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1.0 SeisOpt® ReMi™ Softwar e Overview

SeisOpt ReMi software uses refraction microtremor recordings from standard refraction equipment
to estimate 30 m (100 ft) average shear wave velocities and one- and two-dimensional shear wave
profile down to depths of 100 m with 5%-15% accuracy, with the accuracy decreasing with depth.
The software is based on the refraction microtremor (ReMi) technique described by Louie (2001)

ReMi data is provided in the insert of this user's manual. Before collecting the data for ReMi
software analysis, please read the field tutorial carefully and contact support@optimsoftware.com
with any questions about the acquisition parameters. The frequency of the available geophones,
distance between geophone takeouts, total length of the recording array, and the distribution of
subsurface velocities will determine the maximum depth up to which shear wave velocities can be
derived.

Current techniques of estimating 30 m (100 ft) average shear wave velocities (Vso0) and one-
dimensional shear velocities for assessment of earthquake site response are too costly for use at most
construction sites. They require large sources to be effective in noisy urban settings, or specialized
independent recorders laid out in an extensive array. SeisOpt ReMi software uses microtremor noise
recordings made on 200-m-long lines of seismic refraction equipment can estimate shear velocity
with 5-15% accuracy, often to 100-m depths. Shorter lines and higher frequency geophones will
yield velocities down to shallower depths. It uses standard refraction equipment, simple recording
with no source, a wavefield transformation data processing technique (ReMi Vspect module, see
Section 3.0), and an interactive Rayleigh-wave dispersion-modeling tool (ReMi Disper module, see
Section 4.0). Thus, the refraction microtremor exploits the most effective aspects of the microtremor,
spectral anaysis of surface wave (SASW), and multi channel analysis of surface wave (MASW)
techniques (Louie, 2001). The slowness-frequency (slowness is inverse of velocity) wavefield @
transformation is particularly effective in allowing accurate picking of Rayleigh-wave phase-velocity
dispersion curves despite the presence of waves propagating across the linear array at high apparent
velocities, higher-mode Rayleigh waves, body waves, airwaves, and incoherent noise (Louie, 2001).

2.0 Installing and Getting Started with SeisOpt ReMi
2.1 Installing SeisOpt ReMi

Begin theinstallation of SeisOpt ReMi by inserting the installation CD into the CD drive. The install
process should start automatically. If it does not, you can go to the CD drive and click on the
Setup.exe file, which has the icon, shown in Figure 1.

Figure 1: Setup.exeicon. Click thisto start theinstallation, if it does not start automatically on
insertion of theinstall CD into the CD drive.

When the ingtall is complete, a ‘“Setup Complete’” window will pop open. Y ou have the option of
choosing to read the README file or clicking on 'Finish' to end the installation. The README file
gives you directions on how to obtain your license from Optim to run SeisOpt@2D. The default
instalation directory is C:\Optim\ReMiv30\. A successful installation will create three SeisOpt
ReMi desktop icons, as follows:
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SeisOpt ReMi Vspect module (Figure 2a, see Section 3.0), which has tools to read in the
recorded data and create a Rayleigh wave phase-velocity dispersion curve.

SeisOpt ReMi Disper module (Figure 2b, see Section 4.0), which is the interactive, one-
dimensional shear wave velocity-modeling tool.

Figure 2b: SeisOpt ReMi Disper moduleicon

SeisOpt ReMi Registration tool (Figure 2c¢), which has to be used to register the software before
use.

Figure 2c. SeisOpt ReMi Registration icon

2.2 Authorizing and Registering SeisOpt ReMi

SeisOpt ReMi software modules are protected by encryption software and so you need to obtain the
proper authorization from Optim to be able to start using them. The following sections outline this
procedure:

2.2.1 Registering SeisOpt ReMi software

1.

~No

Thefirst step isto register SeisOpt ReMi. Note that you can do the authorization and registration
at the same time. That is, send the registration key (Section 2.2.1 and site code at the same time
to Optim.

To register double-click on the “Register ReMi” icon (Figure 2c) that appears on the desktop
after installation.

A command (MS-DOS) window will open up (Figure 3), displaying the “Registration Code”.
Send this code, along with your company name and address to Optim, via email to
support@optimsfotware.com, phone or fax.

DO NOT quit the registration window until after you have entered the registration key. Else, you
will not be able to run this module.

A registration key will be returned, which you will need to enter to authorize the program.

On successful registration window will either automatically close or you can close the window.
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ev CAWINDOWS\System32\cmd. exe

C:sOntintepeninIArhins java —cn v=znect_3A. jar regizster

HEHl“tPatan cude 1971-1597-81
Please Enall LHE anuve IEHJ.-.:-I.-I:II:!.I..-J.U“ kE_l,F to oll]_]]_]ﬂltED]_]tlmontuEllE com to obtain a

registration key.

Do not cloze this window or press any keys until wvou have completed your
registration and obhtained the registration key associated with your registration
code .

Registration key:

Email this code to support@opti msoftware.com.
DONOT close the window until you enter the
registration key

Figure 3: A command (M S-DOS) window opens up with the ‘‘Registration Code”’
2.2.2 Authorizing SeisOpt ReMi Vspect and Disper Modules

The next step isto authorize the license for SeisOpt ReMi V spect and Disper modules. Note that you
can do the authorization and registration at the same time. That is, send the registration key (Section
2.2.1 and site code at the same time to Optim. To do so, following the steps below:

1. Copy the file ‘Cksexe’ that is present in the installation CD to the instal directory
C:\Optim\ReMiv30\

2. If you are installing and running SeisOpt ReMi on a Windows NT, 2000, or XP machine you
need to log in as the local administrator and run setupex. Find the ‘setupex’ file in the
installation directory (globe icon show in Figure 4). Run ‘setupex’ by double clicking the globe
icon from a Windows-explorer window.

Figure 4: Setupex icon. Double-click on this after mstallatlon if the host isan NT, 2000, or XP machine.

3. Click on the ReMi Disper icon (Figure 2b) on the desktop.
4. When the license configuration window appears (Figure 5), a Site Code should be displayed, as
shown in Figure 5. If not, click the ‘Display Site Code’ button.

© Optim LLC 2004, www.optimsoftware.com Page 6 of 79


http://www.optimsoftware.com

& Disper Module: Part of SeisOpt ReMi V3.0 - Lic... [= |[51|[X]

Program License Help

Frogram naot authonized

i

Email thisto
aliaare

and enter the site key sent Site Key: |
back to you in the appropriate
location

isper Module: Part of SeisOpt ReMi V3.0 ~

10 & 20 shear wave velocity modeling from
refraction microtremaor

The license for this program is not currently authorized. If

you have paid for a license, follow the instructions below:

1. If the Site Code does not appear abave, click on the

Display Site Code' button.

2. Send this site code that appears, along with your

company name to w

Figure5: License configuration window for ReMi Disper module displaying the'Site Code'

5. Send this site code to Optim, by email (support@optimsoftware.com), phone (775.784.6613), or
fax (775.784.1833). This same Site Code will reappear each time the license configuration
window is opened until a Site Key is entered.

6. Upon receiving your Site Code, Optim will generate a Site Key and send it to you. Enter this
Site Key in the blank line below the site code, and click ‘Validate’.

7. Each time you run ReMi Disper, a small window briefly appears (Figure 6) describing the status
of the license, then closes, and the program starts. DO NOT hit ENTER/ RETURN when this
window appears.

Disper Module: Part of SeisOpt ReMi ¥3.0

Linlimited license

Press <Enter> to configure your license.
Figure 6: License check window appear s each time ReMi Vspect or ReMi Disper moduleisrun

8. SeisOpt ReMi will not run on any other computer, without obtaining another Registration Key
and Site Key or authorization to transfer the license (sees Section 6.2).

2.2.3 Preventing loss of license

SeisOpt ReMi Disper module software protection mechanism works by storing hidden files in the
PC. As aresult, the user should make sure these files are not erased during disk de-fragmentation or
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while running an anti-virus scan. For example, this is known to happen when running Speed Disk, a
de-fragmentation utility included in Symantec’s Norton Utilities. This also happens while running
Norton Anti-Virus Utility. Loss of these fileswill result in the loss of license to run SeisOpt.

To prevent thisloss, do the following:

1. Open Speed Disk, and choose File, Options, Customize, and Unmovable Files.
2. Specify that the* .ENT, *.RST, .KEY, and.41S files cannot be moved.

3.0 SeisOpt ReMi Vspect Module

Double-click on the desktop icon shown in Figure 2a to launch the ReMi Vspect module. The
graphical user interface shown in Figure 7 will open up. The V spect module imports the microtremor
data recorded in the field and performs a wavefield transformation, creating a “‘velocity spectrum’’
in the slowness-frequency (p-f) domain.

 SeisOpt(R) ReMi(TM) V3.0 Vspect: Begin With Step 1 [= |[B][X]

File Edit “iew “spectProcess Windows
[ SesUpHHT HelW{TIRT VT VspecE BEegn With Step T e
| 0.0 Element 150.0 —
lu]
|
YWactar
100.0
Amplitude —
o[ T 1 o v

Figure 7: Starting graphical user interface of SeisOpt ReMi Vspect module

This module contains tools to do the following:

Convert refraction microtremor data recorded in the field (SEG-2 format) to SEG-Y.

Import, visualize and plot the data (Step 1).

Perform some pre-processing on the data (Step 2).

Erase or apply geometry to the microtremor records (Step 3).

Perform wavefield transformation on the data in and generate a velocity spectrum in the

slowness-frequency domain (Step 4). This yields the Rayleigh wave phase-velocity dispersion

curve.

e Visualize and plot the velocity spectrum.

e Stack and sum velocity spectrum from individual records (gathers) to one spectrum (Step 5).

e Pick the dispersion curve and export the picks for interactive one-dimensional velocity modeling
using SeisOpt ReMi Disper module (Step 6).

e |naddition it has also options to write out images in JPEG, SEG-Y, or Binary formats.
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Each of these steps launches a new window. For ease of use it is recommended that the user close
any windows that are not needed, by selecting ‘“Close Window’’ under the ‘‘File’” menu. That is,
for example, if the user is performing Step 4, he or she can close windows that were opened during
Step 1, Step 2 and Step 3.

Note that the title bar on each window indicates which step of the SeisOpt ReMi V spect processing
the user is at, making it easier to keep track of the processing sequence. When proceeding to the next
step, use the select the options from the current window. If you do have windows from al the
processing steps open, click on the frame of the window you want to activate and bring to the front.

3.1 Step 1: Converting, importing and visualizing field data

Thefirst step is to convert the microtremor data recorded in the field to SEG-Y format since current
version of the ReMi Vspect module can only read in field data in SEG-Y format. If the seismic
recorder can save datain SEG-Y format, then this step can be skipped.

For the convenience of the user, the module comes with a program that will convert data recorded in
SEG-2 format to SEG-Y. If you wish to convert other data formats to SEG-Y (like from ABEM
Mark 3 or OYO), use SeisOpt® Picker which is available from Optim. SEG-2 (usually, with .DAT
extension) is the format of data recorded by several seismographs and is one of the most common
formats used for recording seismic data. The conversion program can handle only data that has
16,000 samples per trace or less. Hence, set the recording length and sampling rate to make sure this
limit is not exceeded. Contact support@optimsoftware.com if you have any questions before
acquiring the data. There are several commercia programs available (for example, 1XSeg2Segy ©
Interpex Limited, Golden, CO, USA) that can handle longer trace data.

3.1.1 Converting SEG-2 data to SEG-Y format

If your seismograph records in SEG-2 format, then the first step isto convert it to SEG-Y format. To
do so, choose the ‘“Convert SEG2 Filesto SEGY ...”" item from the File menu of the V spect module,
as shown in Figure 8.

 SeisOpt(R) ReMi(TM) ¥3.0 Vspect: Begin With Ste... [ [B)(X]

HIEN Edit Yiew “spectProcess Windows

Ctpl 44y U Vspect Bequn With Step T

. ement 1580.0 =

Close Window
Comvert SEGZ Files to SEGY

Write PostScript File... Ctrl+P

Wirite JPEG File...

Wirite Binary File... Ctrl+B
Append to Binary File... Cirl+D
Wiite Sound File... Ctrl+L)
Wirite Ascii File... Ctrl+5

100.0
Amnlitnda o

¢ | &l

Figure 8: Choose ““Convert SEG2 Filesto SEGY...”’ to start the process of converting SEG-2 files
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The dialog window shown in Figure 9 opens up, with the message ““Select first SEG File...”” inits
title bar. Go to the directory containing the SEG-2 data files (.DAT extension) and choose all the
records that need to be converted. Make sure al the files that are being converted are recorded along
one profile. Note that for this example, the data files RM2011.DAT to RM2021.DAT residing in the
subdirectory ‘‘demo’’ was chosen.

& Select SEG-2 Seismic Records Files...

Look In: | (] demo = @ @ @ @E

[ RM2011.DAT [ ) RM2018.DAT
[ RM2012.DAT [ ) RM2019.DAT
[ RM2013.DAT [ ) RM2020.DAT
[ RM2014.0AT [} RM2021.DAT
[y RM2015.DAT
[} RM2016.DAT
[y RM2017.DAT

File Name: |2EI1 F.OAT" "RM2018.0DAT" "EM201 9.DAT" "EMZ020.DAT" "RM2021 .Dp‘-‘-.'l'"l

Files of Type: | All Files et

Open Cancel

Figure 9: Choose all the SEG-2 filesto be converted and click ¢“Open”’

If the conversion is successful, a window displaying the message ‘‘Conversion completed’” will
open up (Figure 10).

£ convtemperr.txt - Notepad

®%% Conwversion Completed wEw

Figure 10: On successful conver sion, the message above will be displayed on a Notepad/W or dpad
window

Any errors that might occur during the conversion are also displayed in this window. A SEG-Y file
(.SGY extension) containing all the files (records) and which has the name of the first SEG-2 file
will be written to the directory containing the SEG-2 files. The conversion is amost instantaneous
(few seconds) and so, if the window shown in Figure 10 does not appear, it indicates a problem in
converting the files. If thisis the case, try converting one file at atime. Thiswill create one SEG-Y
file for each SEG-2 file. The individua SEG-Y files can then be read in together in Step 1 of the
V spect processing sequence (Section 3.1.2).
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The conversion is performed by the seg2segy routine, slightly modified to adapt to Vspect module,
and is available from the Colorado School of Mines (Copyright, 1992-1999). The following rules
and limitations apply to the conversion:

e The SEG-2 files should not exceed 16,000 samples per trace. For a typical SeisOpt ReMi data
acquisition, it is sufficient to record for 30 seconds, at 2 ms sample interval, resulting in 15,000
samples per trace. One can record noise for 30 seconds at 2 ms sample interval and the data can
be converted using the above module.

3.1.2 Importing and Visualizing SEG-Y Files

Once the SEG-2 files have been successfully converted to SEG-Y format, the next step is to import
and visualize them using the ReMi V spect module. Y ou also use this step to read in individual
SEG-Y files (records) that have been recorded in the field. To do so, go the *“V spect Process’” menu
item and choose ““Step 1.b: Open SEG-Y Seismic Records...”” as shown in Figure 11.

& SeisOpt(R) ReMi(TM) V3.0 Vspect: Begin With Ste... [= |[B][X]

File Edit “iew BESE=IMSsGlEi=oN Windows

"’Deési Step 1.a: Open hoh SEG-Y and hoh SEG-2 Seismic Red

0.0 Step 1.h Open SEG-Y Seismic Records..

Step 2: Pre-Processing

Step 3 Erase or Apply Geometny...
Step 4: Compute p-fof Each Record...
Step & Combine Record p-fs...

Wector
Step 6: Pick and Save Dispersian...

100.0

arrmnlitinda

Figure 11: Choose ““Step 1.b: Open SEG-Y Seismic Records...”’ toread in the microtremor datain
SEG-Y format

Note that Step 1.a should be used only for data saved or recorded in a format that isNOT SEG-Y or
SEG-2.

When the Step 1.b is selected, the dialog box shown in Figure 12awill open up. Go the directory that
contains the data file in SEG-Y format, select it, and click ““Open’’. If you are reading in individua
SEG-Y files created in the field then you ssimply choose all the SEG-Y files to be read in as show in
Figure 12b. Note that you use this option only when each SEG-Y file contains only ONE record. If
they contain multiple records, see Section 3.1.5 on how to read them in.

In both cases, the format verification window shown in Figure 13 will open up. The default data type
of the converted SEG-Y traces is 32-bit integer. Use this the option when the SEG-Y file is created
using the SEG-2 conversion module (Section 3.1.1) or when using DAQLink 11 or the SeisOpt ReMi
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recording unit manufactured by Seismic Source Company. The program can aso read in SEG-Y
data whose traces could be in any of the formats listed in Figure 14. Usually, the seismic recording
instrument manual should specify the trace type of the data being recorded. Next, make sure the
number of tracesto be read in is correct. The default valueis 24, but if you have a 12-channel system
this should be changed to 12. Similarly, when recording more channels this should be change to
reflect the total number of traces being analyzed. Click ‘‘Read Binary’’ to read in the SEG-Y data.

& Read SEG-Y Seismic Records Files... X

Look In: | demo = @ @ @ @E

[ comtemptxt [} RM2015.DAT
[ comtemperr.txt [ RM2016.DAT
[y RM2011.0AT [} RM2017.DAT
[YRM2011.sav [} RM2018.DAT
[y RM2012.0AT [} RM2019.DAT
[y RM2013.0AT [} RM2020.DAT
[y RM2014.0AT [} RM2021.DAT

File Name:  |RM2011.50v

Files of Type: | All Files b

Open Cancel

Figure 12a: Choosethe SEG-Y fileto beimported in ReMi Vspect for analysis
f Read SEG-Y Seismic Records Files. .. X

Look In: | data_051004 - @ @ @ @E

[y bri17.zip [ bri17_5.sov [ bri17_mod
[ bri17_1.sov [ bri17_6.sov [ bri17_picks
[ bri17_10.suy [ bri17_7.sav [ bri17_picks
[ bri17_2.sov [} bri17_8.say [} bri17_picks
[ bri17_3.sov [ bri17_9.sov [ bri17_picks
[ bri17_d.sov [ bri17_dis1.txt [} conway By
I

File Name: |gﬁf' "Bl T _S. sy "bril T_B.soy "hril T_T . son "hril T_8 =0y "hril T_El.sgy"|

Files of Type: | All Files -

Open Cancel

Figure 12a: When reading in several individual SEG-Y files, each containing only ONE record, select
all of them and click ‘Open’.
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& Open Binary File...

Binary file CAOptimyemivaiidemoBEmM2011 5
wiill replace the current data {if one Planeg)

SeisOptiRY ReMifTh w3.0 Wspect: Begin Wi ¥
£ >

Binary File Type: |SEG-“rr j

First Field Recard No. to Read: |1 < gg?;i%ggg?‘égﬁfﬂﬂ

10000 will ensure all dataisread in.

v 3600-byte Reel Header Block Present

Trace Data Type:  [32-bitinteger |

|24 <— Enter the number of traces or
channels (equal to number of
geophones) to be analyzed. For
the demo data set this should be

li

li changed to 36
li
Ii

Traces to Analyze: |1

Fead Binary File | Cancel |

Figure 13: SEG-Y data verification window. The default trace data type (32-bit integer)
may needed to be changed only if the SEG-Y dataiscreated by a process other than the one described
in Section 3.1.1

Trace Data Type:  |32-bitlnteger |

IEEEf ava Float

Traces to Analyze: IEM Float

32-hit Integer

16-hit Integer

32-hit Intwif Gain
]

Figure 14: Different ¢“Trace Data Type’’ can be chosen using the pull-down menu
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@ SeisOpt(R)ReMi(TM) V3.0 Vspect: C:\Optimiremiv30idemo\RM2011.sgy [ |[B][X]
File Edit “iew “spectProcess Windows

Plane Index:0 0 o 10 [Animate: s

Use the “Plane Index” scroll A HeReeh, Munnmu'mnw MhIemo\RIF20TT.Sqy
bar to view all the records that
were converted. Each planeis
one record comprising of, in
this case 36 traces

——— : —- Check if the total number of traces for
e — each record has been read in correctly

Scroll down to check whether the total
recording time (20.48 sin this case) is correct

Amplltude

Arzs1 [ 7 3 51

-
Figure 15: (a) SEG-Y dataimported into ReMi Vspect module (Step 1) (b) Scroll down the bottom of
the datato make surethat thetotal recording time and the amplitude of the tracesare correct. An

incorrect trace data type will result in very large amplitudes for the traces

For example, if the SEG-Y traces were created by a procedure other than the one described in
Section 3.1.1 then it is recommended that the user change the trace data type to either IEEE or IBM
float. One can detect if the trace data type is correct by looking at amplitude scale (Figure 15b) of the
data. Incorrect trace data type will result in amplitudes being very large (e.g. 1e-8 to 1e+8).

The datawill open up as shown in Figure 15. Do the following to check for integrity of the imported
data:

1. Make sure to scroll down to the bottom of the window to check that the total recording time,
displayed in seconds, is correct (for this exampleit is 20.48 seconds).

2. Check the amplitude scale and make sure they are reasonable. Incorrect trace data type will result
in very large amplitudes.

Click on the ‘‘Animate’’ button or use the scroll bar to view all the files (records) that were
converted. The SEG-Y file should contain all the SEG-2 files that were converted. The ‘‘Plane
Index’” counter will increment from ‘0’ as each record is displayed. For example, for the demo
data 11 planes (Plane Index 0 to 10) consisting of SEG-Y data from records RM2011 to RM2021
will be present.

Note that messages will appear on the MS-DOS window, while the data is being read in, including
any error messages. Since SeisOpt ReMi Vspect user interface is Java based, it is possible that an
““‘Out of Memory’’ error might appear when reading in large data sets, with multiple records. As a
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rule of thumb, the available RAM on the machine must be about four times the number of bytesin
the SEG-Y file. See Section 6.0 on how to increase available RAM for Java.

The data size of the display window can be adjusted by choosing an appropriate zoom percentage
under ““View’’ menu (Figure 16).

@ SeisOpt(R)ReMi(TM) V3.0 Vspect: C:\0ptimiremiv30idemo\R#42011.sgy [ |[B)3
File Edit BHENS Yspect Process  Windows

it Ctri+s | ﬂ o

Zoom lmage To: 100% Cirl+1
Pick Windaow...

Ahout Wspect..

0% Ctrl+5
TE% Ctrl+7
150%

200% Crl+2

o p———

Figure 16: Adjust window size us ngthe Zoom ';options under the ““View’> menu
3.1.3 Setting Plot Parameter s of the Imported Data

The parameters that control the display of the data on the window and the output can be viewed and
edited by choosing the ‘‘Plot Parameters...”” option under the ‘‘Edit’> menu (Figure 17). Choosing
this will open up the plot property window shown in Figure 18. If the window panel does not look
like the one show in Figure 18, or if it appears to be missing the lower items, just drag a corner with
the mouse to enlarge it alittle. Setting the plot parameters correctly for the record will alow you to
anayze it more quickly, as some of the geometry information will be correctly set as well. The
following describes the plot parameters:

Rows Point Down: If checked, renders the image with the time axis going downwards.
Vert. Exagg. (Recommended between 0.01 and 0.1): controls the size of the plot.
Positive Only: If checked, renders only positive amplitudes.

Amplitude Clip: Vaues above this are clipped. Best to set it at ~~3*rms"

Units: Typein label for scale of image.

Color Table for Image: Choose different color palettes for the image.

Element Zero: Starting time for traces

Element Delta: Sampling interval of the traces in seconds

Element Units: Label for the time axis.

Vector Zero: Starting value for horizontal axis (number of traces or distance).

Vector Delta: Geophone spacing (in meters) or trace spacing.

Vector Units: Label for the x (horizontal) axis (e.g.: <Offset, meters*’).

Planes Zero: Index for start of planes, if multiple gathers (records) are being displayed.
Planes Delta: Increment for labeling subsequent planes.
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@ SeisOpt(R)ReMi(TM) V3.0 Vspect: C:\0ptimiremiv30idemo\RM2011.sgy  [= |[B]|

File BEEIY “iew “spectProcess Windows

= FPlot Parameters. .. v 10 G|
Apply Parameter File... Cirl+F VU deroFITZ 0 T 1.5y
Clip at Maximurm e+ Trace Se genes 26.0
Clip at RME
Clip at 3*RMS Ctrl+3
Vert Exagn.: r - ==

i — -

Figure 17: View and edit plot parametersfor the disply of a by choosing ¢“Plot Parameters...”’
under the ““Edit’> menu

Click the ““‘Apply Changes’’ button for the changes to be applied. Click ‘‘Reset Values™ to delete
the changes and ‘“Cancel’’ to close the window.

@ SeisOpt(R)ReMi(TM) V3.0 Vspect: C:\Optimirem... [= |[B][X]
File Edit

Title: |EeisOpt{R}ReMi(‘l’M} W3.0vWspect RM2011 sgy

Iv Rows Point Down? “ert Exagg.:  |0.02

[ Positive Armplitudes Only?  Amplitode Clip:  [473.51102

Ampl: Zero |00 Factor |[1.0 Units  |Amplitude
Colar Tahle for Image: |CurrentCuInrs ﬂ Elements: Zaro
IT Delta W Units IW Yertors: Zero
IT Delta IT Units lm Planes: Zero
0.0 Delta |10 Units |RecordIindex  Apply Changes

Cancel | FesetValues |

Figure 18: Edit and save plot parameters

The plot parameters can be saved to file by choosing the ‘“Save Parameter File...”” option under the
“File’” menu of the properties window. A new dialog appears asking you to find a directory and
suggesting a name for the parameter file. A saved parameter file can be read in using the ‘Open
Parameter File...”” option.

3.1.4 Exporting Data Filesfor Printing

To save or print aplot of the record, display the appropriate record the, and then select “‘File->Write
PostScript File...”” from the menu bar (Figure 19). Note that only the displayed file will be output as
a PostScript file. If multiple files are present, the correct file must be first displayed by choosing
using the ‘‘Planes Index’’ scroll bar at the top. PostScript files can be either displayed, edited or
printed using drawing programs like Adobe Illustrator. To view and/or print these files a program
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capable of reading EPS format filesis needed. If you do not have such a program, you can download
a set of free ones, called GhostScript (Copyright © Aladdin Enterprises) and GSView (Copyright ©

to GhostScript. See Section 3.4.5 on how to import the PostScript file into an MS-WORD document.
Version 2.0 allowsto you output the file in JPEG format. Select “File->Write JPEG File...” from the
menu (Figure 19) to output the rendered image in JPEG.

& SeisOpt(R)ReMi(TM) V3.0 Vspect: RM2011.sgy E|[E]g|

Write out image in window as a Edit “iew “specotProcess Windows
PostScript file pse Window Corl+ »| 10 [Animate! 25
C%ert SEGZ Files to SEGY...
Wirite PostScript File... Cirl+P
Wirite JPEG File...
rite Binary File... Cirl+B
Write out image in window asa Bopend to Binary File... Ctrli+D
JPEG file rite Sound File. . Crl+L)
| "rite Ascii File... Cirl+5
| -

Figure 19: “Write PostScript File...” otion outpa PostScript file of the data displayed in the user
interface while “Write JPEG File...” writesout a jpeg image.

3.1.5 Importing/Exporting filesin another format and combining SEG-Y files

Use the “Step 1.a. Open non SEG-Y and non SEG-2 Seismic Records...” option under “Vspect
Process’ if you are importing data that is not in SEG-Y or SEG-2 format. When doing so, make sure
you choose the correct binary file type option.

There could aso be a situation where you need to combine SEG-Y files created by converting group
of SEG-2 files (using the conversion module), into one SEG-Y file. That is you need to combine
several SEG-Y files, each containing multiple records. This Section describes how to do this.

Read in each SEGY file using the “Step 1.b.: Open SEG-Y seismic records...” option under ‘V spect
Process’ option. From the window that displays the SEG-Y record, choose the “Write Binary
File....” option under the File menu as shown in Figure 19a.
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FEN Edit Wiew “spectProcess Windows

Close Window Crl+ity ﬂ 10 'ﬁ:ﬁi?ﬁéié‘

Convert SEGZ Files to SEGY...

Wirite PostScript File... Ctrl+P
Wirite JPEG File...
Write Binary File...
Append to Binary File... Ctrl+D
Wiite Sound File... Ctrl+L
Wirite Ascii File... Ctrl+5

| —— s e e am———

Figure 19a: Choosethe ‘Write Binary File...” option to export the SEG-Y fileasa binary file.

The dialog window shown in Figure 19b opens up. Enter afile name with any extension you choose.

CITTIETTE— 20|
Save jn: Ia Shea Commercial Zip ﬂ gl

3 E-03-155-diz.xl= E sheadis1.tut
"3' E-03-155-mod. sl sheamod] bt

flgEI'I P gheamod . tkt_nehrp. txt
. plot. par @' zheapicks1.pg
1, 1result= ZIP @ sheapicks1.ps

shea fit sheapicksl bt

File name:  {shea fi Save |
Save az ype: I,-'.‘-.II Files [*%] j Cancel |

Figure 19b: Provide a filename, with an extension of your choice, for the binary fileto bewritten to.

Press the “Save” button. The window shown in Figure 19¢ will open up. Choose the “Raw Float”
option for the binary file type. The default option is “RG”, so you need to scroll up to choose the
“Raw Float” option. Click on “Create Binary File”.

% Creating Binary File C:AOptimhowenz\5he.__

Binary File Type: R bl

Trace Data Type:

I~ Coords will be 1455

[T 0ld RG headers without source coords.

Create Binary File | Cancel |

Figure 19c: Select the “Raw Float” option and click on “Create Binary File” .
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Now open up the next SEG-Y file to be combined using the “Open seismic records...” option under
Vspect Process menu. From the window that displays the SEGY traces, choose the “Append to
Binary File...” option as shown in Figure 19d.

& SeizOpt(R)ReMi[TM] ¥2.0 ¥zpect: Shea Line 1-2 zqy _ O]

Edit YWiew ‘“epectFProcess Windows
Cloge YWindow el -+ B

Convert SEG2 Files to SEGY ...

Wirite PostScript File... Cirl+P

Wytite JPEG File...

Write Binary File... Cirl+B

Append ta Binary File.. Cirl+0

Wirite Sound File... Crl+L)

Wirite A=cii File... Cirl+5
N == - =

Figure 19d: After readingin the nexf fileto be combined, choose ‘Append to Binary File...” option.

A dialog window will open up. Choose the same file name that was used to create the binary file for
the 1% record. The 2™ record will be appended to the 1% one. As before, choose “Raw Float” for the
binary file type (Figure 19e) and click on “Append Binary File” to append the second record to the
first one.

& Appending to Binary File C:A0ptimYowens. ..

[ 0ld RG headers without source coords,

Append Binary File | Cancel |

Figure 19e: Choose the “Raw Float” option and click ‘Append Binary File’.

Repesat this process for the remaining SEGY files, each time appending the binary file to the existing
binary file. Make sure you choose the “Raw Float” option for the binary file type each time.

While displaying any one of these SEGY files, make sure you save the plot parameters. This will
alow you to display the appended file properly. To do so, choose “Plot Parameters...” from the Edit
menu in the window that displays any one of the SEGY file as shown in Figure 19f.
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& SeisOpt[R]ReMi[TM] ¥2.0 ¥spect: Shea Line 1-2_sqgy O]

File Uiew Wepect Process  Windows

kedd Flot Parameter Ctr 2
Apply Parameter File... Cirl+F
Clip at Maximum Cirl+h
Clip at RS
Clip at 3*RME Crl+3
Vert. Exadd. 3

Erase All Picks

Apply Geometry.. Cirl+G

Figure 19f: Select ‘Plot Parameters...” option from the ‘Edit” menu

Now click on “Save Parameter File...” under the File menu in the parameter window that opens up
(Figure 19g) and save the parameter file (Figure 19h).

& SeisOpt{R]ReMi[TM] ¥2.0 ¥spect: Shea Line 1-2.sgy Pr... [H[=] E3

File W=l

Close Properies Window A Shes Line 1-2 50y

Open Parameter File... Cirl+0 L IF

Save Parameter File... Ctrl+5 Ite Clip: IW
Exit Rehi vspect Ctrl+c Ufiite W
Colar Tahle for Image: iCurrentCulurs ;] Elements: Zaro
I.i Delta W Units W Yectors: Zero
I Delta I : Linits ITrace Sequel Apply Changesl

Cancel | Reset'alues I

Figure 199: Select the ‘Save Parameter File...” to savethe plot parametersto afile.

Once you have appended all the files and created a new binary file, you can read it back in. To do so,
use “Step 1: Open Seismic Records...” option under Vspect Process. Select the combined binary
file. Set the “Binary File Type” to “Raw Float”. You aso need to set the following as shown in
Figure 19i:

Elements per vector = Total recording time/ sample interval. For example, if the total recording time

is 30 seconds and sampling interval is 2ms, then elements per vector = 15000
Vectorsper plane = Number of channels per record (all traces recorded NOT the ones analyzed).
Number of planes = Number of records that were combined.

© Optim LLC 2004, www.optimsoftware.com Page 20 of 79


http://www.optimsoftware.com

Once the data is read in displayed, you can adjust the plot parameters by reading in the parameter
file saved in Figure 19h. To do this select the “Apply Parameter File...” option under the Edit menu
from the window that displays the records (Figure 19j) and read in the saved parameter file (plot.par

Save Yiewmat Parameter File. |

in this case).

Save jn: I =4 Shea Cormercial Zip

i |J=I 6 =i} fesfes]

5

@ plat.par

l

E-03-155-diz.xlz
E-03-1558-riod. #l=

@ Shea Commercial Line 1-6.sgy
@ Shea Commercial Line 1-F. gy
Shea Commercial Line 1-8.2qy

Shea Line 1-1.3gy
Shea Line 1-2.3gy
Shea Line 1-3.3gy
Shea Line 1-4.zgy
Shea Line 1-5.2qy

File name:

Save as lype: I.&.II Files [*.7]

@ Shea Cormmercial Line 1-3.sgy @ shea fit

sheadis1.
shearnod”
shearnod”
@sheapicks
@ sheapick:

2

Iplu:ut.parI

Save I
j Cancel |

Figure 19h: Savethe plot parametersto a fi
& Open Binary File...

le.

Binar file CAOptimodonnelldata_0328040L
will open in a new window
fcantralled by Methods-=In Place).

“
£

Binary File Type: |Raw Float

—
Ii

Traces to Analyze: |1 |35

Bytes to Skip: |0

[

4—

Make sure the ‘Raw Float’
option is selected

Check the number of channels
| (traces) to be analyzed

Total number of traces (channels)
per record. Note that this number
should be all the traces that are
recorded and NOT just the ones
being analyzed

Elerments pervector:  |[15000 4
—»-Yectors per Plane: 36

Number of samples per trace
= (total time) / (sample rate), where
the units for both are same

Mumber of Planes;  |11] <«

Number of files (records) being
imported

Fead Binary File | Cancel |

Figure 19i: Read in the combined SEG-Y file by selecting the “Raw Float” option for the binary file
type and entering the correct valuesfor elements per vector, vectors per plane, and number of planes.
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2o C-ADptimhowenziShea Commercial Ziphshea_flt
File W=ali® “iew “spectProcess Windows

Flot Farameters... Clrl+E
Apply Parameter File. ..

oo F
Clip at Maximum Cirl+hi
Clip at RMS b0
Clip at 3*RMS Cirl+3
Yert, Exada.: k

Erasze All Picks

Apply Geometry.. Cirl+G

Figure 19j: Render the data properly, by applying the parameter file saved in an earlier step.

Now all the records should be displayed properly as separate planes and the V spect processing can
be continued.

3.2 Step 2: Pre-processing the Data
The next step in the SeisOpt ReMi Vspect analysisis pre-processing (Figure 20) the imported SEG-

Y data. This step is not necessary but is useful to do it. It does a trace-equalization gain and
centering of al the traces in the records.

& SeisOpt{R)ReMi(TM) V3.0 Vspect: RM2011.sgy M=E3
File Edit “iew RE=Iaasiild=I=

Windows

Step 1.3 Open non SEG-Y and non SEG-2 Seismic Records...
Step 1.k Open SEG-Y Seismic Records...

Step 2: Pre-Proc

Flane I

o¥EREti

Step 3: Erase or Apply Geometry. .

Step 4: Compute p-fof Each Record...
Step 5: Combine Recard p-fs...

Step 6: Pick and Save Dispersian...
e ]
Figure 20: Pre-processing of imported microtremor data

Trace-equalization gain includes applying an automatic gain control whose length equals the number
of time samples per traces, on all the traces. The centering function averages out any deviations or
spikes in the data. Most records will provide a more coherent velocity spectrum if a trace-
equalization gain is applied first. This prevents high-amplitude near-offset traces from dominating
the spectra. Once the pre-processing is completed, the pre-processed data (Figure 21) will be
displayed in the same window as the original data. The title bar on this window will indicate that the
process has been completed by displaying ¢ SeisOpt® ReMi™ V3.0 Vspect: SEG-Y filename + Step
2.
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@ SeisOpt{R)ReMi(TM) V3.0 Vspect: RM2011.sgy + Step 2 [= |[B][X]
File Edit Yiew “spectProcess Windows —

My
Plane Index: 0 0 4 | 10 , —
VRREIVR{ [ JLVS.0 Vspect RIF2UTT.sqy + Step 2 Title bar indicates the
. III Tracea nce 36.0 processing Sta\;e
00 - =

Figure 21: Data shown in Figureafter Step 2, e-procng

3.2.1 Writing out Pre-Processed Data to disk

If you wish to save the pre-processed data, and save it to disk, use the ‘“Write Binary File...”” under
the “‘File’” menu (Figure 22).

@ SeisOpt(R)ReMi(TM) V3.0 Vspect: RM2011.sgy + Step 2 [ |[B][X]
=R Edit Wiew Mspect Process W.indnws

Close Window Cirl+iy

(B3

|10

Convert SEGZ Files to SEGY. . RAFZOTI.SQY + Step £

Wirite PostScript File... Ctrl+P
Wirite JFEG File...
Wirite Binary File...
Append to Binary File... Ctri+D
Write Sound File... Ctrl+LJ
Wirite Ascii File... Ctrl+5
Figure 22: Usethe ““Write Binary File...”” option under the ““Fi

datain SEG-Y format
Provide the desired file name, making sure not to overwrite any existing files in the directory, in the
dialog window with a *“.SGY’’ extension, since the output file will have be in the SEG-Y format.

Choose the ““SEG-Y’’ option for the binary file type and 32-bit integer for the trace data type
(Figure 23). Click on ‘“Create Binary File’’ button to save thefile to disk.

le”> menu to write out the pre-processed

& Creating Binary File D:A\0ptimi\BeMitdemo._.

Binary File Type: IBEG-Y vI

Trace Data Type:

32-hit Integer
[T Coards will be latlon degrees.
[lald R headers without solUnce coords:

Create Binary File | Cancel |

Figure 23: Select SEG-Y for thefiletype and 32-bit integer for the datatype and click ¢‘Create Binary
________________ File’> towrite out thefile
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3.3 Step 3: Erase or Apply Geometry

The next step is to enter the survey or erase the geometry present in the trace headers of the
microtremor data. Choose “Step 3: Erase or Apply Geometry...”” item from the Vspect Process
menu (Figure 24) on the window that has the displayed data.

£ SeisOpt(R)ReMi(TM) V3.0 Vspect: RM2011.sgy + Step 2 [= |[B][X]
File Edit “iew BE=EE ;

Windows

Step 1.a: Open non SEG-Y and non SEG-2 Seismic Recards...
Step 1.h: Open SEG-Y Seismic Records. ..
Step 2: Pre-Processing

Plane
R

Step 3 Eraze or Apply Geometry..
Step 4: Compute p-fof Each Record...
Step 9: Combine Record p-fs..

Step &: Pick and Save Dispersian...

The window shown in Figure 25 will open. Make sure al the buttons appear as shown. If they do
not, use the mouse, drag the lower right hand corner of the window and make it longer so al the
buttons are visible.

3.3.1 Erasing Geometry from the Trace Headers. Recommended for typical ReMi survey

& SeisOpt(R)ReMi(TM) V3.0 Vspect: C:\Optimire... [= |[B][X]
File Edit

Type of Input Geormetry:

LInit System: Coords and Elevations in Feet LJ

Enter geometry (Section 3.3.2) Click to erase al geometry
and click to apply. Used for information in header.
crooked lines or lines with large Recommended for survey
elevation changes lines that are straight or those
that do not deviate by more

that 5% from a straight line

close | spply | ciear | showformat | ReaYFile | wirite File |

Show All rase All

Figure 25; SeisOpt ReMi Vspect geometry tool. It isrecommended that for atypical refraction
microtremor survey, all geometry information contained in headers be erased by pressing the ‘Erase
All>’ button
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For atypical ReMi survey, with approximately evenly spaced geophones and relatively straight line
with gradua elevation changes, it is recommended that the geometry information contained in the
trace headers be erased. This is done by clicking on the “Erase All” button in the window shown in
Figure 25. The dialog window shown in Figure 26 will open up. Click ““OK”’ for the geometry
information to be erased. This procedure is recommended when the survey line does not deviate by
more than 5% of the length of the line (for example, 10m for a 200m long line) or if the elevation
changeis gradual and not more than 5% of the total length of the line.

&AII Geometry Info Erazed

All shot, receiver, and offset information has heen erased ﬂ
from the data headers. With no geometry headers, methods

reguiring geometric information will make use ofthe

lahels on the vectors and planes as defined in the

Flot Farameters window and shiown on the data display.

4 o
o]

Figure 26: The message window above appears. Click *““OK”’ to erase all geometry information

3.3.2 Applying Geometry to Trace Headersfor Crooked line ReMi survey

If the survey line is very crooked and there are rapid elevation changes then the correct geometry
must be applied. To do so, the user needs to create the observer and surveyor's reports in plain text
using Wordpad and copy and paste the text into the text area of the Geometry tool (Figure 25).

First, create an observer's report according to the format given in the tool. Y ou will need one line of
observer's report text per record, in the order the records were read from the SEG-Y file. For
example, if the data has 11 records (noise gathers) each having 36 channels and the stations are
numbered 1 to 36 then the observer's report will have the following lines:

36
36
36
36
36
36
36
36
36
36
36

PROO~NOUAWNER
o

RPRRPRRRPRRPRPRRRRR
RPRRPRRRPRRPRRPRRRRR
RPRRPRRRPRRPRRPRRRRR

Copy it to the clipboard from the text editor (like Wordpad) and paste it to the Geometry tool's text
area. Make sure the ““Type of Input Geometry’’ is set to Observer's Report (Figure 27) and click the
“Apply’’ button below.
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@ SeisOpt(R)ReMi(TM) V3.0 Vspect: C:\0ptim\r... [= |[B]X]
File Edit

Type of Input Geametry: |Dhsewer's Report j

Unit Systern: | Coords and Elevations in Feet |

36
36
36
36
36
36
36
36
36
36
36

= = o 00— O N = GO bd —
=]

Y
Y
Y

Close | Apply | Clear | Show Format | Fead File | Write File

Show All | Erase Al |

Figure 27: Enter the information for each record contained in thefileand click ‘Apply’ to apply the
observer’sreport.

Next, create a surveyor’s report or station coordinates list according to the format given in the tool.
You will need one line of station coordinate text per record, in any order. Note that there are two
orders for the coordinate text accepted (N-X-Y-Z or N-Z-Y-X). The station numbers in the
observer's report and surveyor's report must match. For example, if you choose the (N-X-Y-Z)
option then the surveyor’s information will look like the one below for a 36-channel survey and with
geophone spacing 10 feet and elevation along the profileisflat.

10.00.00.0

2 10.0 0.0 0.0
3 20.00.00.0
4 30.0 0.0 0.0
540.0 0.0 0.0
6 50.0 0.0 0.0
7 60.0 0.0 0.0
8 70.0 0.0 0.0
9 80.0 0.0 0.0
10 90.0 0.0 0.0
11 100.0 0.0 0.0
12 110.0 0.0 0.0
13 120.0 0.0 0.0
14 130.0 0.0 0.0
15 140.0 0.0 0.0
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16 150.0 0.0 0.0
17 160.0 0.0 0.0
18 170.0 0.0 0.0
19 180.0 0.0 0.0
20 190.0 0.0 0.0
21 200.0 0.0 0.0
22 210.0 0.0 0.0
23 220.0 0.0 0.0
24 230.0 0.0 0.0
25 240.0 0.0 0.0
26 250.0 0.0 0.0
27 260.0 0.0 0.0
28 270.0 0.0 0.0
29 280.0 0.0 0.0
30 290.0 0.0 0.0
31 300.0 0.0 0.0
32 310.0 0.0 0.0
33 320.0 0.0 0.0
34 330.0 0.0 0.0
35 340.0 0.0 0.0
36 350.0 0.0 0.0
A A A A
StationID (N) X Y z

& SeisOpt(R)ReMi(TM) V3.0 Vspect: C:\0ptim\r... [= |[B][X]
File Edit

LInit Systerm:

Type of Input Geometry;

|Station Coords - NXYZ v|

Coords and Elevations in Feet

=

16150.00.00.0
17160.00.00.0
12170.00.00.0
19180.00.00.0
20190.00.00.0
2120000000
2221000000
2322000000
2423000000
2524000000
2625000000
2726000000
2827000000
2928000000
3029000000
3130000000
3231000000
3332000000
3433000000
3534000000
36350.00.00.0

W

Close | Apply| Clear | Show Fl:urmat| Fead File | Wite File

Show All | Erase All |

Figure 28: Enter the coordinatesfor each geophone location and click ‘Apply’ to apply the surveyor’s

report.
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Paste it to the text area of the Geometry tool. Make sure the “‘Type of Input Geometry’’ is set to the
appropriate ““Station Coordinates’” option, that the <“Unit System’’ is set according to your input
units, and click the “‘Apply”’ button at the bottom of the Geometry tool (Figure 28). Close the
geometry tool by clicking the <“Close’ button.

To get more detailed information on what the observer's and surveyor's reports are, select the
appropriate entry from “Type of Input Geometry’’ above the text field using the pull-down menu
(Figure 29), and click the ‘“Show Format’’ button at the bottom of the window.

& SeisOpt[R)ReMi ¥zpect: 1012.3gy Geometry

File Edit

Type of Input Geometny: Observer's Repart j
| | B gy
unit Systern: | Coards agition Coords - M XY 2
Station Coords - M 2% K ‘I
Ascii Trace Headers

Figure 29: Choose the type of input geometry and click ¢“Show Format’’ to see the format of theinput
files needed to apply the geometry

3.4 Step 4: Computing the velocity spectrum for each record: p-f transfor mation of the data

Once the geometry has been erased (or entered for a very crooked line), the next step isto compute
the velocity spectrum. This process involves computing a surface-wave, phase-velocity dispersion
spectral-ratio image by p-tau and Fourier transform across all vectors. This is described in detail in
Louie (2001, see Section 1.0). The resulting image will be in the slowness-frequency (p-f) domain.

To start the process, choose ““Step 4: Compute p-f of Each Record...”” from the “Vspect Process
menu (Figure 30) on the window on which the geometry process (Step 3) was done. To make sure,
verify that the title bar on the window displays ‘‘SeisOpt® ReMi V3.0 Vspect: SEG-Y filename+
Step 2, 37’ (Figure 30).

 SeisOpt(R)ReMi(TM) V3.0 Vspect: RM2011.sgy + Step 2, 3... [= |[B][X]
File Edit View

Wspect Process RRITIVIntEs

Plar Step 1.a: Open non SEG-Y and non SEG-2 Seismic Recards...
W e Step 1.h: Open SEG-Y Seismic Records. ..

Step 2: Pre-Processing

Step 3: Erase or Apply Geometry. ..

Step 4: Compute p-fof Each Record...

Step 5 Combine Record p-fs..
Step 6: Pick and Save Dispersian...

Figure 30: Choose ““Step 4: Compute p-f of EachRord...” to start the velocity spectrum calculation
of each record. Make sureyou perform thisaction on the window which displays the data and has had
‘Step 3’ applied to it.
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This will perform the p-f transformation on each plane or record of the data sets. For example, for
this demo data (RM2011.sgy), each of the 1lrecords (RM2011 to RM2021) will be transformed

individualy.

3.4.1 Setting Parametersand Starting ReMi Vspect Processing

@ ReMi p-f AnalysisSeisOpt(R)ReMi(TM)... [X]

vspect of SeisOptiRIRemMiTh) V3.0 Vepect © »
ReMiversion 3.1, Copyright 24 June 2002 b,

The wspect method on class FitFlane data

computes Louie's velocity-spectrum analysis

(). Louie, Bull. Seismaol. Soc. Amer., Apr. 200

Sampling interval, in
seconds of the data.

a surface-wave phase-velocity dispersion
L sRectral-ratio image by p-tau and Fourier v
>

Geophone spacing
should be entered in
meters

Maximum analysis frequency
for the p-f transformation.
Can be changed if not
adequate or if too large, based
on the p-f image.

dt (sec;:  |0.0020 dx (metery;  |2.048]
w—@_:_,lﬁ.ﬂ vimin (mis) 500 < |
Mg +int): 4a

Select for noise records or
noise and source combined

Expected minimum velocity in
the investigation areain m/s. It
sets the axis limits of the p-f
image and can be changed if it
istoo low or too high.

the forward direction only
(source near 1% geophone)

|
W arward Only vspect
Reverse Only
- \ Choose for shots recorded in
Choose for shots recorded in Cancel the reverse direction only
(source near last geophone)

Figure 31: Set the parametersand click the ¢“vspect”’ to start computing the p-f image for each record

On choosing this step, the dialog window shown in Figure 31 will open up. Note that if the geometry
has been entered correctly (see Section 3.3.2) then the window shown in Figure 31 will not have the
‘dx” entry; it will be automatically read in from the trace header information. Hence, it is important
to enter the geometry correctly. If you are unsure about the geometry, it is recommended that it be
erased (see Section 3.3.1) from the trace headers and enter and average geophone spacing before
performing the “Vspect’ processing.

The settings in the dialog window are as follows:
e dtisthetime sampling interval in seconds. For this example, it was 2ms (0.002 s)
e dx isthe geophone spacing in meters. For this example, the spacing was 10 feet or 3.048

meters.

e Fmax is the maximum frequency you are interested in analyzing, in hertz. The default 25
Hz is the maximum used in analyzing data from 8-Hz geophones, and gives some
resolution of velocities in the upper few meters. If you had used higher frequency phones
and were interested in velocities in the uppermost meter, you might use a higher value for
Fmax. Conversely, if you had data from lower-frequency geophones spread over larger
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offsets you might make Fmax lower. Note that these values can be changed and Step 4
rerun, if the energy is observed at higher frequencies.

e Vmin is the minimum apparent or phase velocity your record might show. 200 m/s is
default. It is useful to change this to 100 m/s or, as in this example, to 50 m/s. Once
again, this value can be changed after theinitial run.

e Npisthe number of different Sowness to include in the analysis. This defaults to 48 and
usually a higher number results in increase of slowness resolution of higher velocities.
However, slowness resolution is a complicated function of frequency, the number of
traces, their spacing, and the total offset range. Hence, in most cases, the default value
should be sufficient.

e Anayze:

= All Directions: Use this option when computing the p-f transformation of noise
only or noise and sour ce records . This assumes surface waves are coming from
all directions with relation to the ReMi acquisition array. Note that if you are
analvzing records that might contain both noise and source induced energy, then
this option should be used.

= Forward Only: Use this option when computing the dispersion curve for records
that ware collected using a source that is located near the first geophone

= Reverse Only: Use this option when computing the p-f image for records that
were collected using a source that was located near the last geophone in the ReMi

array.

Once the parameters are set, click the ““vspect’” button to start the wavefield (p-f) transformation. A
moderate-sized record can take a couple of minutes and a multi-record volume several.
The progress will be indicated on the origina MS-DOS or command window (Figure 32). Once the
computing is completed and the velocity spectrum calculated, the window displaying the p-f image
(Figure 33) will open up. Note that this is an entirely new window, and it is safe to close all other
ReMi V spect windows by clicking ““Close Window’’ option under the ‘‘File’” menu.

e C:AWINDOWS\system32Acmd.exe - ReMiVspect. bat

windowof : windowing 3413 elements and 36 vectors from plane. with vB=0 dv=1 EE=EI,
de=3... done.

vspectPlanes: plane 18 of 11 done.

windgwuf:dwinduwing 3413 elementsz and 36 vectors from plane, with vB=0 dv=1 e@=0
e=3... done.

vspectPlanes: plane 11 of 11 done.

vzpectPlanes Done.

viewinFrame: displaving 56496—element volume of 11 planes in new frame...

viewinFrame done.

max: finding maximum value of 5136 elements... done.

viewinFrame: displavying 5136—element plane in new frame...

viewinFrame done.

ReMi Uersion 3.1, Copyright 24 June 28002 by John M. Louie.

ReMi.vspectPlanes: computing velocity—spectral image of each plane e
ement volume with dt=0.8820 dx=3.048 fmax=35.0 unin=50.8 np=48 .. . [RASEYUEESSILY
windowof: windowing 3413 elements and 36 vectors from plane,. with JRULIEESTI e e]g
de=3... done.

vzpectPlanes: plane 1 of 11 done.

windowof : windowing 3413 elementsz and 36 vectors from plane., with vA=A dv=1 eB@=8
de=3... done.

vezpectPlanes: plane 2 of 11 done.

windowof : windowing 3413 elements and 36 vectors from plane. with vB=A dv=1 =8=8
de=3... done.

vespectPlanes: plane 3 of 11 done.

Figure 32: The progress of the p-f transformation will be displayed in the MS-DOS window
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3.4.2 Visualizing Results of ReMi Vspect Processing: The Velocity Spectrum (p-f image)

Once the ““vspect’ processing is completed, a window displaying the p-f image will open up. We
are looking for trends of high spectra ratio that slope down to the right, giving lower phase

velocities at higher frequencies, asistypical of surface-wave dispersion.
 SeisOpt(R)ReMi(TM) V3.0 Vspect: C:\Optim\remiv30idemo\RM2011.sgy + Step 2, 3, 4 [ [B][X]

Surface wave dispersion amplitudes always trend s
from the upper left corner to the lower right of the [0 o0 || |10 Animate 2%
p-f image. DI eIV N demO M2 0T L.5GY + Step 2, 3, 4
I[/ L Frequency, Hz 248320
(T i
Artifactsdue to truncation fiess, sec/r ieter
and transformation of
other phases do not have
the same trend as the
dispersion curve
0.02 i
Fehli Spectral Ratio
0.0 2.5
S

Figure 33: On completion of the computation the window displaying the velocity spectrum for each
Il be open up

record wi

File Edit “iew ‘“spectProcess Windows

Use the scroll bar to
view p-f images for
each processed noise
record

Fecard Index
u.u

0.0

Cursor displaysthe
(frequency,
slowness, velocity)
at each location

==, secimetar

Maximum slowness =

the V spect processing
window

Inverse of the minimum
velocity value entered in

/;.DZ L

— Flane Index: 6 0 ﬂ

SUDDImYr eI NdemMoRIFZUTLSgY + Step 2, 3,
Frequency, Hz

Fehli Spectral Ratio
0.0

1 ol0 nimsel—

Click animate to view
al planesin theimage

2.5

Maximum frequency
value entered in the
V spect processing
window

b

individual planes. Usethe scroll bar to view each one.

Figure 34: Step 4 computesthe p-f image (velocity spectrum) for each individual record and isstored in
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The velocity spectrum is calculated for each record and so the p-f image (Figure 33) will have the
same number of planes as the number of records in the data set, with the p-f image for each record
stored in separate planes. Like for the data set display (Section 3.1.2) click on the ‘‘Animate’’ button
to go through all the planes of the image. Use the scroll bar on the top to look at each image
individualy.

Depending on the level of noise and its frequency content, each data, the p-f image (velocity
spectrum) will be different for each record. For example, Figure 34 shows the p-f image of the
seventh record (plane index 6) of the data set. The p-f image for each record is stored in different
planes. If the seismic record has 11 records (as in this case) the p-f image will have 11 planes (Plane
Index O to Plane Index 10) corresponding to the velocity spectrum from data sets RM2011 to
RM2021 (in this case).

The image is rendered with the frequency (in Hz) plotted along the horizontal (x) axis and the
slowness (in seconds/meter, inverse of velocity) plotted down the vertical (y) axis. The origin (O, 0)
of the image is the top left-hand corner. Since the highest frequency we used for the analysis was 35
Hz, the frequency scale goes from 0 Hz to 35 Hz. Since 50 m/s was the lowest velocity used (Figure
31), the slowness goes from 0 /m to 0.02 sy/m (1/50). The horizontal and vertical axes are linear in
frequency and slowness, respectively. Consequently, the vertical axis is nonlinear in velocity. For
instance, halfway down the plot at the left would be at half the downess, 0.01 m, or 100 m/s; a
quarter of the way down would be 0.005 s/m, or 200 m/s; and so on. The top row of the plot
represents infinite velocity or, an arrival simultaneous at all the geophones.

Details about how to pick the dispersion curve from the p-f image are given in Section 3.6. The
important thing to note is that the Rayleigh wave dispersion trends from the top left to the lower
right, while the aliasing and wavefield truncation artifacts track from left to right.

3.5 Step 5: Combining Individual p-f Recordsinto one Image

The next step in the ReMi V spect processing sequence is to combine the p-f image created for each
record into one image. This can be achieved by choosing ‘“Step 5: Combine Record p-fs...”” from
the ““Vspect Process’” menu (Figure 35). The window shown in Figure 35a will open up. The user
has the option of either using al the records or choosing the ones to be used to create the combined
p-f image. To use all the records, click on the “Use all planes” radio button and click ‘Ok’. To select
the records to be used in the summation, click on “Use selected planes” and choose the planes or
records to be used by keeping the ‘Ctrl” key pressed while clicking on the appropriate “Planes”
(Figure 35b). Remember that ‘Plane 0’ corresponds to ‘Plane O’ in the p-f volume created during
Step 4 (Figure 34), ‘Plane 1’ corresponds to ‘Plane 1’ of the p-f image and so on. The combined p-f
image shown in Figure 35b was created using planes 0, 4, 6, and 8. When you make the selection,
make sure that the desired plane is highlighted in blue and the ‘Ctrl” key is pressed down when
selecting multiple planes.

The option to choose the pf images that go into the combined image allows the user to exclude
records that might have incoherent dispersion response or ones that show too many artifacts masking
the continuity of the dispersion energy. For example, in the demo, only four out of the eleven records
seem to have a dispersion curve that was coherent and continuous across a wide frequency band.
Consequently only those four were used to produce the combined pf image.
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& SeizlptiRIReMi[TM] ¥2.0 ¥zpect: dat000].sgy + Step 2, 3. 4

File Edit Yiew

Wepect Process BT eis

ness, secimeter

0.01

.‘I

Fla

3.0 Record Indiﬂ'mt
0.0

o0

'Step 3. Erase or Apply Geometry..

Step 1: Open Seismic Records...
Step 2: Pre-Processing

Step 4 Compute p-fof Each Record...

Step 6: Pick and Save Dispersion...

Fehdi Spectral Ratio
2.8

=10] x|
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Figure 35: Choose ‘“Combine Record p-fs..”” to combine individual p-f imagesinto oneimage.

pf selection

Selectthe planes to he included in processing.

(=) Use all planes

) Use selected planes

X

Plane 0
Plane 1
Plane 2
Plane 3
Plane 4
Plane 5

Plane 6

Figure 35a: Choose either all recordsor select therecordsto be used to create the combined p-f image.
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pf selection

Selectthe planes to be included in processing.

_ Use all planes

i®) Use selected planes

Plane 0 s
Plane 1
Plane 2
Plane 3
Plane 4
Plane 5
Plane 6

4

0k |

Figure 35b: Planes 0, 4, 6 and 8 wer e selected to produce theimage shown in Figure 36.

& SeisOpt(R)ReMi(TM) V3.0 Vspect: C:\Optim\ReMiv30\demo\RM2011.sgy - Step 2, 3, 4,5 [= |[B|[X]

File Edit “iew ‘WspectProcess Windows

SDecC I VahdernoWRIFL0TLsqy + Alep /A, =5, 4, 3 A
0.0 Frequency, Hz 34830 —

ness, sec/meter

0.0z [

Aoreraged Rebdi Spectral Ratio
| T |

B

[ala) - = —

Figure 36: Step 5 combinestheindividual wavefield transfor med images for each microtremor record
into one p-f image. I n this example, planes O, 4, 6, and 8 were used to create thisimage.

ReMi Vspect will stack and sum the individual velocity spectrum into a single p-f image (Figure 36).
Examine the individual p-f images (Figure 34) and the combined one and choose the one that shows
the Rayleigh wave dispersion the best. That is look for the trend of warm colors that go from the
upper-left part of the image to the lower right. We are looking for trends of high spectral ratio that
slope down to the right, giving lower phase velocities at higher frequencies, asistypical of surface-
wave dispersion. The color paette used in Figure 36 show the higher spectral ratios as warmer
colors. In some cases, an individua image will show a larger amplitude trend than the combined
one.

3.6 Step 6: Pick and Save Dispersion

After choosing the p-f image that displays the most coherent Rayleigh-wave dispersion, the next step
is to pick the dispersion curve and save the picks for input into the interactive velocity-modeling
module, SeisOpt ReMi Disper.
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3.6.1 Picking the Dispersion Curve
The following steps describe the picking procedure

1. The first step in picking the dispersion curve is to identify the normal-mode dispersion trend,
down to the right (starting from the upper left) and distinct from the aliasing and wavefield-
transformation truncation artifact trends, which are down to the left. Make sure you are following
the trend of the high spectral-ratio band that has the lowest velocity, or the highest slowness.
That is the trend that is towards the bottom of the image. Note the velocity and frequency ranges
of the identifiable dispersion trend.

2. Itissometimes useful to magnify the image using the <*Zoom’’ options under the ‘“View’’ menu
(Figure 37).

@ SeisOpi(R)ReMi(TM) ¥3.0 Vspect: C:\0ptim\ReMiv30idemol\RM2011.5gy + Step 2, 3, 4,5 [Z |[B]X]
File Edit BUE

ET A A =

Loom Image To; St 2

Fick Window. ..

Ctrl+l

Ahout Wspect..
Cirl+a

Clrl+7
ness, sec/meter

Ctrl+2

0.0z [

Auweraged Rebdi Spectral Ratio
| |

[ala) - =

[£

Figure 37: Choose an appropriate ‘“Zoom’’ per centage to magnify or shrink the p-f image.

3. Pick several frequency-velocity pairs along the trend by left-clicking the mouse on the image
(Figure 38)
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& SeisOpt{R)ReMi(TM) V3.0 Vspect: C:\OptimiReMiv30idemo\RM2011.sgy + Step 2, 3, 4,5 =3
File Edit wiew “spectProcess Windows

SersUpHRJH . Spec - LD o LSgyY +alep S, o,
0.0 Frequency, Hz 34,830

oo

Do not pick the Pick the trend of
dispersion curveif it the curve

does not have strong
amplitudes or if it
within the area of the
image that has artifacts light blue color. Render the image

using the “Vspect” color scale to see

if the transition is rendered more
clearly

Aweraged Rebli Spectral Ratio
on BT o

Figure 38: Window showing dispersion picks made on the p-f (velocity spectrum) image.

4. While picking microtremor records, try to pick the lowest energy bound of the high-amplitude
(high spectra ratio’s) trend. This stays closest to the rea velocities, and below the higher
apparent velocities of waves traveling not along but obliquely to the geophone array.

5. While picking follow the zone where the warmer colors start to blend with the cooler ones (the
blue-green color).

6. It isnot necessary that only one pick have to be made for a particular frequency. Y ou can make
more than one slowness pick for any given frequency. The range of slowness will give a bound
on the velocities that are modeled. For example note that the picks in Figure 38 have some
scatter to them. Since SeisOpt ReMi Disper determines the average shear-wave velocity, the
picks do not have to be very accurate.

7. Change the color palette to “Vspect” to see if this defines the transition better. To change the
color palette, do the following:

¢ Select “Plot Parameters” option from the “Edit” menu (Figure 39).

¢ Choose “V spect™” color palette as shown in Figure 40.

¢ Click “Apply Changes” to render the image shown in Figure 41.

+ |f you wish to go back to the original color palette, choose “Topographic, no clip” and
click “Apply Changes”.
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& SeisOpt{RJReMi(TM) ¥3.0 Vspect: C:\Optim\ReMiv30\demo\RM2011.5gy + Step 2, 3, 4,5 =3
File

U VSpect LoD, Sy +atep 2, o,
Frequency, Hz 34,830
Apply Parameter File... Cirl+F

Clip at Maximum Cirl+m
Clip at RME
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Wert Exagd.;

Erase All Picks
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luness, sec/meter
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Figure 39: Select “Plot Parameters” from the “Edit” menu to bring up the plot properties window.

@ SeisOpt(R)ReMi(TM) V3.0 Vspect: C:\0ptim\ReM... [= |[B1][X]
File Edit

Title: ‘Seisﬂpt(R}ReMi(‘I’M} Wi0Vspect RM2011. 50y pf analysis

[ Rows Point Down?  Wert. Exago.: I“I.BEEEEE

v Positive Amplitudes Only?  Amplitude Clip: 248

Ampl: Zero (0.0 Factor I“I.EI Units  |Averaged Ref

Colar Tahle far Image: JCurrentCqurs _v_| Elements: Zern

IT Delta Current Colors
0.0 Delta

L Wectors: Zero

4166 Tnpnlgltaphi?, ne-Clip Apply Changes 1

Cancel | FesetValues |

Figure 40: Choose “V spect™” as shown above. To go back to theoriginal color palette choose
“Topographic, no Clip” option.
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& SeisOpt(R)ReMi(TM) V3.0 Vspect: RM2011.sgy pf analysis

File Edit View “spectProcess Windows

SesUDHRIReA{ IR ViU Vspect RIA2UTI.Sqy pfanalysis .
24,830
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Pick the transition olive green and

ness, secimetar

dark blue when image is rendered
using the “V spect™” color palette. It
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parameters for a particular data set.
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Avcaranad Rabdi Sractral Batin
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Figure 41: p-f image rendered using the “Vspect™” color palette. Depending on the frequency and
amplitude content in the noiserecords, thiscolor palette will provide a better rendering of the
transition from the high to low spectral ratiosthat need to be picked.

8. It is better to be conservative while picking the data. That is, do not attempt make picks in areas
where the warmer colors are absent (lack of high spectral ratio) or where there are gaps in the
trend.

9. Onthe other hand, if thereisdistinct ‘kink’ in the dispersion curve, and it is present in al the p-f
images of the data set, then it probably implies the presence of a high or low velocity layer,
depending on the shape of tne ‘kink’ (see Figure 41a).
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0.0 00 Frequency, Hz 49.804

Slowness, sec/meter

A “kink” in the dispersion
curve is often indicative of
presence of velocity
reversal in the subsurface.

0.01
0.0

ReMEectral Ratio
Figure 41a: Example p-f image showing a “kink” in the dispersion curve indicative of a velocity
reversal.

10. If you are picking p-f images created from a source (Forward Only or Reverse Only options used
for Analysis, see Section 3.4.1), then you need to pick the peak of the dispersion curve as shown

in Figure 41b.

0.0 Frequency, Hz

24.525
0.0

Slowness, sec/meter

Pick the peak amplitude of the dispersion curve
created by the p-f transformation of records
generated using a source. These images should
have created using the “Forward Only” or “Reverse
Only” options during V spect processing

0.01

(). () ———en 3.0

ReMi Spectral Ratio

Figure 41b: When picking the p-f image generated from using sour ces, then the picks need to be made
along the peak amplitude and not the low-ener gy bound.

11. Save the p-f image as a binary file (.SGY) using the <“Write Binary File...”’ option under the
““File’” menu. See Section 3.2.1 for details.
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12. Optim recommends and encourages users to send their first data set and any difficult data set to
support@optimsoftware.com. We will perform the analysis and train you on how to pick and/or
verify whether the picks you made are correct.

3.6.2 Exporting and Saving Picks

Now that the picks have been made, the next step is to export and save them to a file. These picks
can then be imported into the SeisOpt ReMi Disper module (Section 4.0) for interactive modeling of
the one-dimensiona shear-wave velocity.

To export the picks choose ‘Pick and Save Dispersion...”” option from the ““Vspect Process’” menu
(Figure 42). Thiswill open up the pick window shown in Figure 43.

& SeisOpt(R)ReMi(TM) V3.0 Vspect: RM2011.sgy pf analysis M=1E3
File Edit Wiew BUESETaRSIGIEEEN Wiind ows

Step 1.a; Open non SEG-Y and non SEG-2 Seismic Records.. RFJRENRTI V3.0 Vspect RIGZUTY.S0Y pranalysis

Step 1.k Open BEG-Y Seismic Records...
Step Z: Pre-Processing

|

0.0

Step 3: Erase or Apply Geometry...

Step 4: Compute p-fof Each Record...
Step 5: Comhbine Record p-fs..
Step B: Pick and Save Dispersion...

ness, sec/meter

Figure 42: Choose the ““Pick window...”” option to display and save the dispersion picks.

Click on the ““Save’ button to bring up the dialog box shown in Figure 44. Choose a file name for
the picks. Giving it a “.txt” extension will allow the file to be viewed using Wordpad or Notepad.
Clicking on ‘‘Erase All’” will erase all the picks. The picks that are displayed in the window are
ordered according to the order the picks were made. You can delete any unwanted picks by
highlighting it and clicking the keyboard ‘Delete’ button (Figure 43a). When deleting picks, make
sure that are no blank lines (Figure 43b) between pick entriesin the pick window. It is recommended
that it is best to erase al the picks and start over if you are unsure of any picks. The best way to pick
the dispersion curveisto follow the trend in one sitting.

Once the picks have been saved, you are now ready to perform interactive modeling of the one-
dimensional shear wave velocities using the SeisOpt ReMi Disper module.
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Figure 43: Pick window showing the dispersion curve picks made on the p-f (velocity spectrum) image.
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Figure 43(a): Select the picksto be deleted and click ‘Delete’ to erase them. When deleting, make sure
there are no blank lines between entries as shown on theright (b).

Save Picks File...

?X

Save in: | I3 demo

RMZ011.0AT S RM2016.DAT
RMZ011.50y  [E|RM2017.DAT
RMz012.0AT  [S|RMZ018.DAT
RMZ013.0AT  [E]RM2019.DAT

] conwvtemp.bxt RM2014,DAT RM2020,DAT
[Z) convtemperr.tet [ RMZ015.04T RM2021,DAT

~| & @& cr B
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Figure 44: Savethe pick file. This can be imported into the SeisOpt ReMi Disper module for interactive
modeling of one-dimensional shear-wave velocities.
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3.7 Making Report Quality Output of Velocity Spectrum Image

SeisOpt ReMi allows the user to write out the images rendered either as a PostScript (.ps extension)
fileor asa JPEG file. It outputs the imageis displayed in the ReMiV spect window.

So, if you wish to plot the p-f image with the picks you have made on it, then you should use the
“Write PostScript File...” option or the “Write JPEG File...” under the “File” menu before you
close this window.

The default plot parameters used to render the velocity spectrum (p-f image) can be viewed and
edited by choosing the ‘‘Plot Parameters...”” option from the ‘Edit’> menu (Figure 39 and 40). This
window is similar to the plot parameter window for displaying and plotting the microtremor records.
See Section 3.1.3 for a description of each parameter in the window. One can change the title of the
plot or the axes if desired. The aspect ratio and the color palette can also be changed. The following
sections describe how to create report quality output of the p-f image, with our without the picks.

3.7.1 Creating Output Velocity Spectrum Image

After setting the desired plot parameters as described in the previous section, there are two ways to
create a file containing the image shown in Figure 39 that can output to a printer or imported into a
report. The first option is to use the “Write JPEG File...” option under the “File” menu (Figure 46)
to write out the image in jpeg format (Figure 45). Make sure to provide a “.jpg’ extension to the file
name.

SersUDHRIReNR{IN V.U Vspect CiUpImHelvitidemoHA20TLeqy +Step 2, 3 4, 5
0.0 Fraquency, Hz 24820

oo

mness, sec/meter

0.0z [
Aoweraged Rehdi Spectral Ratio

oo -

Figure 45: Select ““Write JPEG File...”” under the *‘File’> menu to create a jpeg image of the p-f image
with the picks.
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The second option is to write out a PostScript file. PostScript format files can be read into programs
such as Adobe Illustrator and Corel Draw (Version 7.0 or less). This format is useful because,
unlike other graphics formats, text and other elements of the image are preserved as discrete objects
(e.g., text is still text, not a raster image of text), which makes subsequent editing and customization
of these files very easy. To view and/or print these files a program capable of reading EPS format
files is needed. If you do not have such a program, you can download a set of free ones, caled
GhostScript (Copyright © Aladdin Enterprises) and GSView (Copyright © 2000 Ghostgum

allows viewing, printing, and manipulating the PostScript file for importing into an MS-WORD
document (see Section 3.7.1.1). GhostScript/GSView can also be used to convert the EPS file into
BMP, GIF, PDF, and several other formats. In addition, a quick Internet search will reveal that there
are several shareware programs available that allow EPS files to be converted to GIF or BMP format
files.

To write out a PostScript file, choose the “Write PostScript File...” option from the “File” menu
(Figure 46). A dialog window will open up. Choose an appropriate name with the “.ps’ extension.

& SeisOpt(R)ReMi(TM) V3.0 Vspect: C:\Optim\ReMiv30\idemo\RM2011.spy + Step 2, 3, 4,5

RN Edit Wiew WspectProcess  Windows

aelsup b Spec - LA [N li) SOV + alep s, o,
Frequency, Hz

Close Window Cirl+i

Convert SEG2 Files to SEGY...

Wyrite PostScript File . Ctrl+P

Wiirite JPEG File...

Wiirite Binary File... Ctrl+B

Append to Binary File... Ctrl+D

Wirite Sound File... Cirl+1 =
Wirite Ascii File... Cirl+5 N P TS ’; -

Figure 46: Select the “Write PostScript File...” to write out a PostScript file of theimage.

3.7.1.1 Importing PostScript filesintoan MSWORD document

The PostScript file created above can be modified using the freeware program GhostScript/GSView
and inserted into an MS"WORD document. Essentially, it involves using GSView to create an EPS
file with aWindows Metafile or TIFF preview. Here are the steps to follow to do the above:

1. Open the PostScript file (.ps) written out by ReMi Vspect using GSView. Click “OK” when
warning messages come up. Do not click “Ignore all DSC”.

2. Go tothe ““‘Options’” menu and select ‘EPS Clip’ and ‘Show Bounding Box” options (Figure
463).

3. Make surethe “Ignore DSC” option is not selected.

4. If the entire image is not displayed on the screen, go to ‘Media’ menu and choose ‘11x17’
option or something appropriate so the entireimageisvisible.
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Bounding Box” from this menu.

Figure 46a: After opening the PostScript file using GSView, make sure the “EPS Clip” and “Show
Bounding Box” options ar e set as shown above.

5. Gotothe ““File’’ menu and select ‘PSto EPS’ option (Figure 46b).

rﬁé_ Edit Options  Wiew Orentation  Media Help

. o 2 EE
Select File... 5 A — —
Save Az B,

LCloze C

Infa... |

Corert...

Eutract. . E

PS to EPS

FErint... F

Fritt File...

Show Mezzages b

1 CADptim\Retiv20hdemohpfimage. ps

2 Mhitplot_2av.eps
3 Mwvelplot eps
40 AM011-19.eps

Exit

Figure 46b: Choose “PSto EPS” and convert the PostScript image to Encapsulate PostScript format.
6. Make sure the option “Automatically calculate Bounding Box is selected as shown in Figure

46c

P oEps |

Hawe you read help PS5 o EFS™

Yes

Mo

V¥ Automatically calculate Bounding Box

=
o
]

Figure 46c: Select the option “Automatically calculate Bounding Box™ in the dialog box.
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7. Provide afilename with the ‘.eps’ extension.

8. Read inthe saved EPSfile.

9. You will notice that the ‘Bounding Box’ (dashed box) now surrounds only the image.

10. Now go to the ‘“Edit’> menu and choose “‘Add EPS preview’’ option, and select the preview
type (Windows Metafile or TIFF isthe best option) (Figure 46d).

2= RM2011.eps - GSview
File B[ Options Wiew Orientation Media Help
Copy Chr+C

Paste To,,,
Corrvert Bitrnap

Add EPS Preview Interchange
Extract EFS TIFF 4

Measure

c th tor F " TIFF & packbits

onvert ko vector Format... i B - - C:opti i o g 2,
Windaws Metafile i (M) G2 0. IFpast: ©:OptimRettivildemoRH20LL. =gy + Step 3

Texk Extract...

User Supplied Preview
Find... Ch+F il

Find Nex: s -w "y

Avwcaged Falli Spackcal Patic

File: RMpicks eps 74, 392pt Page:"" 1of0
Figure 46e: The Encapsulated PostScript (.EPS) file created can be viewed using GSView or imported

into MS-WORD document.

11. Provide a new file name for the EPS file with the preview. Make sure you type in the
extension ‘.eps’ for the file name.
12. Save thefile as an EPSfile.
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Now, you will be able to insert the EPS file saved in step 9 into an MS-Word document using the
insert-picture option or sent to a printer directly from GSView.

4.0 SeisOpt ReMi Disper module

SeisOpt ReMi Disper uses an iterative dispersion-modeling algorithm based on the method described
by Saito (1979) to model the dispersion picks made using ReMi V spect module. Double-click on the
ReMiDisper desktop icon (Figure 2b) to start the Disper module. The module consists of three
separate windows shown in Figures 47, 48, and 49. The objective is to model the picked dispersion
curve (red filled squares in Figure 48) by clicking and dragging the shear-wave velocity profiles (red
linesin Figure 49) so that the calculated dispersion curve (blue lines in Figure 48) matches the picks
(red sguares). The control window (Figure 47) can be used to toggle between different units
(meters/second or feet/second), control the depth of the model, and magnify the image to better view
and model the variations in the dispersion curve.

4.1 Description of ReMi Disper Module Windows
The Disper module has three windows and they are described in detail in the following sections.
4.1.1 Controls Window

This will open up at the top left-hand corner of the screen (Figure 47). It contains functions that
control the plot parameters of the other two windows, read / write functionality, and parameters that
control the convergence and sampling criteria of the modeling algorithm. The following is a
description of the parameters:

e Period:

» Min: Minimum period, in seconds, of the dispersion curve being modeled. This will
control the horizontal axisin the ‘Dispersion Curve’ window (Figure 48).

» Max: Maximum period, in seconds, of the dispersion curve being modeled. This will
control the extent of horizontal axisin the ‘Dispersion Curve’ window (Figure 48).

» No. Steps: This controls the number of steps in the calculated period. That is more the
number of steps, smoother is the calculated dispersion curve (blue line) shown in
‘Dispersion Curve’ window (Figure 48). The default value is 20, and usually this is
sufficient for modeling picks made from a typical p-f image. But, if the user wishes to
model slight variations, one could increase it to 100. Be aware that increasing the number
of steps will increase the time to render each new dispersion curve. It is best to increase
the number of steps after the dispersion curve has been fit and before the calculated
dispersion curveiswritten out to disk (see Section 4.4).

e Veocity:

»  Min: Minimum velocity of the model and dispersion curve. This will control the vertical
axis of the ‘Dispersion Curve’ window (Figure 48). Also, make sure this value is less
than the minimum velocity used while performing the interactive velocity modeling in
the ‘Model Profiles’ window (Figure 49). Else, a ‘root not found’ error will occur. The
values are either in meters/second or feet/seconds, depending on the choice made by the
user.

» Max: Maximum velocity of the model and dispersion curve.

» Step: This controls the convergence criteria of the modeling algorithm. In most cases, this
will not have to be changed. The only scenario this may have to be changed is when the
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velocities are very low (< 100m/s) and the interactive module fails to model the picked
dispersion values very well. In this case, the step size can be decrease. We strongly
recommend that you contact support@optimsoftware.com in such cases for suggestions
on how to model set this parameter.

e Cadlculate

» Rayleigh Dispersion: Thisisthe default option and must be the one used. This models the
picked dispersion curve, using the Rayleigh-wave phase-velocity dispersion anaysis
criteria. The one-dimensional shear-wave velocity derived using this option will be closer
to the real earth shear wave velocity.

» Quarter-Wave Approx.: This option models the picks assuming the quarter-wavelength
approximation. That is, it assumes the average shear-wave velocity is approximately
egual to the one-quarter of the dominant wavelength. This option should be used only for
instructional purposes.

& SeisOpt(R)ReMi(TM) ¥3.0

Adjust bounds of the
File ‘iew ‘Dispersion Curve’
Period window
— Min |0.02 1, M |0s Mo. Steps |20
Make surethisis
toggled when
modeling for V's Min |50.0 —> Max |2500.0 Step |20
te Units Model Mo —
[ Assumes P-wave velocities
 Rayleigh Dispersion &+ rmeters, seconds * Standar® with Vp/Vs=1.73
Sets maximum er-yiave SO, I feet, seconds I Advan |
depth in the ‘Model | Useif P-wave velocities
Profiles’ window Xbl— are known to obtain a
—> 4 t0-
Max Depth  (200.0 | Ato-scale Mndel| Lpdate Plots more accurate shear-wave
Re-size ‘Model profile.
Feady Profiles’ window T
Figure 47: Set parametersfor interactive velocity modeling and dispersion curve plotting.
e Units:

The user has the option to toggle between meters/second and feet/second. The default setting
isto meters/second. The output velocity model will always be written out in the unit that was
selected during the modeling process.
e Max Depth:
This controls the maximum depth of the velocity model shown in the ‘Modd Profiles’
window (Figure 49). Make sure that this value is set to be greater than the deepest interface
in the model.
e Auto-scale Model:
Clicking this will automatically re-size both the ‘Model Profiles’ and ‘Dispersion Curve’
windows to fit the maximum and minimum velocity limits in the modeled data.
e Update Plots:
Clicking this button will refresh the velocity models in the “Model Profiles® window and the
dispersion curvesin the ‘Dispersion Curve’ window.
Model Mode:
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0 The“Standard” mode will display only the shear-wave velocity (red vertical line) and density
(vertical blue line) for each layer. It assumes the P-wave velocities are about 1.73 times that
of the shear-wave velocity (Poisson solid assumption).

0 The “Advanced” model will display the P-wave velocity (green vertical line) for each layer
in addition to the shear-wave and density profiles. This mode can be used when P-wave
velocities for the site are available either from refraction surveys or well log. If so, this will
improve the accuracy of the modeled shear-wave profiles.

e Pull-down menus:
Across the top of this window under the ‘‘File’” menu are options to open (import) and save
(export) the model and the dispersion curves. The “Convert File” options can be used to
convert dispersion files created from other programs (like SASW) to format for ReMiDisper
(Section 4.1.18). “Create 2D Profile” option is to create a 2D profile from a series of 1D
profiles. Thiswill be explained in alater section. The ‘Quit’ option is also under this menu.

4.1.1a Importing dispersion picksfrom third party software

The “Convert File” option under the “File” menu (Figure 47a) in the ReMi ‘Controls’ window gives
the user the ability to import dispersion picks made using other analysis software into SeisOpt ReMi
Disper module for shear-wave velocity modeling.

& SeisOpt(RJReMi(TM) V3.0 Disper - Controls Window

e

Cpen Model File

Choose this option Save Model File Max |05 Mo. Steps |20
and read in —
appropriate file for Open Dispersion File

converson Save Dispersion File Max |2500.0 Step |20

\—b Convert File SASY no header file AT

: . Choose one of the
YelocibyWWavelength Pairs following file types
YelocitFregquency Pairs

Create 20 Profile
it

for conversion

VelocityFreguencytWavelenath
Figure 47a: Select thefiletypefor converting dispersion picks made us

ReMi Disper module

other softwarefor input into

Currently, the following types of dispersion files can be read in and converted:

1. SASW (no header) file: Dispersion picks output from SASW (Spectra Analysis of Surface
Waves) software. It assumes the file has no header information and there is only a single
dispersion curvein the file being converted.

2. Velocity/Wavelength pair: ASCII file containing two columns, with the first column being
velocities and the second column being wavelengths.

3. Velocity/Frequency pair: ASCII file containing two columns, with the first column being
velocities and the second column being frequencies.

4. Velocity/Frequency/Wavelength: ASCII file containing three columns, with the first column
being velocities, the second column being frequencies and the third being wavelengths.

Select the appropriate option to bring the “Browse” window (Figure 47b).
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Figure 47b: Choose the appropriate file for conversion

The program will convert the input file into a dispersion file with extension “_disper.txt” which can
be read into ReMi Disper.

4.1.2 Dispersion Curve Window

This window will open up below the ‘Controls’ window. When first opened, this will have a blue
line showing the modeled dispersion curve (Figure 48).

@ SeisOpt(R)ReMi(TM) V3.0 Disper - Dispersion Curve  [= |[B)X]
File Wiew

Welocity, misec: 40.0 to 3000.0

]

Minimum & maximum | [ Cursor displays
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| / and velocity values
B e e
1114.805
T T

Figure 48: Dispersion Curvewindow of the ReMi Disper module. Thiswindow displays the modeled
and picked dispersion values.

Unlike the p-f image (Figure 34), the horizontal axis in this plot is the period (inverse of the
frequency) in seconds and the vertical axis is phase-velocity, in meters/second or feet/second,
depending on the units chosen in the ‘Controls’ window (see Section 4.1.1). The minimum velocity
and minimum period (maximum frequency) are at the left lower corner of the plot. Velocities and
period increase linearly in the vertical and horizontal direction, respectively. The maximum and
minimum values of the period, frequency, and velocity are displayed on the screen. Changing the
limitsin the ‘Control” window (Figure 47, Section 4.1.1) can change these values. Moving the cursor
anywhere in the window will display the frequency, period, and velocity values. When the picked
dispersion values are imported into the ReMi Disper module, they will be displayed as filled red
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squares. The objective then is to match and overlay the blue line on top of the red squares. Section
4.2 describes the modeling process in detail.

4.1.3 Model ProfilesWindow

Figure 49 shows the ‘Model Profiles’ window. The window in the “Standard” model mode is shown
on the left while the window in the “Advanced” mode is shown on the right. The default display isa

three-layer model.
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Figure 49: ‘Modd Profiles’ window. Thiswindow is used to interactively model the one-dimensional
shear-wave velocity of the subsurface to match the dispersion picks. Thefigure of theleft isthe window
when used in the “Standar d” mode while on theright isthe default window when used in the

“Advanced” model mode.

e Vertical red lines: These are the shear-wave velocities for each layer. The value is either in
meters/second or feet/second and is set in the ‘Controls’ window (Section 4.1.1). One can
manipulate the velocity model by clicking on the line with the left mouse button and dragging
the mouse over the plot with the left button held down. Each segment of the red line, indicating
velocity of a particular layer, can be move independent of the other. As the velocity profile is
being changed, the synthetic (calculated) dispersion curve (blue line in Figure 48) in the
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‘Dispersion Curve’ window will change. The velocity values for each layer are displayed to the
right of the red line and they change as the lines are moved (Figure 49). Note that in the
“Standard” model mode only the red S-wave velocities appear. The modeling assumes the
subsurface has a Vp/Vs ratio of 1.73. If the ratios are known to be different for the site under
investigation or if reliable P-wave velocities are available from refraction surveys, logs, etc., then
the “Advanced” model mode can be used.

Horizontal black lines: These indicate the layer interface depths. Clicking the left mouse on any
interface and dragging the mouse over the plot with the left mouse button held down will change
the depth of the layer. The depth value is shown on top of each interface towards the left of the
plot (Figure 49).

Blue vertical line: The blue vertical line towards the left of the plot indicates the density within
each layer. They are assumed to be of a constant density of 2.0 g/cc for al the layers. This can be
changed if reliable density values are available. For most soil types it has been shown that
density variations are within 5% to 10% of 2.0g/cc and these have negligible effect on the shear-
wave velocity profile. But, if density values are available they should be used for modeling the
shear-wav velocity profile.

Green vertical line: These are the P-wave velocities for each layer. The value is ether in
meters/second or feet/second and is set in the ‘Controls’ window (Section 4.1.1). These appear
only when the “Advanced” model mode is selected in the ‘Controls’ window and should be used
only when reliable P-wave velocity information is available (like from refraction surveys, logs,
etc). Using accurate P-wave velocity will lead to a more accurate shear-wave (S-wave) velocity
profile. One can manipulate the velocity model by clicking on the green line with the left mouse
button and dragging the mouse over the plot with the left button held down. Each segment of the
green line, indicating the P-wave velocity of a particular layer, can be moved independent of the
other. Doing so, will alter the S-wave velocity also, keeping the Vp/Vsratio constant at 1.73. To
move either the P-wave or S-wave profile only, press and hold down the SHIFT button while
using the left mouse button to move either the P-wave (green line) or S-wave (red line) profiles.
Thus, layers with Vp/Vsratios greater or less than 1.73 can be modeled.

Add Layer button: The ‘‘Add Layer’’ button on the top left alows the user to add a layer
interface to the model. To do so, left-click on the button and then left-click at the location where
the layer has to be added. For example, to add a layer interface at, say depth of 59 m, left click
on the ““‘Add Layer’’ button and then left click at about 59 m within the ““Model Profiles’
window. The correct depth can be achieved by dragging the interface after it has been added.
Delete Layer button: To delete alayer interface, left-click on the <“Delete Layer’’ button and left-
click on the interface that has to be removed.

Vs: The 100 ft average velocity is continuously calculated and display at the bottom of the plot
window. This forms the basis for classifying the soil as per IBC 2000. The soil classification is
also shown in the window. Important: There are situations when the soil classification may
have to modified based on presence of low-velocities etc. Please consult a certified
professional engineer before confirming the soil classification. ReMi only provides the 100
feet average shear-velocity calculated as per 1BC 2000.

4.2 Interactive Modeling using ReMi Disper

The following steps enumerate how to perform interactive modeling using the Disper module:

1. Open the dispersion pick file created during Step 6 of the ‘Vspect Processing’ sequence
(Section 3.6.2) using the ‘‘Open Dispersion File’” under the ‘‘File’” menu in the ‘Controls
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Window’ (Figure 50). Y ou can aso load the file using the “Open Dispersion File” under the
“File” menu in the ‘Dispersion Curve” window. If you plan to model the velocity in units of
feet/second, make sure you toggle the ‘Units’ option to that in the ‘Controls Window’
(Figure 53). It is recommended that the modeling be done using the “Standard” model mode
first. If P-wave velocities are available, then the shear-wave velocities can be refined in the
“Advanced” model mode.
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Figure 50: Choose the Open Dispersion File option to load the dispersion picks

2. The dialog window shown in Figure 51 will open up. Choose the appropriate pick file that
was save from the ReMi Vspect module (Section 3.6.2, Figure 44). For the ‘‘demo’’ data,
thisfileis ‘RMpicks.txt’.
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=) RMz014.04T
=) RMz015.04T
= RMz016.04T
=] rMz017.04T
=] RM2018.04T

~| &« B ek E-

RMZ019.04T &) RMpicks.jpg
RMz020.DAT |8 RMpicks.ps
rMzozi.oaT () I
RIMpF. bin

RMpf. par

@ RMpicks.eps

*

|Flh-1|:ui|:ks.t:-:t

Files af type: |.&.II Files [*.7]

j Cancel

Figure51: Select the pick file that was created during Step 6 of the Vspect processing sequence.

3. The dispersion picks will now be displayed as red filled squares in the ‘Dispersion Curve’

window (Figure 52).
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4. If you wish to model the velocities in feet/sec, toggle the ‘Units’ option in the ‘Controls
Window’ to feet per second (Figure 53). The velocities displayed in the ‘Model Profile’
(Figure 54a) and the ‘Dispersion Curve’ window will change accordingly (Figure 54a). Note
that the ‘Velocity Step’ in the ‘Controls Window’ will also change. It is recommended that
this value not be changed during processing. The only time this might have to be changed is
if the shear-wave velocities are very low (<100 m/s) and if the interactive modeling fails to
fit the picked picks. If such a situation arises, contact support@optimsoftware.com for

suggestions.

The name of
dispersion picks
: : : e : : | fileisdisplayed on
& SeisDpt(R)ReMi{TM) V3.0 Disper - Dispersion Curve [RMpicks. txt] gn the title bar
File “iew
Yelocity, misec: 40.0 to 2000.0 I
Calculated Dispersioh
curve
Dispersion picks
savedfrom 27T U305
V spect processing 1054246
Step 6 isloaded . o
formOde“ng T .T ..I. z I...I .I. .I - T T T T T T T T T T
T Freg., Hz 62.5t0 1.66 Period sec: 001610 0.6 RMS Error: 654 I

Figure 52: The dispersion picksaredisplayed asred filled squaresin the ‘Dispersion Curve’ window.

£ SeisOpt(RJReMi(TM) V3.0 Disper - Controls Window

File “iew
Period

Min |0.02 Max 0.5 Mo. Steps |20
Velocity

Min |164.0 Max |5202.0 Step |6.5
Calculate Units Model Mode
* Rayleigh Dispersion I meters, seconds * Standard
" Quarer-YWave Approx. " Advanced

Max Depth |555.1 Auto-scale Maodel|  Update Plots

Feady

Figure 53: Select ‘feet, seconds’ to do the modeling in units of feet/second

5. Now click and drag the velocity profile (vertical red lines in the ‘Model Profiles’ window)
and the layer interfaces (horizontal black lines in the ‘Model Profiles’ window) until the
modeled dispersion curve (blue line the ‘Dispersion Curve’ window) overlay the dispersion
picks (red filled squares). The RMS error that appears at the bottom right hand corner of the
‘Digpersion Curve’ window is a quantitative estimate of the fit. Lower the error, better the fit
for aparticular data set.
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6. It is recommended that the modeling start from the top down. Take an iterative, top-down
approach to interactively modeling the dispersion picks. Figures 54a, b, c, d, e, and f
illustrate the steps involved in modeling.

7. First fit the lower periods (higher frequency) picks first, since they sample the shallow
horizons. Since the shallow horizons are lower velocities associated with the top layer, keep
changing the layer velocities and interface depth of the first layer until the first few picks
(shorter period picks) are matched well (Figure 54a). Change the velocity and the interface

depth.

8. Also increase the size of the ‘Dispersion Curve’ window by dragging the right-lower corner.
This will increase the spacing between the uploaded (red squares) picks, enabling them to be

fit better.

File Wiew
Period

Min [00z
Velocity

Min [1640
Calculate
" Rayleigh Dispersion
O QuarteryWave Approx.

Ready

Max Depth 6561

Max (0.5
Max (82020

Units
" meters, seconds

+ fget, seconds

wio-scale M0d4 Update Plots |

= IBI[X @ seisopt(RIReMi(TM) V3.0 Disper - Model Profiles M=E
File ‘Wiew
Add Layer | Delete Layer
Mo. Steps |20 (11.4Densitfultc I ShearYelocity filsec
ko 8300 )
sep [o5 | 57.4 Adjust shaII ow
\ layer velocity
Model Mode and Iayer
 Standard .
e interface depth
" Advanced

| File  view
Velocity, fiisec: 131.2 to 9842 5

Fit the shortest
period (highest
frequency) picks
first

Lower the RMS
error better the
fit between the
blue line and red
sgquares

C[olx)

[.0

Increase size of
this window by
dragging this
corner

s 2

T T T T T T T T T T T T K
Freq. Hz: 62.5t01.66 Period, sec: 0.016to D.E‘ RMS Error: 186) ‘

Figure54a: Thefirst step isto model the

Vs =1043.3

4051.8

IBC Site ClassD (IBC 2000 1615.1.1)

“period picks. Adjust shallow layer velocity and

interface depth so that the blue line matches the high-frequency picks (short period) red squares.

9. Note that you can fit as few or as many of the picks in one step as you wish. Going for too
few would result in many layers, while too many may result in too few layers. Try to model
about one-third to one-fourth of the picks at one step, starting from the shortest period. You
can fine-tune the fits later.

10. Once the shorter period (higher frequency) picks are matched, then change the velocities an
interface of the second layer until a few middle-period picks at the higher periods (lower
frequencies) are matched. Figure 54b shows all three analyses windows from this step.

11. Repeat this process until all the picks are matched (Figure 54c). Usually the last few, longer
period, picks are least constrained, since the sample the deepest part of the model. There is
bound to be trade-off between the layer velocity and the interface depth, especially for the

deeper layers.
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12. Once you are satisfied with the picks, add a layer to the bottom of the model. Adjust the
velocity of the deepest layer and the one above it and see if you can improve the picks.

£ SeisOpt(R)ReMi(TM) V3.0 Disper - Controls Window > eisOpt{R)ReMi(TM) ¥3.0 Disper - Model Profiles EEX
File  Wiew File Wiew
Add Layerl Delete Layer
4Densiffufce I Shear Yelocity fiizec
ko 8300

164.0 ¥ (82020 2 574 /

B56.1 uto-scale Modd Update Plots /

Ready
eisOpt(R)ReMi(TM) ¥3.0 Disper - Dispersion Curve [RMpicks.txt] [ X /
File “iew
ko 1279.5
Vs =843.1
IBC Sjte ClassD (IBC 2000 1615.1.1)

Figure 54b: The next step istry fitting the middle-period picks. Adjust the middle layer velocity and
interface depth to achievethis.
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& RIR |- |BIX @ seisOpt(R)ReMi(TM) V3.0 Disper - Model Profiles =13

File ‘iew File “iew

Period Add Layer | Delete Layer
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8300

Velocity g0

Min |164.0 Max |8202.0 Step |65 54

Calculate Units Model Mode o 1138.4 Add layersif needed

+ Rayleigh Dispersion " meters, seconds + Standard i T

" Quarter-\ave Approx. + feet seconds " Advanced M
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Ready

& sesopd CEX

File ‘Wiew

JWelocity, ftfsec: 131.2 to 9842.5

: ko 19881
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1 par now 10, whereas in Figure

1 | 54aijwas 186.

:fj@’—‘/\‘» Vs =813.6
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Figure 54c: Lastly fit thelo

nger=period picks by

adjusting the deeper layers

& SeisOpt(R)ReMi(TM) V3.0 Disper - Controls Window - | E@
File Wiew Fila Wiew N
Period Add Layer Delete Layer
Min |0.02 M 0.35 Mo. Steps |20 Densitsjgécc — Shear velocity,Uset
Velocity 14
Min |162.7 Max 52007 Step |5.2
Calculate Units Model Mode
+ Rayleigh Dispersion " meters, seconds &+ Standard
" Quareriave Approx.  faet seconds " Advanced 2.0 330.0
Max D to-scafe MDCE’{ Update Plots |
Read
i k7.4
File ‘Wiew
|Welacity, fifsec: 244 810 ¥863.7
7 1}
1 Decrease the maximum depth of
i the model and the maximum 20 1354
1 period to zoom in to the model
] profiles and dispersion picks
1 134
] \;‘U Vs =813.6 1988.1
SRR Freg., bz 62510 2.38 Period, sec: 0.01610 0.42 RMS Eror: 10 ¥4 IBC Site ClassD (IBC 2000 1615.1.1)

Figure 54d: Decrease the “Max Depth” parameter and the maximum velocity value so that the model

profileismagnified in the ‘M odel Profiles’ window.

The maximum period can also be adjusted to

match the data available.
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13. Once all the picks arefit, that is, when the error is as low as possible, the next step isto fine-
tune the model.

14. Set the Period Min and Max bounds to values outside the range of periods in your picks.
Move the cursor to the pick location to find out these values. For the dispersion picks shown
in Figure 54c these might be 0.02 to 0.35 seconds.

15. Set the Max Depth to alower value, if needed. In this case it was set at 150 feet.

16. Click on ‘Auto-scale’ model to automatically scale the ‘Dispersion Curve’ and ‘Model
Profiles’ window.

17. Click on the ‘‘Update Plots’” button to register these changes. Figure 54d shows the updated
windows.

18. Click and drag the lower-right corner of the ‘Dispersion Curve’ window to enlarge it, if
necessary.

19. If you wish to fine tune the shallow layers and need to zoom in, decrease the ‘Max Depth’
and the ‘Max Period’ parameters. This will display the shallow layers in greater detail
(Figure 54e) and adjust them to fit the high-frequency (low period) picks better, thus
decreasing the overal RMS error.

2 = IBX| & seisopt(R)ReMi(TM) V3.0 Disper - Model Profiles M=k
File  View File Wiew
Period Add Layer Delete Laver
Min |0.02 e\ 0.08 Mo, Steps |20 Densithce ‘2?8.8 Shear Velocity, fifsec
Velocity 21
Min [160.7 Max [8198.3 Step |32 ?[ 4002
Calculate Units Model Mode
+ Rayleigh Dispersion " meters, seconds + Standard 116
" Quarter-Yave Approx. + feet seconds O Advanced
Max Dep @ wto-scale M0d4 Update Plots |
Ready
& Seis0pRReM(T Curve BEE

File Wiew

AWelocity, f'sec: 178.0 to 2863.7

Change maximum depth and
maximum period to zoom in
and model the shallow layers

o0

230

Thiswill be also
written out to

| better directory
1 containing the
| picks
: N
:\’//_’M - Vs =800.5 3 )
T T T T T T T T T T T T T T T T T T [
Fred.. Hz 62.51010.41 Period, sec: 0.016 to 0.096 RMS Errar: 7 = assD (IBC 2000 1615.1.1)

Figure 54e: Decrease ‘Max Depth’ in ‘Controls Window’ to zoom in to the shallow layersin order to

fine tune them.
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Figure 54f: Once satisfied with fits, add a deeper layer with a velocity about two times greater than the
layer aboveit and adjust to see the maximum depth of resolution provided by the dispersion picks.

20.

21.

22.

23.

24,

Unless you have good evidence for a velocity inversion, try not to introduce one. The
governing criteria while modeling the picks should be that the simplest model that fits the
datawell isthe best estimate of the average shear wave velocity.
As you adjust depths and velocities, note that there may be a range of these parameters in
each layer that seem to fit the dispersion data equally well. These become the
indeterminacies of your data. There is trade-off between the thickness and velocity of for
every layer. Try to find the two end-member combinations of large thickness and high
velocity, and small thickness and low velocity, that both fit the data equally well. This will
give you limits or bounds of the velocity model.
To determined the maximum depth to which the dispersion picks can resolve the velocities
do the following test: Add a layer with a velocity about two times greater than the deepest
layer velocity. Now vary its depth slowly to see how it affects the picks. Determine the depth
at which it stops affecting the picks. Now take the average of this depth and the depth of
layer above. Thisis approximately the deepest the picks can resolve shear-wave velocities to.
The 100 ft average shear-wave velocity (V), along with the IBC 2000 (International
Building Code) soil classification, is automatically calculated and displayed at the bottom of
the ‘Model Profiles’ window. This is also written out to a file called “[name of the model
file]_ibc.txt. If for example the model fileis “mod.txt”, the IBC value will be written out to a
file called “mod.txt_ibc.txt” in the same directory to which the model file was written.
Keep in mind that SeisOpt ReMi calculates the average one-dimensional shear wave
velocities, so the user does not have to fit every pick. The objective is to fit the general trend
of the picks, with the blue line passing through the center of the picks, resulting in an average
shear-wave velocity profile. It is best to introduce velocity reversals only if you have other
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evidence suggesting its presence or if quite a few p-f images (velocity spectra, Figure 55)
show velocity reversal signatures.

25. Figure 55 shows an example velocity spectrum (p-f image) that shows a velocity reversal.
Figure 55a and b show the picks and the model profiles that fit the dispersion picks. This data
set shows a clear “‘kink’’ in the picked dispersion values (red squares) that is indicative of
the presence of a high velocity layer and thusit is safe to model it as avelocity reversal.

Frequency, Hz 24.956

Slowness, sec/meter

0.01 §

0.0 Averaﬁed ReMi Spectral Ratio 25

Figure 55: Example p-f image showing the dispersion picksfor a model with velocity reversal.

ggﬁeisl]pt[ﬂ] ReMi[TM]): Disper - Dispersion Curve
Yelocity, fifsec: 555,45 to 2959 9

Feriod, sec: 0.016 to 0.48

Figure 55a: Dispersion picks (red squares) made from the p-f image shown in Figure 55 and thefits
(blueline) produced by the model shown in Figure 55b.
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NEHRP D
Figure 55b: Shear-wave velocity model with velocity reversal obtained by fitting the picks shown in
Figure 55a.

4.2.1 Using the “Advanced” M odel Mode

Thisversion of ReMi allows the user to use P-wave velocity information, if available, to improve the
accuracy of the modeled shear-wave profile.
e In the “Standard” model mode, SeisOpt ReMi Disper assumes that the Vp/Vsratio is 1.73.
This is may not be necessarily true for al soil types. For example very soft clays are known
to have Vp/Vsratios of over 5.
e |If P-wave velocities for the site are known (from refraction surveys, logs, etc) then they can
be used to model the shear-wave velocities better.
e To do so, sdlect the “Advanced” model mode in the ‘Controls Window’ (Figure 56). The P-
wave velocities for will be displayed as green lines.
e Click on “Auto-Fit Model” in the ‘Controls’ window to adjust the ‘Model Profile’ window so
al the layer velocities are visible. As mentioned above, the default P-wave velocities have a
Vp/Vsration of 1.73.
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Figure 56: Select the “Advanced” model modein the ‘Controls’ window to model the shear-wave

velocity profile with P-wave velocity constraints.

Now the P-wave velocity can be adjusted independent of the shear-wave velocity by holding
down the SHIFT key and moving the green lines to the appropriate values for each layer
using the left mouse button.

You will notice that the fits, that is, the blue curve in the ‘Dispersion” window, will change
for Vp/Vsratios much different from 1.73.

Keeping the P-wave velocities fixed (since they are known) adjust the shear-wave velocities
so that the fit between the red squares and blue line is again satisfactory.

One may also have to add more layers to account for the variations. Figure 57 shows a
modified shear-wave profile, assuming P-wave velocities. Note that this is just for demo
purposes — Vp/Vsratios may not be as high as shown.

Vp/Vsratios can be used for determining Poisson’s ratio and other soil properties.
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Figure 57: The shear-wave velocities need to adjusted tofit the picks based on the P-wave velocity
information.

4.3 Exporting the Model Profilesand M odeled Dispersion Curve

Once the model has been derived, the next step is to save it to disk. To do so, choose the ‘“Save
Model File’” option from the ‘‘File’” menu (Figure 58). A dialog window opens up (Figure 59)
where the file name for the model can be entered. Using a “.txt” extension for the model file will
make it easy for it to be opened using afile editor like Notepad or Wordpad.

The saved model can be read back into the ReMi Disper module, by using the *“‘Open Model File”’
under the “‘File’> menu (Figure 60). The model will be rendered in the ‘Model Profiles’ window.
Make sure you select the desired ‘Units’ parameter when saving the model. The model file output by
the ReMi Disper module writes depth and velocities in the selected units on the ‘Controls” window.
The first line in the saved model file indicates whether it is in units of “m,s” or “ft,s”. The first
column in the file is the depth of the layer, the second column is the density (in g/cc), third column
are the P-wave velocities, and the fourth column is the shear-wave velocity of the layers. If the
“Standard” model mode is used, the Vp values written out will be zero. The actual values will be
output when the “Advanced” model mode is selected. When the model is saved, the IBC soil
classification for the profile is a'so written out to afile. The file will have use the name of the model
file as prefix follow by the suffix “ibc.txt”. So if the model file name is “RMmodel.txt” then the IBC
soil classification will be written out to a file called “RMmodel.txt_ibc.txt”. Thiswill be written out
to the directory that contains the dispersion picks.
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Figure 58: Choose the ‘“Save M odel File’’ to save the one-dimensional velocity model to disk.

Save Model File ?)X
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[Z] convkemp.bxt RM2013.DAT RMZ019.04T & RMpicks.jpg
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Save az ype: |.-ﬁ-.II Files [*.7]

ﬂ Cancel

Figure 59: Enter thefile name for the model to be saved to. The IBC soil classification iswritten out to

afilewith a suffix “ibc.txt” to the directory that containsthe dispersion picks.

One can aso save the modeled (calculated) dispersion curve (blue line in the ‘Dispersion Curve’
window) to afile (Figure 61). Thisis useful if you wish to plot the picked dispersion curve against
the calculated dispersion pick using MS-Excel (see Section 4.5). Note that if you increase the
number of steps (‘No. Steps’) parameter in the ‘Controls window’ from the default 20 to 60 and
click ““Update Plots’’, then more dispersion points will be calculated, resulting in a smoother

calculated dispersion curve (blue line).
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Figure 60: The saved model can beimported into ReMi Disper by using the ““Open Model File’” option

under the “‘File’> menu.
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Figure 61: Usethe ‘“Save Dispersion File’> option to save the calculated dispersion picks (bluelinein

the ‘Dispersion Curve’ window.
4.4 Making Report Quality Output from the ReMi Disper Module

Once the model and dispersion files are saved to a local disk, they can be imported into a
spreadsheet program like MS-Excel to plot the profile and dispersion fits, respectively.

4.4.1 Plotting the M odel Profile

The sample spreadsheet (RM_mod.xIs) included in the ‘demo’ sub-directory in the SeisOpt ReMi
instalation directory (C:\Optim\ReMiv30) (Figure 62) shows the model file after it has been
imported into Excel. The first columns, which are the depths to the layer interfaces, have been
modified to be negative so the plots are rendered correctly. Next, use the graph module of MS-Excel
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to plot the profile shown in Figure 63. Make sure to use ‘space’ delimit option when cutting and
pasting the ‘RMmodel.txt’ (saved mode file) file into the spreadsheet.

E2 Microsoft Excel - RM_mod.xls

Modd file
‘RMmodel.
txt’
imported
intoMS
Excel

Arial -0 +- B I U E=E=EE % %, W ifis = e A L
File Edit Yew Insert Format Tools Data  Window  Help Note: When usmg the “standard”
27 5 model mode Vp is set to zero. In
“Advanced” mode the actual Vp
2 B ¢ D E F values will be written out
2|
3 |Depth, ft Ws, ftfs Depth, ft density gfcc |V, fii/s W, ftis
4
) 0 0 213.3071 1] 2 0| 213.307093
5] 28773 0 213.3071 2 B7 7296RE 2 0| 213.307093
7 28773 0| 460.7349 <:| 2 87 7296RE 2 0| 460.7345923
g | -11.5092 0| 460.7349 11.68091867 2 2 0| 460.7345923
9 | -11.5092 0| 794 5457 11.60918672 2 0| 794 B456595
10| -56.8274 0| 794 5457 Convert to 06, 82742964 2 0| 794 B456595
11| -56.8274 0] 1134.997 negative a6.827 42964 2 0/ 1134 99676
12| -130.253 0] 1134.997 depth for 130. 2626288 2 0/ 1134 99575
13| -130.253 0 1935.118 plotting 130. 2526288 z 0193511817
14 | -163.061 0 1935.118 163.0610258 2 0193511817
15

Figure 62: Import the saved model fileinto M S-Excel to plot the one-dimensional shear-wave profile.
Thisfile (RMmod.xls) isincluded in the ‘demo’ subdirectory.
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Figure 63: PIotfblf the ohedimensional shear-wave velocity created using M S-Excel. The spreadsheet is
included in the ‘demo’ subdirectory.
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4.4.2 Plotting the Dispersion Curve

In addition, one can plot the picked (red squares) versus calculated dispersion curve (blue lines) by
importing the picked file (for the demo data, ‘RMpicks.txt’) and the saved dispersion data. The MS-
Excel file ‘RMcalcdisxls’ (Figures 64a and 64b) included in the ‘“‘demo’’ subdirectory shows the
imported picks (numbers in black) and saved dispersion (numbers in red) file. The picked and saved
dispersion values are in frequency (Hz) and slowness (seconds/meter). Use the spreadsheet functions
to convert it to desired values you wish to plot. That is, if you wish to plot frequency versus
Rayleigh-wave phase velocity, then convert slowness (for example, column E in dis.xls) to velocity
(for example, column G in the dis.xls) by taking the inverse of the output slowness values. Similarly,
frequency can be converted to period by taking itsinverse (Period = 1/Frequency).

Ficks
Freg, Hz Slowness, sfm

0.94576 g 2. 6041 5 0.0025 ] ]
0.90262 g 29295 7 0.002391 ] O

1.0012 11 3.5607 o 0.00333 ] 0

0.9479 12 390825 =) 0.00375 ] o
0.99363 13 4 2317 9 0.00375 O O
0.85312 14 4 5572 10 0.00416 ] O

1.0328 16 5.2083 10 0.00416 ] O
0.81647 17 5.5338 11 0.00455 O O
0.89773 18 58553 11 0.00455 ] O
0.93164 20 B.5104 12 0.005 ] O
0.92425 22 71614 12 0.005 ] O
0.92475 24 78125 12 0.005 ] 0

0.7795 25 3.138 13 0.00541 ] O
0.92597 28 9.1145 13 0.00541 ] O
0.75402 29 94401 14 0.005383 ] O
0.97099 31 10.091 14 0.00233 O O
071272 33 10.742 15 0.00524 ] O
0.72067 34 11.067 15 0.00624 ] O
0.88176 15 11.718 15 0.00524 ] O
0.77826 g 12,369 15 0.0066E ] 0
0.926524 J9 12.695 16 0.0066E ] ]
0.69511 40 13.02 17 0.007 08 ] O
0.85529 42 13.671 17 0.007 03 ] O

0.7411 43 13.997 18 0.00¥5 O O
0.858724 45 14.648 18 0.00¥5 ] O
099235 47 15299 18 0.0075 O O

1.1019 49 15.95 18 0.00¥5 ] O
0.84157 51 16.601 19 0.00731 ] O
0.80595 o2 16.927 19 0.00791 ] ]
0.84704 53 17.252 20 0.00833 ] o

Period, s “elocity, fifs

0.38401
0.341344
0279275

0.256
0236312
0219433
0. 152001
0. 180708
0. 170669

0.1536
0.139538
0.12a

0.12285
0. 109715
0.105531
0.095095
0.093093
0.090359
0.085339
0.0z0847
0.0757 71
0.076505
0.073148
0.071444
0.0655269
0.055364
0.052696
0.060237
0.058077
0.057564

1312.32

1127 422268
Hoh 2252252
§74.68
§74.58
/056535462
7056535462
F1B.3318777
F1B.3318777
Bakb. 16

Bab. 16

Bk, 16

B06. 4325323
BOB. 4325323
AE2. 74442254
BB 74442254
5267892508
5267892508
525.7892508
492 6126126
492 6126126
4633595305
4673.38953505
437 .44

437 .44

437 .44

437 .44
414.7661188
4147661158
393.5535414

Figure 64a: Import the dispersion picksfiIeI(R'I\/I picks.txt in this case) into M S-Excel to plot the
dispersion curve (Figure 65). The blue color filled columns aretheimported picks. The ‘Period’ and
‘Velocity’ values ar e calculated.
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Arial -0 - B I U EEE=EBE B %, W ELE

@ File Edit Miew Insert  Format  Tools  Daka  Window  Help

pite) - F
P =TI D VT E | F G

1 |Fits

2

3

4 Freg, Hz alowness, s/m Period, 5 Velocity, ft/s
05 ] ] 2.5 0 0016497606 0.016| 193.865221
B | ] 0 41 BEEEY 0 0015333136 0.024| 213.967976
| & ] ] s 0 0012717695 0.032| 257 971274
8 | ] ] 25 0 0010324185 0.04 315633037
e ] O} 20853535 0 0.009360819 0.043 350432152
10 | ] 0 1785714 0 0.008550339 0.056 333679409
EEE ] ] 16.625 0D 0.0077249296 0.064 424 462955
= ] 0 13.8333% 0 0.005231305 0.072| 469907167
g ] ] 125 0 0005433241 0.08| 509976248
14 | ] 0 11.36364 0 000R0RE275 0.083 540647912
15 ] 0 104667 0 0.005817254 0.096| 563.974576
16 | ] 0 9615335 0 0.005630117 D.704| 582 723267
7 ] 0 8928571 0 0.00547 7663 0112 593.941002
18 ] ] B -B:333533 0 0005344127 B.12| B13.987525
R ] ] 78125 0 0005220931 0.128| B2B.383615
20 ] 0D 7.352941 0D 0.005102323 0.136| 643.001175
2l ] 0 F.944444 0 0.004536224 0.144| B57. 972837
ea ] D B.5785947 0 0.004870823 0.152| 673.561765
23y ] ] 6.25 0D 0004756112 016 639807181
24 ] IS e RS 0 0.004642523 0168 Y06 634663
G25 | ] 0 5631818 0 0.0045305589 0.176| 724125257
26 | O 0 5434733 0 0004421355 0184 74203493
e ] F5:205555 0 0.004315065 0.192| 760.312327
28| ] ] 5 0D 0.004212012 0.2| 778915126
s ] 0 480792 0 0.004112068 0.208| 797 846771
30| ] 0D 452953 0 0.004074529 0.216| B17.135042
31 ] 0 44542386 0 0.0035920383 0.224 B36.856941
i ] 0 4.310345 0 0.003827303 0.232| B57 096276
Eaal| ] 0 4166667 0 0.003736538 0.24) 8779651411
34 ] 0 4032258 0 0.003547 1588 0.243 899542209

Figure 64a: Import the calculated dispersion file (RM calcdis.txt in this case) into M S-Excel to plot the
dispersion curve (Figure 65). The blue color filled columns arethe imported picks. The ‘Period’ and
‘Velocity’ values are calculated.
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Figure 65: Dispersion curve plot created using the graph module of M S-Excel. The examplefile
‘RM_disxlIs’ included in the ‘demo’ directory producesthis plot.

& SeisOpt{R)ReMi{TM) ¥3.0 Disper - Controls Window
File R
Qpen Model File

Save Model File Max [0.5] Mo. Steps |20
Cpen Dispersion File
Save Disparsion File E |35':”:'-':' Step |3-':'
Convert Fila , Units Model Mode

[+ rmeters, seconds &+ Standard

Create 2D Profile

[ feet, seconds " Advanced
Click to Mz Depth |2IJIZI.III Auto-scale Model|  Update Plots
quit ReMi
Disper Raady
module

Figure 66: Click on “Quit’ to exit the ReMi Disper module.

&

Save Model Before Closing?
_, ....... YES ......... | ND | Cance| |

X]

Figure 67: Click “Yes” to save model file or “No” to quit without saving. Click “Cancel” to continue
using Disper.

Use the ‘Quit’ button under the ‘File’ menu (Figure 66) to quit the ReMi Disper module. The dialog
window shown in Figure 67 will open up. If you have not saved the model, click “Yes” and enter a
model file name. Click “Cancel” if you wish to continue using ReMi Disper or “N0” to quit without
saving the model file.
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5.0 Creating 2D Velocity Models Using SeisOpt ReMi

The new version of SeisOpt ReMi allows the user to create 2D cross-section by analyzing traces
recorded on groups of geophones deployed along the array. The software comes with the capability
that allows the user to perform the “Vspect” analysis on groups of traces (for example, trace 1-6, 3-
8,...and so on) and derive a 1D model for each group. Then the 1D models can be put together to
create a 2D cross-section.

Creating a 2D cross-section will alow the user to image the latera variations in the shear-wave
velocity. It can be very useful to map isolated low-velocity zones, get constraints on depth to higher-
velocity layers (for example, bedrock), map velocity discontinuities, like faults, and in general get
constraints on velocity model obtained from standard refraction survey. Since ReMi can be done in
noisy urban areas, the 2D image allows the user to get some constraints on velocities in areas where
the high noise level would render a standard refraction survey useless.

5.1 Importing and processing data for 2D analysis

& Open Binary File...

Binar file CAOptimBEemMivildemoRBM2011. A
wrill replace the current data (if one Flang)
SeisOpt(R) ReMi(Th) 3.0 Yspect Begin Wi ™
£ >

Binary File Type:  [SEG-v Ba

First Field Record Mao. to Read: 1 Last:
10000

v 3E00-byte Reel Header Block Present

Trace Data Type:  |32-bitInteger |

Traces to Analyze: |1 |E

—

o
—
o

Fead Binary File | Cancel |

Figure 68: Import traces 1-6 for 2D analysis
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The first step is to import data as described in Section 3.1.1 and 3.1.2. The objective to analyze
groups of traces (channels) instead of processing data recorded at all the geophones at the same time.
That is, only selected traces are imported and analyzed. In this example, the field data has 36
channels. So for the 2D analysis, traces 1-6, 3-8, 5-10, 7-12, 9-14, 11-16, 13-18, 15-20, 17-22, 19-
24, 21-26, 23-28, 25-30, 27-32, 29-34, 31-36 are analyzed. A 1D model is derived for each group of
traces. Then the 1D models are put together to obtain a 2D cross-section. It is recommended that at
least 6 traces be used for analysis. The overlap of 70% of traces (4 traces in this case) gives the user
a better control on the lateral velocity variation. If the subsurface velocities are expected to be layer-
cake, with little or no lateral variation, then more traces at a time and less overlap can be used for
analysis. One consequence of using fewer traces is that the maximum offset is reduced. As a result
the lower-frequencies in the pf image (Figure 70b) are not well defined. This, in turn, causes the
depth of the velocity models obtained to be much less than when using all the traces. But, it is
important to remember that most of the velocity variations do occur at shallow depths. So, the 2D
image created will map the velocity variations were they occur the most.

@ SeisOpt(R)ReMi(TM) V3.0 Vspect... [= |[B][X]
File Edit “iew ‘“spectProcess Windows

Planeindex 0 0 4] |10 2

ARCEORALOTL.S gy

0.0 ch 6.0

Figure69: Traces 1-6 areread in and displayed

As shown in Figure 68, traces 1-6 are read in. The first six traces are displayed in Figure 69. Next,
use the “ReMiV spect” module and follow the steps described in Sections 3.2, 3.3, 3.4, 3.5 and 3.6 to
create a pf image and pick the dispersion curve (Figures 70a and 70b). When performing the
“Vspect” processing on fewer traces, it is best to use the same parameters as those used when
processing all the traces.
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@ ReMi p-f AnalysisSeisOpt(R)ReMi(TM)... [X]

wspect of SeisOpt(RIReMi(Th) V3.0 Vepact: 0

Fehiversion 3.1, Copyright 24 June 2002 tn,

Thevspect method on class FItFlane data . .
computes Louie's velocitv-spectrum analysis Itiseasiest to
{J. Louie, Bull. Seismal. Soc. Amer., Apr. 200 use the same
a surface-wave phase-velocity dispersion parameters as

spectral-ratio image by p-tau and Fourier % those used for
< | ¥ processing all

the traces
0.0020 dx {metar). |3.048 >
ax (Hz:  |35.0 Wrnin (rfs); (900
— |

Mg (+IAT. K&

Analyze: Forward Only vEspect

Reverse Only

Cancel

Figure 70a: Processthetraces using the “ReMiVspect” module. It iseasiest to usethe same parameters
used to process all the traces when processing groups of traces

NersUPHFIReNRIN V3.0 Vspect UIOpImHelfvaildemo 20Ty « Step 2 3, 3, 4.5
0.0 Frequency, Hz 24820
0.0

nness, sec/metar

Lower frequencies are not well
defined resulting in the velocity
model being shallower than when
using all traces

0.0z
Aoyeraged Rehi Spectral Ratio
oo BT s

Figure 70b: pf image showing the picksfor traces 1-6. Note that the fewer traces used causesthe
dispersion curveto belesswell defined at the lower frequencies, consequently limiting the depth of the
velocity model.
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Next follow the steps outlines in Section 4.2 to generate a 1D model using the “ReMiDisper”
module. The best procedure to model fewer traces is to start of with the 1D model generated using
al the traces (used “Open Model” to read in the saved 1D model) and then adjust the layer velocities
and layer interface depths until the model fits the picks (minimum RMS error). Since fewer traces
are being used the maximum depth of the model will be less than the depth of the model obtained
using all the traces. Consequently, as in this example, the deeper layer will probably not imaged

[- [6]X]

Delete Laver

Shear Velocity fiisec

(Figure 71).
?\Lﬁ EEZQ Vo e
File View | File view
Period | Add Layeﬂ
Min |0.02 maf |0.15 No. Steps |20 | g Densiggee [ [
Velocity i - 3412
Min [161.7 max [8]a9.8 Step |42 L
Calculate Units Model Mode
* Rayleigh Dispersion " meters, secondg i+ Standard
O Ciarter-Yave Appro. i+ feet, seconds " Advanced 2.0 6102
|
Max Depth  |99.7 wutg-scale M0d4 Update Flots |
313
Ready ‘
| @ SeisOpt(R)ReMi(TM) V3.0 Disper - Dispersia
|| File view
Welocity, fisec: 205.3 to 2324.3
) ooy, 0102

Fewer traces resultsin the %1%

low frequencies not being

well defined in the pf image.
. This results in the maximum 20

depth being less than when

using all traces

/ Vs =9153
o " Fren. Hz: 52510 5,55 Period, sec 0.016t0.0.18 RMS Errar: 5

ENAR ]

Maximum depth of constraint is
less than when using all traces

IBC Site ClassD (IBC 2000 1615.1.1)

Figure 71: Picks are modeled using “ReMiDisper” module. Note that the maximum depth of constraint
isnow much less (about 60 feet) compared to when all traces are used (about 150 feet). Consequently
the deepest layer isnot imaged.

Save Model File

Save in: | ) demo ﬂ ﬁ v
RM2019,04T 2] RMmadel txt %) rrpicks.ps

=] rmz0z0.04T [Z] RMmadel.txt_be bt [Z] RMpicks. bxt

RM2021.DAT RMpF. bin [l rMpicks_1-6.3pg
B RM_dis. xls RMpF. par [Z] RMpicks_1-6.kxt
@RM_mod.xls RMpicks. eps

E=| RMcalcdis. bxt ,ﬂ RMpicks. jpg

< >
File name:  |Ribmadel0] =t
Save as ype: |.~’-\II Files [*.7] j Cancel

?X

Figure 72: Save the model to a file with numeric component. In thiscaseg, it issavetofile

‘RMmodel01.txt’.
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The next step is to save the model to afile that is named a certain way. It should have a numeric part
to it, preferably to the end before the extension. For example, the model file can be called
‘RMmodel01.txt”, or ‘Vs000L1.txt” or ‘model_01.txt’. The idea is to name the files sequentially for
each set of traces being processed as one goes from lower to higher geophone numbers.

In the above case, model derived by analyzing traces 1-6 is saved to file called ‘RMmodel O1.txt’.
Repeat the steps for traces 3-8, 5-10, 7-12, 9-14, 11-16, 13-18, 15-20, 17-22, 19-24, 21-26, 23-28,
25-30, 27-32, 29-34, and 31-36. Models derived from each set should be saved to file that has the
numeric value sequentially increasing with increasing geophone numbers. In this case the model
fileswere caled ‘RMmodel 02.txt’, ‘RMmodel 03.txt’,...,"RMmodel 16.txt’.

5.2 Assembling a 2D Cross-section

Once the 1D models for each set of traces have been derived, they can be assembled to create a 2D
shear-wave velocity cross-section under the profile. To do this, the saved model files have to be
edited to enter the value of the horizontal distance of the midpoint of the traces being analyzed and
the elevation, if any, at that location.

For example, open ‘RMmodel01.txt* (Figure 73). Edit the first line and enter the horizontal distance
and elevation of the midpoint of the traces being analyzed. Since the geophone spacing was 10 feet,
the midpoint between trace 1, which is at O feet, and trace 6, which is at 50 feet, will be 25 feet.
Enter the value “25.0 0.0” (since it is flat elevation) in the first line (Figure 73). Repeat this step for
each of the saved model files, each time changing the horizontal distance and the elevation values.
Figure 74 shows the change made for the last modéd file (traces 31-36, file ‘RMmdoel 16.txt’). The
horizontal distance for this will be 325 feet.

Edit thefirst lineto

enter the horizontal
distance and e|evation !L RMmodelO1 . txt - NﬂtEpﬂ.d

File Edit  Formab 4 Af tha 1N madal !lii!l grrnat  Wiew  Help
\
- Sl T, 000 320, 83062444

(Ft,s
N L0 0,000 320, 83662444
2.877290608 2.0 0,000 320,836062444 S RTTIOGGE 3.0 0.000 330 831667444
2.87729668 2.0 0,000 342.191611959599996

B RMmodelD1.ixt - Mote

2. 87720668 2.0 0,000 342.191611999595945
11. 50918672 2.0 0,000 342.191611995399595

11, 50518672 2.0 0.000 GO0, 97045106 11. 500918672 2.0 0,000 342,1916115959090095
11, 50918672 2.0 0,000 609,970400106
31.33858368 2.0 0,000 609, 97049196
31.33858368 2.0 0,000 809.970459196
31.33858368 2.0 0,000 1614.1404716 31 33858268 2.0 0.000 16141404716
60,0 2.0 0,000 1614.1404716 ; ; : p

60,0 2.0 0,000 1614.1404716

Figure 73: Saved model filefor traces 1-6, ‘RMmodelO1.txt’, isedited to enter the horizontal distance
and elevation of the model location. Notethat thelocation isthe midpoint of the traces being analyzed.

!‘ RMmodel1 6. txt - anepad |t |S recommended
i ) Fie Edit Format View Help that the maximum
Horizontal distance )

d elevat | pi325.0 0.0 depth in the model
and elevation of 1D 0.0 2.0 0.000 218.4383272 files be chanaed to
model profile 2.87729668 2.0 0.000 218.4383272 g

2.87729663 2.0 0.000 418.92359792 be the same for all
11. 50918672 2.0 0.000 418.92389792 ;
11. 50918672 2.0 0.000 1031.67982304 .1D proflllesthat 90
56, 827420640000005 2.0 0.000 1031. 67982304 into making the 2D
82742064 0000005 2.0 0,000 1589, 33075952 i

< 60_0 _h h_ﬁhﬁ lEQD_ [ FEc Cr0$-mlon
\/
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Figure 74: Modd file ‘RMmodel 16.txt” is edited to include the location of the last set of tracesthat were
analyzed (traces 31-36).

It is also recommended that the maximum depth in the 1D profiles (last value in the 1% column,

Figure 74), be edited so that it is the same in al the files. This will ensure that the 2D cross-section

will be rendered properly.

The next step is to read in the edited 1D model files and generate a 2D cross-section. Select the
‘Create 2D profile’ option under the ‘File’ menu from either the ‘Controls’ window or the ‘Model
Profiles’ window (Figure 75).

& SeisOpt(R)ReMi(TM) V3.0 Disper - Controls Window M=E3
File RN

Open Model File

Save Model File Max |05 Mo. Steps |20

Cpen Dispersion File

Save Dispersion File E |35':”:'-':' Step |2-':'

Convert Fila , Units Maodel Mode

&+ meters, seconds o+ Standard
SlEel DRI " feet, seconds " Advanced
it
Max Depth  |200.0 Auto-scale Model|  Update Plots

Ready

Figure 75: Choose the ‘Create 2D Profile’ option from the ‘File’ menu to start the 2D assembly process.

The ‘File browse” window shown in Figure 76 will open up. As the title bar on the window
indicates, choose the first 1D profile model file that will go into creating the 2D cross-section. In this
example, thefileisthe edited file ‘RMmodel 01.txt’. Select the file and click ‘Open’.

Select first 1-D profile

Look, ir: |_} derno ﬂ EF Eq-
[E] RMcaledis_11-16.kxt [E] RMealedis_23-28.bxt 2] RMmodel0l bxk_ibe. ket

Select thefirst |[Z] RMcaledis_13-18.kxt [Z] RMcaledis_25-30.txt [£] RMmodel0z. txt
1D profile that 2] RMcaledis_ 15200kt [ RMealedis_27-32.b (2] RMmodel0z.bxt_ibe. bt

goesinto the 2D

|[Z] RMcaledis_17-22.txt  [Z] RMcaledis_29-34.bt [Z] RMmodelos.tat
model assembler

[Z] RMcaledis_19-24.txt (5] RMealcdis_30-35.txt 2] RMmodelns.txt_ibe.bxt

12

\ |[£] RMcalcdis_21-26 bt RMmodelnd . bxt [Z] RMmodeln4.txt

\ ¥
F [RMmadsl0T bt

ile narme;

Files of type: |,&.II Files [*.%] ﬂ Cancel

Figure 76: Select thefirst 1D profileto beread in and click ‘Open’.
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Another window will open up requesting the last 1D profile model file be chosen (Figure 77). Select
the last file (‘RMmodel16.txt’ in this example) and click ‘Open’. If the models have been
successfully read in, the dialog window shown in Figure 78 will open. Note that the assembler will
not work if the model files are not named sequentially and if the numeric component of thefile

name does not increment by 1.

‘ Select last 1-D profile

Loak, ir: | ) demo

[Z] RMmodel10.kxt_ibe et
[Z] RMmodelt 1.kxt

Select the last 1D E] RMmodel11.kxt_ibe bt
profile that will ] RMmodel12.txt
make up the 2D [Z] RMmodeltz.txt_ibe.bxt
cross-section [Z] rMmadell 3.txt

\ 3

s

RMmodel1 6, kxk

-« & ef E-

=| RMrmodell 3. kxk_ibe, bxk
RMmodel1 4, kxt =] RMmadel bxt
=] RMmadel14.txt
| RMmadel15.txt
RMmodel15. b _ibe.bxt 2] RMpFpar

@F{Mpicks.eps

=] RMmodel16 bt ibe. bxt

jbe.bst [Z] RMmodel bet_ibe. bxt
RMpF.bin

% [RMmadelB tt

Files of type: |.-’-¥.II Files [%.7]

ﬂ Cancel

»

Figure 77: Select thelast 1D profileto beread in to create the 2D cross-section.

The dialog window shown in Figure 78 allows the user to set the following plotting parameters:

Units
Change
horizontal Horizontal Distance
distance limits B4
and elevation
limitsto window [~ Elewvation
out and render
desired parts of .
the model velocity

Select the
appropriate units
to be used
km.kmis ™
min max samples Increasing the
25.0 |l3z5.0  [|10o0 | number of
) samples will
min max samples make the
60,0 | -0 | [100 e modd
in A amnnther
2150 [[1819.43 |
Set the maximum and
minimum velocity limits
for the 2D model
Cancel Ok

Figure 78: Set the plot parametersin thiswindow and click ‘OK”.

e Units: Use the pull-down menu to select the appropriate unit for the plot. These should be
units that were used when saving the 1D model profiles. It can be ‘km,km/s’, ‘m,m/s’, of

“ft.ft/s’.
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e Horizontal Distance: The module automatically estimates the minimum and maximum
horizontal distances of the 2D cross-section. These values will be displayed in the ‘min’ and
‘max’ box. They can be changed to window out parts of the model to be displayed. The
‘Samples’ box shows the number of samples used when interpolating between the each 1D
profile. More the samples, smoother the model in the horizontal direction.

e Elevation: The maximum elevation is displayed in the ‘max’ box and will be the top of the
model (zero depth). The minimum elevation is the bottom of the model and should be less
the maximum elevation value. ‘Samples’ box shows the number of samples used when
interpolating between the each 1D profile in depth. More the samples, smoother the model in
depth.

e Veocity: The default maximum and minimum values in the velocity model are displayed in
the window. The velocity limits can be changed to according to user needs.

Figure 79, shows the 2D cross-section. One can click anywhere on the image to view the location
and the velocity value. The amplitude scale can be adjusted to bring display the desired features
better. In this case the maximum and minimum values were change to 1,500 ft/s and 300 ft/s to bring
out the low-velocity shallow layer and higher velocity material to the right.

& 2.0 Profile
File

Click on the image to view
the velocity

=
=
2
®
=
&2
Wk

-60.0

250 ' distance (ft) 3250
E— T —
300 shear velocity (ft/s) 1500

Figure 79: 2D cross-section created along a 36-geophone array with 10 feet geophone spacing.

& 2.D Profile
File

Change Settings

Export as JPEG Image
Export as ASCH File

Figure 80: Choose ‘Change Settings’ to open the dialog window and changethe plot parameters. Select
‘Export as JPEG Image’ to save the model as a jpeg file and choose ‘Export as ASCI I File’ to savethe
write out the ASCII velocity values and its horizontal location and elevation within the subsurface.

© Optim LLC 2004, www.optimsoftware.com Page 76 of 79


http://www.optimsoftware.com

The plot parameter window (Figure 78) can be viewed by selecting ‘Change Settings’ from the ‘File’
menu in the 2-D Profile window (Figure 80). The plot settings can then be changed and the image
rendered accordingly. Choosing the ‘Export as JPEG Image’ option allows the user to save the 2D
image as a jpeg file. The program aso offers the option of saving the velocity grid as a 3-column
ASCII file, with first column being the horizontal distance, second column being the elevation and
third the velocity value at that location (Figure 81). This file can be imported into drawing programs
like ‘Surfer’ to create contoured images of the velocity model.

B 2dprofile.txt - WordPad

kert  Eormab  Heln
Horizontal . :
- Elevation
distance [& B Velocity value
Y v
25.0 -0.19935554517275475 320,85 662 4440000049

£5.996077 740563733 —-0.19933554517275475 3Z0.53 6624494000004
£6.993355431727576 —-0.19933554517275475 3Z0.53 6624494000004
£7.99003322259136 —0.19933554317275473 3Z0.53 6624494000004
£3.968671096345515 —-0.19933554317275473 3Z0.53 6624494000004
£9.95833833704313937 —-0.19933554517275475 3Z0.53 6624494000004
30.95800664451827Z5 —-0.19933554517275475 3Z0.53 6624494000004
31.97674415604651 —-0.19933554317275473 3Z0.53 6624494000004
JZ2.9734219269103 -0.199335534317275473 3Z0.53 6624494000004
33.97009968777403 6 —-0.19933554517275475 3Z0.53 6624494000004
34.96677 7405637374 —-0.19933554517275475 3Z0.53 6624494000004

Y=

QEA1ART12A8RET —N

100%3 554817275478

2PN

35.96345514950168 —0.19933554317275473 J3Z0.53 6624494000004
J6.960132359036545 —0.19933554317275473 J3Z0.53 6624494000004
37.95681063122923 —0.19933554317275473 J3Z0.53 6624494000004
38.95343337209302 —-0.19933554317275473 J3Z0.53 6624494000004

RAARFA4d44AnNNNNg

Figure81: ASCII velacity file saved using the ‘Export ASCI1 file’ option under the ‘File’ menu in the 2-
D profilewindow.

6.0 Solutionsto Possible Problems and Other Useful I nfor mation

It is possible to encounter some problems while running SeisOpt ReMi software, mostly because of
memory issues or using incorrect file formats. Below we list some trouble shooting tips.

6.1 Authorizing thelicense

SeisOpt ReMi will not run without a valid license and registration. Follow the steps outlined in
Section 2.0.

The licensing software used by ReMi uses hidden files to keep track of the license. If an ‘unlimited’
license ever becomes disabled, it is probably because one or more of the hidden files was
inadvertently removed, possibly by a hard-disk utility program. For example, this is known to
happen when running Speed Disk, a de-fragmentation utility included in Symantec’s Norton
Utilities. This also happens while running Norton Anti-Virus Utility. Loss of these fileswill result in
the loss of license to run SeisOpt ReMi

To prevent these losses do the following:
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1. Open Speed Disk, and choose File, Options, Customize, and Unmovable Files.
2. Specify that the* .ENT, *.RST, .KEY, and.41S files cannot be moved.

6.2 Transferring thelicense

SeisOpt ReMi Vspect and Disper module license can be transferred from one computer to another.
But the user will still have the Register ReMi by following the instructions in Section 2.0. The
transfer process only transfers the licenses but not the registration. The transfer should be done
before uninstalling SeisOpt ReMi on the old computer. Once the license has been transferred,
SeisOpt ReMi will not run on the old computer. Here are the steps to follow for transferring the
ReMi license from one computer to another:

1. Instal SeisOpt ReMi on new computer.

2. Put anew floppy disk into the disk drive

3. Click on the SeisOpt ReMi Disper desktop icon (Figure 2b). A license window will open.

4. Gothe ‘“‘License’” menu and choose ‘‘Transfer in from another computer’’

5. The program imprints its registration on the disk.

6. Now remove the floppy disk and put it into the old computer on which SeisOpt ReMi was
installed.

7. Start SeisOpt ReMi on the old computer and hit return when the ‘Check License’” window

COMeS up.

8. A license window will open up.

9. From the license window, go to License menu and choose ‘Transfer Out of Computer’’. Supply
the floppy disk path.

10. Remove the floppy disk and go back to new computer.

11. Click ““Transfer into Computer’” to complete the transfer and discard the intermediate imprint
files on the floppy disk.

6.3 Out of Memory error

Memory shortage may cause large SEG-Y files not to be displayed by the ReMi Vspect module. If
such a scenario arises, an ‘‘Out of memory’’ error message will be displayed on the console (MS-
DOS) window. If this happens, send email to support@optimsoftware.com mentioning the amount
of RAM available on your PC. A replacement “vspect” and “disper” script will be sent to you for
your use.

6.4 Cannot Find Root Error

This error might occur when the velocity limits for the model in the ‘Controls window’ of the ReMi
Disper module are set to be inside the limits of the profiles displayed in the ‘Model Profiles’
window. For example, if the minimum velocity was set to be greater than minimum velocity in the
profile and the maximum velocity less than the maximum velocity of the profile, then a ‘‘Cannot
find root error’” will appear in the ‘Dispersion Curve’ window. The ‘Model Profiles’ window will
not display a velocity model (no red lines). To avoid this, make sure the velocity limits are outside
the maximum and minimum velocities in the ‘Model Profiles’ window.
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6.5 ReMi Disper Module: Shape of the Calculated Dispersion Curve

As shown in the examples included in the manual, the calculated dispersion curve (blue line the
‘Digpersion Curve’ window) should be smooth. Sometimes, the curve might display sharp changes,
especially towards the edge of the windows. This is an artifact of the limits placed on the velocity
model, period, and maximum depth in the ‘Controls Window’ of the Disper module. Change these
and click ‘Update’. If it doesn’t make any difference reload the dispersion curve and model file and
re-render the calculated dispersion curve.
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