, the nearest channel or geophone to the seismograph will always be the
highest channel number. For example, if you have a Geode seismograph with 24
channels, when you have your line set up, the nearest geophone to the Geode will be 24.
(Later in this section you will see how to test which channel is nearest.) Further on this
point, if you want your source location to be off the end nearest the seismograph, you will
need to change the Shot Coordinate value from 0 to the appropriate value greater than the
coordinate of geophone 24.

If you record your data with the wrong geophone interval or shot location compared to
how the equipment was actually positioned during the survey, it can be corrected in

SeisImager/SW, but it is easiest to get it correct here.

The default settings in the other rows, Gain, Use, and Freeze, are fine and require no
adjustment. Click OK when you are done.
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This 15 geometry of next file to be written

Shot coordinate |

0.00
b
A A A A A s i A A A A A A i R i i A & A A A
1 2 3 4 5 6 7 & 89 40 41 12 413 14 15 16 47 18 19 20 21 22 23
Trace 1 2 3 4 5 E
Interval | 800 | BODO | 500 | 500 | 00 TIP: Return to this
Geophone ™“nog [ 500 | 1000 | 1500 | 2000 | 2500 dialog box later
coordinate through the Geom >
Gain | HIGH 35 | HIGH 35 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 35 Group/Shot
Use [ DaTA | DATA | DATA | DATA | DATA | DATA Locations menu.
Freeee | NO | WO | WO | NO | NO | NO
N |
UISE LEFT/RIGHT KEYS SHIFT SHOT POINT BY PHOME INTERVAL
OR ENTER MEW SHOT LOCATION,
PRESS ENTER WHEN DOME.
DOWN KEY FOR PHONE INTERVAL
v Ripple 1]:4 | Cancel It Feet ]
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The next dialog box, called Storage Parameters, in the wizard allows you to set-up how to
save your data files. The Next File Number should be a numerical value; after each save,
the name will automatically increment by one. For the default values, since the active
source survey is considered Line 1, the File Number names start with the 100 series.

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 disk path to save your data, note that you can only create one folder deep. You
can enter the actual name of your site instead of “Sitel” but we recommend that you
retain the term “SW” to help identify the type of survey. Click OK when you are done.

Storage Parameters

Mext File Murnber 1107 [+ Auto Save  Stack Limit |4

Lele Ui SEEE U TIP: Return to this

dialog box later
Iv Save to Disk through the File >
Storage Parameters

Diive . - Path  1D:\Sw_Sitel| -l menu.

Select a path from ligt ar type in name to create a new folder

k. | Cancel
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The Operator Log dialog box allows you to log information specific to your survey. This
is fully customizable with your own Log Items and Descriptions. It is also not necessary
to complete, it is for your records. All entries are saved in the survey log mentioned
earlier. Click OK when you are done.

COperator Log
Log ltem |Client namned
Dezcription |
Log Item Dezcription
Client name
JLI_:uI:u r\rlqumbher TIP: Return to this
ing Murmber dialog box later
Froject Title through the
Observer > Edit
Survey Description
menu.

£ | Iy | 2]
Inzert tove Lp

Delete tove Down Default Template | k. | Cancel |
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The only trigger option to really consider is Arm Mode. The default is Auto for
automatically rearm of the system. This means that the system will automatically return
to an armed state, ready for the next trigger. If you change the setting to Manual, you
will need to manually arm the system before each trigger. Auto ensures that you will not

miss any records.

This is the last dialog box in the wizard. Click OK when you are done.

Trigger Options

Trigger Holdoff nz FEC

Arm Mode
(v Auto " Manual
Trigger Senzitivity Lo J High
] | Cancel

TIP: Return to this
dialog box later
through the System >
Trigger Options menu.
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Now that you have finished the wizard, you are ready to begin data collection. The
window you will see next is as shown below. The number of traces in the Noise Monitor
Window will match the number of channels in the seismograph, this example shows 24

traces.

@ Geometrics Single Geode 05

B[E=]

15urvey ZGeom 3 Observer 4 Acquisition SFile 6 Display 7 DoSurvey & Wwindow 9 Answers 0 Print

. Syskem

1 Moise Monitor Window

BE=]

-

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

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

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

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

Shot Location 0.00 Feet

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

1st Phone Location 0.00 Feet. Last Phone [CH 24|
Shot Location 130.00 Feet

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

H0.005 milts

1224567 82 010011213 14151617 181020212222 24

|
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Before you record your data, use the Noise Monitor Window to confirm the spread layout.
Tap the top of the nearest geophone and watch which trace shows a response. This
geophone should be 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 vibrate
freely (give a gentle shake). Make sure the geophone is correctly 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 use the 1 key to toggle the arm/disarm off/on 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 as shown below.
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| Shot Window =Jo)E

511.000m=s RL2Z.000: DELAY Oms LOC 290Ft STACK 1 READ FROM
Chanmel:l 2 3 4 5 6 7 & 910 111213141516 171519 20021 22 2324
Gain: 94930082 0022323 938484 8221 TA YT FRTE F7 7272 GO G460 5452
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You will probably need to adjust the display gains. First Auto Scale Traces through the
DoSurvey menu or hit the “6” hot key.

7 DoSurvey  S'Window 9 Answers O Print | Swsh

1 ArmyjDisarm 1
2 Clear Memoty z
3 Shot Location 0,00 Meters 3
4 Maximize Moise Monitor Window 4
5 Maximize Shob Window 5
6 Auko Scale Traces f
7 Save 102.DAT 7
& Print Shot Record a8
0 Restore All Windows But Hidden “Windows 0

Hak Keys Descripkion
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Next, highlight the Shot Window and use the right arrow key to activate the display gain
controls. If the Shot Display Gain Style Parameters dialog box (see below) appears,
choose Fixed Gain, and click OK. Then hit the right arrow key again and as directed in
the instruction box, use the up and down arrows to increase and decrease the gain by the
same amount for all channels. Press the Esc key to end. The Page Down and Page Up
keys can also be used to zoom in and out.

Shot Display Gain Style Parameters

[3ain Shyle

Cancel

-y
-
o
[
-

" Marmalize Apply

AGC window in zamplez Trace Owerlap

100 =5

E
a0

After you have collected the active record and are satisfied with the data quality, continue
to the passive source survey.

3.2 Passive Source (Micro-tremor) Data Acquisition

During a passive source survey the system will “listen” and record the energy generated
by cultural noise, traffic, factories, wind, wave motion, etc. There is no timing device to
trigger the seismograph.

The preferred noise sources are steady, at a constant level. The fundamental assumption
of micro-tremor array measurements (MAM) analyzed using the spatial autocorrelation
method of SeisImager/SW is that the signal wavefront is planar, stable, and isotropic
(coming from all directions). A high level of intermittent noise (like passing cars) is
tolerable if the sources are relatively distant (greater than one array length). Even if the
intermittent noise sources are near, this will usually be countered by recording long
records (a minimum of 10 minutes total recommended). Such a body of data will provide
a statistically steady representation of noise. Table 2 summarizes the recommended
passive source acquisition parameters. Refer to Section 3.2.1 for full discussion of spread
length (array size).
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Table 2. Passive Source Acquisition Parameters

Parameter Setting

Spread/array L-shape, Triangle, Circle, Linear, or custom
configuration

Array size Minimum of 1 times depth of interest

Geophone interval

Total number of
geophones

Geophone type

Trigger
Sample interval

Record length

Up to 10 m or 30 ft, adjust to suit spread configuration
Various based on spread configuration

4.5 Hz vertical geophones, with base plates for surveys
on paved ground; alternatively, if available, 1 or 2 Hz
seismometers can be used, especially if depth of
interest is greater than 30 m

Manual keyboard or automatic software trigger

2 milliseconds (ms)

30 seconds (s) each record, total of at least 20 records

3.2.1 Passive Source Survey Spread Configurations

SeisImager/SW allows four types of passive source spread or array configurations as
noted in Table 2. Figures 2 through 6 illustrate the various configurations. As in Figure
1, the black line represents the spread cable and the green inverted triangles represent the
geophones.

Three of the four arrays are two-dimensional (2D), that is, geophones are distributed in
two directions versus a line, on the ground. With a linear array, if micro-tremors only
propagated parallel to the survey line the surface wave phase velocity could be calculated
directly. Conversely, if the micro-tremors only propagated perpendicular to the survey
line and reached all of the geophones at the same time, the phase velocity could not be
calculated. In reality, the sources of micro-tremors are studded and energy radiates from
many directions at unknown angles to the geophones. Since the angles of propagation
are unknown, if a linear array is used the calculated phase velocity may be higher than
the actual phase velocity. For this reason it is important to record with a 2D array. Some
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sites may not allow for construction of a 2D array, and thus, the secondary option of a
linear passive source array is still included in SeisImager/SW.

Array size

/

Figure 2. Schematic of passive source equilateral triangle
spread configuration with 10 geophones (7Triangle 10). The
Array size is equal to the side length.

AN

Figure 3. Schematic of passive source equilateral triangle spread configurations with 7
(Triangle 7) and 4 geophones (Triangle 4).

For a triangle array, the resultant shear wave velocity curve is representative of the center
of the triangle.
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Figure 4. Schematic of passive source L-shape spread configurations with 11 (L17), 9 (L9), and 7
(L7) geophones. 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;
Array size equals the length of the branches.

For a L-shape array, the velocity curve is representative of a point between the two
branches of the L, close to the origin. The L-shape array is the two-dimensional array
that is easiest to construct in the field. The L-shaped array can easily be constructed after
an active source survey by turning one-half of the spread 90 degrees.

Figure 5. Schematic of passive source 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). The Array size equals the diameter of the outer circle.

For a circular array, the resultant shear wave velocity curve is representative of the center
of the circle.
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Receiver spacing (geophone interval)
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T~
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Number of receivers

Figure 6. Schematic of passive source linear spread configuration using all channels, one
per geophone. The Receiver spacing equals the geophone interval and the Number of
receivers equals the number of geophones.

For a linear array, the velocity curve is representative of the center of the spread.

3.2.2 Passive Source MAM Wizard

The dialog boxes (but not the settings) in the Passive Source MAM (Micro-tremor Array
Measurement) Wizard you will find are the same as in the Active Source MASW Wizard
(Section 3.1.2), and this section assumes that you have already worked through the Active
Source MASW Wizard. Refer to Section 3.1.2 for introduction to the wizards and the TIP
boxes on how to access each dialog box manually through the menus, and for more
explanation on the dialog boxes common to both wizards.

To run the Passive Source MAM Wizard, launch SCS and select the wizard.

As with the Active Source MASW Wizard, the first dialog box you will see is for entry of
Survey Name and Line Number-.

Mew Survey Log File

Survey MName |F'assi'-.-'e_5ite'| ] |
L Cancel
Initial Line Murber |2
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Next, you will be prompted to set the sample interval and record length. The defaults are
already equal to the recommended settings for passive source MAM surveys.

Acquisition Timing Parameters
Sample Interval
Cams | el R
" 3.250 uz
" 62500us Recard Len o Sec
" 0125 ms
" 0.260 ms
" 0.500 ms Delay [g -
" 1.000 ms
fo 2000 ms
{4,000 ms
{2,000 ms
™ 16.000 ms ITI —

The next dialog box allows you to set the Geophone Interval and the units you are using.
The default is the suggested geophone interval (in English units) for an L1/ array.

This 15 geophone interval of next file to be written

Geophone Inkeryval | a0 | FEET] ﬂ

Ik | Zancel
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Next, you will be prompted to set up the geometry of the array.

This 15 gceometry of next file to be written

Shot coordinate |

FD.DD
ﬂ&&&&&&&&&&&&&&&&&&&&&&#
1 2 3 4 5 &6 7 8 9 10 11 42 13 14 15 16 A7 18 19 20 24 2B 23
Trace 1 2 3 4 4] E

Interyal | 300 | 3000 | 3000 | 3000 | 3000

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

coordinate

Liain | HIGH 26 | HIGH 35 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 35

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

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 2D array configurations, you will most likely be recording on fewer
channels than the total number of channels of the seismograph. These channels should be
deactivated. Deleting of dead channels can be done in Seislmager/SW, but it is best to do
it at the time of acquisition. Uncheck the Ripple box and in the row called Use, use the
number 4 key and the right arrow key to individually deactivate the channels that have no
geophone connected to that takeout.

For example, if you are using a 16-channel seismograph and 30-foot interval spread
cable, for an L-shaped array with 11 geophones positioned 30 feet apart, you would
deactivate the channels on the end of the spread that are not connected to geophones.
This would be 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. If you are using
a 24-channel seismograph and 5-meter interval spread cable, for an L-shaped array with
11 geophones 10-meters apart, and channel 12 positioned at the corner of the L, you
would deactivate channels 1, 3,5, 7,9, 11, 13, 15, 17, 19, 21, 23, and 24. This set-up is
shown in the following display; you would see this after clicking OK and reopening the
geometry dialog box.
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This 15 geometry of next file to be written

Shot coordinate |

FD'DD
A A A A s N SO MU U )
2 4 =] (=) A0 12 14 16 12 20 22
Trace 1 2 3 4 ] E
Interyal | 3000 | 3000 | 3000 | 3000 | 3000
Geophone oo [ 3000 [ 6000 | 9000 | 12000 | 150.00
coordinate
Gain | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 36 | HIGH 36
Use INACTIVE | DATA  [INACTIVE | DATA  |INACTIVE | DATA
Freeze | NO | WO | NO | NO | NO | NO
1 i

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 geometry dialog box only shows linear configurations of geophones, you will not see
a graphic of the actual two-dimensional array. That is fine, the shape of the array is
indicated in SeisImager/SW. The main setting here is deactivating unused channels.
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Next change or accept the default Next File Number. It helps to use a different series
than that used for the active source data records. Leave Auto Save on and the Stack Limit
grayed out since stacking is non-applicable to passive source surveys. For the disk path
to save your data, enter the actual name of your site instead of “Site1” if you wish.

Storage Parameters

Mext File Murnber 204 v Auto Save  Stack Limit

Data Tope: SEG-2 Only

[w Save toDisk

Dive [p.  «| Path  [Dosw _sited |

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

k. | Cancel
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Complete the Operator Log if you wish.

r‘Uperatnr Log

Log [tem I

Client name

Dezcription I

Log ltem

| Dezcrption

Clignt name
Job Mumber
Lire Murnber
Froject Title

al

[EY

[nzert

Maove Up

Delete

kove Dawn Default Template | k. I

Cancel |
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Lastly, set up how you will trigger the system. The default Arm Mode is set on Auto so
the system will automatically rearm itself.

For passive source surveys, at least 20 data records (10 minutes) must be collected. At
the time of acquisition, you can manually trigger the seismograph by hitting the “t” hot
key for manual trigger or configure the software here to automatically trigger to a limit
you set. To automatically trigger, enter a value of 20 for the Automatic Triggering Limit.
A value of zero means that triggering will be done manually. (Note: automatic triggering
was not yet released at time of publishing.)

This is the last dialog box in the wizard.

Trigger Options
Trigger Holdaff 0.4 SR
A Mode
* Auta " Manual

Trigger Senzitivity Lo High

g

Automatic Triggering Limit 20

] | Cancel
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The window you will see next will look as shown below. As with the active source
survey, check that the geophones are responding properly before starting acquisition.
Check that the status bar on the bottom of the window shows an Armed condition colored
green. Once ready, if you are manually triggering, hit the “t” hot key, wait for the record
to be acquired and saved, then repeat 19 more times. If you are automatically triggering,
hit the “Ctrl-t” hot keys to start automatic acquisition to the limit specified.

@ Geometrics Single Geode 05
15urvey ZGeom 3 Observer 4 Acquisition SFile 6 Display 7 DoSurvey & Wwindow 9 Answers 0 Print

S9[E <]

-

. Syskem

) ¢ 1 MNoise Monitor Window B2 =]
Sample Interval 2.000 msec, Record Len 30.000 ! 110,002 miblts
Filters: FILTER QUT, FILTER OUT 1223466 780101112131416161713192021222329
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 §

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= i i% § gz % 2 ii %
-
it ﬂlﬁg D
In Met IHE Pl e e b b e e e e b e b b b e b e bbb b bbb Fe b D P b e Db [ e e e b e e e [T e P e b e pe e [ bbb bbb [ b b b b e b b e e e
] T zL 211 314 4La 5|1 J‘t sl? 1$1 114
e [ 15 = I 4 EE EE TE HE IE {EE 115
2 2 o 2 3 3 2 o o S o
. 4 i ] " t ] % g ¥ I [i4 I
LOCATION o 5 15 25 35 45 55 55 75 25 95 185 115
TRACE 1 2 3 4 g & 7 ] 3 jr] 11 2 13 14 15 18 7 1 13 2 21 Pz 23
CHANNEL 3 1 z El 4 [ 6 H 2 9 18 11 1z 1z 14 15 1& 17 12 19 =28 a1 22 23
CHANMEL & 14248 b
o
GEODE © \"{*__ B
13,94
& 1 4 4 7 181 114
-I‘I-I‘I_-I-\-I-\_-I-?‘I-I‘\-I -I-\-I-\_-I-I‘I-I-ﬂ-\-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-‘I-I_-\-I-
BRMED. SHOT: NORMALIZE STACK O MEMORY CLEAR.
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A typical passive source record is shown below.

| Shot Window =JoE
51 4.000ms RL30.000= DELAY Oms LOCOFt STACK 1 READ FROM I
Channel: 7 g | 10 11 12 13 14 14 16 17
Gain: 85 83 a5 a2 23 a2 3| k] 84 83 84
0.0o0o
10.0000
20.0000
0.0000

You will likely see some coherent noise events representing when cars have passed or
such. What is preferred is a steady signal of noise, without strong changes in amplitude

throughout the record and from trace-to-trace. Some isolated variation in amplitude is
usually fine.
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4 Data Analysis Using the Wizards

SeisImager/SW is capable of MASW (Multi-channel Analysis of Surface Waves) from
active sources and MAM (Micro-tremor Array Measurement) data analysis from passive
sources. The result is a one-dimensional (1D) profile of shear-wave (V) velocity with
depth. In the near future, a version additionally capable of two-dimensional (2D) Vi
profiling from active source data will be available separately and as an upgrade for users
that have already purchased the 1D version.

4.1 Surface Wave Analysis Wizards

As mentioned in Section 2, the modules Pickwin and WaveEq comprise SeisImager/SW
and there is the Surface Wave Analysis Wizard that automatically calls on Pickwin and
WaveEq to walk you through the processing flows. There is a flow for active source data
and passive source data.

!ﬂ af
M il
i MaveEqg{Surfa;  Surface Wave!
i Dispersion : { ce'Wave Analysis
Curves) 1§ Analysis) Wizard

This section provides an explanation of the wizard operation, processing flow, and basic
dialog box parameters. Please refer to Sections 5 and 6 for complete description and
explanation of menu items and dialog box parameters and Section 7 for a summary of the
functions used in the wizards so that you can manually reproduce the processing flow.

The processing flows as follows:

Calculat Creat Run inversion to

alculate reate

Input data, . . o seek Vg model

edit P dlspersmp -l initial V -. that best fits
curve, edit model 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. The wizard assumes that your geometry was correctly assigned
and saved in the file header during acquisition. A complete dataset is considered to
consist of a set of active data and a set of passive data for each site.
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4.1.1 Active Source 1D MASW Wizard

Double-click on the Surface Wave Analysis Wizard icon.

L

SUrface wave;
Analysis

The following dialog box appears. Select Active Source 1D MASW and click OK.

Seislmager 11} Multi-channel Analysis of Surface Waves

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

(v Brotie Somrce 10 BIASW

(" Passmre Source {Ilicro-trermor) 10 WA

The Pickwin module is then launched.

Pickwin

Seislrrager

E{K!

Pickwin Version 3.14

 — -|| ._._Iii_.____!@ﬁ;& Copyright (C) 2004
i f"{lwﬁagi OVO Corporation

i
i

¥
‘ﬂu

Pickwin|
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The first window appears as follows. The wizard mainly calls functions from the File
and Surface Wave Analysis menus. Hit the Enter key as instructed in the upper left hand
corner of the window to begin.

@ﬁckwin - LEJLEJE

File {F) Edit/Display {E)  Wiew (%) Pick first arrivals (P}  Surface-wave analysis (51 Option (O3 Help (H)

=& || (]| = || A4 Av| B[R F | (1] | 7 | & | w || =) =5[FD 10|

Press Enter key to start Surface Wave Analysis Wizard. Active 1D MASW(0) E}
]

rﬂ_| (2]
4
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Specify the active source data record that you want to open and click Open.

F)  EditiDisplay (€} Wiew (M) Fick first arrivals (P} Surface-wave analysis (5)  Option (0} Help (H)
=R &| || (]| = || A4 Av| B[R F | (1] | 7 | & | || =) =[P 10|
Press Enter key to start Surface Wave Analysis Wizard. Active 1D MASW(0)

Open wa

Laok in: | £ 10_Active_24ch_1m_SXTE =| += & cF E-
E active.rst E] initial_model, bzt

[£] automatic kxt [£] RMSE bt

E] AYS30.ExE | SxTEZ301 rst

Ej boundary.bxk h.u.'.w.w.w.w.w. .

[Z] boundaty, bxt [£] sxTE2301, kxt

IE] dispersion_out kxt

File name: Is:-cte23D'| 592 Open

Files of tpe: |4l fles["] -l Cancel |

A
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Once the waveform file is open, you can modify the display settings to optimize the view.
All of these settings are common with SeisImager/2D for refraction data processing;
please refer to the SeisImager/2D manual included on the same CD as this manual for

complete explanation. The main functions needed are the Amplitude gain | T | ‘|’|
buttons, the Horizontal axis sizing Itlﬂ buttons, the Vertical axis sizing | i | .|

HO
buttons and the Normalize 'B¥ button.

[FH] sxte2301 522 - =%

File {F) Edit/Display (E) Wiew (¥ Pick First arrivals (P}  Surface-wave analysis (51 Option (O3 Help (H)

| [ o | || = [ A | S | 18] | 23| A | w [ = =5[ )  7D
Press Enter key to continue Surface Wave Analysis Wizard Actrve 1D MASW(1) A
Source=-0.5m Time (msec)
] L z0a 400 g00 a0a 1000 1200
| e | B
2 £ Y i
4 y AT
B * i
£ 8 - = s
= | ]
— 10 ]
I
o 12 4 M
= 14 I
S gy P -
i d RS R 30 61 5
O a0 B A I~
24 Trigger
sxted301.5g2

W
¥|
time=894.543msec  |dist,=-13.76m  |0:amp.=-0.C
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The unit labeling should be changed here to reflect that used at the survey site through the
Edit/Display menu, Edit source/receiver locations, etc. This will affect the units shown
in the dialog boxes as well it will update the minimum phase velocity default value,
which is either 35 m/s or 100 ft/sec. Once set, the assigned units will be set for
subsequent uses of the wizard.

Edit/Display (E}  Wiew (W) Pick Firsk arrivals (P
Undao

Exit edit mode

Select krace
Select all traces
Selected traces »

Time shift kraces
Correct shok kime
Automatic shift
Carreck S-wave

Filker r
Truncate traces (shorten record length) »
Resample data »

Edit sourcefreceiver locations, etc,

The Geometry dialog box allows selection of units and reports the coordinates saved in
the file header at the time of acquisition. To set the units, select between meters and feet.
Click OK when you are done.

-Geumetry
: Units
Shot coordinate | .25 Murrker of channels | 25 Ok
¥ rpters
(™ feet Cancel

Crroup interval 3
Set |
First geaphone coordinate |0

Pl i 2 3 4 5 6

Tnterval ] 5 J 5 | 5 | 5 ] 5

i‘;‘ﬂ;‘ﬁ E 5 ] 10 15 E [25
Back | Hext ‘
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Also at this stage, you can click on the Show apparent velocity |i| button to draw a line
with the mouse across the faster part of the surface wave package for an estimate of

maximum velocity, which will be used later. The line is shown in green over white areas
and in pink over black areas.

[FH] sxte2301 522 - =%

File {F) Edit/Display (E) Wiew (¥ Pick First arrivals (P}  Surface-wave analysis (51 Option (O3 Help (H)
SRR IR 1 R Sk S 2 A e

Press Enter key to continue Surface Wave Analysis Wizard Active 1D MASW(2) lod
velocity=310.5m/sec : -

Source=-0.5m Time (msec)
] i z0a 400 g00 a0a 1000 1200
0 | i ':{, Pt o
2 e i y o
4 y iy o2l I
TR
: G s
— g e g [=
€ e
I
o il am——
= 14 ——aﬁ“/“"'—*uk/—-——«-x
= 16 W—-—Mmaﬁtm:
= 18 x:—\\l :
0 20 —M-h—-—::_—wﬁ,*\/—u—--—-:
22 1 -~ A Yol NG Sy
WMWM
24 Trigger

sxted301.5g2

[time=185.3msec |dist.=24.64m velocify=310.5m,|'sec

Hit the Esc key to exit the Show apparent velocity tool and then hit the Enter key to
continue with the wizard.
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Click Yes to proceed.
@ 3

2| =S| |m| W e = M A A v 58 F B K| ]| A v = z|f) 1

Press Enter key to continue Surface Wave Analysis Wizard. Active 1D MASW(1) A
Source=-0.5m Time (msec)
0 L z00 400 600 1200
0| N
2 = = [
4 Procedure step confirmation -
B L
= B Ready to proceed? B
o 10 B
= 14 .
@
re 16 b [~
b ———— o
2 18 iy
Q 2 e SN D .
o e ——aa _y
ol g el
24
sxte2301.sg2
b
< >

time=409,303msec  |dist.=2.76m  |O:amp.=0.00
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Set the Phase Velocity End to suit the maximum velocity you expect for your site (at least
greater that what you measured with the Show apparent velocity tool). This sets an outer
bound for the dispersion calculation. The default is 500 m/sec or ft/sec.

Accept the default value for Frequency End.

5|

= |&|o| |*P|~B|<-|->|I|J

Phase velocity-frequency transformation

Press Enter key to continue Surfac

Source=-0.5m
0

Distance(m)

sxte2301.sg2

Phase velocity

Start 0 rfzec

End 1000 jofees

Freuency

Start 0 Hz
30 Hez

End

OK

Cancel

ik

A chranced menn

v ==

25| FD| 10

Active

1000

1D MASW(1) “

1200

A
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The Minimum Frequency default is 5 Hz assuming that 4.5 Hz geophones were used. If
you have used other frequency geophones, enter the value of their natural frequency.

The Maximum Frequency reflects the value entered in the previous screen, except it
appears approximate because it has been recalculated in Fourier space. Click OK when
you are done.

[

SRS GETEEN | BRI I Ea P b b A =l

Y

Press Enter key to continue Surface Wave Analysis Wizard Active 1D MASW(1) A

Min. and Max. frequency -

Minirum Frequency = |5 Hz

Medmum Frequency = 2928 Hz

Zource=-0.0m

1000 1200

Cancel

[ ]

Edvanced menn

Distance(m)
FXIPAN M Oy T T

sxted 301,52

w
£ >
time=97.200msec  dist.=-13.96m  |D:amp.=-0.C
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The next window you will see shows a plot of phase velocity versus frequency. The

o = : .
default view is wiggle trace shaded black ==I. The software automatically picks the
mathematical maximum amplitude for each frequency (red points), which defines the
dispersion curve.

[ sxte2301.522 - ===

File (F) Edit/Display (E) Wiew (¥) Pick first arrivals (P)  Surface-wawve analysis (S)  Option {3 Help (H)
=\ WS 0| || W[ &= = N[ W A4 Av| S| HA[ | I |11 o[ 72K A | | =

Press Enter key to continue Surface Wave Analysis Wizard t Windows Active 1D MASW(2) £

il

Source= -0.5m Phase velocity (misec)
] 200 400 600 800 1000

fnla e S R e e

12
14
16
18
20
22
24
26 L
28
30

ol S

TTECE

Frequency(Hz)

Dispersion curve : sxte?301.592
b
< >
c=1226,390m/s freq.=-11.96Hz |0:amp.=0.00000
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Usually the dispersion curve is more obvious in color contours. Select the Fine color
= i tude gain [B1] B
contour ==| button to switch to a color plot and use the Amplitude gain buttons,

the Horizontal axis sizing I:'il buttons, and the Vertical axis sizing |ﬂﬂ buttons to
optimize the view.

If you need to manually make or edit picks, you can do so by clicking the mouse at the
desired pick location. As you drag the mouse over the plot, refer to the amplitude value
read-out on the bottom bar to help identify the maxima.

5] sxte 2301522 - EuE
File (F) Edit/Display (E)  Wiew (v)  Pick first arrivals (P)  Surface-wave analysis (5)  Option (0)  Help {H)
| 8] 5 | o 0 A = = | - A = | s 0] | |2 K & | w = =010
Press Enter key to continue Burface Wave Analysis Wizard. Active 1D MASW(2) |[£]|
Source=-0.5m Fhase velocity (misec)
] 200 400 B0 800 1000
0
2
4
G
— 8
Mo
- 12
214
o 16
g_ 15
o 20
[ P
24
26
28
30
Dispersion curve ; sxte?301.s02
) [
<[] [2]
[ |c=287 .mjs [freq.=16.72Hz [17:amp.=0.96667 | [ A

If you want to be able to input your dispersion curve picks again later and display them
with the dispersion curve, you should save the picks here. Go to the File menu and select
Save first break pick file.

File (F] Edit/Display (E)  Wiew (%) Pick Fir=

Qpen SEGE file
Save SEGZ File

Cpen SEGZ file (SmarkSeis)
Cpen McSeis-3 file
Open OY0 160MY (SEGLY File

Cpen First break, pick: File
Save first break pick File
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F ]

Save As B[ =
Save in: | ) 1D_Active_24ch_Tm_SXTE ~| « @ eF B

sxbe2301_do.pys

File marme: |sxt523lil1_d|:.pvs Save I

Save as type: IPhase-veIncit_l,l data Plotrefa file[* ps) j Cancel |
|

Assign a name to the file with the extension .pvs and click Save. Once saved you will see
a pink line connecting the picks on the dispersion curve as shown below. Refer to
Section 5.1.2 on how to re-input saved picks.

[ sxte2301 502 - CEE

Filz {F) Edit/Display (E) View (V) Pick first arrivals (P)  Surface-wave analysis (S)  Option (3 Help (H)
= W[ 0| || | = [ v v % 68( [ B [ A = 2o o)

Press Enter key to continue Surface Wave Analysis Wizard. Active 1D MASW(2) l[:

Source=-0.5m Phase velocity (misec)
i 200 400 &00 &00 1000

Frequency (Hz)

Dispersion curve : sxte?301. 592

v
3]
| |c=690.272m/s freq.=-13.52Hz [0:amp.=0.08449

E
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Hit the Enter key as instructed in the upper left-hand corner of the window and then click
Yes when you are ready to proceed.

sxta2301.502 - EEE

File {F) Edit/Display (E) Miew (V) Fick First arrivals (F)  Surface-wave analysis (S) Optian (0)  Help (H)
\F [Display i ; YIS La) O 3 P

= W[ 0| || | = [ v v 56 6( [ B (] A | = 20|
Press Enter key to continue Surface Wave Analysis Wizard. Active 1D MASW(2) e

Source=-0.5m Phase velocity (misec)
i 200 400 &00 &00 1000

0

2 .

4 Procedure step confirmation ﬁ
6

il

1 Readyr to proceed?

Frequency (Hz)

Dispersion curve : sxte?301. 592 )
<L B

[ jc=121,500m/s freq.=-8.16Hz  [0:amp.=0.08449 -
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The dispersion curve will be displayed next in the WaveEq module.

’lﬁ I I |

[ WaveEq - B[E[=]
Fil{F) Edit{E} Yiew{¥) Dispersioncurves “elocity modeliM) MASWIIDNO) MASW(ZDNT) Options Help(H)
=[|a] o | ] mm ] A7 7| Vel /][ walF] Bl 2[D ]
Press Enter key to start MASW Wizard. 1D MASW analysis =
Freguency (Hz)
0.0 0.0 20.0 30.0 40.0
1000.0 S N
3000
n
g 8000
e 70000
i)
0
Y 600.0
e
L so00
o
@ 4000 ‘gﬂ&@%«
&
300.0
U\S{L@'G—s@@_{;‘n
200.0 Eass
1a0.0
0.0
Dispersion curve : sxteZ301.sg2
|8
(2]

Go to the View menu and select Axis configuration to change the plotting scales if

needed.

Wiew(h)  Dispersion curves

Axis configuration

Welociky moc

-~

Axis configuration

Dimirern  Twlasdranen

Interval

Haas |0 40

10 Hz

1000

100

Ok

Canizel

Yoads |0

Seale=1/ | U

In WaveEq, you can edit the dispersion curve if needed. Commonly, there are spurious
picks on the low and high frequency ends of the curve, and thus, a gate is provided for
quick editing.
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] Wavetq - BE[x]

File{F) Edit(E) Yiew{¥) Dispersioncurves Yelocity modeliM) MASWIIDNO) MASW(ZDNT) Options Help(H)

EBE L el L Ll e LG

| ey el [ ® (D[ |'_

A

Use arrow keys to set gates. Press Enter to move from first to nest gate.

Frequency (Hz)

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
1000.0 e

a00.0

800.0

{m/s)

7a0.0

600.0

500.0

400.0 %‘@‘@\@

300.0 “%\ﬁmﬂ
200.0 &S%ﬂﬁ £y s

100.0

Phase-velocity

0.0
Digpersion curve : sxteZ301l.=g2

"_( | 1l | [ )l

Follow the instructions in the upper left-hand corner of the window. The red-colored
gate is the active gate. Use the arrow keys to position the gate at the frequency, phase
velocity point to which you want to delete. Hit the Enter key to activate the right-hand
side gate and position the same way. Hit the Enfer key when you are done.

For this dataset, all points are retained and thus, the gates are not moved.
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Hit the Enter key as instructed in the upper left-hand corner of the window and then click
Yes when you are ready to proceed.

|| & o] 1] ] o o | [P ] (S]] M I Efp|te|?|a|-,;}_.-'|_
Press Enter key to continue MASW Wizard. 1D MASW analysis i
Frequency (Hz)
0.0 5.0 0.0 150 20.0 25.0 30.0 350 40.0
1000.0 === L.
900.0
"
:% 800.0 Procedure step confirmation
e 7000
t: Ready to proceed?
E 600.0 s
2 g [EeE
)
m 4000 e
= 300.0 PG
200.0 Foo00kanas
1a0.0
0.0
Digpersion curve : sxteZ301l.=g2
[se]
<] | &
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The next step is to set-up the initial model of Vi with depth. The software default is to
calculate the initial model from the one-third-wavelength approximation. For Depth,
enter the depth of penetration estimated from one-half the spread length. The default for

the number of layers is fine.

Click OK when you are done.

FEER ézé|s;ﬁ|<—|—>|lll.|.

FPress Enter key to continue MASW V]

0. 5.0

1000.0

a00.0

800.0

{m/s)

7a0.0

600.0

500.0

400.0

Phase-velocity

300.0

200.0

100.0

n.o

Digpersion

Initial model for inversion
(| JmimjmJrv i ]| 21|
Cancel 1D MASW analysis =
Ackanced menm
Eehile 30 1 35.0 40,0
#of layer = 15
5 ’..'?:v
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The initial model will appear.

File(F] Edit{E) Wiew(¥) Dispersioncurves Yelocity model(M) MASW(IDIO) MASW(2DXT) Options Help(H)

] el| @] o] 0] o | ] ) O o | [ [ ] V| I W] Pl | @[ D]

Press Enter key to continue MASW Wizard. 1D MASW analysis

S-velocity (m/s) ﬂ

0. 200.0 400.0 600.0 g00.0 1000.0
0.0

5.0

m)

{
fue
Ln
=

Depth

G-velocity model : sxteZ301l.sgz

|

5
5 >
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Hit the Enter key as instructed in the upper left-hand corner of the window and then click
Yes when you are ready to proceed.

(B Wavekq - Tog
| W@ 0| W] e| = (] x| %l %5 ¥E|95] V| MN|NS| N JPw ey Fel G| 2|Do|W]
Press Enter key to continue MASW Wizard. 1D MASW analysis i:]‘
S-velocity (m/s=) i
0.0 200.0 400.0 f00.0 g00.0 1o00.a
0.a . . . .
- \ﬂ ........ eyl Lonubin fiue it
: |Procedure step confirmation
00 [T
Ready to proceed?
E 150 b
e
4_] [l
o 200 T
=t i
5.0 bemonnmnomede Secusnmannemny
30.0 - ; +
S-velocity model : =xte2301.=g2
: [l
i_] 1ill |l|
i
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The next step is to 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. Accept the default of 10 iterations and click OK.

Wa =
=[] 2] e[/ [o] X ] ]
. x| A Wy
Press Enter key to continue MASW Wizqeae oo Teed l |
.- k
Iteration = ]10
0.0 100.0 20
0.o
& dhvanced menu
100 [
00
£l
A}
FER | WU CECCEEECEs: PEPPPEeEn
o,
v
]
400 SR
50.0
S-velocity m — oo =g
[
4l | 0

Press [F1] to show help
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Wavekq -

S8]E[ %

Fil{F) Edit{E} Yiew{¥) Dispersioncurves “elocity modeliM) MASWIIDNO) MASW(ZDNT) Options Help(H)

ol | ]| 1] 0 | o o | o | PR S ME[E| V| I I

BRI |-.

Press Enter key to continue MASW Wizard. 1D MASW analysis
Non-linear least square method ! calculating derivatlive for 4 lompleted
Iteration=0 RMS=35.474252 m/s [13.283156%) velocity (m/'=)

600.0 g00.0 1000.0

Iteration=2 RMS=24.351789 m/s (6.987708%)
lteration=3 RMS=19.865733 m/s (5.654060%) : i
Iteration=4 RMS=16.200069 m/s (4.592391%) : :
Iteration=5 RMS=13.251208 m/s (3.746693%) """ |
eration=6 RMS=10.905649 m/s (3.085124%) _ |

10.0

)

15.0

{m

Depth

g-velocity model sxteZ301.sg2

’l.‘. I

||

When the inversion is complete, the final V| profile will be displayed.

WaveEq -

=[E) %]

FilefF) Edit(E) View{¥) Dispersion curves Yelocity model(M) MASWCIDNWO) MASW(ZDNT) Options  Help(H)

|60 || e = || k| P il Ve| || I[FW

s e[ofw]

Press Enter key to continue MASW Wizard. 1D MASW analysis

B-velocity (m/s)

400.0 600.0 g00.0 1000.0

n.o

5.0

{m}

Depth

'
'
_____________ i
'
'

S-velocity model sxte2301.sg92

’l.‘. I

||
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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
of penetration. The model below the deepest green point should not be considered
reliable.

File(F) Edit(E)  Wiew(¥) Dispersion curves Welocky model(M) MASW(IDNO) MASW(ZDNT) Options  Help(H)

WaveEq - gea

Fp| B

| || 1] | | %] P (] Ve I I

0. 200.0 400.0 600.0 g00.0 1000.0
0.0

m)

{

fue
Ln
=

________________________________________________________________________

Depth
=

G-velocity model : sxteZ301l.sgz

ril____JL____ . (@]

Press Enter key to continue MASW Wizard. 1D MASW analysis ol

S-velocity (m/s) |—
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Hit the Enter key as instructed in the upper left-hand corner of the window and then click
Yes when you are ready to proceed.

- —
Wavekq - ==
| W S] o] | €| = | | K[ | gl [ HE1%6] Ve I 0R[M[Fw W[y Pl |2 DWW
Press Enter key to continue MASW Wizard. 1D MASW analysis i:]‘
S-velocity (m/s=) i
400.0 600.0 300.0 1oao.o
0.0
5.0 R - 5 Crat st s
Procedure step confirmation
00 [T
Ready to proceed?
E 150 b
o
7R
o 200
o
25.0
30.0 . 3 ]
S-velocity model : =xte2301.=g2
: [l
i_] 1ill |l|
5
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The last step in the wizard is to save the result. Assign a name to the file with the
extension .rst and click on Save. The result file can be opened later in Notepad or
imported into Excel for further manipulation.

= ==
WaveEq - =l

Filef EditiE) ¥ M) o) T) Options  HelpiH)
|| S| o] | | | o | ] ] V5 S| E] Ve I lFw| el | @[ DO W
Press Enter key to continue MASW Wizard. 1D MASW analysis i:]‘
S-velocity (m/s) |
DD 000 Ann 0 AN0 0 nnn 10000 -
0.0 Save As
Savein: | 3 1D_Active_24ch_1m_SKTE | e B ekE-
(=}
100 [
£ qsp  [Ee—
)
&
o 00 R Filename:  [5%TE2301 15t save |
Save as type: |Ana|_|,|sis resulk file[ " rst] LI Carcel |
250 frmrarend A
30.0 . ‘
G-velocity model : sxteZ301l.sgz
) .|i|
{_] I [il
i )
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DisF
After the file is saved, click on the Show one dispersion curve 1| button to view the
original dispersion curve (black circles connected by red line). 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 is saved to a file called
“RMSE.txt” in the data folder.

Hﬁ\#awﬁq- =]

File{F) Edit(E) Yiew{¥) Dispersioncurves Yelocity modeliM) MASWIIDNO) MASW(ZDNT) Options Help(H)

| ||| 08| | o | e | [P | af| VELS[ | Mel ||

ey b/ /200

||

End of MASW Wizard 1D MASW analysis

Frequency (Hz)

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
1000.0 : e

a00.0

800.0

{m/s)

7a0.0

600.0

500.0

400.0 u%@

300.0 “%@ﬂ
200.0 Y —

100.0

Phase-velocity

0.0
Digpersion curve : sxteZ301l.=g2

Once you are done, exit WaveEq.
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4.1.2 Passive Source 1D MAM Wizard

Most of the dialog boxes in the Passive Source 1D MAM Wizard you will find are the
same as in the Active Source 1D MASW Wizard (Section 4.1.1), and this section assumes
that you have already worked through the Active Source 1D MASW Wizard. The main
difference with the passive source wizard is the number of files and how they are input.

Double-click on the Surface Wave Analysis Wizard icon. The familiar dialog box
appears. Select Passive Source (Micro-tremor) 1D MAM.

Seislmager 1D Multi-channel Analysis of Surface Waves

Welcorne to SeislinagerSW | O
Please select a data processing wizard:

(" Beotree Source 10 BASW

{» Passme Source (Mlicro-tremor) 1D MAT

The main window will appear. The units set the last time the program was used will be
recalled. As for the active source wizard, the instructions are shown in the upper left-
hand corner. Hit the Enter key to begin.

Pickwin - S
_File {F) EditjDisplay (E) Wiew (¥) Pick first arrivals (P} Surface-wave analysis (S)  Option {0)  Help (H) .
||| [ ||| W A4 | SN [ |0 |5 A | w || =[5 o[ 10
Press Enter key to start Surface Wave Analysis Wizard. Pagzsive 1D MAM(0) ’_\'
[
£ >
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For passive data analysis, all 20 files are input at one time. Use the Shift key to highlight
the first through last file in your dataset and click Open.

File (F) Edit/Display (E) Miew () Fick First arrivals (F)  Surface-wave analysis (53 Opton (2)  Help (H)

SRR OETEEN | BRI I AP il b A =
Passive 1D MAM(0) F}

Press Enter key to start Surface Wave Analysis Wizard

Open :ﬁ
Lack in: | £ Passive_L11_50m_SX4D_GoodExar = | 4= &5 Ed-

d0083.592 . 2
502 =

(£ [2 I | (2]
File name; I"sxadDDB'I 302" "awad0082 202" “sxad083.5g Open I
Files of type: | &l files[ ) =] Cancel |

I Open az read-only A
A

-63 -



Click OK after all 20 files have been opened.

I Pickwin -

File (F) Edit/Display (E) Wizw (V) Pick first arrivals (F)  Surface-wave analvsis (53 Option () Help (H)

o=

=R &| || (]| = || A4 Av| B[R F | (1] | 7 | & | || =) =[P 10|

Press Enter key to start Surface Wave Analysis Wizard. Pagzsive 1D MAM(0)

Pickwin95 &

. ! : 20 files have been opened!

E
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HO
For viewing passive data, unclick the Normalize | BM button so any variation in amplitude

from trace-to-trace will be visible.

Pickwin -

S]E %]

File {F) Edit/Display (E) Wiew (¥ Pick First arrivals (P}  Surface-wave analysis (51 Option (O3 Help (H)

HEIEIRE R REE 1 RS e S 2P Rl AT e

Press Enter key to continue Surface Wave Analysis Wizard.

Source= 0.0m Timeimsec)

M 1 T A gt
| R
s 3 Wﬁ N MWM“ | I
R o w diobio!
D5 il I
5 5 Tivie oo
- lestomah
i W mmmm U R

sxad008l.sg2

time=28486.520msec disk,=-3,18m

Passive 1D MAM(1) lod

v
¥
D':amp.=—1 it

-65 -




Unlike most active source data, it is usually difficult to evaluate the quality of passive
source data from 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 button. The
view will change to show the frequency content or spectrum for each trace.

After clicking on the Frequency domain button, click on the right arrow button or hit the
right arrow key many times to expand the frequency scale. What you want to see is
similar frequency content from trace-to-trace and dominant energy in the lower end of the

frequency scale. The example spectral plot below indicates high-quality passive source
data.

Toggle back with the Time domain | T0{ button to proceed with the wizard.

[ Pickwin - ooe

.File {F) EditjDisplay (E) Wiew (¥) Pick first arrivals (P} Surface-wave analysis (S)  Option {0)  Help (H)
2| H| & 0| |m W e M A v e F LB X e A v | E=

Press Enter key to continue Surface Wave Analysis Wizard.

25| ro| |

Source= 0.0m Freguency (Hz)
i 2 i 4 ] a 10 12 14 16 18 20 22

0 | Y
1 b
2

— 3 dad

g 4 bl

oI

o 5 Fr

=g

3 5 "

2 g "

O g i
10 s u

sxadlis] =g

< |l
[freq.=6.934Hz [dist.=-6.98m  [D:amp.=0.6(
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Hit the Enter key as instructed in the upper left-hand corner of the window and then click
Yes when you are ready to proceed.

I
| | 5| o | A 0 | = e ] MR | |1 o | 2 X & | | =[5 P 10
Press Enter key to continue Surface Wave Analysis Wizard Passive 1D MANM(1) L
Source= 0.0m Timei{msec)
0 5000 10000 15000 20000 25000 30000 35000
1D rmm-w
2 ]
— 3 ]
R -
-
o7 ]
i |
L RS R
sxad0091.sg2
< >:v

time=25516.77 Imsec /dist.=4,66m 5:amp.=2.00
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The next step is to set the array geometry. Select which 2D array shape was used and the
Array size or select Linear array and enter the Receiver spacing and Number of receivers.
For this example, an L-shaped array with size of 50 meters was used.

2D SPAC &

— Creoruetry OF
— 20 array
~Trangle Canicel

" Triangle 4

T L chranced mmenn

Lyray size = I a0 tn

— Linear array
" Lingar array

Becerser spacing = I 10 In
Mumber of recemers = I 11

- 68 -



The rest of the steps are identical to the Active Source 1D MASW Wizard.

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.

Accept the default value for Frequency End.

Phase velocity-frequency transformation
Phase welocitsy O
Start 1] T
5e Cancel

&branced menn

Freguency
Start 0 Hz
End 15 =
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The Minimum Frequency default is 2 Hz. If 4.5 Hz geophones were used, energy below
4.5 Hz may have been recorded, though dampened depending on the sensitivity of the
geophone. It is suggested to leave the default of 2 Hz to allow the software to attempt to
pick the amplitude maxima to this end (any bad picks can be manually edited later).

Min. and Max. frequency
DK
Ilindronrn Freguency = | 2 Uz
Cancel
Iadraurn Frequency = | 1464 [z
Lvvanced merm
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Convert the phase velocity plot to color contours and check the automatic dispersion

curve picks.

-

File (F) EditfDisplay (E) Wiew (¥} Pick First arrivals (P)  Surface-wave analysis (3)  Option (&) Help (H)

| E| & | W] e = 1 A A | 5|8 | e | [ A | || = 5[0 o

FI

FreguencyiHz)

Press Enter key to continue Surface Wave Analysis Wizard.

Source= 0.0m Phase velocity (mfsec)

P G I S G Gl T
P - B R SN PR L R~

200 400 600 800 1000

Pagzsive 1D MAM(2)

Dispersion curve : sxaall0l.sg2-sxaallZl.sg?

3

| c=1160.250m/s

[Freq.=-6.98H2 |D:amp.=1.u[4|ﬂ
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Hit the Enter key as instructed in the upper left-hand corner of the window and then click
Yes when you are ready to proceed. The WaveEq module will be launched with display
of the dispersion curve.

B Wovet - SE

Fil{F) Edit{E} Yiew{¥) Dispersioncurves “elocity modeliM) MASWIIDNO) MASW(ZDNT) Options Help(H)

e e T I I P e s e M 11 e e e

Press Enter key to start MAZW Wizard, 1D MASW analysis ol

Fregquency (Hz) F

0.0 5.0 10.0 150 20.0
e 500.0 e e o — =
e Y
o
=y 400.0
i
-
g %
et 300.0
o]
i %
% 200.0
£ R
100.0
0.0
Dispersion curve : sxaallll.sgZ-sxaallzZ0.sgz
[v]
Fl___ﬂL___ 2]
[ o | 4
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Edit the curve using the gates, set the maximum depth for the initial model, and accept 10

iterations as done previously.

'HEWWWEq-

gea

File{F) Edit(E) Yiew{¥) Dispersioncurves Yelocity modeliM) MASWIIDNO) MASW(ZDNT) Options Help(H)

Use arrow keys to set gates. Press Enter to contine MASW wizard.

Freguency (Hz)

0.0 5.0 10.0 15.0 20.0
o 5000 =l R
e
E
., 4000
Ei]
-
o %
S 3000
Q
T %
O 2000 e
o %
& SR o
100.0
0.0

Digspersion curve : sxaallll.sgZ-sxaallZ0.sg2

i_] 1}

CEEEN T EE T S e s b G T [ R e i
o]
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o . I_ . |Initial model for inversion 1) -12&
File(f EditiE)  Yiew(¥) Dispersion curves Veloc =
|| &0 m(E[e|=mm N I P | B[ | 2| DO W
Press Enter key to continue MAIW Cancel | 1D MASW analysis iﬁl‘
Acheanced menm T
2000 | Depth= 5 m 00,0
0 D] #etlme= 5 I
5.0 ;
1o.a I
15.0 .
00 femeeeeeeeee %u
£ a0 ST -
o :
B 300 freeeeeeeceees i
) :
A 350 [ s
400 o
450 [N
50.0 P
g-velocity E
[w]
{_'] (! | [il
I
File(F HE) View(Y) Dispersion curves  Velooby modelM) . MASMWIIDI(O) MASW(2DNT) Options  Help(H)
| [ o | o o o | e | ] [ esle| el e[| el [ (Do
Press Enter key to continue MASW Wizarq Least Square Method %] 1D MASW analysis i:]‘
Iteration = | 1o ;
0.0 200.0 Cancel | 1000.0
0.0
= Advancedmern | |
L e e N CEER
150 EEEEEEAL |
1 e
E 250 i
T o300 |[EOTEEEESEREEEN
)
A 35 [COSUNEEEE —
400  [POSSESRSSRES—SS L
450  [weeRe e
50.0
S-velocity model : =xaall0l.sg2-sxaal020.=g2
[se]
(_] [} | [ﬁi
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5] WaveEq -

=%

Fil{F) Edit{E} Yiew{¥) Dispersioncurves “elocity modeliM) MASWIIDNO) MASW(ZDNT) Options Help(H)

| il | o | | | | o o i | [ [ [V I Y ] Pl [ @D W]

S-velocity (m/s)

0.0 200.0 400.0 600.0 800.0 1000.0
0.0
100 FEREEEERRE- Y oo oo bomeceenene
20,0 presseeeediitiad s bemmnemnanaans B R G |
£ | i
o : :
B 300 boooeeoee demeeeeies booooeeoeed
o, ' '
il H
O H
400 '
50.0 :
g-velocity model
(]
F' I | E]
[ e 4
Hit the Enter key and when prompted, save the results.
WaveEq - BEx)

FilefF) Edit(E)

Viewi )

Dispersion curves  Yel

ity modeliM) . MASWIIDHO) MASW(ZDHT) Options  Help(H)

| el | (oo | | o e | B [ sL| e I Fw a[ru Bl | 2| DD W)
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End of MASW Wizard 1D MASW analysis |
B-velocity (m/s) 1
0.0
n.o 1 Save As EE
50 beecoooi ]| Savein | Passive_T10 B0m_Sxeas x| = B ek E
10.0 O
15.0 S
20.0 SRR
E a5 feeeeeeand
fo)
4% 30.0 1| File name: IPassive.rst Save I
= 35.0 1| Save as type: |Analysis resul file[" rt) j Cancal |
|
40.0
45.0
50.0 -
S-velocity model sxaall0l.sg2-=sxaallZ0.sg2
: [l
R_l 1l |

>
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4.2 Combining Active and Passive Source Wizard Results
Once you have obtained dispersion curves for a given site’s active and passive source
data, it is simple to combine the curves and obtain one high-resolution plot over the entire

sampled depth.

Double-click on the WaveEq icon.

. Analysie)

Select Open velocity or dispersion curve file (.rst) from the File menu. Open the result
file for either the active or passive dataset. For this example, the passive source result file
is opened first.

FiletF) Edit{E} Wiew¥) Dispersion curves Velocity model{M)

Cpen velocity or dispersion curve Filel, rsk)

Cpen 8%

Look in: | 9 Passive_L11_100R_102504 SLee v | 4 (B] £ EF-

File name: |F'assive.rst
Files of type: |I:I|:u$ewatil:ln datal” rzt) ﬂ ﬂ

Note that the result file contains output up to the point the data was processed, so if the
file was saved after the inversion, the first view you will see upon opening a result file is
the final V profile. If the result file was saved before the inversion, the dispersion curve
will be the first view upon opening the result file.
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] Wavekq - e

File(F) Edit{E) Wiew(v) Dispersion curves Yelocity modeliM)  MASWIIDNO) MASW(ZDXT) Options HelpiH)

CEIEEE I IR S ES R A G A 1 11| G e e i
I

¥

al

g-velocity (ft/s)

0. s00.0 1000.0 1500.0 2000.0 25000 3000.0

(fe)

Depth

g-velocity model

[v]

Iil {11} m
[ honl

DisF
Use the Show one dispersion curve ﬂ button to switch over to a view of the dispersion
curve.

[ WaveEq - gea
File{F) Edit{E)} Wiew(V) Dispersion curves WVelocity modeliM) MASW(IDHNO) MASW{ZDNT) Options Help(H)
|| @] | 0] | | A [ | MElve]n| Vel e waley] Bel | 2Dy
[
Frequency (Hz) ‘—
n.o 5.0 10.0 15.0 20.0 250 30.0 35.0 40.0
3000.0 =
w i
I
w o 25000
£
-~ 2000.0
L
o]
5
£ 1sm0
b %@
mn
2 1oooo
= k
500.0
n.o
Dispersion curve
: (]
|i] 1} [l]
I T |
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Next, open the result file from the active source survey.

'\'.".'n«-fi - — '“‘|_T_J
|| @[ o| o] ]| = | | e[| [ R Vs dR] Vel | frm ey B | 2] D
3]
Frequency (Hz) ‘—‘
0.0 50 1no 150 200 250 0 S0 40.0
3000.0 Open B[]
i Look in: |55 1D_fclive_24ch_10f_102504_SLes v | 4= £ E5-
o
u:, 2500.0 BCUmbined_Test.rst
. tive.rst B Passive_Test.rst
i ﬂ 1005 _Passive.rst
S 2000.0 | %] Active_Test.rst
'9' |#] Combined.rst
= :
Y 500 |#] Combined_012105.rst
o
a
1000.0 i : I
ﬁ File name: I1 008, rst Open
Files of type: IDbservation datal* rst] LI Cancel
500.0 A—
n.a
Dispersion curve :
: (v
(_] 1l [il

1 T

This result file should be appended to the passive source dispersion curve by choosing
Append to present data.

WaveEq - oeal

w|H|g|o| mwles

I/
Freguency (Hz) ‘—‘
0.0 5.0 10.0 150 20.0 25.0 300 35.0 40.0
3000.0 —
W )
o
W 25000
- Append data (%}
B 20000
8 7 Hew data Ok I
o
g 15000 & sppend to present data Cancel |
b Q%L
n
2 10000
. k
500.0
0.0
Dizpersion curve :
_ Iv]
(_] 1l [il
[ now | 4
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Dispersion curves from active and passive datasets should have some overlap. In this
example, the overlap is between approximately 12 and 15 Hz and well matched. If the
curves are not aligned, you should check your dispersion curve picks. Usually the
problem lies in over-confident picks on the lower frequency end of the active source
dataset and on the higher frequency end of the passive source dataset.

Wavekq -

Fil{F) Edit{E} Yiew{¥) Dispersioncurves “elocity modeliM) MASWIIDNO) MASW(ZDNT) Options Help(H)

| ci| ] ] o ] ] |7 ] Yl ]

ﬁﬁ %ﬂ

Freguency (Hz)

0. 5.0 10.0 150 20.0 25.0 30.0 35.0 40.0
3o00.0 Cap 3

{ft/s)

2500.0

2000.0

1500.0

1000.0 %

500.0

Phase-velocity

n.o

Digpersion curwve :

<l &
L hml
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Save your combined results as a new result file.

File(F) Edit(E) Wiew) Dispersion curves Welocity model(M)

Open velocity or dispersion curve Filed, rsk)
Save analysis result,rst)

== |;_J

VB[YEIUE| Vel M| frm walFy| R 2|0
]
Freguency (Hz) |—‘
0o 50 inn 14510 1ol 251 nn 250 40.0
3000.0 Save As B[
A Savein: | ) Passive_L11_100R_102504 Sles  ~| 4= (&1 £ EE-
S 25000
':j & BPassive.rst
i
-+ 2000.0
8]
o]
e
£ 15000
o
%
g 1000.0 Filename:  |Passive_1008_combined.rst Save I
Save as type: |Ana|_|,|sis resulk file[ " rst] ;l Cancel |
500.0
0.0
Digpersion curwve :
[l
i_]__ 1] |_>_|
I

Proceed to create an initial Vi model and run the inversion for the composite dispersion

curve just as done using the wizards. Since there is no wizard in use, manually select the
MASW(1D) menu, Initial model.

MASWELIDIO)  MASWZDNT)

| Iritial model
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Set the maximum depth for the initial model.
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Return to the MASW(1D) menu and select Inversion.

MASWELIDIC  MASWIZDNT)

Initial radel
Inversion

Accept 10 iterations.

Least Square Method =
Iteration = L DK
Cancel
& cbranced raenn
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After the inversion, view the final V; profile and compare the calculated and observed
dispersion curves. A final result file can also be saved here by selecting the File menu,
Save analysis result (.rst).

. WaveEq - Q@ﬁ*
File(F) Edit{E) Wiew(v) Dispersion curves Yelocity modeliM)  MASWIIDNO) MASW(ZDXT) Options HelpiH)
|| S| | ] | = o e | (| [ ws(E| Ve I (| Fel T 2 [ D[
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(T Wavekq - oua
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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 collected with a
Geometrics seismograph are covered in this section. For complete description of the File

menu functions common to Seislmager/SW and SeisImager/2D, please refer the separate
SeisImager/2D manual, Section 3, included on the SeisImager software CD.

5.1.1 Open SEG2 File &|

To open a SEG-2 active source record for analysis, select the File menu, Open SEG? file.

File (F] Edit/Display (E} Wiew (%) Pick: Fir:
Cpen SEGZ file
Save SEGE File

Cpen SEGZ file (SmarkSeis)
Cpen MicSeis-3 File
Open OYO 160ME (SEG1Y File

Save first break pick File

Print windaw display (F... Ckel4+P
Print previgw ()
Page setup (R)...

Group (File list){a) 3

1 0:}!Datall, ..\ 1008, dat
2 Di\IDatatl,..\1004. dat
3 D:yIDatall...\ 1001, dat
4 DryIDatatl...\2008. dat

Exit (%)
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Depending on the model of seismograph used to collect the data, you may need to adjust
the Files of type setting. Geometrics seismographs use the file extension .dat for SEG-2
records; OYO seismographs use the extension .sg2.

-

- -
. Pickwin - = :Fﬂ@
F)  Surface-wave analvsis (53 Option () Help (H)

File (F) EditjDisplay (E) Wiew (M) Pick First arrivals (F) Jption 1C
=& o| | [ W] &= || A4 Av| B[R F | 1] | 7 | & | w || =) =[P 10|

Mo waweform data

mE

Open l2Jed

Lack in: | £ 10_Active_24ch_Tm_SXK)_GoodEx v | << (B o5 E-

File: namne: I"_ dat Open I

Files of type: [ Seq? filef™ dat) | Cancel |
Seqg? file[*.202)
ANl Files[* )
[se]
<. B
v

Select the file you wish to open.

Cpen 2JEd
Look if: | £ 1D_gctive_24ch_1m_SxKJ_GoodEx »| = @& £F BB~
_sx
ot i

Fil=: niame: |s:-:ki?EIEIS.sg2 Open I
Filez of type: ISegz filef* 552] j Cancel |
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5.1.2 Open First Break Pick File

To use this function properly you should start with a fresh instance of Pickwin, not one in
which you have already processed data. Double-click on the Pickwin icon to start a new
instance; you need not close any other open Pickwin windows beforehand.

Open first break pick file can be used to open a file of saved dispersion curve picks with
the file extension .pvs. First open the waveform file from which the dispersion curve
picks were derived using the appropriate Open _ file function. Next, select the File
menu, Open first break pick file.

File (F1 Edit/Display (E} Wiew (W) Pick First arr

Open SEGZ file
Save SEGZ File

Cpen SEGZ file (SmarkSeis)
Cpen MicSeis-3 File
Open OYO 160ME (SEG1Y File

Cpen first break pick File
Save firsk break: pick File

Print windaw display (F... Ckel4+P
Print previgw ()
Page setup (R)...

Group (File list){a) 3

1 sxkjFo03, 502

2 O\ 1Datall, ..\ 1008, dat

3 D\ 1Datal | Temp\MC200IFP, 5562
4 Do 1Dakal i Temph12-1.0AT

Exit (%)
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Adjust the Files of type setting to show Phase-velocity data (*.pvs) types.

B < xkj7003 502 _=E
| E[ (o || =5 W7 v S8 F [ & 18] k] v | 25| & | || =[] [ 10|
Status : No editing Ii:—ll
Source= -0.5m : Timaifmesach i
0 Open B[
| Laak in; IL:) 10_Active_2dch_1 m_SXKJ_GoodEH_vJ e &= Ed-
0 A
R A
2 A A
4 e
[ —
= g ——
= R
= 10 ——n
D —
o 12 —
= 14
o 16
w 18 File: narne: I"_ ¥ Open I
S i Files of type: | Traveltime data(* vs) LI Cancel l
22 Traveltme datal-vs] ————4
24 A Phase-velocity datal®. pvs)
Trigger All data(®.") . ;
sxkj7003.592
)
<) 2]
Mo editing ltime=111,059msec  |dist.=-13.64m  |0:amp.=-0.02647 sxkij7003.502 2

Select the file you wish to open.

-,

“Open B[,

Look if: | £ 1D_active_24ch_Tm_SxKJ_GoodEx | = @& £F BB~

bestl.pws

kest.pvs

File marme: hesﬂ.pvs Open I
Files af type: IF'hase-'-.-'Eh:u:it_I,I datal” prg] j LCancel |;"
2

You will not see the dispersion curve picks until you run the phase velocity-frequency
transformation (see Section 5.3.1).
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5.1.3 Save First Break Pick File

To save dispersion curve picks, select the File menu, Save first break pick file. Although
the name of this function refers to (refraction) first break picks, it is also used for saving
dispersion curve picks.

File (F1 Edit/Display (E}  Wiew () Pick Firsl
Open SEGZ file
Save SEGZ file

Cpen SEGZ file (SmarkSeis)
Cpen McSeis-3 file
Open OY0 160MY (SEGLY il

Save First break pick file

Prink window display (F... Ckrl+P
Prink presizm (%)
Page setup (R)...

Graup (File lisk){E) 3

1 Di\IDatall, . \sxkadinl. sg2
2 D:\IDatall. ..\ 1008, dat
3 D:\IDatall. ..\ 1004, dat
4 Dy IDatall...\1001.dat

Exit (%)

When prompted to name the file, use the extension .pvs.

Save As 2JEd

Save in: | 3 1D_ctive_24ch_1m_5xKJ_GoodEx | £5 EF-

kestl.pvs
kest. pvs

File narne: |test‘| s
Save as type: |F'hase--.feh:u:it_l,l data Platrefa file(* pvs) j ﬂ
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A notice confirming that the file has been saved will appear and a pink line will now
connect the dispersion curve picks.

File (F) EditfDisplay (E) Wiew (¥} Pick First arrivals (P)  Surface-wave analysis (3)  Option (&) Help (H)
= & o] |1 W e[S M s v % e |G| 2| A v E= 250
Press Enter key to continue Surface Wave Analysis Wizard Active 1D MASW(2) E—]

Rource=-0.5m Fhase velocity (m/sec)
0 100 200 3nn 400 500

FreguencyiHz)

Dispersion curve : sxkj7003.5g2

&l

Il [ lc=361.8ms [freq.=-13.44H: D:amp.=0.92603 |

N
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5.1.4 Group (File List)

The function Group (File List) allows a range of records, as with a passive source dataset,
to be opened.

5.1.4.1 Make File List

First, a list of the group of files to be opened is made. Select the File menu, Group (File
List), Make File List.

File (F] Edit/Display (E) Wiew (%) Pick first arrivals (P)  Surface-wave ana

Open SEGZ file .|.|‘ﬂ'lu“|; _.n.',,| eL @_

Save SEGZ File

Cpen SEGZ file (SmarkSeis)
Cpen MoSeis-3 file
Open OVO 160MY (SEG1) File

Save first break pick file

Prink window display (F... Ckel4+P
Prink presigm (W)
Page setup (R)...

Group (File listi{E) k Make File list

Cpen file lisk
1 :\1Datall. .. | 1008, dat F

2 D:yIDatall...|1004.dat
3 D:yIDatall...\1001.dat
4 D:yIDatall...\2008.dat

Exit (%)
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Select the set of files to be opened using the Shift key to select a range of files or the
Control key to select individual files.

-

eren 8%

Lack in: | () Passive_T10_50m_SiAha ~| &« @& cf BE-

+:‘Tf| sxaaliis. sg2 +:"«f| sxaalill.sgZ +:"«f| sxaal0lys sg2

ﬂ sxaaliis, sgZ El sxaalllz, sgZ ;«ﬂ sxaallls.sgZ

+:‘Tf| sxaal007, sge 1:"«f| sxaa0013. 592

*_Efl sxaaliog, sgZ jl sxaallld,sgZ

+_Ef| sxaaldod, sg2 +_Efl sxaallls.sg2

+_j| sxaallll.sgZ +_Ef| sxaallle.sgZ

& | 2]

File narne: |"s:-:aaEIEIEEI.sg|2" "zraallil. sg2" "exaalinz. g
Files of type: |,£'-.II filez[® "] ﬂ Cancel

[ Open az read-only

=

"Pickwin95

L] E 20 files have been opened!
L

For passive source data, the source location is non-applicable and the geometry of the
array is set in another, later dialog box. The coordinates saved in the file headers are not
needed here, so leave the boxes for Source position and Receiver position unchecked.

-~

Use information in file _‘

0K

[ Source position

| Recefver position Cancel

Check if yon use sonrce and recelver locations in files
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The next File list dialog box presents a summary of the input files. No action is needed
here; click OK when you are done and proceed to view the waveform files.

[~ Lpply source position in files
[T Lpply recefver postion in files

"File list &
Index  Edit 1D Sowve(m)  lst receiver(m)  Recefver int(m) #ofaux. OK
0 r | 0 0 E 0 e
|1 r |2 |n |n |1 |n Mo
|2 r |3 |n |n |1 |n
Back
|3 r |4 |n |n |1 |n
[4 s |0 |0 1 |0 Set up
Ij r Irﬁ IEI II:I I1 IEI Set #of awx.
|r5 r |? |n ||:| |1 |n
2N = E R C O CH N F (R
I8 - Ig ID I':' Il ID Fluraber of files
|zn
|9 r |1n |n |n |1 |n
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5.2 Edit/Display Menu

The Edit/Display menu functions essential or uniquely used for surface wave data are
covered in this section. For complete description of the Edit/Display menu functions
common to SeisImager/SW and SeisImager/2D, please refer the separate SeisImager/2D
manual, Section 3.2, included on the SeisImager software CD.

5.2.1 Edit Source/Receiver Locations, etc.

To change the unit labeling shown in the displays and in the dialog boxes, select Edit
source/receiver locations, etc.

Edit/Display (E}  Wiew (W) Pick Firsk arrivals (P
Undao

Redo
Exit edit mode

Select krace
Select all traces
Selected traces »

Time shift kraces
Correct shok kime
Automatic shift
Carreck S-wave

Filker r
Truncate traces (shorten record length) »
Resample data »

Edit sourcefreceiver locations, etc,

The Geometry dialog box will appear. This dialog box allows selection of units and
reports the coordinates saved in the file header at the time of acquisition. To set the units,
select between meters and feet. The unit assignment also updates the minimum phase
velocity default value, which is either 35 m/s or 100 ft/sec. Once set, the assigned units
will be set for subsequent uses of the wizard.
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- Geometry

Uzt
Shot coordinate | -25 e Mumber of channels | 25 OIE
% rmeters
(" feet Cancel

Crroup interval 3
Set |
First geophone coordinate |0

el i 2 3 4 5 6

Tnterval ] 5 J 5 ] 5 ] 5 ] 5

i‘;ﬂr};ﬁ'ﬁ [0 E ] 10 | 15 [ [25
Back | Next ‘

5.3 Surface-Wave Analysis Menu

This menu contains the functions needed for calculating a dispersion curve and picking
the maximum amplitudes of the dispersion curve.

5.3.1 Phase Velocity-Frequency Transformation

Once a waveform file(s) is opened, select Phase velocity-frequency transformation to

transform the time-domain waveform data to the frequency domain and calculate the
phase velocity for each frequency.

Surface-wave analysis (51 Option (2 Help (H)

Phase velocity-frequency transfarmation Chrl+D

2D Spatial aukacarrelation
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The following dialog box will appear, which you will recognize from the wizard. The
bounds for the transformation are set here.

The Start Phase Velocity and Start Frequency are set fixed at 0.

For End Phase Velocity, the approximate maximum velocity you expect for your site
should be entered. If you see in the resulting phase velocity plot that the end velocity was
too low or too high, the calculation can simply be re-run.

For End Frequency, adjust the default to enclose the bandwidth of fundamental mode
surface wave signal. For most sites, the default of 30 Hz is fine. Again, it is simple to
adjust this value and re-run the calculation if you want to experiment with this setting.

Phase velocity-frequency transformation
Phase welocitsy O
Start 1] T
5e Cancel

&branced menn

Freguency
Start 0 Hz
End 30 =
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The default dialog box format hides the Advanced menu. 1f you click to show the
Advanced menu, you will reveal the default values for active source (left) and passive
source (right) processing. (Whether the passive settings are used is determined by a prior
step, which is explained in Section 5.3.4.) Typically, none of these parameters need to be

changed.
Phase velocity-frequency transformation Fhase velocity-frequency transformation
Phase welocity Ok Phase welocity oK
Start 0 Start 0
mfsec Cancel rfsec Cancel
End 1000 End oo
misee Luranced menm = Libranced menn
Interval 2.5 rlsec Interval 2.5 tsec
Frecuency Frecuency
Start 0 Hz Start 0 Hz
End £l Hz End 15 Hz
hlode Direction Frequency Ivlode Dhirection Frequency
{* Shot gather | |+ Forward Fesalution f* Shot gather || f* Forward Eesolution
" CWP (" Backward 1 " CWP (" Backward 1
Cption Ciption
Offzet range used in transformation Offset range used in transformation
1] 1o 100000 m 1] 1o 100000 m
Iethod Ilethod SPAC
{* Phase shift (" FPhase shift 1D
" 5PAC v SPAC (v 20

The Phase Velocity Interval defines the resolution at which the calculation steps through
the range of velocities indicated. Increasing this value reduces the resolution. The

default value is recommended.

Mode of Shot gather or CMP gather is used for 2D MASW processing only and is non-

applicable here.

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 is smaller, the software assumes a
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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.

The Frequency resolution controls how finely the phase velocity curve 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 cutting out near-source affects in
2D MASW processing and is non-applicable for 1D MASW.

Method indicates what procedure will be used. This is the only difference between the
active and passive source dialog boxes. You do not need to change these settings because
they are automatically set 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 2D SPAC (Spatial Autocorrelation).

5.3.2 Pick Phase Velocity (1D)

The Pick Phase Velocity (1D) function tells the software to automatically pick the
amplitude maxima on the phase velocity plot, which defines the dispersion curve.

Surface-wave analysis (51 Opkion (20 Help (H)

Pick phase velocity (107
Show phase velocity curve (107 <launches WaveEq >
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Upon selection, the following dialog box will appear, which you will recognize from the
wizard. Here the frequency bounds for automatic picking are set. For active source data
processing, the Minimum Frequency default is 5 assuming that 4.5 Hz geophones were
used.

Min. and Max. frequency

Minitaur Frequency = | 3 Hz

Madrorn Frequency = | 2928 He

Cancel

L chvanced menu

For passive source data processing, the Minimum Frequency default is 2 assuming that 2
Hz seismometers were used. If you have acquired your data with 4.5 Hz geophones, you
can change the Minimum Frequency to 5 if you wish, however, any erroneous picks made
between 2 and 5 Hz can easily be manually edited. It is not essential or crucial that this
value be changed here.

Min. and Max. frequency

Ilinirourn Frequency = | 2 Hz

Madmum Frequency = [ 1464 gz

Cancel

LI
=
E

A chranced menu
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The Maximum Frequency reflects in Fourier space the value closest to that set in the
Phase velocity-frequency transformation dialog box.

The default dialog box format hides the Advanced menu. If you click to show the
Advanced menu, you will reveal the default values for active source (top) and passive
source (bottom) processing. Typically, none of these parameters need to be changed.

Min. and Max. frequency
oK
Ilindroarn Frequency = | 3 Hz
Carice]
Madraurn Frequency = | 2928 [y
Advanced ey
For phase-velocity picking
[v Use median filter
#of saraple for median filter= | 5
v Wavelength limitation
Inlavdronrm waselength = | 2 tirnes
Ilinirorm wavelength = | 2 tirnes
Llinirenarn phase welocity = 33 fsec
Min. and Max. frequency
oK
Ilindrorn Frequency = | 4 Hz
Caricel
Iladmurm Frequency = | 1464 Hz
Libvanced merm
For phase-velocity picking
v Usze median filter
# of sarnple for median filtex= | 3
v Werrelength limitation
Ivlaxdromm wavelength = | 4 tiraes
Ivlinirrorn weameelensth = r tirnes
Ilinirern phase welocity = 70 mfsec
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After the dispersion curve is automatically picked, if Use Median filter is checked
(default), a median filter is applied to remove outliers. The median filter is a moving
window filter sized by the number of samples. For high tolerance of outliers, a large
number would be set for the number of samples. For most cases, the default value is
suitable and does not need to be changed.

The Wavelength limitation defines the wavelength (phase velocity divided by frequency)
boundaries for picking. If this option is checked (default), the limits as defined will be
used for picking. The Minimum wavelength limit is calculated by the geophone interval
multiplied by the scalar value entered and the Maximum wavelength limit is calculated by
the total offset or array length multiplied by the scalar value entered. For active source
processing, the default scalar value is 2 and for passive source processing the default is 4.

On the phase velocity plot, the Maximum wavelength setting controls the slope (x/y ratio)
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).

The Minimum phase velocity is the lowest velocity for which a pick should be made.

After setting these parameters and clicking OK, the phase velocity plot with dispersion
curve picks (red points) is presented.

Bource= -0.5m FPhase velocity (misec)
0 50 100 150 200 250 300
0
Z 'x
4 -
° .:ﬁ‘x ——
T 2 X
E 10 1o T -
e A p—
E 14 — 1\1‘.\‘_ —
o 16 —
> 18 - \\\I —
2 D R
L 22 . : - ﬁ'\
24 S 1A
TR Y v — —
28 —— -
30

Dispersion curve : sxkabl0l sg2

The actual picks are the maximum amplitude at each frequency, which define the
dispersion curve. The automatic picks can be manually edited with the mouse by
individually clicking on a new pick or dragging the mouse over a range of picks. Manual
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|
picking is facilitated by using the Fine color contour I:I button to switch to a color plot

e

and the Amplitude gain | T | L | buttons, the Horizontal axis sizing buttons, and

the Vertical axis sizing |.|.| buttons to optimize the gain and scale. The actual

amplitude values can also be checked on the bottom bar £3:amp.=0.11%37  where the value
preceding the colon is the frequency and the following value the amplitude.

Any picks lying on the y-axis have a value of zero (Phase velocity = 0) and are
automatically excluded from further analysis.

5.3.3 Show Phase Velocity Curve (1D)

Once the dispersion curve is picked in Pickwin, WaveEq is used for detailed editing,
inversion to back-calculate the V; structure, and additional analysis. The function Show
phase velocity curve (1D) automatically launches WaveEq and imports the dispersion
curve from Pickwin. This step is necessary to import a new dispersion curve into
WaveEq. WaveEq can be launched separately, but only WaveEq dispersion curve result
files (.rst files, not Pickwin .pvs files) can be input.

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

Pick phase velocity (107
Show phase welocity curve (10 <launches WawveEq =
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Upon selection of Show phase velocity curve (1D), WaveEq is launched and the
dispersion curve plot is presented. Refer to Section 6 for a complete explanation of this
plot.

Frequency (Hz)

0.0 10.0 20.0 30.0 40.0
1000.0 e

900.0

&00.0

{m/s)

700.0

G00.0

500.0
400.0 3

300.0 %%&‘%
200.0 “9e00 0anas

100.0

Phase-velocity

0.0
Dizper=zion curve : =xteZ30l.=zg2

5.3.4 Spatial Autocorrelation (MAM : SPAC)

For passive source datasets (MAM or micro-tremor array measurements), the function
Spatial Autocorrelation (MAM : SPAC) transforms all of the associated files using the
Spatial Autocorrelation (SPAC) method. A phase velocity is calculated from the SPAC
function for each frequency. By this method, data from sources at various distances can
be unified.

If you are doing analysis manually instead of using the Passive Source 1D MAM wizard,
note that Spatial Autocorrelation (MAM : SPAC) must be run before the Phase velocity-
frequency transformation. Refer to Section 7.2 for the processing order.

Surface-wave analysis  Option  Help (H)

Phase velocity-frequency transformation{D) Ctrl4+D

Spatial aukocorrelation (MAM @ SPAC)
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Upon selection of Spatial Autocorrelation (MAM : SPAC), the following dialog box on
the geometry of the passive array will appear. Refer to Section 3.2.1 for explanation of
the different arrays and Array size.

-

20 spAC &3

— Georetry OF
— 20 arvay
~Trangle Cancel
" Triangle 4
" Trangle 7
&+ Triangle 10

Abranced roenn

— L shape

Angle= |0 degrees
L7

LY
L1l

Lrray size = I a0 tn

— Linear array
" Linear array

Becerver spacing = I 10 T
Muraker of receners = I 10
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The default dialog box format hides the Advanced menu. 1f you click to show the
Advanced menu, you will reveal an option to define a Manual array and Data storage
parameters.

2D SPAC
Geometry OF
2D array

Triangle Cancel
" Triangle 4
(" Triangle 7
& Triande 10 Lybeanced menu

L shape Oipen array file

fngle= on degrees T
L7
LY
L1
(" Single circle 9

" Double circle 37

Lrraysize = | 5 tn

Linear atray
(" Linear array

Becerver spacing = 10 T
Muraker of recerers = | 10

" Tylanual arvasy

Diata storage
[ Fewerse cable divection

Start channel = ] i channel rurmber starts at 0)

Urnsed channels (space or corrna
delhrnited) = |

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 as shown below where each row is a pair of
x- and y-coordinates.
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) ManualArray.txt - Notepad =/
File Edit Format Miew Help

-0, 000003 75,000000
-0, 000003 60, 000000
-0, 000002 45, 000000
-0.000001 30, 000000
-0.000001 14.595959
0. 000000 -0.000001
15. 000000 O, 000000
30.,000000 0000000
45000000 0, 000000
60, 000000 0. 000000
75000000 0, 000000

Once the Array file is created, click on Open array file to input the file.

-

eren B[
Look in: Ilﬂ Test Files - @ =F EH-

| Manalreay bxt

File marme: IManuaI.f-‘-.rray.t:-ct Open I
Filez of type: I,-'l'-,rra_l,l filie*. %] j Cancel |
2

After clicking Open, a confirmation of the number of receiver locations read from the file
is displayed.

“Pickwin95 &8

L] E Mumber of receiver location = 11
L
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If changes are made to the existing Array file, click on Save array file to revise the file or
save a new file with a different name.

o~ =,

Save As Ba[x
Save in: Il.f,‘ Test Files j = =5 Ef-

Igj Manualdrrary  Exk

File: narne: |"_" Save I
Save az ype: I,-'.‘-.rra_l,l filef* ] ;I Cancel |

A

Data storage pertains to 2D MASW. The Data storage settings allow you to apply
particular array geometry to other data. Reverse cable direction will flip the channel
order, Start channel sets the new start channel number, and Unused channels allows you
to delete dead or unused channels.
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After clicking OK on the Spatial Autocorrelation (MAM : SPAC) or 2D SPAC dialog
box, a coherence plot like that shown below will appear. It will be necessary to press the

right arrow key or the right arrow |i| button to expand the scale and zoom in on the low-
frequency end of the plot. Coherence plots are symmetrical, but you need only focus on
the low-frequency end.

mource= 0.0m Frequency (Hz)
n 10 20 30 40

Distance(m)

&0 %&W&- R i

Coherence : sxaallll.sg2-sxaall2l sg?

This plot displays the coherence, or 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 with shaded fill, 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 goes down with increase in frequency.

The shape of a coherence curve by nature is a Cosine function with 1D arrays and a
Bessel function with 2D arrays (as shown above). You can see in the above plot that at
each separation the coherence curve is well shaped (calculated from what is considered
an ideal dataset). Compare this with the following plot for an L-shaped array with 11
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geophones and array size of 60 feet that shows poor coherency for all separations greater
than zero.

Source= 0.0f
] R0 100 150

11

210

30
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mmmm
) S W P G e e

-.ﬂv‘w ﬂmmunm..m i bbb il bt A i+ Aot

Distancel(f)

EI:I ' - .. T e .
M"“ .‘I
il '*m mm
2 'W Hm MT iﬂl’f' Tyt *ﬁ‘!ﬂﬁ H M-M #wmm

4- ¢l TINS Ilﬂl L' by [ RN S |I - iy

Coherence : 1.0AT-20.04AT

Checking coherence is a quick calculation and can be readily performed in the field to
confirm that passive source datasets will yield good results.

5.4 Button Bar Functions

The button bar functions essential or uniquely used for surface wave data processing are
covered in this section. For complete description of the button bar functions common to
SeisImager/SW and SeisImager/2D, please refer the separate Seisimager/2D manual
included on the SeisImager software CD.

) |Nn
5.4.1 Normalize | *M

When traces are normalized, the maximum amplitude of each trace will be equalized.
Lower amplitude traces (those farther from the source) will be “turned up” so that their
maximum amplitude is equal to that of higher-amplitude traces. This has the effect of
equalizing the appearance of all the traces across the record and allows viewing of the
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active source surface wave package. The example below shows an active source shot
record with Normalize off (top) and Normalize on (bottom).

Source=-60.0ft Time{msec)
1] 500 1000 1600 2000 2a00

Tt
oy

a0

100

150

2no

Distance(ft)

250 {Trigger

1008 .dat
Source=-60.0ft Time{msec)
1] RO0 1000 1500 2000 2e00
1]
50
_ (T - — -
£ 100 o e ——
S - =
o T o
= e e
p 150 - AT gy Ao
— W‘\_)"W"v—'—“"w._w""""-"‘hw“"‘—""‘““
- Lo Sl i, T s et il e
— i ey i,
& 200 i, ™ ] A T e b |
260 rigge
1008 .dat

With passive source surface wave data, it is important to be able to observe trace-to-trace
variations, and thus, Normalize should be turned off. The example below shows how
subtle amplitude changes seen on traces 4 through 7 in the un-normalized view (top) can
be swamped by application of Normalize (bottom).
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5.4.2 Frequency Domain E

rd to the

The Frequency domain button transforms a time-domain waveform reco

frequency domain. Clicking on the E button will change the view from the waveforms

y to press

. It will be necessar
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to a plot of the frequency content or spectrum for ea
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the right arrow key or the right arrow Iil button to expand the frequency scale and zoom
in on the lower end of the frequency scale. The example below shows the spectrum for
the above passive source record.

Source= -0.5ft Frequency (Hz)
] 5 10 15 20 25 an 5
0 e
‘I il
2 s
3
g -
[ak]}
o 5
=
T
]
o 7
B i
9 .
10 —
sxad0086.sg2

Unlike most active source data, it is usually difficult to evaluate the quality of passive
source data from viewing the waveform record in the time domain. Similar frequency
bandwidth from trace-to-trace like that shown above, and unlike that shown below,
indicates high-quality data.
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Source=-35.0ft
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5.0AT

5.4.3 Time Domain IEI

The Time Domain button allows you to toggle out of the frequency domain.
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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.

File(F) Edit(E) Yiew™) Dispersion curves Velocity model(M)
Open velocity or dispersion curve Filed, rsk)
Save analysis result,rst)

Prink{PY. .. Ckel4+P
Prink presigy')
Page set upiR...

Exit(x)

6.1.1 Open Velocity or Dispersion Curve File (.rst)

To open a dispersion curve and/or V; profile previously saved as a result file with the
extension .rst, select Open velocity or dispersion curve file (.rst).

6.1.2 Save Analysis Result (.rst)

To save a dispersion curve and/or V; profile, select Save analysis result (.rst). A result
file can be saved at any time in the processing flow and will reflect the extent of results at
the time of save. You might like to save your “raw” dispersion curve before any
processing. To do so, save the result file before creating the initial model and running the
inversion. After the inversion, save the final result with a file name different than that
used for the unprocessed dispersion curve.

6.1.3 Open Phase Velocity Curves as a Plotrefa File (.pvs) | and Save
Phase Velocity Curves as a Plotrefa File (.pvs)

These functions are not active for this version of SeisImager/SW.
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6.1.4 Print |@, Print Preview, and Page Set-up

To print the current window display of WaveEq, choose Print, press Ctrl-P, or press the

Print = button. The following dialog box common to Windows will appear. Click OK

to print.

r::é Print

=]

General |

— Select Printer

E Add Printer
cé acrobat Distiller
;ﬁ.ﬁ.dmin_Laser on MAIL

E2 EPSON Skylus C80 Series ol
£s2 HP Color LaserJet 5500 PCI
1 hp psc 1310 series

" Selection € Curent Page
(" Pages:  [1-65535

Enter either a zingle page number ar a zingle
page range. For example, 512

[{_] 1 [i]

Stakus; IInable to connect [~ Printtafile  Preferences |

Location:

Comment: Fird Printer... |
— Page Range

L |

Mumber of copies; |1 3:

™ Cal
LML

| Print I Cancel |
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To preview the window display of WaveEq for printing, choose Print preview(V). A
preview of the window display to be printed will appear.

F—M
Frint... | Hest F'agel F'rexF'agel Two Fage | | Zoomgutl LCloze |

Frequency (Hz)
100 15.0 a0 25.0

Y

KW

Phase-velocity (£t/s)

Dispersion curwve :

RS
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To set up a page for printing, choose Page set up(R). The print dialog box for your
computer will appear.

Print Setup 2JE3d

Printer

I arne: | WabAAl L Admin_Laser j Froperties. ..

Status: Ready
Twpe: HP Lazerlet 4000 Senes PCL &
Where:  206.86.214.251:ADMIN_LASER

Comment;

Paper Orientation

Size: | Letter j {+ Poartrait

[
Source; |,-i'-.ut|:| Select j (" Landscape

Metwark. .. ] | Cancel

Adjust the properties for printing and then click OK to print the current WaveEq window
display.

6.1.5 Import Elevation Data File

The function Import Elevation Data File is not active for SeisImager/SW. It is
recommended that surface wave surveys be conducted on flat, planar ground. Some
variation in elevation can be tolerated and would be averaged, especially for the passive
source surveys, but flat ground is best.

6.1.6 Save Analysis Result in Tabular Format (.txt)

To save the final results of an analysis, select Save analysis result in tabular format (.txt).
The file saved 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 discussion of the relationships used for
calculating the equivalent P-wave velocity, Density, and N.
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| _5; test.txt - Hotepad E]@

File Edit Format View Help

pepthim) S—welocity(myss) P-velocity(mysSs) Densityig cc) h

Q. 000000 240, 201656 478, 715135 2.45175%4 17.953686
0.535714 2471.759526 480, 818502 2.451794 18.327154
1.15584a 200, 903282 41, 289055 2.45175%4 11.1602375
1.854394 171, 800114 346, 477288 2.450823 6.174623
2.B837363 203, 229841 405725995 2.453108 10.543385
3.002748 272.539905 538.4380ll 2.455779 26, 844084
4,450550 317.506544 G631, 251244 2.4686313 43, 658286
5.480770 339, 260817 B76, 979654 2.470901 53.917032
G, 593407 357.440472 7lb. 90ph92 2.475054 B3, a7l732
F.788462 300, 665652 TB4d.,423694 2.4815al1 85.191053
9. 065934 421.145715 840, 609763 2.484316 107.344413
10425825 438.123030 B72.308271 2.48431a 121.738448
11.868132 448, 739545 BOl, 207748l 2.48431a 131.384254
13.392857 523, 2659116 1036. 073513 2.484316 214.3159468
18, 214285 523, 2059117 1036, 07356035 2.48431a 214. 315408

6.2 Edit Menu

The Edit menu contains functions for making and reversing edits and copying graphical
displays to the clipboard.

Edit(E)  Wiew(y1 Disper

Copy to clipboard

6.2.1 Undo |"7"

The Undo function becomes active when you are in editing mode with the Select

dispersion curve | L button. Undo can be used to undo the deletion of a point on a
dispersion curve. It does not apply to all functions.

6.2.2 Delete

Delete becomes active when a point on the dispersion curve has been selected using the

Select dispersion curve | Ly button. To delete a point on a dispersion curve, you would
activate editing with the white arrow button and then select the point(s) on the dispersion
curve to be deleted with a mouse click. The selected points will turn red, and the Delete
menu item can be selected or the Delete key can be pressed to remove the selected points.
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6.2.3 Copy to Clipboard

To copy the current view to the clipboard for pasting in Microsoft Word or other
program, select Copy to clipboard, then paste.

6.3 View Menu

The View menu includes functions to configure scales, alter displays, and overlay or
import other types of data.

Wiew(W)  Dispersion curves  Velocity mod

&xis configuration

Dispersion curves

Show ane dispersion curves

Shiow P-welocity
Shiow corwverted M-value

Cpen M-value File
Cpen PS result file

Shiowe A3 Far IBC

Shiow water table depth

Show laver boundary

Show apparent velocity model{WR)
Show effective depth (YR max.)

Advanced options »

6.3.1 Axis Configuration
To configure the axis scales of the dispersion curve or velocity profile plot, select Axis

configuration. The minimum values for the x-axis and y-axis are fixed at zero. Scale is
not active for this version.

-118 -



Axis configuration

Ilirareomn Dfasdramrn  Interwal K
W _an 1] 40 5
s = Cancel
Voags |0 400 a0 s

Seale=1/ | U

6.3.2 Dispersion Curves

The Dispersion curves dialog box allows you to control how dispersion curves are
displayed. 2D data is only applicable for 2D MASW, not for 1D analysis.

DMspersion curves

2D data )

Flat curves
(v Single
(" Mext curves
(" &1 curves

Shift 1]

v Showr oquality

Caneel

[ Show ellipticity (HW)

Unchecking Show quality will remove the dashed red quality line that plots by default on
all dispersion curves. The quality line is a relative indicator of the quality of the points
that define the dispersion curve. If all data points were high quality, the line would be
flat. High quality points will correlate with peaks and low-quality points with valleys on
the quality line. Usually the quality decreases at the ends of the curve and thus, the line
will dip down.

Show ellipticity (H/V) allows you to plot the horizontal over vertical amplitude ratio for
three-component passive source data.
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6.3.3 Frequency/Period Fp

Frequency/period allows you to toggle the view of the dispersion curve between
frequency (cycles per second) and the inverse of frequency, or period (seconds).

Frequency (Hz) Period (sec)

0.0 0.1
0.0 50 100 15 20_.0 __25_._0\ 30.0 350 400 500.0 S -

500.0

{m/=)

400.0

300.0 f
200.0

100.0

400.0

300.0 2

Y

200.0

Phase-veloclty (m/s)

Phase-velocity

100.0

i 0.0
Dispersion curve :

Dispersion curve :

Some workers find it more straightforward to think in terms of seconds, which directly
relates to the natural period of buildings, etc.

6.3.4 Show One uiiir, Three, and All Dispersion Curves

DisP
Show one dispersion curve or clicking on the 1 | button presents the current dispersion
curve.

Show three dispersion curves and Show all dispersion curves are only applicable for 2D
MASW.

6.3.5 Show P-Velocity and Show Converted N-Value

Calculated P-wave velocities (V,,) and N-values can be overlaid on the S-wave velocity
profile be selecting Show P-velocity and Show converted N-value. A green curve will
appear for V,, and the horizontal axis will include a second scale corresponding to the V,,
values. A red curve is used for N-values and the horizontal axis will include a third scale.
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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-Velocity (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 based on the equations defined in the
following menu. See Section 6.5.4 for a complete explanation.

Yelociky modelit)  MASWIIDWo)  MASWZDNT) Options  Help(H)

| 4 .0 g D T )

1aa 120 140
0 50000 A000.0 7000.0
Setup water table 1 1000.0 12000 1400.0

fdvanced options 3 WP and W3 relationship
' : 1 M and s relationship

6.3.6 Open N-Value File and Show N-Value File

Measured N-values can be used to define the initial V model used for inversion. The
values need to be formatted in a space- or tab-delimited text file with a depth and
corresponding N-value in each row as shown below. The file can have the extension .n
or .txt.
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we/d

wp ram1.n - Hotepad
File Edit Faormat ‘Yiew Help
0,20 4.
0.40 4,
0.a0 2.
0. 80 15.5
1.00 28.
1.20 26,
1.40 29,
1.60 29,8
1.80 19.3
2.00 15.3
2.20 24.3
2.40 17.8
2.60 24,3
2.80 31.3
3.00 5.8
3.20 15.3
3.40 42.3
3.60 32.8
3.80 51.
4,00 35.2
4,20 32.9
4,40 23.5
4,60 21.1
4,80 22.2
5.00 23.5
5.20 24.7
5.40 19,2
5.60 21.
5.80 26.6
G.00 15.6

Once the file is prepared, select Open N-value file and highlight the file. If it has the
extension .txt, you will need to choose All files under Files of type so it is shown in the

list.

Cpen

-y

@]

Look in: | £ 1D_active_24ch_Tm_SKTE

| = @B e E-

File name: I”.n

Open I

Files of type: | N-value filef*r)

- Cancel
<] _ Concel | y

The N-values will now be stored in a buffer until the initial Vi model is created, at which
time the initial model will be displayed with the N-values as shown below. When an N-
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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.

0 20 40 1} a0 1a0 120 140 160 H(blow count)
0.0 200.0 400.0 f00.0 300.0 1000.0 120000 1400.0 1600.0 S-Velocity (m/fs)
0.0
CRTJ PP NSRS N N S S S—
E
=
i) . .
% ' H H . H . .
a 100 pre A A S A A A A
15.0

g-velocity model : sxtezZ301.=g2

To toggle between viewing the V; profile with and without N-values, select Show N-
value. When the values are showing this menu item is checked.

6.3.7 Open PS Result File and Show PS Result

Once a velocity model exists (required), measured V, and V; 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 V; value in each row as shown
below. The file can have any extension.

d.-_&f PSResult.txt - Motepad ==/
File Edit Farmat “iew Help
2.0 240.0 180.0

1.0 ¥60.0 200.0
19.0 570.0 240.0
21.0 570.0 300.,0
22.0 570.0 250.0
99,0 1500.0 &610.0

Once the file is prepared, select Open PS result file and highlight the file.
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Cpen 8%

Laok in: | (3 Test Files - =5k EF-

E’l Manualfrray bxk
r:=_c,| riodel, bk
| PSResulk, kxk

File name: |F'SHesuIt.t:-:t
Files of type: | PS-result filef* %) | Cancel |

To toggle between viewing the model with and without the measured V,, and V; data,
select Show PS result. When the values are showing this menu item is checked.

6.3.8 Show AVS for IBC

The average V as defined by the 2000 and 2003 International Building Code (IBC) in
Section 1615.1.5, Equations 16-22 and 16-44, respectively, can be calculated by selecting
Show AVS for IBC. The calculated average V; for the V, profile will be shown at the
bottom of the plot.

S-velocity (ft/s)

0.0 500.0 1000.0 1500.0 2000.00 2500.0 3000.0

(ft)

Depth

S-velccity model
Average V= 100ft = A77.5 ft/s

The result is saved to a text file with the name AVS.txt in the same directory where the
subject profile is stored.
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. AVS.txt - Notepad =E) =
File Edit Format Yiew Help

Pnit=ft Depth=100. 000001

M. Vs =1 o Tot. ws Tot. o
0 0.677 1.476 3,571 5,271 3,571
AVvS1nD = A77.5 fr/s

The average N as defined by the 2000 and 2003 International Building Code (IBC) in
Section 1615.1.5, Equations 16-23 and 16-45, respectively, will also be calculated if you
have opened an N-value file.

1] 20 40 al &l 100 H{blow count)
0o 200.0 400.0 a00.0 &00.0 1000.0 S-Velocity (m/s)
oo
50 R R
L= S VI R ettt S S S
o
i
o,
il
[
150 premmmmmdteecenees et REREE R EE LT
20.0

S-velocity model :
Average Ve 30m = 312.9 m/=
Average N 30m = 15.1

The result is saved to a text file with the name AN.txt in the same directory where the
subject profile is stored.
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_,3:-. AH_txt - Motepad =JaE
File Edit Faormat ‘Yiew Help

M. ] 5| 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. a00 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
& 29,000 0,200 1.400 0.235
7 29,800 0,200 1.600 0,241
2] 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. 284
1z 24.300 0,200 2.600 0. 262
13 31,300 0,200 2,800 0. 2596
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. 600 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 .38l
21 23.500 0,200 4,400 0,370
22 21.100 0,200 4,600 0,375
23 22.200 0,200 4,800 0.388
24 23,500 0,200 5. 000 0. 387
25 24,700 0,200 5.200 0405
26 19,200 0,200 S.400 0.415
27 21.000 0,200 5. 600 0,425
28 26,600 0,200 5.800 0.432
25 15.600 24,200 30,000 1.954
AM3IO = 15.1

Note that the average calculations of Vg and N should only be done if you have reliable
information to 30 m or 100 ft. Although the V profile may extend to 100 ft or 30 m, the
recorded seismic waves may not have sampled to that depth. Refer to the following
section on how to estimate the approximate depth of penetration.

6.3.9 Show Water Table Depth, Show Layer Boundary |ﬁ|, Show Apparent

Velocity Model (VR) E, and Show Effective Depth (VR Max)
To show the depth of the water table on your profile, select Show water table depth. A
blue line with 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. Refer to Section 6.5.3 for details.

Selecting Show layer boundary or clicking the Iﬁl button will outline the layers in the
profile with horizontal black lines as shown below.
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S-velocity (ft/=)

1aa0.0 1500.0 2000.0  Z500.0 3000.0

I:II:I 1 1 1 1
100 - oo ERRRRRES bononnneeee bomneeeee
L. NN S SIS S S—
30.0 R SRS
. e e
L AR R Rt L SR P
500 foresreeces feoraceoc.c SCETPPY P Besmennaes Peoeonnee o
i ' T o . h \
4 ' oo : ' '
—  60.0 : o e FARRRRR AR AR
T 700 R s Lo T bononnnnaes onnneeeee]
o : L ! !
] SDD -----------é-----------é------::'--i ---------- i ---------- i -----------
90.0 e e -~~~ -+~~~ omm oo
' : o : :
100.0  fprasmseeees RN L CE S e oneeeeeeed
100 s e 3o o B oo s
1300 : : : : :

S-velocity model

Selecting Show apparent velocity model (VR) or clicking the E button will plot in green
points the one-third wavelength V; profile determined from the dispersion curve picks.
Using each set of 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. This is a good indicator of actual depth of
penetration and limit of the V; profile.

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 limit of the profile and to
help prevent erroneous interpretation.

6.3.10 Advanced Options: Japanese, Show Regression Line

#dvanced options » Japanese

The Advanced options menu includes the option to convert the program from the English
to Japanese language. If you select this, you will need to re-start the program to see the
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change take effect. Obviously, this is not recommended unless you want to use the
software in Japanese.

Show regression line is not an active function for this version.

6.4 Dispersion Curves Menu
The Dispersion curves menu allows various editing of dispersion curves.

Dispersion curves  Yelocity modelM) MASW 100

amoathing (individual curves)

Set min. and max, frequency
Set min, and max, freguency (by arrow kew)

Celete low quality data
Delete higher mode

Advanced options »

6.4.1 Smoothing (Individual Curves)

To smooth, or align the points along the overall trend of a dispersion curve, select
Smoothing (individual curves). You will see the original dispersion curve (left) be
converted to a smoother curve (right). Smoothing maintains the trend of the original
dispersion curve but evenly distributes the points and removes localized jitter that may
cause unrealistic anomalies in the V profile.

Frequency (Hz) Frequency (Hz)

0.0 10.0 20.0 30.0 400 0.0 10.0 20.0 30.0 40.0
2000.0 — e 2000.0 —

1500.0 %
10000

s00.0

fm/s)

1500.0

1000.0 %

500.0

Phase-velocity (m/s)
Phase-velocity

0.o 0.0
Dispersion curve : Dispersion curve :

6.4.2 Smoothing (2D Median Filter)

Smoothing (2D Median Filter) is not active for the 1D analysis version.
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6.4.3 Set Min and Max Frequency and Set Min and Max Frequency (by
Arrow Key)

Setting the minimum and maximum frequencies is the main step for editing the
dispersion curve. This sets the range of points on the dispersion curve to retain, deleting
the points that are less than the minimum and those that are greater than the maximum.
You will find that in most cases trimming the ends of the dispersion curve will be the
only editing needed. If you have already zeroed out unusable end picks in Pickwin, this
step may not be necessary at all.

There are two ways to set the frequency range. Selecting Set min and max frequency
presents the following dialog box. Simply enter the values and click OK.

Min. and max. frequency

O

Llin. frequency a5 He

Cariel
li

Iz, frequency 30 Hz

As an alternative, the frequency range can be set visually using gates. Select Set min and
max frequency (by arrow key) and two gates will appear on the dispersion curve plot.

Frequency (Hz)

0.0 10.0 20.0 30.0 40.0
a00.0 .-
i
= 5000
o
-— 400.0
L
r <
S 3000 :
@
i %GW
S 2000
[w ]
100.0
0.0
Dizpersion curve : sxteZ30l.=g2
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The red color indicates which is the active gate, where green indicates the inactive gate.
Use the right arrow key to move the red gate to the new minimum frequency.

Frequency (Hz)

0.0 10.0 20.0 30.0 400
600.0 S
FLT{ \L\-.
= s000
o
= 4000
5 @st’
L 3o00
O
@ M
T ao00
[}
100.0
0.0

Digpersicn curve @ sxteZ301.=gZ2

After the first gate is positioned, hit the Enter key and the next gate will become active.
Use the left arrow key to move the gate to the new maximum frequency.

Frequency (Hz)

0.0 10.0 20.0 30.0 400
600.0 T
E \L\x
= so00 :
o
o400
5 @fo’
Y 3000
O
] %SQG\Q;
I 2000
[}
100.0
0.0

Digpersicon curve : sxteZ301.=gZ
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Hit the Enter key when done and the trimmed dispersion curve will be displayed.

Frequency (Hz)

0.0 10.0 20.0 30.0 40.0
600.0 R
w
= 5000
o
-+ 400.0
L
=]
._'
£ a0
o
n Gae%m
S 2000
[wE]
100.0
0.0
Dispersion curve : sxteZ30l.=g2

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
become less distinct.

To determine where to set the new maximum frequency on the high-frequency end, use
the quality line 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 also be
deleted.

6.4.4 Delete Low Quality Data and Delete Higher Mode

The definition of low quality and low quality picks can be automatically deleted by
selecting Delete low quality data. The following dialog box will appear.
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Enter float number

Enter gualitsy livnit | O

0.5 Cancel

The largest circle possible on the dispersion curve plot is equal to 1.0 and the smallest
circle possible is a dot, which is equal to zero. The default limit is 0.5, but you can enter
your own value. When you click OK the points that fall below the quality limit will be

deleted. If you want to reverse the changes, click on the Undo Iﬂl button.

If higher mode picks are present on the dispersion curve (as shown in the Pickwin plot
below), and you have not zeroed them out in Pickwin, the function Delete higher mode
can be selected in WaveEq to automatically delete those picks.

Source= 28 0m Fhase velocity (mfsec)
0 100 200 300 400 500

10
15
Pl
25
30
35
40

45 " “ o
50 f i, ' - | #

Dispersion curve : 1004.dat

fundamental
mode

S

higher
mode

Freguency(Hz)

Select Delete higher mode, and the higher mode points will be deleted.
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fms/s)

Phase-velocity
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Phase-velocity

600.0

500.0

400.0

300.0

200.0

100.0

0.0

600.0

500.0

400.0

3000

200.0

100.0
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Frequency

0.0 10.0 20.0 0o

(HzZ)

40.0

50.0

T

T

|

Digpersicn curve
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0.0 10.0 20.0

l004. dat
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T

|

Diszpersion curve
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6.4.5 Advanced Options: Smoothing (Multiple Curves), Resampling (Every
Other), and Setup Higher Mode Selection

The functions Smoothing (multiple curves) and Resampling (every other) are not active
for the 1D analysis version.

Selecting the function Setup higher mode selection displays the following dialog box
used for setting the criteria for higher-mode pick deletion via the Delete higher mode
function.

Hizher mode selection

Lirnitation 12 QK
Diepth to be deleted | 7.2 Cancel

The Limitation default value is 1.2, but can be set between 1.0 and 5.0. The Depth to be
deleted is the maximum depth determined by the one-third-wavelength calculation.

6.4.6 Button Bar Editing Functions: Select Dispersion Curve| 3| and
Correct Dispersion Curve ﬂ

In addition to the aforementioned editing functions, the Select dispersion curve | L

button and the Correct dispersion curve ﬂ button can be used for point-based editing.

Click on the | Ly button and click on any point on the dispersion curve that you wish to
delete. The point will turn red to indicate it is selected. Click on just one or multiple
points.
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Frequency (Hz)

0.0 10.0 30.0 30.0 40.0 50.0
600.0 B
m
= soon
o
R .
[
]
3 M
Y 000
] %
@ G%%\cw
S 2000
[}
100.0
0.0

Dispersion curve : sxte230l.=sg2

When done selecting points, hit the Delete key or select Delete under the Edit menu. If

you change your mind and do not want to delete the selected points, hit the | Ly button to
deselect the points and exit editing mode.

To edit the dispersion curve by dragging points, click on the g button. Click and hold
the mouse button on the point to adjust, it will turn red and then return to white at the new
location when the mouse button is released.

The Undo || button can be clicked in between any deletion to reverse the effect.
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6.5 Velocity Model Menu

The Velocity model menu allows you to set the parameters of how your velocity model is
calculated.

Yelocity model(M)  MASMEIDWDY  MASWNZDTY Options  Help(H)

[ Retl ] YE[VE[4] Y| HR[I|Rrw b e

Showvy welocity model

Setup waker table

Adwvanced options r WP and WS relationship
I and %5 relationship

Interpretation r Shove AYS For IBC

Seismic interpretation  #

6.5.1 Horizontal Smoothing (2D) and Horizontal Averaging (2D)

Horizontal smoothing (2D) and Horizontal averaging (2D) are not active for the 1D
analysis version.

6.5.2 Show Velocity Model =, Show Three Models, Show All Models

Vs
Once a velocity model exists, Show velocity model or 1| button, will display the model.
ve
The 1 |button is useful for toggling between the dispersion curve and the velocity model

displays.

Show three models and show all models are used for 2D MASW and are not active for the
1D analysis version.

6.5.3 Setup Water Table

Once a velocity model exists, the depth of the water table can be set with Setup water
table. When selected the following dialog box will appear. The default is zero; enter the
value for your site. If you have water table measurements along the geophone spread,
you could use the average value.
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Enter float number

Water tahle (o) = O

0 Cancel

After clicking OK, you will be prompted to confirm the change.

Wavelq

L] E Maodify layer boundary based on the water table?
L

Yes Mo

Now the depth of the water table is set. To show a blue line with standard water table
symbol at the depth you indicated, you must also select Show water table depth under the
View menu.

6.5.4 Advanced Options: V, and Vs Relationship and N and Vs Relationship

The V), and V relationship and N and V relationship dialog boxes allow you to
customize the equations used for calculating V, from V; and N from V.

Upon selecting V), and V; relationship, the following dialog box will appear (if you are
working in metric units, see next dialog box for English units). 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. The default equation for above the water
table is simply two times V. The default equation for below the water table is from
Kitsunezaki (1990). The effect of V,, on phase velocity is minimal; these relationships
work fine for most models.
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Vp and Vs

Bheoree wrater tahle OF
f* Linear
yp= |2 xygs+ |0 mis Cancel
" Ivlannal Diefanlt

Water table depth= | 10 tn

Belowr wrater table
{* Linear

VE= | 1.11 * TS+ 1290 s

(" Iwlarmal

Vp and Vs

Bhaorve water tahle K
{* Linear

yp- |2 #ys+ |0 fiis Cancel

(" Tvlannmal Defanlt

Water table depth= | 10 ft

Belowr water tahle
{* Linear
Tp= | 1.11 ® S 4 3870 ftis
(" IvTanmal

Relationships can also be manually set by choosing Manual and inputting V, values
through the View menu, Open PS result file.

Upon selecting N and V; relationship, the following dialog box will appear (if you are

working in metric units, see next dialog box for English units). The default equations are
from Imai and Tonouchi (1982). This relationship works fine for most models.
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M and Vs
{* Linear oK
Logl0fWS)= | 0314 * LoglO(Hy + |97 s

Caneel
Defanlt

M and Vs

Logl0{Ws)= | 0314 * LoglOM + | 291 fifs
Cancel
Defanlt

Where applicable, the equation for density is from Ludwig et al. (1970):
p=1.2475+0.399V, - 0.026V,’

If you make changes but want to revert to the default values, click on Default.

6.5.5 Advanced Options: Interpretation, Show AVS for IBC

Show AVS for IBC calculates and displays the average V; as defined by the 2000 and
2003 International Building Code (IBC) in Section 1615.1.5, Equations 16-22 and 16-44,
respectively.

WavekEq

L "_\ AYS = 151481583 mys
L

This is one of two ways the average V; can be calculated. Selecting the Show AVS for
IBC function in the View menu calculates and displays the average V; at the bottom of the
velocity model.
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6.6 MASW (1D) Menu

The MASW (1D) menu mainly includes the functions for calculating an initial model and
running the inversion or back-calculation, to find the best fit of the initial model with the
observed data. Other modeling functions are also included. Although MASW refers to
active source surveys, the same functions are used for analysis of MAM data.

MASWIIDWO) MASWEDNT) Options  HelpiH)

Initial model e | | W, | | |
Inversian R l:,, ﬂ
Ireeersion Owikh M)

Zomparison

Maodeling( 100
Calculating wavefarms  k

] Discreke wave-number method{300
Advanced options »

6.6.1 Initial Model

The initial model of Vi with depth is the starting point for the inversion. All of the initial
model parameters except Depth and Number of layers are not visible by default. Expose
all of the parameters by clicking on the Advanced menu button. Also note that the basic
and advanced menu parameters are always reset to the defaults in between closing and re-
opening an instance of WaveEq.

The default is for the model to be Based on depth conversion result as shown below,
which is the one-third-wavelength approximation of depth for each associated phase
velocity. The Minimum and Maximum (phase) velocities 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.
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Initial model for inversion

(" Linear rnodel OF

(" Hornogereons model

(+ Based on depth corsversion result Cancel

(" Tae M-ralue

Depth = IT m
#of layer = IT
Ilin. wel. = 205 Tz

Ivlax. wel. = 3925 ma

A branced menn

Layer thickness

(" Identical
{v Wariahle
For wvariahle layers

Laryer thickress gradient 0.5
Bottom layer multiplier 3

{ Based on M-walue

[ Use assumption that welocity is increasing with depth
[ Lpply horizontal interpolation

Water table = |0 T

Alternatives are Linear model, Homogeneous model, and Use N-value. A Linear model
(left example below) is constructed following a straight line starting at the Minimum
velocity and ending at approximately the Maximum velocity (the model may not extend to
exactly the Maximum velocity depending on the number and configuration of the layers).
A Homogeneous model (right example below) has no velocity variation with depth; the
Minimum and Maximum velocity are entered as the same value.

- 141 -



S-velocity (m/s) S-velocity (m/s)

0.0

0o

0.0 1n0.0 200.0 300.0 400.0 500.0 0.0 100.0 200.0 300.0 400.0 500.0

1o 100 fereeneeas booccoona o R e fooneeeeees

200

tm)
{m)

300 00 e — T S —

Depth
Depth

400 400 oo S S —

50.0

S-velocity model : g-velocity model

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 has not already been opened, you will be
prompted as shown below.

Wavelq

L] "_.. Mo M-value data
L ]

Layer thickness applies to all models. The layer thickness automatically increases with
depth; to override and set all layers to equal thickness select Identical. For Variable, the
gradient controls how the layer thickness increases with depth. A value of 1 means there
is no gradient and the layer thickness is identical. A smaller number equals a steeper
gradient. The default value of 0.5 is usually fine 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 dispersion curve. Setting it thicker than the
overlying layers stabilizes the inversion. After the Layer thickness gradient is applied,
the thickness of the bottom layer will be multiplied by the multiplier value. The
multiplier value default is 3 and is usually fine for most models.

To set layer thickness based on N-values select Based on N-value.
To disallow velocity inversions in the resultant V; profile, check Use assumption that

velocity is increasing with depth. It is common to see small V inversions near the
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surface (especially at paved sites) and at the water table due to a pore pressure increase,
and thus, you probably want 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.
Apply horizontal interpolation does not apply to 1D analysis and is not active for the 1D
analysis version.

6.6.2 Inversion and Inversion with N

6.6.2.1 Inversion

Inversion is selected to calculate the Vi profile that best matches the observed data
through iterative modification of the initial model. In the Inversion dialog box, all of the
parameters except lteration are hidden by default. All of the parameters can be exposed
by clicking on the Advanced menu button. Also note that the basic and advanced menu
parameters are always reset to the defaults in between closing and re-opening an instance
of WaveEq.

Least Square Method
[teration = L DK
Alpha = 03 Canicel
_ 1
Beta= Libranced merm
g= 0.01

Begularization = 02

Constraint

[~ Ve Ilinwel= |205 mis

Dlax wel= | 3925 mfs

[ Weighting for quality
[ PFiobust estimation
| Eleep first layer velocity

[ Save matrix inforrnation

Iteration is the number of times the software will run the calculation and iteratively seek
the best match between the initial Vi model and the observed data. Before the next
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iteration the improved model is used as the new starting point so the error or mismatch
should decrease. The iteration concept is conveyed in the following flowchart.

Dispersion
curve

v

Initial model

Observed and
calculated data

Forward modeling Modified model

f

A 4

@@ Iteration

A 4

Modified vector

Matrix inversion

Jacobian matrix

Residual

Converge?

Partial differential

Yes

Analysis result

After setting Iteration to the desired value, and no other changes are made, the process
will run and the error in velocity (m/s or ft/s) and percent (%) will be displayed as shown
below. The error should decrease with each iteration.

Non-linear least square method ! calculating derivative for 1 !ompleted
lteration=0 RMS=36.978845 m/s [13.913927%) -°city (m/s)

lteration=1 RMS=29.371461 m/s (8.762567%)
lteration=2 RMS=24.046611 m{s (7.039501%)

1500.0  2Z000.0 2500.0  3000.0

lteration=3 RMS=19.093178 m/s (5.559619%] | ! i

lteration=4 RMS=15.085287 mfs (4.402213%] ! : ;

20.0

When complete, the final error value is saved to a file called RMSE.txt.
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Wavekq

L] E RMSE error has been saved in 'RMSE. bt
L

If the error increases, the inversion process will be interrupted and terminated. The initial
model settings, inversion parameters, and units in the Option menu should be checked
and corrected if necessary before running the process again.

The Alpha and Beta settings optimize the non-linear least square 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 the Alpha correction factor.

Alpha is used in the first iteration because the matrix is least stable in the beginning. 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 wild differences in V in
between layers. The higher the Regularization value, the higher will be the degree of
smoothing. All of the layers would be artificially similar if an extremely large value was
used and a value of zero would apply no smoothing.

Alpha, Beta, e, and Regularization rarely need to be changed and the default values are
recommended. Illogical values for these parameters will cause erroneous and unrealistic
results.

Saying Yes to Contraint will use the indicated Minimum and Maximum (phase) velocities
to limit the lower and upper bounds of the inversion. This can be useful if you have
accurate knowledge of velocity, otherwise the defaults 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 data folder.
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6.6.2.2 Inversion with N

Inversion with N is an option when an N-value file has been opened and the initial model
has been set-up using N-values. The parameters and defaults in the Inversion with N
dialog box are the same as in the in the Inversion dialog box, except for the Minimum and
Maximum velocities under Constraint. If you have accurate knowledge of velocity, you
may want to enable Constraint and set velocity limits, otherwise no velocity constraint is
applied.

Least Square Method
Iteration = 10 DK
Alpha = 02 Cancel
_ 1
Beta= Libranced menm
g = 0.1

Regularization = 0.1

Constraimt

[~ Yes Diimwel= |letll  mis

Ilax. wel= |0 teus

[ Weighting for quality
[ Riobust estirnation

| Keep first layer welocity

[ Save matror mforration

6.6.3 Comparison ﬂ

Comparison or the ﬂ button allows the calculated dispersion curve to be overlaid on the
observed dispersion curve. The calculated curve is shown as a black line as seen below.
To remove the calculated dispersion curve, select MASW(1D) menu, Comparison or click
the button again.
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6.6.4 Show Velocity Model ‘=

To toggle to the velocity model display from the dispersion curve display, select Show

Vs
velocity model or click the _1 | button.

6.6.5 Modeling (1D) or Creating a New Velocity Model |E|

Velocity models can easily be created independent of waveform data acquired in the
field. Modeling can be useful for planning a survey, modeling borehole data, or testing
and comparing various results. Selecting Modeling (1D) or the Creating a new velocity

model EI button, presents the following dialog box.

10 model
Depth of model= a5 il L
Caneel
Frecuency

4.5 ta 30 Hz
Mureber of frequency = | a0

Enter the desired Depth of 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 depth of penetration.

The frequency range is divided by the Number of frequency and sets the resolution of the
upcoming dispersion curve. The Number of frequency default of 60 is fine for this
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 will appear. An associated dispersion curve will not yet exist.
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S-velocity (m/=)
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S-velocity model

To modify the velocity model, click on the Correct velocity model Yy button. Horizontal
lines defining the model layers will appear. Use the mouse to click on the vertical edge
of a layer and the selected layer edge will turn red. Drag the edge to the desired velocity.

S-velocity (m/s)

0.0 2000 400.0 a00.0 200.0 1000.0

I:II:I 1 1 1 1
5o [l A S U —
00 e S SRS S S—
= ‘ E ‘ ‘
= ]
+ 150 ' ‘ ' '
= : : : :
i1l 1 ] 1 1
(] ‘ ' ‘ ‘
200 [t R R R oo
25.0 :

S-velocity model

Position the rest of the layers and set the water table, if applicable or desired.
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S-velocity (m/=)
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S-velocity model

Refer to Section 6.6.6 for instructions on how to continue modeling by simulating a
survey.

6.6.6 Calculating Waveforms, Discrete Wave-number Method (3D)

Once a model is created as shown above, to calculate the dispersion curve, first a time-
domain waveform file must be generated. Only active source waveform files are
simulated; passive source waveform files are not generated. Select the function
Calculating waveforms, Discrete wave-number method (3D) and the following dialog
box will appear. DWM parameters determine how the time-domain record will be
calculated.
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DWHM parameters

Data length = ’17 o OIF
Muroher of saraples = 128 Cancel
Feriodicity 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 CPU-intensive.

The Periodicity length multiplier defines the size of the calculation and the default is fine
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. To set
values similar to what would be used in the field for a 1D MASW survey, refer to Section
3 for guidelines. 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 is fine
for most cases.

After clicking OK, WaveEq will calculate the corresponding waveform file and
automatically launch Pickwin to display the result. The waveform file is automatically
saved to the current directory with the extension .8hd. Note that the function to re-open
.8hd files is not currently activated in Pickwin, but this will be corrected in a future
release. As a work-around, complete your waveform analysis before closing Pickwin or
re-run Calculating waveforms, Discrete wave-number method (3D) again with the same
parameters.
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Source= 0.0m Time (msec)
0 200 400 BO0 800 1000 1200

Distance{m)

26 Trigger

wanveform_data_ D4 Bhd

At this stage, analysis proceeds from Pickwin as if the calculated waveform file was a
field record. Proceed to calculate the phase velocity plot.

Source= 0.0m Phase velocity (misec)
0 200 400 B00 80a 1000

11
15
210
2h
30
35
41
45
&0

Fregquency(Hz)

Dispersion curve ; waveform_data_ DW.Bhd

After picking the dispersion curve, import the picks into WaveEq and proceed with the
standard analysis.
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Frequency (Hz)
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Digpersion curve : waveform data DWM. Bhd

Set-up an initial model, run the inversion, and view the dispersion curve. At this point in
the dispersion curve view, you can also model higher modes by first clicking on the

Calculating a theoretical higher mode dispersion curve ﬂ button, then clicking on the

ﬂ button. The dispersion curve view will now 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 curves by color.
The dashed lines are the relative amplitudes of the higher modes, again associated by
color.
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Fregquency (Hz)
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Phase-velocity

2000
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Digpersion curve : waveform data DWM_000. 8hd

To toggle off the higher mode dispersion curves, click on the ﬂ button again. To return

to the fundamental mode, click on the I ¢ button.

6.7 MASW (2D) Menu

The MASW(2D) menu applies to 2D MASW and is not active for the 1D analysis version.

MASW(ZD(T)

6.8 Options

The Options menu includes general display and program controls.
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Cptions  Help(H)

Dirmension size

Jru malru] Fp| |20

g

feet and ftfsec

Advanced options  #

Reverse ¥ axis text for clipboard copy

6.8.1 Dimension Size

Select Dimension size to look-up data input allowances for the current software
registration and the keyword for upgrade if applicable. At the time of publishing, no
upgrades were available.

Check Change dimension size to increase the Present size or the maximum allowable
number of dispersion curves. Only with 2D MASW do you need to input more than one
dispersion curve; there is no need to adjust this setting for 1D MASW. If you do select
to change the dimension size, enter a new Present size and click OK.

Froperty

Fresent size Ivlaaroarmn O

Iladraurn dispersion curves | 201 2001

| Change direension size
Password for upgrade

Your keynarord s caangd 5id
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You will be prompted to restart the program to work with the new dimension size.

Wavekq

"j Memory size has been changed!
L

Flease re-start the program

6.8.2 Meters and M/Second and Feet and Ft/Second

Select the units that apply to your dataset by choosing meters and m/sec or feet and ft/sec.
This setting is reflected in the display labels, dialog box labels, and default values where
applicable.

6.8.3 Advanced Options: Reverse Y-Axis Text for Clipboard Copy

If Copy to clipboard from the Edit menu is selected, the label for the vertical axis will
appear horizontal if Reverse Y-axis text for clipboard copy is not selected. Reverse Y-
axis text for clipboard copy corrects the horizontal orientation of the label. It is enabled
as the default setting.

6.8.4 Help ?

The Help menu 0r| ? button presents the version information. When requesting
customer support, please provide the version information.

Version info.(WaveEq)
WaveEq Version 2.07 Ok
Eﬁj'ﬂ Copyright () 2004
Blarr. 122005
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7 Summary of Basic Processing Flows

The Pickwin and WaveEq menu functions and their processing order are summarized
below. The wizards automatically run these functions in the same order.

71 Active Source 1D MASW

File (F1 Edit/Display (E)  Wiew (V) Pick: First
1 Cpen SEGZ file

Surface-wave analysis (51 Opkion (20 Help (H)

o) Phase velocity-frequency transformation Ckrl+Dr

Surface-wave analysis (51 Option (20 Help (H)

3 Pick phase velocity (107

Surface-wave analysis (53 Option () Help (H)
Pick phase welacity (100

4 Show phase velocity curve (100 <launches WaveEq >

Dispersion curves  Welocity modelM)  MASW{ 10

Smioathing (individual curves)

Set min. and max, frequency
5 Sek min, and max, frequency (by arrow key)

MASMICIDN DY MASMIZDNT)
6. Initial model

MASMIDIDY  MASWZDNT)
Initial model
7 Imversion
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7.2 Passive Source 1D MAM

File (F) Edit/Display (E)  Wiew ()  Pick First arrivals (P} Surface-wave analy

Open SEGZ file I|.|J~v|¥ _p.',,| eL ﬁ_

Sawve SEGZ fFile

Open SEGZ file {SmartSeis)
Open McSeis-3 file
Open OYO 160M¥ (SEG1) file

Save first break pick: file

Prink window display (F... Chrl+P
Print presview (W)
Page setup (...

1 Group (File lisk iG] » Make file lisk

Surface-wave analysis (51 Opkion (20 Help (H)

Phase velocity-frequency transformation Chrl+D

20 Spatial autocorrelation

2.
Surface-wave analysis (51 Opkion (2 Help (H)
3 Phase velocity-Frequency bransFormation Chrl+D
Surface-wave analysis (51 Opkion (20 Help (H)
4 Pick phase welocity {100
Surface-wayve analysis (51 Opkion (00 Help (H)
Pick phase welocity (100
5 Show phase velociky curve (100 <launches WaveEg =
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Dispersion curves  Yelocity model(M) MASWT1D00

Srmoathing (individual curves)

Sek min, and max, frequency
Set min. and max. frequency (by arrow ke

MASWELDOID  MASWZDNT)

Initial model

MASWELIDIC  MASWIZDNT)

Initial radel
Inversion
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8 Examples

8.1 Active Source Waveform Data

8.1.1 Low Quality

The example below lacks coherent 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, may
help.

Bource= 25 0ft Time (msec)
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A 26
170 oor N WanVan NaaVs

In the example below, the takeouts for channels 6, and 12 through 16 were left open with
no geophone connected. No signal was recorded on these channels, 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)
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Due to a small near offset, the signal on the nearest geophone was clipped in the example
below. A few saturated traces can be tolerated but it is best practice to not overdrive
channels.

Source= 65.0ft Time(msec)
0 300 400 500 B00
1
b
1
1B
£ 5
lab)
o 26
=
o & |- - - -
P
° =
b1 = I — ~—<|

8.1.2 High Quality

The shot record below displays high signal-to-noise ratio, no clipped traces, and
coherency from trace-to-trace.
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8.2

8.2.1 Low Quality

Trace-to-trace, there is wide variation in trace amplitude in the example below.

Distancelft)

Source=-35 0ft
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Passive Source Waveform Data

Time{msec)
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Upon viewing the spectrum, it is clear that the frequency content is uneven.
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A similar condition is evident in the below shot record and associated spectrum.
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In this example, from the traces are similar to each other, but over time, there is wide
range in amplitude.
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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 High Quality

This example of an ideal record shows even signal amplitude from trace-to-trace and over
time.

Bource= 0.0m Time{msec)
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The corresponding spectrum shows the energy contained in a neat envelope from
approximately 2 to 7 Hz.

Bource= 0.0m

Distance(m)

[~ = S RS L R S L -

—_
=

0

Frequency (Hz)
15 20 25 30 35

sxad0087.sg2

The record below has intermittent higher-amplitude noise from passing cars (between 20
and 26 seconds).
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The spectrum shows the car noise had relatively little impact on the record quality since it
comprised a relatively short period compared to the total recording time.
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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 and
for 1D analysis, the resultant V; profile is representative of the center of the geophone

spread.
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Only the Rayleigh wave fundamental mode is used for analysis, though higher mode(s)

are present and often visible.
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The frequency range within which the phase velocity is considered stable corresponds to
the receiver or geophone interval and total offset for active source surveys (and array
length for passive source surveys). The geophone interval and total offset generally
relate to wavelength by one-half, meaning that the minimum wavelength sampled for any
given survey is approximately two times the geophone interval and the maximum
wavelength sampled is approximately two times the total offset.

The frequency range is depicted on the phase velocity plot by black lines (shown on
right) 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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