Q Advanced Triaxial Seismic Cone Data Acquisition

File LUtilities Help

SC3-DAC® Professional

BUE

SUB-SURFACE
DIAGNOSTICS



BCE's mission is to provide our clients around therld with state-of-the-art seismic data
acquisition and analysis systems, which allow fettdr and faster diagnostics of the sub-
surface.

The company provides state-of-the-art hardware aaffware solutions for a wide variety of
seismic engineering applications. If necessary, wi¢ customize our products to suit the
requirements of our clients even better.

BCE's products and services consist of
Seismic Data Acquisition and Signal Conditioning tHaare
Seismic Data Processing Software
Applied Seismology Consulting Services
Seismic Data Processing
Professional Seminars

By publishing this manual we will hopefully prova®etter understanding of downhole seismic
testing and the role it can play in geotechnicalastigations.

Baziw Consulting Engineers Ltd
3943 West 32nd Avenue Vancouver B.C. Canada V6S 174
url: www.bcengineers.com
email: info@bcengineers.com

© 2010-2012 Baziw Consulting Engineers Ltd.. Aghts reserved. The content on this work is
protected by the copyrights of Baziw ConsultingiBegrs Ltd.. No part of this document may
be reproduced, stored in a retrieval system, omsraitted in any form or by any means,
electronic, mechanical, photocopying, or otherwisghout the prior written permission of
Baziw Consulting Engineers Ltd. Although everycawtion has been taken in the preparation
of this manual, we assume no responsibility for anprs or omissions, nor do we assume
liability for damages resulting from the use of thisrmation contained in this manual




Table of Contents

S o TP i
Chapter 1 INtrOQUCTION ..eueieiiiee e eee e e e s 1
1.1 What iS SC3-DAC PrO™? ... ittt ettt e e e e aneeeanaeaeeeees 1
1.2 Organization of USErs ManuUal ............ooi e 1
(O gF=T o) (=T o2 |V = 1T Y/ = o U PSS 2
Chapter 3 Seismic Cone Data ACQUISITION ..........ceuuimememmiiiiiiiiiiiiare e e e e e e eeeeeeeiineens 3
3.1 Source Parameters and Data File SpecificatiOn cccee..coovieeeeeeiiiiiiieee s 3
I I o o =T g o =T g 1 T= (= PP 6
3.3 Begin Acquisition, Stack Data, and Stop Acquisiti@ol Bar.............ccccceeeeeiiieeeennn.. 7..
Chapter 4 UGS ..coeeeeiiiieee ettt e e e e 11
4.1 Default GUI SELHNGS .....ccvveeeeiiiiiiiiiimmmmme e e e e et s e e e e e e e e e aeeeeseeeeenreeeeeeeenssnnnns 11
4.2 Sensor TYPe and UNIES .......cooiiiiiiiiiiiicmmmmmm et eeeee e e e e e e e 12
4.3 Full Waveform Component Specification .........ccccooeeiiiiiiiiieiiiiiiiicin e eeeee 13
4.4 Vertical SeiSMIC Profiling ........ccoooiiiiii e 13
4.4.1 Standard VSP DiSPIAY ..........uuuuunmmmmmneeeeeeeeeiiiuniiiaaseeeeeeeeassesssssesnnneeseessssnnnnnn 14
4.4.2 X-Y-Z-Full Waveform VSP DiSPIlay .........e..eeuuumiiiniiaeeeeeaieeeeeeiiiniiinieenees 17
4.5 VIEW SEISIMIC DALA.......cccuuiiiiiiiiiiiee i ettt e e e e e e e e e e e e e s e s s bbb e e e eee s s s s e e annnnes 20
Chapter 5  Chart Formatting, Exporting, and Printing....cc.......coooovvviiiiiiiiiiiinnneenn. 22
(O =T o) (=T g T o 1= o TN Y/ =T o U PSS 23
Appendix 1 SC3-DAC Prd™ Installation Procedure..............ooovviimiiiiiiiiiiiieeeeeee, 24



List of Figures

Figure 1: Main Menu iN SC3-DAC PrO™ .........meeeeutuunaaaaaaaaeaeaaaeeeeeeirssnnnnmnnnnsessnnnnnan 2
T T L2l a1 U= 1V =T o 1 3
Figure 3: Default Directory Data Dialog BOX.......ccooeeiiiiiiiiiiiiiiiiiiiies e eeeeeeee e eeeeeeieees 4
Figure 4: A/D Parameters INPUL SCIEEN ... eeeeieeeeeeiiie s e e e e e e e e eeeeeee e e e e e e eeeeeeeeannne 5
Figure 5: Trigger Parameters INPUL SCIrEEN ..aaueae i 6
Figure 6: Seismic Data DisSplay SCre€N ......ccceeeeeiiiiiiiiieecere e eeee e e ee e 7
Figure 7: SC3-DAC Pro™ Output for Probe Depth of 2mL.........coooviiiiiiiii e, 8
Figure 8: SC3-DAC Pro™ Output for Probe Depth afnlO...........ccoooiiiiiiiiiiiicee e 8
Figure 9: SC3-DAC Pro™ Output for Probe Depth ainléhd implementing data stacking on

L8 (S e | 10 (o (=0 o 2 9
Figure 10: Dialog Box Facilitating the Storage wifelrval Velocity Estimates and Site / Personnel
Y o114 aF= U1 o] o RO 9
Figure 11: File Save Dialog BOX.........coii oot 10
Figure 12: Utilities SUD-MeNU OPLIONS........commmeeeeeeieeieeiiiiiiiisssss e e e e eeeeeeeereeeeeeeseeeeeeennsrnnnnn 11
Figure 13: Default GUI SEtNGS ... ..oiii ettt e e enneeeeeee e eas 11

Figure 14: Utilities->View Seismic Data display withe Amplitude and Time default settings
(Precision, Digits and Increment) set at 6, 3, @Ad 4, 2, 0.1, respectively..............c . 12
Figure 15: Utilities->View Seismic Data display withe Amplitude and Time default settings

(Precision, Digits and Increment) set at 9, 9, 0010and 6, 6, 0.00001, respectively.......... 12.
Figure 16: Sensor Type and Units dialog BOXES cceeee.eniiiiiiiiiiiiiiiieee e 12
Figure 17: Full Waveform Component SpecificatioretJmiterface .............cccevvvviiivivninimmmne 13
Figure 18: Depth Profile dialog DOX ... eiieieeiiiiiiiece e eerre e e e 14
Figure 19: Depth Profile graphical interface boX.............oooviiiiiiiiiiiiii e 14
Figure 21: Display of the PPA Values for the X-Cament Time Series Data..................... 15..
Figure 20: Filtered (30 to 100 Hz bandpass) Stahd&P Display seismic trace profile
illustrating color coded reverse polarized WaVES..........ccoovvieeeeeiiiiiieeeeii s 15
Figure 22: Cascadable Filters USer INterfaC. v ooe it 16
Figure 23: Example of X-Y-Z-Full Waveform VSP DigglOutput where the X-component, Y-
component, Z-component, and Full Waveform SeisrmeeTSeries Data is Displayed ............. 18
Figure 24: Seismic Time Series Data Shown in Fig@revith the Globally Normalization

(@ o] 1 0T =t g =1 o] [=T o [T RURPPPPP 18
Figure 25: lllustration of PPA Values for CapturEexial Data. In addition, the interval velocity
between depths 7.0 M and 8.0 M IS SNOWN .. e eeeeee e e 19
Figure 26: Main graphical interface in Utilities-kW Seismic Data software option ............... 20
Figure 27: Filtered seismic trace in Utilities->WieSeismic Data software option .............. 21.
Figure 28: Overlaying unfiltered seismic time semato filtered time series ..........cccceeenn... 21
Figure 29: Display of frequency spectrum of seistmie series illustrated in Figure 26 .......... 21
Figure 30: Chart Editing Dialog BOX.........ceeeeiiiiiiiieeeeeeee et e e e e e e e e e e eees 22
Figure 31: Chart Printing Dialog BOX.......occceeeiiiiiie et 22




Chapter 1 Introduction

1.1 Whatis SC3-DAC Pro™?

SC3-DAC Pro™is a Windows® program that facilitates the dataugitjon of triaxial Seismic
Cone (SC) time series data, and provides the ugbrautomatic real-time preliminary interval
SH-wave velocities estimates and Vertical Seismafilé (VSP) displays. The data can then be
analyzed in more detail using tB€3-RAVM seismic data analysis software.

The development and release SE3-DAC PrdVv fits BCE’s mission of providing our clients
with state-of-the-art seismic data acquisition amalysis systems that allow better and faster
diagnostics of the sub-surface. In the first rede@sSC3-DAC Pra™ preliminary estimates of
right and left side SH-wave interval velocities arenerated automatically during a Seismic
Cone Penetration Test (SCPT). Future releasesiotoftware will also provide the user with
automatic estimates of the absorption valu@s dnd Qp), interval P-wave velocities, and the
interval low-strain elastic constant.

SC3-DAC PrdV includes the following features:
Configurable for either geophones or accelerometers
Configurable for either contact Switch or Sensagders.
Suitable for P-Wave and S-wave.
Option for a time delay in collecting data.
Maximized data sampling rate.
Option for Data Stacking.
Bandpass, high pass, low pass, and notch digitaldi
Automatic full waveform SH-wave interval velocitgtenates.
Displays of peak particle accelerations, velocjtaesd displacements.
VSPs with trend line estimation.

1.2 Organization of users manual

The purpose of this manual is to instruct userS@8-DAC Pro™in the use of the product by
explaining its structure, taking the user step teyp shrough the program menus, and specifying
the use of interactive graphics and I/O routines.

WARNING:
To ensure that the program will function properly it is important that it is installed
correctly as outlined in Appendix 1.




Chapter 2 Main Menu

SC3-DAC Pro™is a Windows® program that facilitates the dataugitjon of triaxial Seismic
Cone (SC) time series data, and provides the ugbrautomatic real-time preliminary interval
SH-wave velocities estimates and Vertical Seismafile (VSP) displays. The main menu of
SC3-DAC Pro™ as illustrated in Figure 1, has three options:
- File (to carry out the SC data acquisition).
Utilities
Help.

The desired submenu is chosen either by movingnigse over the desired option and pressing
the left hand mouse button, by pressing functiodGsFon the keyboard and selecting the
desired highlighted option, or by pressing the esponding menu item letter on the keyboard.

g Advanced Triaxial Seismic Cone Data Acquisition

File Utilities Help

SC3-DAC® Professional

Figure 1: Main Menu in SC3-DAC Pro™




Chapter 3 Seismic Cone Data Acquisition

The File menu option is used to carry out t T~ e
data acquisition and allows the user
communicate  with the BCE  signd}
conditioning board and the analog/digit
(A/D) conversion board. As shown in Figu
2, this menu has three tabs for data input:
- Source Parameters and Data Filg
Specification. )

A/D Parameters. ] : R ——— z
Irigger Parameters. - L C:\JOBS PT'ScnftwareDeIpthE'scSdacPrchEz'

Stop Acqui

Once the data has been entered, the tool b
the top of the screen is used to control f
actual data acquisition.

Figure 2: File Menu

3.1 Source Parameters and Data File Specification

The Source Parameters and Data File Specificattah is illustrated in Figure 2 and the eight
input parameters required on this tab are as fallow
- Radial Offset - radial offset (m) of the source from the pen@racone.
Source Depth- depth (m) of the source into the ground.
Probe Depth- cone depth (m) from ground level.
Depth _Increment — difference in penetration depth (m) between subsefggeismic
tests. The user can specify the Depth Incremedtprass buttorfi right before a
seismic test is conducted; this saves the user franually entering the Probe Depth
after each depth increment.
Automated Analysis — Enabling this option generates automatic SH-wanterval
velocity estimates. Selecting butt#l% resets the automated analysis for a new test
hole or resets the current SC investigation.
Store Data As- the user has the option to store seismic da&tler ascii or binary file
formats by selecting the appropriate radio buttdrne default filenames are *.aci for
ASCII file formats and *.bin for binary file formst Binary file formats are desirable
because they typically require less memory storate ASCII data files can easily be
read into other programs.




Data File Specification- the user can automate the seismic data file mguand saving
process. A typical file name for a seismic filevesdh with theAutomatic Specification
check box enabled is outlined and defined as falow

SCPTS0_OR05_07_00 10-12-52 PM.aci

SCPT - specified by the user in tis8te Nameadit box

S - S-wave (S) or P-wave (P) - dominant source \etgpe
00 -probe depth specification

R -right (R), left (L), or no (N) source polarizati radio buttons

05 07_00 -day data acquired (i.e., day_month_year)
10-12-52 PM -time data acquired (i.e., hour-minute-second)
.aci -user specified data type

The default data file storage directory is selettggressing [y T-r—" rrEE
the directory list icon. Figure 3 illustrates tti@logue hox JEEEEre DNt amT e
which appears when the directory list icon is del@c The
user browses the available drives and directomnelssalects

the one most appropriate for seismic data fileagjer

Time Delay - the user may not want to store ea
information within the seismic time series when dacting
deep SC investigations. This is due to the faet the
source wave arrives much later in the time serresb the
early portion of the data contains no useful infation. In
this situation, the investigator should check th& bntitled
Enable and select the appropriatEme Delay with the
accompanying slide bar. THeme Delayis specified as a
percentage of th&ampling Timgsee Section 3.2). If th‘Figure 3: Default Directory
Time Delayis Enabled,SC3-DAC Pro™will display the pgig Dialog Bo

full seismic time series, but only store data whetteeds

the user specifiedlime Delay This saves significant data storage space oodhgputer
hard drive. However, the implementation dfime Delayis not all that important and is
typically not implemented as most computer hardedriprovide adequate storage space.




A/D Parameters

The A/D Parameterdab is shown in Figure 4 and the four input patamserequired on this tab
are as follows:

Data _Gain - the data gain
corresponds to the amplitude ga
on the recorded data. The Ds
Gain can be set from 0 to 84 dB &
increments of 6 dB.
Sampling Rate - the sampling rate
is specified in KHz and it ranges i
values from 1 KHz to 80 KHz,
although for high signal resolution
Sampling rate Of at |east 30 KHZ Hardware Filter [KHz]: 10 Sampling Time (mz):  BO0
recommended.
Once the user has specified t
Sampling Rate, the program wi
determine the Actual Samplin
Rate, which is a multiple of thg
specified Sampling Rate, to tak
optimal advantage of the fact that a Figure 4: A/D Parameters Input Screen
digital trigger is used.

& SCPT Data Acquisition

Listed below are the options for the specified SamgpRate with the associated Actual
Sampling Rates:

Sampling Rate (KHz)
Specified Actual
1, 2,5, 10,50 250
3,9 243
4, 8, 20, 30, 40, 60, 80 240
7,70 210

It should be noted that the analog anti-aliasitigrfis set automatically based on the
specified sampling rate (at 1/3 of the samplingydiency).

Sampling time - the sampling time is specified in ms and it esponds to the total data
acquisition time. For optimal data storage andessing, the sampling time should not
be much longer than what is required to capturdtheave and S-wave.

For a first estimate of the required Sampling Tintlee user should determine the
maximum travel distance of the seismic wave andrassa wave velocity of 100 m/s to
calculate the travel time. To determine the recemtbed Sampling Time the user should
add to the travel time at least 60 ms to coveretlperiods of a 60Hz SH source wave.




However, since data storage is not really limiteaniost cases, it is more important that
the Sampling Time is set large enough to captureeguired data within a vertical
seismic profile than to optimize this parameter.

Sensor_Sensitivity- the user inputs the seismic sensor’s sensitiaitgwing for the
recording of the particle accelerations or velesitiin the true units of nf/sor m/s
respectively). This value is provided by your S&tem supplier.

3.2 Trigger Parameters

The Trigger Parameterdab is illustrated in
Figure 5 and the four input parametg
required for this tab are as follows:
. Trigger Type - there are two types offs
triggers: Contact Switch or Sensa
The Contactswitch is triggered whe
contact (i.e., ground) is made betwe
source and receiver (e.g., when t :
source hammer strikes the truck pad Y
The Sensor option reflects a 5
transducer type triggering mechanis ;
(e.q., Accelerometer or Geophone). 5 e e
Trigger Gain - the gain on the trigge
channel has the four possible settin
0 dB (1x), 20 dB (10x), 40 dB (100x
and 60 dB (1000x). The trigger gain _ _
settings are only applicable to the Figure 5: Trigger Parameters Input Screen
Sensortrigger. TheContacttrigger
has zero gain applied.
Trigger level (or sensitivity) - this value specifies the percentage of full edaigger
amplitude that signifies a trigger event. Thisgoaeter is only applicable to ti&ensor
trigger. TheContacttrigger is an on-off trigger.
Pretrigger - thePretriggerslide bar allows the user to specify the amounbfmirmation
to be stored prior to triggering. The pretriggerspecified as a percentage of the total
Sampling Time For example, if the total sampling time is 508 and thePretrigger
slide bar is set to 5% then the pretrigger is (6@005) = 25ms. The maximum allowable
pretrigger is 30% of the total sampling time spedif Similar to theTime Delay
Pretriggerseismic data is not stored when saving the caghtiimee series data.

& SCPT Data Acquisition

Fretrigge:




3.3 Beqgin Acquisition, Stack Data, and Stop Acquisi tion Tool Bar

Once the user has specified the necessary E
acquisition parameters, seismic cone d
acquisition can commence. THRC3-DAC
Pro™ tool bar options are as follows:

- Begin__Acquisition - the Begin .
Acquisition option is chosen once th
data acquisition parameters have bgq -
specified. SC3DACPro™ stores the| =
current data acquisition parameters
the sc3DacPro.ini file and these valu{
become the default parameters.
As soon as the trigger has been set {
the Data Acquisitionwindow as shown
in Figure 6 opens to display the
captured seismic data. _
The top chart of the screen contains =
acquired seismic time. The vertic{ ¢
light blue lineshown in Figure 6 on the
left of the screen signifies the trigger
time. Thered, green, blue are the Figure 6: Seismic Data Display Screen
Crosshair and the coordinates of the
intersection in the active area are shown at theofdhe screen.

The trigger channel is displayed in the bottom thathe screen, and it contains both pre
trigger and post trigger information. The verticad lineshown in Figure 6 on the left of
the screen signifies the trigger time.

Stop Acquisition - the user may abort the operation by pressingtbp Acquisitiopush
button.

Stack - the stack data option allows the user to stackipbe seismic traces at a specific
depth by implementing repeated sources. Sincetbgram automatically displays the
average seismic data graph, this option generaflylts in a higher signal-to-noise ratio.
The user may abort ti&tackoperation by pressing ti&op Acquisitiorpush button.

mis2

On the top right hand corner of the screen a gcaphiED shows at all times the status:

Green - ready to commence data acquisition
- waiting for trigger
Red trigger occurred

! The x, y and z component seismic traces illustrateFigure 6 were captured with the following steiand A/D
parameters:; Radial Offset: 2m; Source Depth: Oerelment Depth: 1m; Source Wave Type: S-wave; Saugpli
Rate: 30kHz; Sampling Time: 500ms; and preTrigg@ms




Directly underneath are the boxes where
the automatic analysis results will [
shown (the left box for the SH-wav

interval velocity estimates for the le
side of the seismic probe, and the rig
box for the estimates for the right side
the seismic probe). x

mis2
=

Figure 7 shows theésC3-DAC Pro™
output after collecting seismic dafj =
(from both the Left and the Right sidq -
at 1 m and at 2 m depth.

mis2
=

The right hand list box contains thl .

results for SH-wave interval velocitie] -

obtained on the right side of the seism} 7

p ro b e : 1) Sb 10‘0 1 5‘0 260 Tin|2eSI|0n|g] 360 35‘0 460 45‘0 S00
an interval velocity of 119.27%&
m/s PR — AR S T S —
a relative arrival time of 4.97 ms| “.mf E— S — R S
a cross-correlation coefficient o ¢ ® @ = w _m Tw w W @ w
0'996. ) Figure 7: SC3-DAC Pro™ Output for Probe Depth

- depth increment: 1m to 2m. of 2m
The left hand list box contains the resul

for SH-wave interval velocities obtaine
on the left side of the seismic probe (Jf&
the same sequence).

The cross-correlation coefficient providg

an indication of the accuracy of thf . * h

estimated interval velocity (i.e. ho{ - XK

closely the correlated filtered seism| =

traces resemble each other and { : . A

reliability of the subsequent velocity

estimate). The cross-correlatiq

coefficient varies between 0 and 1, af -

should be as close to 1 as possif -

Values above 0.85 are recommended fq T T T e

hammer shear source (i.e., SH-wal®

source). - —— -
e o 50 100 150 200 . |i.5[Dm . 300 350 400 450 500

Figure 8 illustrates th&C3-DAC Pro™

output after acquiring data to a depth pigyre 8: SC3-DAC Pro™Output for Probe Depth
10m, and in Figure 9 you have the sargs 10m

output, but now after implementinData




Stackthree times at the 10m Probe depth for measuremaiken on the Right Side of the probe.
As is clear from Figure 9, the signal-to-noiseadtas been increased significantly (compared to
the traces shown in Figure 8) due to fact thatrtéibmelom measurement noise has been averaged
out. The user can remove the previ@egin AcquisitiorandData Stackmeasurements at 10m

by placing check marks (mouse click) next to thienestes (as shown in Figure 9) and selecting
buttonSH Right Side B

Figure 9: SC3-DAC Pro™OQutput for Probe
Depth of 10n and implementing data
stacking on the right side on

g Site/Velocity Parameters

Date/Time

December-08-11 -

utput File: DutputFile:

b | Figure 10: Dialog Box Facilitating the

Storage of nterval Velocity Estimates and

_ _ Site / Personnel Informatio
The user can save the estimated interval veloCiu.o

by placing check marks next to the desired estimetbettonm places check marks on all
estimates and buttdi#a unchecks all entries) and selecting bua==. Figure 10 illustrates
the dialogue box that appears if the user seléetsiata storage butt&m== for either theSH
Left Sideor SH Right Sideuser interface options. Information to be enteredsists of date,
personnel present, site conditions, type of sowso#,conditions, and special notes. The user
then specifies the name of the output file by presghe Output File push button, followed by
push button$Saveor Re-write If the user selects buttée-writeand the file already exist, then
file will be re-written with the newly processedtaa If the Savebutton is selected and the
output file already exists, the velocity estimatels be appended to the existing output data file.
The save data file can then be displayed wi8@8-RAVM (i.e.,View Interval Velocitie}.




Once the data acquisition has been completed,’Eﬁffﬂz:ﬁgew{ﬁ.:Mmm — e =
user may then either format, export or print tj esm- e

captured seismic data by selecting theitB i S
=lEfbutton at the top left hand corner of the scre o Mo

|| datal.bin

(see Section 5.0) and/or save the recorded trac{ m o -

selecting theSaveEa==button to the right of the] ~wm
Edit button. If the user has selected fhgomatic | =

o Mame

data3.aci
data3.bin
datad.aci

[E)[F] P [E] i

dataxy.aci

Specificationcheck box (as shown in Figure 4 <. et g
then the seismic data file is automatically savq = cr - Fiis — '

. . - File name: - i
otherwise the dialogue box for saving the captu [

seismic traces as shown in Figure 11 appears. —
o Figure 11: File Save Dialog Box
It should be noted that the data file includes ...
following header information:
sample rate (ms), time delay (ms), probe depthiceaadial offset, and source depth.
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Chapter 4 Utilities Fie. Utites Help
Default GUI Settings
Sensor Type and Units
The Utilities option on theSC3-DAC Prég™ main rl etorm CompenentSpfiatn
I H H . andar isplay
menu Optlon contains six sub-menu Optlons (aE X.Y-Z-Full Waveform VSP Display

ShOWﬂ |n F|gure 12) View Seismic Data
- Default GUI Settings
Sensor Type and Units

Full Waveform Component Specification
Standard VSP Display

X-Y-Z-Full Waveform VSP Display ﬁ
View Seismic Data '-q'.ﬂw*h»\,j‘w- A

SC3-DAC® Professional

Figure 12: Utilities Sub-Menu Options

4.1 Default GUI Settings

Q Default GUI Settings

The Default GUI Settinggdialog box is shown in
Figure 13. Here the user can specify the minim ALLLLILRT T LT WL G

and maximum value for the frequency axis, as Mirioum Fre ;0 M Enabled
as the precision, the number of digits and
increment for both the vertical amplitude axis a
the horizontal time axis. Amplitude Precizsion/Digits Display Parameters

Maximum Frequency [Hz):  [spp

Precisior: 13
The minimum and maximum values for t 1'
frequency axis are used for thdtilities->View
Seismic Datafrequency display. The defau
settings for these frequencies are zero and
Nyquist frequency (1/2, where is the sampling
rate) respectively. If the user wishes to chahgsé FreHinny
values, then check boknable should be checked Digits: 2
and the appropriate minimum and maxim e 1
frequencies should be specified.

Digits: B

Increment:  1E-8

Time Precision/Digitz Dizplay Parameters

Canicel

The precision, the number of digits and t
increment for both the vertical amplitude axis a
the horizontal time axis are used for théilities- Figure 13: Default GUI Settings
>Standard VSP DisplagyJtilities->X-Y-Z Full Waveform

VSP Displayand Utilities->View Seismic Data chart

displays. The default settings for these paramedisr 6,

3 and 0.01 for the vertical amplitude axis and 4n#

0.01 for the horizontal time axis.




These settings are then stored within configurafiten sc3dacPro.iniso that they will be
implemented whenev&C3-DAC PréV is used.

@3 Seismic Data - ) & Seismic Data - =
ﬂ | P xaic B Yanis 2k .@7 - ﬂ@ W Rass 7 Yhas W Z s 35,684100 / 0198696816
| # Fitei [~ Oveday [~ FFT [ Display Pre-Trigger [ Fitet [~ Ovedap ™ FFT T Display Pre-Trigger
Data File: CUOBSISCPTSoftwareDelphiXE\SCI-RAVF ugroXEF ugro SEG2 Data\ASCTLeisdchandam_-0_270_SHOTNR_00D aci Data File: CUOBSISCPT! 3-RA igro SEG2 Datal\ASCIL _-0_270_SHOTNR_000 aci
03 : 04 T ‘
o AN R aa 3 \ 0> Fl {\ i ——
o0 T TV A S 0y i s o 01 \
- Hi- e H = A T | | \ Shalss uain
.0 ‘/‘UU“J\IJVU 3 ; Em],\ﬂ‘f H .[V\J ‘/\v/\/\fw\mm
o ‘ i 2t 1 B
01 b ez e S 0.1 ‘I[\ﬂ[\ J{\;‘l f f " H
] \ 1.1 o oialiil WATEWAW L WA EAN N SR | S —)
E ,ﬂ f\ 1/\\/\\/\/\/\/\/\/\J\pw\_ﬁ.— - [ t \JIHJ ¥R “j\/\,\/\/\/\/\/‘m ;
02 L_,J j .
L}
0 0 100 120 20 20 0 0 0 i 100 150 20 250 30 30
Time (ms) Time (ms})
Figure 14: Utilities->View Seismic Data Figure 15: Utilities->View Seismic Data

display with the Amplitude and Time default  display with the Amplitude and Time default
settings (Precision, Digits and Increment) ¢ settings (Precision, Digits and Increment) ¢
at 6, 3, 0.01 and 4, 2, 0.1, respectively at 9, 9, 0.00001 and 6, 6, 0.00001, respectively

4.2 Sensor Type and Units

The Sensor Type and Unitiialog boxes are shown in Figure 16. Bensor Type Specification
interface allows the user to specify whetherAatelerometer(output proportional to particle
acceleration) or &eophondoutput proportional to particle velocity) is usetiheDesired Units
user interface facilitates the specification of Wiee the particle velocities and accelerations
recorded are given in units of m/s and ismm/s and mmfsrespectively.

Q Sensors Utlilized and Units Preferred

ation Desired Unitz

On

@ Geophone ®

Figure 16: Sensor Type and Units dialog boxes




4.3 Full Waveform Component Specification

The Full Waveform Component Specificatioption as shown in Figure 17 allows the user to
disable or enable X, Y or Z axis recordings witthie full waveform calculation and analysis.

The absolute value of the full waveform is defirmsd

p(t) = Ax(t)? + B y(£)? + C z(t)?

The constant#, B, or C are set to either 0 or 1 depending on whetherdleted axis has been
enabled or disabled. This option was added fordihgation where there have been faulty
recordings on a specific axis and the user doesvant to incorporate this time series within the
analysis of the full waveform within the VSP disga It should be noted that wheneBst3-
DAC Pro™ is started, the X Axis, Y Axis and Z Axis paramstare enabled.

Q Full Waveform Component Specification

Figure 17: Full Waveform Component Specification
User Interface

4.4 Vertical Seismic Profiling

SC3-DAC Prd™ provides two advanced vertical seismic profilingSR®) graphical interfaces,
which allow the user to filter and plot the captutgaxial seismic traces on a depth vs time plot,
generate (either manually or automatically) treingd for preliminary velocity estimation, and
display peak particle accelerations, velocitiegjisplacements.



4.4.1 Standard VSP Display A p————

Qu~/ <« SCPT » SoftwareDelphiXE » sc3-dacProXE2 » dats ~ | 49 | Search data R

Organize v New folder

When the user selects théilities Standard | ~

VSP Displayoption, the file input dialogue boy ==
shown in Figure 18 appears. The user can in = ==
multiply seismic files in this dialogue box (i.e| ==~
<SHIFT> plus left mouse click or <CTRL> plu] &=
left mouse click). After theDpen button has| &

been selected by the user, the m&kandard | =
VSP Displaygraphical user interface dialogul =™ ... o s v v -
box appears as is illustrated in Figure 19. T

addition, a vertical seismic depth profile appese
as is illustrated in Figure 20.

Figure 18: Depth Profile dialog box

The graphical interface box providgi et el
extensive chart display configuratiofje
options: olot (]

Axis options ce color L]

o None do not display the axig Jepth Fiange 0.00 r
component of the selecte o
seismic data files. )

o Display X/Y/Z Axis: display all S
axis component data of th . i
selected seismic data files.

o Depth Range specify a desired
depth range for which the axi
component data should b
displayed.

Full wave options

The same options exist as describ

for the axes, with one additiona

option:

o Absolute Value- if checked then
the absolute value of the fu
waveform is displayed; otherwis B Nomaize W Display Fre-trigger
the yx angle (either derived fro
the Incident Angle analysis o
guessed) should be specified

]

Figure 19: Depth Profile graphical interface
box

As previously outlined the user can automate timrse data file naming and saving process. In
that case the program may be able to recognizeheheind if so, how the signals have been
polarized. Based on this information the tracell be given the colors as indicated in the
graphical interface box:
o D: for traces that are not polarized or where tleméme does not meet the BCE naming
convention




o0 R: for traces polarized on the right side
o L: for traces polarized on the left side.

The user can modify the seismic trace coloring sehby selecting the appropriate color button.
The coloring scheme is then saved withingbh8dacPro.inffile for future applications. The user
should select user buttoE®in order to implement newly specified chart confegion
parameters.

If check box Normalizeis checked in the Depth Profile graphical inteefamox, then the
displayed seismic wave traces are normalized td €~ Alternatively, the seismic amplitudes
are scaled relative to the maximum amplitude witthmea displayed seismic profile. Placing a
check and removing a check within checkli@igplay Pre-triggerwill result in the display and
removal of pre-trigger data, respectively (noteS@3-DAC Pré“ the pre-trigger is not saved to
file).

Figure 20 illustrates a typical Standard DisplayPV&f reversely polarized SH waves. The
magnifying glass icondas: andm) shown in the top left hand corner allow the usescale
the seismic amplitudes in 10% increments. Thendgean be added and removed from the
dlsplay by checking and un-checking thegendcheck box, respectively. The buttdiled and

7« allow the user to automatically display and rema¥ the inputted data files from the
graphical chart, respectively.
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Figure 21: Filtered (30 to 100 Hz bandpass) Figure 20: Display of the PPA Values for the X-
Standard VSP Display seismic trace prof Component Time Series Data

illustrating color coded reverse polarized

waves




The trend line shown in Figure 20 is specified bgsging the middle mouse button (or <shift> +
right mouse button or <shift> + left mouse butttm)dentify individual points of interestSC3-
DAC Pro™ then automatically draws a line between the pospiecified and provides a velocity
estimaté. Pressing options <Ctrl> + left mouse button otrG+ right mouse button will delete
the previously specified trend line. Double cligkithe middle mouse button will delete all the
specified trend lines. The user can select spedrzm== to save estimated trend lines in an
interval velocity file (see Figure 10).

As the user moves the cursor oV
individual traces, the corresponding fi
name of the seismic trace is displayed .
the top centre of the chart. The user i T bl
display  acceleration, velocity 0
displacement profiles by pressing the rig ow Pass Frequency (Hz: - 100.0
mouse button and selecting the desi
particle motion. When the traces are
normalized, the peak particle acceleratiofalibetdus I Ensbled
(PPA), velocities (PPV) or displacemen
(PPD) are displayed. Figure 21 illustrat
an example of the display of the PHIEaE uency Hz} B Enabled
values. The display of peak particle valu
can be enabled and disabled by toggli _
user interface butt@E:. A new set of [l vIHz: (1000 M Enabled
data files can be read in by selecting u
interface buttolBSze.

g Cascadable Filters
Filter 5 i

Motch Filker Parameter
High Pazz Filker Parameter
L

Iritial Time
Start Time [mzec): B Eriabled

Selection of user interface buttdEle%
results in the display of th€ascadable
Filters dialogue box as illustrated in Figu
22. TheCascadable Filtersdialogue box
allows the user to enable/disable bandpe~~
notch, high pass and/or low pass digilFigure 22: Cascadable Filters User Interface
zero phase shift frequency filters and set

corresponding filter parameters.

Abort

2 To obtain accurate interval arrival times utilizithge trend line specification, it is mandatory ttheg user selects the appropriate
time index at the exact depth of the probe fromciihe seismic data was recorded. Alternativelghdck box Enable
Closest Depth is enabled the SC3-DAC Pro softweletas back to the closest data depth when spegifsend lines.




4.4.2 X-Y-Z-Full Waveform VSP Display

The Utilities  X-Y-Z-Full Waveform VSP Displagption allows the user to simultaneously
display the X, Y, Z and Full waveform responsesoamt®/SP graphical display. In the software
option the user selects the files to be displaykshtically to the previously described for the
Standard VSP Displagption, and the graphical interface box shown guFe 19 also appears.

Figure 23 illustrates a typicd-Y-Z-Full Waveform VSP Displayhere the time series data for
the X-component, Y-component, Z-component and viidl’eform are displayed. The user can
normalize the displajocally or globally by opening theNormalize pull down menu and then
selecting the appropriate normalization option. mymalizing the seismic datacally, the
amplitudes of a X-component, Y-component, Z-comporaad full waveform set of time series
data for a specific depth are normalized with respethe absolute maximum value recorded for
this set of triaxial data. Normalizing the datbally, all of the displayed seismic data is
normalized with respect to the absolute maximum lauge recorded within the entire set of
displayed data. Figure 24 illustrates the seisdata shown in Figure 23 following a global
normalization.
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Figure 23: Example of X-Y-Z-
Full Waveform VSP Display
Output where the X-component,
Y-component, Z-component, and
Full Waveform Seismic Time
Series Data is Displaye

Figure 24: Seismic Time Series
Data Shown in Figure23 with the
Globally Normalization Option
Enablec




Similar to theStandard VSP Displagoftware option, the user can display peak partrelues
for acceleration, velocity and displacement witthia X-Y-Z-Full Waveforndisplay. In addition,
the X-Y-Z-Full Waveform VSP Displallows for the automation of the interval veloestibased
upon the relative arrival time differences of tleab particle values. To implement this, the user
should first select the axis component (i.e., XZYor full waveform) from which the relative
arrival time will be calculated by enabling pullwio menuArrival. Next the user selects menu
buttonShow PPso that the peak particle values are displayed.ekample, Figure 25 illustrates
the PPA values for recorded triaxial data. The tleen selects the appropriate peak particle (PP)
text box and moves it as desired so that the locadf the PP value can be identified. As the
user moves the cursor through the graphical prdfiterval velocity estimates will be displayed
within the bottom message window. The two PP \aluiized to obtain the relative arrival
times will be blink red for easy identification. oFexample, in Figure 25 the PPA values at
depths 7.0 m and 8.0 m are identified by blinkiad dots. The corresponding interval velocity
is displayed at the bottom of the chart as follows:

Interval Velocity, X- 7.00m to X- 8.00 m: 311.7 m/s
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Figure 25: lllustration of PPA Values for Capturediaxial Data. In
addition, the interval velocity between depths mGnd 8.0 m is shown




4.5 View Seismic Data

The Utilities->View Seismic Data
option allows the user to analyze a
single triaxial data acquisition file.
The analysis features consists of
fillering the  seismic  trace,
overlaying the unfiltered trace onto
the filtered trace and displaying the
smoothed Fourier transform of
either the unfiltered or filtered
seismic time series.

Upon selecting this option an input

dialog box appears where the user

specifies the seismic file to be

processed. Figure 26 then shows the

graphical output that appears once a

seismic file has been selected. At

the top of this figure there are three

checkboxes Kilter, Overlay, and

FFT), and the numeric values of th~

time and amplitude at the currerFigure 26: Main graphical interface in Utilities->Vew
location of the graphical crosshair. Seismic Data software optic

If the Filter check box is selected the graphical output shawfFigure 27 appears, which shows
the graphical results after specifying a bandp&a89do 200 Hz. The user may then overlay the
unfiltered seismic trace onto the filtered tracedayecting checkboOverlay as illustrated in
Figure 28. The smoothed Fast Fourier TransformT]F&f either the unfiltered or filtered
seismic trace is derived and displayed by seleatmerkboxFFT. The frequency spectrum of
the filtered trace is displayed if the checkbeiker is selected along with thHeFT checkbox.
Otherwise the unfiltered seismic trace’s frequespgctrum is displayed. Figure 29 shows the
frequency spectrum of the unfiltered data file shawFigure 26.



Figure 27: Filtered seismic
trace in Utilities->View
Seismic Data software optit

Figure 28: Overlaying unfiltered
seismic time series onto filtere
time series

Figure 29: Display of frequency
spectrum of seismic time seri
illustrated in Figure 26



Chapter 5 Chart Formatting, Exporting, and Printing

The graphical edit button  displayed at the top left hand corner of 8esmic Data Display
Screensshown in the previous figures allows for chart fatting, printing, and exporting.
Figure 30 illustrates the graphical interface thppears when this button is selected, which
allows for extensive modification of the displaydata and chart attributes. In addition the data
can be printed by selecting tReint tab, which brings up th€hart Printing Dialogue Boxas
shown in Figure 31. Finally, this utility has artensive electronic Help function, which is
accessed though theshd button at the bottom left of the screen.

Figure 30: Chart Editing Dialog Box

Figure 31: Chart Printing Dialog Box




Chapter 6 Help Menu

The main menu shown in Figure 1 includddedp option that includes the following:
About - provides software version information 86€3DAC Pro™.
User’s Manual - will output theSC3DAC Pro™ user’s manual in a default pdf browser.
Link to BCE - makes a link t@aziw Consulting Engineersieb page.




Appendix 1 SC3-DAC Pro ™ Installation Procedure

In order for SC3DAC Pro™ to function properly it is important that the all software (incl. the

InstaCal software) is installed in the right sequence. Thefore do not connect the USB-1208HS A/D
device until step 3.

The software should be installed as follows:

1. PutSC3-DAC Prd™CD into CD reader; navigate to sub-directtmgtaCal 6.01and install
InstaCal(select fileicalsetup.exe

2. After installation, reboot the computer.

3. Plug USB-1208HS A/D into USB port and execute paogmstaCal InstaCalinsures that
the USB A/D device is recognized by the WindBwsperating system and allows for
configuration and calibration. Verify that the USB08HS device is configured as Board #0
as illustrated below.

If not, select the USB-1208HS A/D device and rigituse click and select ti@hange
Board #as shown below.



4. Configure the USB-1208HS A/D device @mgle Endedby selecting th€onfigureoption
shown above and selectiBdSingle Endeds illustrated below.

5. PutSC3-DAC Prd™CD into CD reader; navigate to sub-direct8§3-DAC ProExecute
programsetup.exe

6. SC3-DAC Prd™default directory is c:\\SC3-DAC Pro unless otheenspecified.

7. Execute program c:\SC3-DAC Pro\SC3DACPro.exe.




