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Chapter 1.Quick Start Guides

InSite-Lite QuickStart Tutorials

InSite-HF QuickStart Tutorials

1.1 InSite-Lite Quick Start Example

Please copy and paste the tutorial folder in the installation path, C: \Program Files\ASC\Insite-Lite,
to a folder where you can read and write. Please follow through this tutorial in the following order using the data and PCF
file provided. Please note these files are only included in the installation of InSite-Lite version.

1.1.1 Step 1 - Project Setup

The first step when working on a project in InSite is the import or creation of a sensor array with channel numbers
matching those in the harvested or imported seismic waveform data files.

In this example, the .pcf file is already set with the correct sensor array and this step can be skip. The following details
are for information only and working on a fresh project.

1. InInSite's 'Data Visualiser' click ‘Project—->Edit Default Arrays-> Receivers’. Alternatively,
the same Dialog can be called clicking on

-
-

A
/ - E
Figure 1-1: Array Input and Edit Button

in the main toolbar in Data Visualiser

2. the array can be imported from a ready-made .sen or .csv file following the format described in later sections by
clicking ITmport from File. Alternatively, each sensor can be manually added by clicking Add and
completing the properties menu.
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-

Edit Default Receiver Array

The Default Receiver Array is used to map Receiver information to Channels when imparting data.

Would you like to import a Receiver Array from an external file? Impart from File

0 Receivers in Array

Instrument E... A... Resp. Label Morth East Dowen Units  Diam.
Edit

Delete

it

Stack

Unstack

Check Orientation

CLOSE

Figure 1-2: Array Input and Edit Dialog

-

Edit Default Receiver Array

The Default Receiver Array is used to map Receiver information to Channels when importing data.

Would you like to import a Receiver Array from an external file? Import from File

0 Receivers in Array

Instrument E... A... Resp. Label MNorth East Down Units  Diam,
Edit
Delete
Stack
Unstack

Chedk Crientation

Lidli
' i

CLOSE

Figure 1-3: Array Input and Edit Dialog
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1.1.2 Step 2 - Data Import

InSite-Lite can import a variety of data formats.

In this step, we just import triggered SEGY format data. Notice that the tutorial SEGY data are triggered event data.

1. Create an empty folder ESF under the same directory as the SEGY folder.

2. Click ‘Project =-> Import and Manage Data...’ Make sure the Import Directory and the ESF
Storage Directory are set correct (see figure below)

3. Select the root of the file tree and click —>Import—>, all .sgy files will be imported to InSite and stored as
ESF files in the specified ESF folder.

Note: there are 50 events imported into InSite-Lite

4. Right-click on any one event and select View Waveforms. Youwill notice that some first arrivals were
already picked. The free version of InSite-Lite does not have automatic first arrival picking. In the next step,
we will manually pick or re-pick the first arrivals and locate events using homogeneous model.
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1.1.3

Once we have setup the monitoring array and imported waveforms, we are ready to process microseismic events.

Step 3 - Microseismic Waveform Processing

InSite provides 3 ways of processing:

e Automatic processing or batch processing: the procedures are defined in the auto-processor by users.

e  Online processing: process the data while triggering. In online processing, procedures are not specified by users

and determined by the type of data automatically.

e  Manual processing: each step of processing is conducted by users. In this step, we will introduce the automatic
processing and manual processing.

Adjusting processing parameters:

e  Right-click on one event that was not located successfully. In the example shown below, event 5 is not

located.

103 Events Loaded from Component 2002112517

e  The reason is that the auto-picking algorithm failed to pick the P-wave arrival. See the figure below.

Figure 1-4: Some events are not located in the triggering and online processing step

Type MNum... Date Time LocalTime Label Enabl.. North  East Down Un.. LMag Wavefor.. DB N.. N.. M. N. N.

B Eve.. 0001 25-11-20... 17:19:58.0094990 17:19:58.0094930  f_004508.rcd v - - - - - v X 7 ou - - -
.. 0002 25-11-20... 17:20:00.0809990  17:20:00.0809990  f_004508.rcd v 60537 -10275 126789 100 00570 ¥ X 33 33 15 8 8
.. 0003 25-11-20... 17:20:07.1939990 17:20:071939990 f_004510.rcd v - - - - - ' X o313oa - - -
.. 0004 25-11-20... 17:20:10.0022491  17:20:10.0022481  f 004511.red s 12608 175141 131263 100 00116 ¥ X 30 30 11 6 3
.. 0005 25-11-20... 17:20:11.5137490 17:20:11.5137490 f_004511.rcd v - - - - - 's X 36 15 -
.. 0006 25-11-20... 17:20:12.3402490 17:20:12.3402480 f_004511.red v - - ¥ X -
.. 0007 25-11-20... 17:20:32.0795000 17:20:32.0795000 f_004516.rcd v - - 's X 33 u -
.. 0008 25-11-20... 17:20:57.5332500 17:20:57.5332500 f_004522.rcd v - - - - - 's X313 - - -
.. 0009 25-11-20... 17:20:58.0860000 17:20:58.0860000 f_004522.rcd v -59331 -9L0BL 126500 100 -00.. ¥ X 3% 3 16 8 3
.. 0010 25-11-20... 17:20:58.7432500 17:20:59.7432500 f_004523.rcd v - - - - - 's X 33 1 - - -
.. 0011 25-11-20... 17:20:53.9360000 17:20:59.9360000 f_004523.rcd v 30006 -157.970 127065 100 0203 Hox® 21 18 1107

—— arax mm ams mmmermn e e mm e R . . (PR -

m
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Figure 1-5: Incorrect pick
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To adjust the first arrivals, users could either use Draw P Arrival Pick Moveout Oor Draw S
Arrival Pick Moveoutor Add P Arrival PickorAdd S Arrival Pickto manually adjust
the first arrivals. Shortcuts shift + Aand shift + D are used frequently.

u ' 1

Foom CQut Time Ctrl+0

Show All Instruments Ctrl+1
Sort by Theoretical Times

Add P Arrival Pick Shift+4
Autopick Mext P Arrival

Delete P Arrival Pick Ctrl+Shift+ 4
Draw P Arrival Pick Moveout Shift+Alt+P
Add 5H Arrival Pick Shift+D
Autopick Mext SH Arrival

Delete SH Arrival Pick Ctrl+Shift+D
Draw 5H Arrival Pick Moveout Shift+Alt+5

Add 5V Arrival Pick
Delete SV Arrval Pick
Draw SV Arrival Pick Mowveout

Triaxal View... DBICHk
Store Rotation Data
Clear Stored Rotation Data

B ke L e R e N haa o E
Figure 1-6: Manual pick
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Click the location button to relocate the event. This eventis thus relocated manually. You may want to repeat
this procedure for all other events. Tips: you can repick all first arrivals only without click the locate button.
The full version of InSite includes the autoprocessor to batch processing all events. For the batch

processing, the details can be found at Auto-Processing .

Other parameters can also be adjusted. For example, the source vector time window, auto-picking parameters,
or parameters in locater.

This step gives you some flavour about how tedious the processing can be. Advanced locating method such as

source scan has been developed to automate this process to a certain degree. However, at the end of the day it
is the sole responsibility of the processor to ensure the quality and the reliability of the processing outcome.

1.1.4 Step 4 - 3D Visualiser

InSite provides comprehensive 3D visualisation to assist interpretation of fracture propagation. See 3D Visualiser
for details. In thistutorial we will explore two functionsincluding displaying events by different colour and size scales and
play events as a function of time.

Display events by different colour and size scales

® Enterthe 3D visualiser and click Properties.Inthetabof Events, display the eventby sphere symbol
type, and colour scale by time and size scale by signal-to-noise ratio (see figure below). Now
you will be able to tell when and where a good quality event is located. For automatic processing, this is a
good trick to emphasize good quality events to reveal major failure zones.
ﬂ

Ewvents |T|ma | Camera | Cnlnursl 3D Grid | Oh]ectsl Cnl\apsmgl Cluster\ngl

Symbol Type: Symbol Quality:

Ellipsoid Display Multiplier = I

7~ Colour Scale

i ]
1 10
Symbol Radius = I 5.57 m

ITime

Colour Map
-
J Default <
[ User defined limit = Reverse Scale

Magnitude minimum = 1] Magnitude maximum = |0

- Size Scale

IS\gnaI to Hoise Ratio j = Reverse Scale N
™ user defined limic }
Magnitude minimum = 0.,90949 Magnitude maximum = | 59,9744
~Perfs
[Downward Triangle | symbol Radius = I 5835 m E

Sensars ng
’7 IDownward Triangle j Symbol Radius = I 5 m ‘

OK I Cancel | Apply |

Figure 1-7: 3D visualiser

Now switch to the Time tab and set the parameters following the figure below. Click OK.
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r |
Scene Properties @

Events | Time |Camera | Colours | 30 Grid IDbjects | Collapsing | Clusteringl

[Show all events v]

Time Limits for Event Data:
Time Min, = 30-11-199% 00:00:02.0

Time Max., = 25-11-2002 17:26:18.44 Auto Set Limits

User-set Minimum Time

Time, hour : mintsecs = 17 ¢ 200 ¢+ 0
Date, day -month - year 22 . 11 _ 2002

User-set Maximum Time
Time, hour : min : secs = 17 : 26 : 46 [

Date, day -month - year 23 - 11 . 2002

Histogram,Playback Parameters
Mumber of Time Bins = 100 Flayback Rate (binsfsec) = 10
Time per bin is 00 days, 00 hours, 00 minutes, 04,06 seconds.

Time Bins Behind = 2 Time Bins in Front = 2

[T] cumulative Flaybadk Transparency [ | Show dynamic 30 box

[ 0K ] [ Cancel Apply

Figure 1-8: Set parameters to play events by time

e Click Play Events button to start. The events will appear on screen as a function of time. The historical events
will be displayed in transparent mode and the active events are in solid mode. This is a very useful tool to understand the
time and space patterns of the microseismicity.

A few other functions that are worth of mentioning include (see figure below):

1. Treatment Curves: you can import engineering data such as those from hydraulic fracture treatment, e.g. well head
pressure, proppant concentration, etc. Those parameters can be displayed as a 2D chart (Step 7 Parameter analysis
and 2D charting see "2D charts") and also be used to scale or colour events. Find more details at Treatment Curve

2. Uncertainty: Since v3.15, you can evaluate the uncertainty using Bayesian Posterior probability by giving the
uncertainty in arrival time, velocity model and source polarization. Find more details at Uncertainty Analysis

3. Calculate stimulated volume: two ways of calculating the rock volume stimulated by fractures, one is to fit a box to
the event cloud and the other is by tightly fitting an isosurface. Find more details at Stimulated Volumes.

4. Array Analysis: this function can be used to quantify the sensitivity and the location accuracy of the employed
acquisition geometry. This information can be used to assist interpretation of microseismic cloud. Find more
details at Array Analysis.




1. Quick Start Guides

I n Treatment curves

Displaying engineering data and
microseismic attributes

Uncertainty

Display Uncertainty from travel time
and source vector residuals

i Calculate stimulated volume
! Stimulated volume

Array Analysis
Open array analysis dialog

Figure 1-9: Additional functions available for interpretation

1.1.5 Step 5 - Data and results Export

By this time, you have exported 3D visualisation figures and 2D charts for display purpose. In this section, you will
export quantitative information such as waveform and event catalogue for further data processing. InSite support a
variety of data format such as ASCII format like ATF and binary format like SEGY, SEGD, SEED/miniSEED etc.

Export waveform

* Toexport waveform for one event, enter Waveform—-Moveout by clicking the global button and make sure

View->Export Bar hasbeen selected.

¢* Click ATF to export the displayed waveform to a file in ASCIlI format. In the same folder as the ESF file, you will
find a number of ATF files each corresponding to one channel.

¢ Clicking MSEED will export the waveform in miniSEED format. In the same folder as the ESF file, you will find a
new file with same file name as the ESF file but ends with .miniseed.
Note: This way is to export the observed waveform to the corresponding file format. If waveform is filtered, or
rotated to P-SH-SV coordinate, the processed waveform will be stored instead of the original raw file. To export raw
waveform or processed waveform, you can use the auto-processor. See AutoProcessing for details.

Export Catalogue

Microseismic catalogue can be exported with different level of details. Make sure you are in Data Visualiser;
the drop-down menu from Export shows different ways of exporting catalogue information. See the Export sub-menu

for details.

* Export CSV Event Data File is the most common function. It exports parameters such as time, location, magnitude
etc for each event. Please export a file and review the content in it. Youcan open CSV file by EXCEL.

* Export CSV Instrument Data File has more details than Event Data file. Each pair of source and receiver is stored
in one row and the additional information include picked and theoretical arrival time, ray polarization, etc.
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1.2 InSite-HF Quick Start Example

Please copy and paste the tutorial folder in the installation path, C: \Program Files\ASC\Insite—-HF toa
folder where you can read and write. Please follow through this tutorial in the following order using the data and PCF file
provided. Please note these files are only included in the installation of InSite-HF version

1.2.1 Step 1 - Project Setup

First, we will turn on "Real time" mode to use the wizard. Note that this tutorial is not suitable for InSite -Lite.

InSite-HF (x64) - Tutoriall.1.pcf
File View Project Tools Events Export Help

DNBERNXTCY R A

et

‘No Components Loaded R Real-time mode :[vents Lo
Name Enabl... Date “E5 1 Alters the setup, processing properties pe N
and some leach controls

= Data Visualiser

Figure 1-10: Turn on the real time mode to enable the access to the setup wizard

e Import Geometry using Frac-manager

Let's make sure you have all the files needed to complete this step. Under folder WellObjects, you will find:

1. Monitoring well path (Monitoring Wellpath.csv)
2. Monitoring instruments (Monitoring Receivers.csv)
3. Treatment well path (Treatment Wellpath.csv)

4. Welllogs from treatment well (Treatment Gamma.csv, Treatment PVel.csv, Treatment—
S - Vel.csv)

5. Perforation shot location (Treatment Perfs.csv)

6. Well Objects Files.csv contains Treatment well packers, plugs, sleeves locations, and site formation
boundaries.
Import Well paths Both monitoring well and treatment well paths can be imported in the similar way as shown in
the figure below
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F A
Frac Manager Setup M

% % Global Coordinates Reference Position
Morthing = | 0 Easting = | 0 Depth = | O Depth Label: Depth
Wells
; wells FES E] Use Imperial Distance Units
Toals Treatment_wellpath [ = - : ]
Monitoring_wellpath Monitor Wel
—r
[ Add Treatment Well ]
Shots
%i | addoffsetwel |
Logs Well Trak: Monitoring_wellpath -
"E Well Head Position = -303.000 N, 392,000 E, 0.00000 Depth El
.
Well Objects Originating File: C:\Projects\Insite Tutorials\HF\Setup_files\Monitoring_wellpath. csv
‘ ’ well Trajectory:
MD Morth  East TVDBWH Depth
Stages 0.00000 0.00000 0.00000 0.00000 0.00000

100.000 0.15081 0.11880 100.000 100.000
200,000 -0.060332 0.62642 199.999 199.999
300,000 -0.87573 1.0228 299.997 299.997
400,000 -1.9166 1.2889 399.991 399.991
300,000 -2.9444 1.4371 499,985 499,935
600,000 -3.8790 1.5584 599.980 599.980
700,000 -4.4985 1.6633 ©99.976 ©699.97% &7

Processing Properties

Configure the Frac and Monitor Wells...

[ Extsewp || ske Apply

Figure 1-11: Import the CSV file with the well track

When done, click the next > button.
e Import Tools

Now we import the tools (geophones) to the corresponding well (monitoring well).
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.
Frac Manager Setup ﬁ
& Monitor Well: | Monitoring_wellpath - ]
Wells
; e E] | mport Downhale Array |
Monitering_Receivers.csv
Tools [ Add Downhole Array ]
—n
Sampling Rate (sps) 2000
Shots
Logs Downhole Array: Monitoring_Receivers.csy -
Chan Inst Axis MD Ihxis Morth East Depth M iE iD Sens. Gain i
:E 1 1 0 12709.5 X -224.852 276,671 12707.4 0.99998 0.00000 -0.0055124 1.0000
4 2 1 1 12709.5 Y -224.852 276.671 12707.4 9.86811e-005 0.9998% 0.0151521.0000 |E
Well Objects 3 1 2 12709.5 Z -224.852 276.671 12707.4 -0.0065117 0.015153-0,99986 1.0000
4 2 0 12730.4 X -224.716 276,354 12723.3 0.99998 0.00000 -0.0065124 1.0000
" 5 2 1 127304 Y -224.716 276,354 12723.3 9.86811e-005 0.99589 0.015152 1.0000
& 2 2 127304 Z -224.716 276,354 12728.3 -0.0065117 0.015153-0,99986 1,0000
Stages 7 3 1] 127514 X -224,579 276,036 12749.3 0.99998 0.00000 -0.0065124 1.0000
3 3 1 127514 Y -224.579 276.036 12749.3 9.86811e-005 0.999389 0.015152 1.0000
9 3 2 127514 Z -224.579 276.036 12749.3 -0.0065117 0.015153-0.99986 1.0000
10 4 1] 127723 X -224,443 275,720 12770.2 0.99998 0.00000 -0.0065124 1.0000
P ing P i 11 4 1 127723 Y -224,443 275,720 12770.2 9.86811e-005 0.999389 0.015152 1.0000
rocessing Froperties 1o 4 2 12772.3 2 -224.443 275.720 12770.2 -0.0065117 0.015153-0.99986 1.0000 _
13 5 n 177913 ¥ -774 A 775 40117791 7 N Q9993 N ONNON -0 NNAS174 1 nnnn
4 | 1 | 3
< Back H Mext =
Configure the Downhole arrays...
[ Edtsewp || ske Apply
"

Figure 1-12: Import the CSV file with geophone positions measured as MD

When done, click the next > button.

e Import Perforation shot position

The perforation shots that are measured by MD can be imported to the treatment well path.
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F B
Frac Manager Setup ﬂ
& Treatment Well or Vibe: [Treatrnent_wellpam -
Wells . .
| mport Downhale Shats |
! ot B
o PerfS01POL [ Add Downhole Shot ]
Perfsnipo2 ;
e PerfS0zP01 Import Vibe Shots
Shots Add Vibe Shot
Logs PerfS02P01
‘E Upper MD = 12900.0
4 Lower MD = 12504.0
Well Objects
Calibration Position = 98,530 North, -43.731 East, 12839.6 Depth
‘ ’ Start Time = 01-01-1900 00:00:00, End Time = 31-12-2999 23:53:59
Stages
Pracessing Properties
< Back ][ Mext = ]
Configure the Downhole and Vibe shots...
[ Extsenp | [ skp Apply

Figure 1-13: Import the perforation shots to the treatment well

When done, click the next > button.

e Import Well logs

The well logs (P vel, S vel and Gamma) measured along either treatment well or monitoring well can be imported
from CSV files.
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=

Frac Manager Setup
& well; | Treatment_welpath - ]
Wells
[ Import P-wave Sonic Log ] [ Edit Velocity Model ]
; Logs E] . .
pg [ Import S-wave Sonic Log ] [ Caloulate Av. Velodties
Tools
55
14593.8
&R [ Impert Gamma Ray Log ] Average Vp
Shots Average Vs 8581.8
Logs P-wave Sonic Log -
E Well Log Data: U
4 MO Morthing Easting Depth Data
Well Objects 127448 95,402 -39.301 127425 16261.2
12745.3 95,411 -39.317 12743.0 16261.2
‘ ’ 12745.8 95,421 -39.333 12743.5 16261.2
12746.3 95,431 -39.348 12744.0 16261.2
Stages 127468 954490 -39.364 12744.5 162612
12747.3 95.450 -39.380 12745.0 15261.2
12747.8 95,460 -39.395 12745.5 16261.2
12743.3 95,469 -39.411 12746.0 16261.2
P ing P i 12743.8 95.479 -39.426 12746.5 16261.2
rOcessing Froperties |/l90740.3 95,488 -39.442 127470 16261.2
12749.8 95,498 -39.458 12747.5 15261.2
12750.3 95,508 -39.473 12748.0 18261.2 7
< Back ] [ Mext =
Import logs and edit the velocity model...
[ Edtsenp || ske Apply

Figure 1-14: Import well logs to the corresponding well

When done, click the next > button.

e Import Well Objects

The well objects, packers, sleeves etc can be imported to the project for visualisation purpose.
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F b
Frac Manager Setup M

& Wells: Treatment_wellpath -

Wells
; Well Objects
oo Toes
Tools Packers
— Secves
Plugs
Shots Delete Al

133

Logs Formation Tops:
Mame MO Morthing Easting Depth
:E Bonner 13058.0 101.096 -47.327 13055.5
=5 ork 13271.0 105.269 -52.151 13268.5
Well Objects
Stages

X

Processing Properties

< Back H Mext =

Configure Formation Tops, Packers, Sleeves and Plugs...

| Extsewp | [ skp Apply

Figure 1-15: Import well objects to the corresponding well

When done, click the next > button.

e  Add stages (optional)

Stages can be added in this interface if needed. This tutorial will add a stage at a later time.
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.
Frac Manager Setup M
& Treatment Well: | Treatment_wellpath V]
Wells
{ Stages @ [ Add Stage ]
DEFALLT STAGE
Tools [ Add Ref, Downhole Array ]
—
[ Add Shots |
Shots
gi [ Reset Stage ]
Logs DEFALLT STAGE
E Feference Array: Monitoring_Receivers.cav
= 8
Well Objects Downhole Shot Upper MD Lower MD
PerfS01P01 13040.0 13040.0
‘ ’ PerfS01P02 13000.0 13004.0
PerfS02P01 12900.0 12904.0
Stages
Processing Properties
< Back ] [ Mext =
Configure the Stages...
| Extsenp || ske Apply

Figure 1-16: Add stages for data acquisition and processing

When done, click the Exit Setup button and you will see the previously imported objects are listed in a tree
structure as shown below.
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Frac Manager

e

Global Coordinates Reference Position

Morthing = | 0 Easting =

Well Data View:

0

Depth = | 0

Depth Label:

Depth

BE_ Treatment_wellpath

[-f3 Calibration Shots
----- {3 Downhole Arrays
(-3 Well Logs

. @[3 Well Objects
BE_ Monitoring_wellpath

[#-00 Downhole Arrays
----- £ Wwell Logs
----- 3 well Objects

Stage Data View:

Right dick in Well Selection Pane for options. ..

= Q_ Treatment_wellpath
=5 EFALLT STAGE

[ Calibration Shots
Lo PerfSoPol

Perf501P02

PerfS02P01

Calibration {Reference) Downhole Array

Right dick in Stage Selection Pane for options...

[ o

J [

Processing Properties

] [ Cancel

Figure 1-17: The imported objects are listed in a tree structure

The imported objects are now visible in 3D visualiser for review.
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I Adjust Camera Rotation x
Azimuth 4228
0

onitoring \_Eecewels_ﬂag
ontorng_Feceivers|

reatment_wellpath_Gamma Log E:gg:x:g—g%g
ing_Receivers_005

onitoring_Receivers_006
ontorng_Hecervers 107
onitoring_Recelvers;

onitoring_Receivers_003
elfS02P01 A _Receivers_010
onitoring_| ecewels_HB
onitoring_H eceivers_|

elfS01P02
erfS01PO1
I

-400”
50

4
500
AN

180

Figure 1-18: The imported objects are visible in 3D visualiser

e Import Geometry: the simple way

Use Array Editor Dialog to import sensor array when Frac-manager is unavailable. The geophone coordinates and
its orientation must be calculated before importing as default receiver array.

1.2.2 Step 2 - Data Import and Harvesting

In this step, we will harvest (trigger/leach) continuous data stream and store the discrete events as ESF files. The
function used here is named "streamer leach". Note this function is not available in InSite-Lite.

e Set processing parameters

Follow the 3 steps outlined in the figure below to set the processing parameters in Processing Setting -> Autopicking,
Source Vectors and Channel processing tabs in the tutorial PCF file.
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r - -
InSite Processing Properties I Y tnsite Processing Properties TS | tnsite Processing Properties S5
Auto-Didn | Source Yestars | Channel Processng | FFT Properbes | Lozater [ 5¢ [+ | | | [Autoacng | Source Vectors | Channel Processing | 77T Properties | Locater [ 5+ [+ Auto-pickng | Source Vectors| Chamel Processing | FFT Propertes | Locater | S¢# [+

Lot TS § i s i ViFhe w e settings
3 Fiter, Recaiver and Channel Settngs

Tl Use Andytic Erveicpe nRMS [ Use Ootmised Piding |¥! Autoprocess Source Vectors Linearity Threshold (%) = 55 .
A [ Fx Rotation Window t0 Pick Rotaton Front Window = 10 2 04l i abinties 055

7| alow P wave Autopiciing use fist peak in the autopick fnction v ot ] Fiter Type:

C Rotation Back Window = {
SadwiaoN Yaogh = | 21 cron s Loty -5 | I Low Frequency Cuteoff = 5 Figh Frecuency Cut-off = 500| 1
S-Wiave Settings

Picking Threshold = 1 Mn, Pesk-toPesk Amp = 0 Fivee - ©Lnexs Fiter Order (Poles) = 4 %Ripple NPagsband = 0

1] Pick P-Wave From 5-viave { 9P Rot W to Pck ® Eloscal S-wave polarsation NE. opk 10 0% ghes !
° Mex. tme back from S | 0 | tn. tme bak from & - s = cime. | A | 2% Ry

Window Frant Window
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Figure 1-19: Enter the processing parameters to the tutorial PCF

e  Set location parameters

In order to trigger and locate events at the same time, we set the locating parameters as shown in the figure below.
You can access the interface from Processing Setting -> Locater.

r "
InSite Processing Properties “ p— ~3 - - fenon)
| Auto-picking | Source Vectors | Channel Processing | FFT Properties Locater [5¢ o e v S Skt Aoetes Oy [
o 0 oy i Notwg 40w W0 Colvert s 150 [
. Sy Aowitm oty g R w ™ cotmte
[coLLAPSING GRID SEARCH v) [ setngs |~ 5 - m G w0 caveme r
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Velocty Structure N vgtex e g Learh Agrtters. Coger Rigereten Orly }
-~ reme 1 17 Al 3 03 18 b e itk ¥ 0 e [ rrs ~es - 100 |
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L '} [ | Use Ovtier Sentrcsden Arvatr Pacr x £ :
/0P i Vo 7 Al XY P ) wos |
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Figure 1-20: Enter the locater parameters to the tutorial PCF




20 1.2 InSite-HF Quick start Example

e Set harvesting parameters

Create two new folders ESF and BSF at the same levelasRaw Data. Set the harvesting parameters shown below.
The detail of this interface can be found in Streamer Leach. Please make sure the directories for raw data, ESF and BSF
arecorrect. Specificailytherawdatadirectoryshouldbe your path\to\QuickStart\Tutorial -

_1.1\Raw Data, the ESF directory should be your path\to\QuickStart\Tutorial 1.1\ESF\
and the BSF directory should be your path\to\QuickStart\Tutorial 1.1\BSF\.

r N
Leach liléj
Streamer ]AutoLeach |
Search Directory IFuIl = = I
eal-time Operations S
C:\Projects\InSite Tutorials\HF\Raw Data Broy
Proj v R \ @ Directory Free Space
ESF Storage Home Directory - the ESFs will be stored in sub-directories of this Search = 353,336,926,208 bytes
C:\Projects\InSite Tutorials\HF\ESF\ Browse
ESF Storage = 353,336,926,208 bytes
BSF Storage Home Directory
C:\Projects\InSite Tutorials\HF\BSF\ BSF Storage = 353,335,926,208 bytes
AcuustonFarameters Disk Space Critical Level (MBytes)
Trigger Method = [Piddng Algorithm VJ
100
2.5e-00¢ Trigger Ratio = 0.5 v
Window Length = 250 Trigger Instruments = 6 Search-Import Specifications
Min, Matc s= |1 Waveform Length = 1024 - Timed at (seconds) [Z]
[] Time Window Start time: 00:( split Components by
[Ipate Window End time: 03/2019 119 :
Auto Save PCF at |5 Minute: v
Reset Date Time Index File i sav d oo
Click on "Start Leaching Data" to begin data capture...
Data Properties
File Format Type = h Timeout {5) | 1

- ! SAILE Lz L

On-ine Processing

[] Automatically process data during import [T]Record hits to text file
["]1gnore invalid files on search-mport ["]Record events to CSV
Trigger Settings (Picking Method)
Back-window Length = 30 Front-window Length = 10
Picking Threshold = 1.5
Configure Reporting Instrume [ Audio Settings ‘ ‘ Start Leaching Data I
[ Show Watch ’ l Alerts ‘ l Manage BSFS ‘ \ Waveform Watch ] [ Shut Down ]

Figure 1-21: Enter the harvesting parameters to the tutorial PCF

e  Start leaching

Once the processing, locating and harvesting parameters are set, we are ready to trigger events that meet the triggering
criteria.

Click Start Leaching Data. A message will pop up reporting the number of new files detected. Usually here
first time users would see some strange issues due to inappropriate setting. Please double check if the folders exist, delete
all data already in the PCF file and click Manage BSFs to make sure the information is empty as shown below. If not,
please delete the BIF file and click reset. Refer to BSF ESF and Waveform Settings for more details.
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BSF Management - - e - —— M
Last BSF Read
BIF File: Index: 0
BIF Filename Older Index BSF Path
Delete ‘
| SetlastRead BSF |
[
)

Leaching result visualisation

Figure 1-22: Make sure there is no information in this Dialog

Leaching can be performed in the background. After you start leaching successfully, you can minimize the leaching

interface and switch to 3D visualiser to view the results in real time as shown below.

¥ InSie Seismic Processor (64) - Solution.pef

Fle View Scene Mode Help

= §—]
RFQA i XHdwB-AVEL® g led ol 1y Y B = ¢ ()
1 3700
Data Visuskser
750
380
%50
L]
3300
upP
3
4000 b4
E
4050
w
4100
a5 DOWN
20 .
=0
200
T¥ormation Ea1
24 Brants scabed 1o Time 24 Bewrts POS .« 8222, 5694, 36565)
e ——— VIEWS 336, 1451028 4 124 25112002 l 2511-2002
V1802 53010 I 112800302 5294 P VIS of 103, 1030+009) 1720000 | T ol sy (im0
Figure 1-23: Events will be located in real time
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1.2.3 Step 3 - Velocity model calibration

InSite provides two different methods for velocity calibration:

e Layered velocity model calibrated by known shots. This method is normally used in field-scale microseismic

monitoring.

e  Time-dependent velocity model calibrated by ultrasonic survey. This method normally used in laboratory acoustic

emission monitoring.

In this tutorial, we demonstrate the first method. The workflow of the second method can be found in Velocity

Surveying.

First of all, we need to import calibration shot. The perforation shot ESF file is provided in the tutorial directory and the
component in PCF file is named perf. Select this component and right-click on the event (not the component) and select

View Waveforms.

2 Components Loaded 1 Events Loaded from Component perf
MName Enabl.. Date Time ME  ML.. Type Num... Date Time LocalTime Label
0 2002112517 ¥ 25-11-20.., 171%:58 0103 0022 Shot 0001 e 000001.rcd
& perf v 20-11-19.. 00:00:02 0001 0001 EitEventBopethies

Figure 1-24: Select to view the waveforms to double-check the ESF file is recognized

View Waveforms

View Mechanism

Event Type ...

Enable Event

Disable Event

Delete Event

Mowve Event

Copy Event

Merge Selected Events
Cancel Event Location
Auto-process Event

Export to C5V (Instruments)

Update Receivers in Event

Update Shot/Transmitter in Event

If you see an error message saying the waveform is not available, delete the perf component and follow the figure

below to import the ESF file. Note
path to\Tutorial 1.1\Solution\perf\.

the

perf ESF file is

stored

under
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Figure 1-25: Import per shot

We now need to create a stage. Enter frac-manager by clicking Setup global button, in the right lower panel Stage

Data View right-click and select

Add New Stage... fromthe pop-up menu. Note that the items in this menu

are ordered in the operation order. We will later select Add Calibration (Reference) Downhole
Array...,Add Calibration Shot... andsoon.




24 1.2 InSite-HF Quick start Example

Well Logs | |
m}tﬁ':ﬂ?i’j;i Add New Stage ..
:IZM:IiIL-rrar:tn s Add Calibration (Reference) Downhole Array ...
Downhole Ar Add Calibration (Reference) Combined Array ...
Well Logs Add Calibration Shot ...
Vil Objects Set Project For Calibration Acquisition
Calculate M5 Receiver Array from Calibration Shots ...
Edit MS Receiver Array
Set Project For M5 Acquisition
View:

Edit Stage Properties ... L

—] Set Stage as Active
satment_wellg

; DEFAULT 5T| Reset Stage

-3 Calibrati Delete Stage

-0 Calibratit

~E3 Ms Com Delete Calibration Shot

EEELTE Delete All Calibration Shots
Reset Calibration Shot

Locate Calibration Shot

Show Receiver Array in Location Visualiser

Show Calibration Shots in Location Visualiser
Copy MS Receiver Array from Stage ..

Calculate Velecity Model from Calibration shots ...
Delete Velocity Model

Set Velocity Model for MS Location

Launch Wavebuilder... i

Add MS Components ...
Delete M5 Component

Display Treatment Data ...

Figure 1-26: Create a stage

Now we are ready to calibrate a layered velocity model.
e  Manual calibration of layered velocity model

Right-clickon Calibrate Velocity Model from Calibration Shots... inFrac Manageras
shown in the figure below.
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| Frac Manager

25-
30 Global Coordinates Reference Position
Morthing = | 0 Easting = | 0 Depth = |0
Well Data View:
BE_ Treatment_wellpath Right dick in Well Selection Pane for options...

----- El wel Trak
- Calibration Shots
----- 3 Downhole Arrays
H-£3 well Logs

i E-03 well Objects
BE_ Monitoring_wellpat!

Add New Stage ...

""" & wel Trak Add Calibration (Reference) Downhole Array ...
----- £ Calibration Sho

#-F1 Downhole Arra Add Calibration (Reference) Combined Array ...
----- 3 well Logs Add Calibration Shet ...
----- (1 well Objects

Set Project For Calibration Acquisition
Calculate M5 Receiver Array from Calibration Shots ...
Edit M5 Receiver Array

Set Project For M5 Acquisition

Stage Data View: Edit Stage Properties ...
Set 5t Acti
B@_ Treatment_wellpatf v 3¢ 8s Active

B% DEFALLT STAG Reset Stage

Calibration Delete Stage
3 Calibration

-3 MS Compor Delete Calibration Shot
Bl 200211 b Al Calibration Shots
Reset Calibration Shot

Locate Calibration Shot

v | Show Receiver Array in Location Visualiser

v Show Calibration Shots in Location Visualiser
Copy M5 Receiver Array from Stage ...

Calculate Velocity Model from Calibration shots ...
Delete Velocity Model
Set Velocity Model for M5 Location

Figure 1-27: Calibrate velocity menu

As this is the first model we will create, we click Select Layers Graphically, asshown below

r

Velocity Calibration

Input

| | Browse |

Initial Model Spedfication

Import from Ext

Select Layers Graphically Select Existing

Equal Thickness Model
# of Layers Top Depth Bottom Depth Minimum Vp

3 8000 2500 10000

Figure 1-28: Open the velocity calibration interface
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Manually add layers based on the well logs. The details can be found in Use of Sonic Logs to Pick an Initial Velocity
Model

Save this model as the initial velocity we will use for velocity calibration.

Display the sonic logs and manually adjust the value of each layer to make sure the theoretical arrivals match the
waveform for both P and S waves. See Manual Calibration for more description. To display the theoretical overlay, a
few methods one can use. Set a user defined position as the perforation shot position in 3D visualiser see Overlay
bars in Event View Button bar Operations or set the event type to be shot and enter the shot position by right-click
on the event -> Edit Event Properties.

It is recommended to adjust only the layers covered by the ray paths and leave other layers not changed. In addition, try
to make the velocity value close to the sonic logs as much as possible.

Once satisfied with the match between the theoretical arrival and the waveform, save the model and move onto the
automatic velocity calibration.

Automatic calibration of layered velocity model

Enter the same interface as shown in

Figure 1-27.

Select the velocity that has been calibrated manually in the previous step. Note, manual calibration is not a requisite for
automatic velocity calibration.

Set parameters for each layer following the section of Automatic Calibration.

Click start will launch the calibration. The total computing time will depend on the number of layers. We recommend use
automatic calibration for 3 to 4 layers.

Upon completion, the theoretical arrivals and the picks will be displayed on multiple popup windows.

1.24 Step 4 - Microseismic Waveform Processing

Once we have calibrated the geophone orientation and a velocity model, we are ready to process microseismic
events.

You may remember in Step 2, we did triggering and online processing at the same time. The processing parameters
may not be optimal and in this step, we need to fine tune some processing parameters for better result.

InSite provides 3 ways of processing:
e  Automatic processing or batch processing: the procedures are defined in the auto-processor by users.
e Online processing: process the data while triggering. In online processing, procedures are not specified by
users and determined by the type of data automatically.
e  Manual processing: each step of processing is conducted by users. In this step, we will introduce the
automatic processing and manual processing.

Adjusting processing parameters

Right-click on some event that was not located successfully. In the example shown below, event 3 is not located.

103 Events Loaded frem Component 2002112517

MNum... Date Time LocalTime Label Enabl.. North  East Down Un.. LMag Wavefor..
.. 0001 25-11-20... 17:19:58.0094930 17:19:58.0094990 f_004508.rcd
.. 0002 25-11-20... 17:20:00.0809990 17:20:00.0809990 f 004508.rcd
. 0003 25-11-20.. 17:20:07.1932990 17:20:071939990 f_004510.rcd
.. 0004 25-11-20... 17:20:10.0022491  17:20:10,0022491  f 004511.rcd
.. 0005 25-11-20... 17:20:11.5137490 17:20:11.5137490 f 004511.rcd
. 0006 25-11-20.. 17:20:12.3402490 17:20:12.3402490 £ 004511.rcd
.. 0007 25-11-20... 17:20:32.0795000 17:20:32.0795000 f_004516.rcd
. 0008 25-11-20.. 17:20:57.5332500 17:20:57.5332500 f_004522.rcd
. 0009 25-11-20.. 17:20:58.0860000 17:20:58.0860000 f_004522.rcd
.. 0010 25-11-20... 17:20:58.7432500 17:20:59.7432500 f_004523.rcd
e 0011 25-11-20.. 17:20:59.9360000 17:20:59.9360000 f 004523.rcd

2
=4
=z
:Z
=z
=4
=z

>

7 4 - - -
3 3 15 8 8
ECT R
00 11 63
% 15 - - - - |
7 - - -
3 4 - - -
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3 1. - - -
% 2 18 17
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Figure 1-29: Some events are not located in the triggering and online processing step

The reason is that the auto-picking algorithm failed to pick the P-wave arrival. See the figure below.
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Figure 1-30: Incorrect auto-pickings

To adjust the first arrivals, users could either use Draw P Arrival Pick Moveout orDraw S Arrival
Pick MoveoutorAdd P Arrival PickorAdd S Arrival Pick to manually adjust the first arrivals.
Shortcuts Shift + Aand Shift + D are used frequently.
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L T

Zoom Out Time Ctrl+0

Show All Instruments Ctrl+1
Sort by Theoretical Times

Add P Arrival Pick Shift+ 4
Autopick Next P Arrival

Delete P Arrival Pick Ctrl+Shift+A
Draw P Arrival Pick Moveout Shift+Alt+P
Add 5H Arrival Pick Shift+D
Autopick Mext SH Arrival

Delete 5H Arrival Pick Ctrl+5Shift+D
Draw 5H Arrival Pick Moveout Shift+Alt+5

Add 5V Arrival Pick
Delete SV Arrival Pick
Crraw SV Arrival Pick Moveout

Triaxial View... DI Clk
Store Rotation Data

Clear Stored Rotation Data

B e T R |
Figure 1-31: Manual picking options

Click the location button to relocate the event. This event is thus relocated manually. You may want to repeat this
procedure for all other events. Tips: you can repick all first arrivals only without click the locate button. At the end, you

can use autoprocessor to batch processing all events. For the batch processing, the details can be found at Auto-
Processing.

Other parameters can also be adjusted. For example, the source vector time window, auto-picking parameters, or
parameters in locater.

This step gives you some flavour about how tedious the processing can be. Advanced locating method such as source scan
has been developed to automate this process to a certain degree. However, at the end of the day it is the sole responsibility
of the processor to ensure the quality and the reliability of the processing outcome.

1.2.5 Step 5 - Source mechanisms

InSite provides two advanced methods to calculate source mechanisms: moment tensor inversion based on
amplitude and composite moment tensor mechanism inversion. The former is useful with adequate azimuthal
coverage and the latter is designed for single borehole monitoring or similar scenarios where azimuthal coverage is
limited. In this step we will introduce both methods briefly.

e  Full moment tensor inversion

InSite provides a full module to do moment tensor inversion. The details can be found at Source Mechanism Tool. The
full moment tensor is inverted based on the amplitude recorded by single component (uniaxial) or three-component
(triaxial) sensors.

For triaxial sensors, you can manually pick P,SH and SV amplitude in tri-axial view by rotating the waveform to Event-
Defined Rotation. Here we use the automatic picking from the batch processing: Tools -> Launch Auto-
Processor. Add Autopick of P, SH, SV amplitudes (Req locations) (see Auto— Processing
and figure below) and then click Start.
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Auto-Processing Dialog Box ﬂ

hoose your processing options:
ote that some processes are not available if the configuration parameters are not set -> see Processing Properties

Available Processes Chosen Processes

Cancel P Picks - Autopick P, SH & SV Amplitudes (Req. Location)
Cancel S Picks ‘_‘

Auto-pick Event
Get Pick Velodities
Source Vectors Only
Locate Event

Get Peak Amplitudes &-Remove
Filter on Parameters

AutoWrite to ATFs (Raw)

AutoWrite to SEGY (Raw)

AutoWrite to SEG-2 (Raw) -

Figure 1-32: Use autoprocessor to automatically pick P, SH and SV amplitude

Set the moment tensor parameters under the Mechanisms tab asin figure below. See Parameter Setting Interface
for details.
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InSite Processing Properties lﬂ
Relative Location | Mechanisms | Spectral Picker I Synthetic Waveﬁ;rmsl A I
’Homogeneous—lsotropic - ] [ Settings ]

MOTE: Coupling Weights should be applied to the "Gain" setting in the Receiver
Properties. The Dominant Frequency used in the Anelastic Attenuation Correction
is also obtained from there.

Distance Units = Condition Mumber Limit 1000

Select Amplitude to Use: [Romted P-5H-5V Waves Time Domain v]

Apply a Free-surface Amplification Correction {Aki and Richards) to amplitudes

Treatment of Uncertainties (values are percentage errors in corrections)

Anelastic Attenuation 5 Coupling Weight = 10

Geometrical Spreading = 5 Free-surface Amplification 10

[ wirite information to Report File (RFT)

Browse

[ O J[ Cancel ] Apply

A

Figure 1-33: Set the parameters for moment tensor inversion

Clickthe Source Mechanism button in the processing bar to calculate the moment tensor. The following Dialog
will pop up with computation result.
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, N
Source Mechanism Inversion Results @

No report file has been written!

= SOURCE MECHANISM INVERSION AND FAULT PLANE SOLUTION RUN =
Processing Event 2 (25-11-2002 17:20:00) in Component 2002112517 with 33P and 33S
Processed Mon 02-12-20195 14:35:52

L] »

Event located at N= -6.054 E=-102.756 D=12678.919 with units ft
Using rotated time domain P, SH and SV amplitudes on Multi-channel Instruments

# Uncertainty constant for amplitude comections = 15.8%

Total number of amplitudes for inversion is 21
Problem is overdetermined - everything is wonderful!

Amplitudes prepared for inversion:

C/l Phase Raylen Raylnc RawAmp %N:S  Comection ComectedAmp %Uncer.
1 P 43892 601 1.7%e-003 76 3.48e+002 6.22e-001 175
1 P 43892 601 1.7%e-003 76 3.48e+002 6.22e-001 175
1 SH 43892 601 3.12e-003 65.9 1.09e+003 3.42e+000 67.7
2 P 44043 602 -5.48e-003 56.6 3.50e+002 -1.92e+000 58.8
2 P 44043 602 -5.48e-003 56.6 3.50e+002 -1.92e+000 58.8
2 SH 44043 602 -3.89e-003 305 1.10e+003 -4.30e+000 344
4 P 44640 606 -8.54e-003 55.6 3.57e+002 -3.05e+000 57.8 =
A P AAG AN BNE& -9 RAa.NN2 RR & 2 F7a.N0? -2 NRa.NnN R7 0
[Vlsualise Mechanism J
L- - I = B E—— T B T [ 3 e = W I O =Y

Figure 1-34: View the moment tensor result

Click the Mechanism global shortcut to enter the beachball view or click View Mechanism button. The Visualiser
interface will be displayed.

For uniaxial sensors, if Al1low Amplitude Picking isnotenabled inthe Autopicking tab, you must manually
pick the amplitude for P and/or S wave (see the figure below) and follow the same procedure.

|Channel= 1:RMS =0.00111; 5:M = 0.0;Sensor (WE.D)=( 20,0, 0.0, 20.0); | L
P=94.4000 F4=357.4000
0.00711
N Fe ¥
C=1CI51%)-L
<5

ﬂ Al

|

Walts, W

-0.00711

D.DDD—I Time, ps }T‘}HDS.SDD
Figure 1-35:Pick amplitude of P-wave from uniaxial sensor. Note SH and SV-wave amplitude can be picked in a
similar way

We can calculate the moment tensor for all events Tools—>Launch Auto-Processor, add Get Source
Mechanism, and click Start. After that enter 3D visualisation, change display symbol to Beachball andyou should see
events are displayed in 3D beach balls.
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Scene Properties 1 X|
Events ITime l Camera[ Colours | 3D Grid | Objects | Collapsingl Clustering I
Symbol Type: Symbol Quality:
Beach Ball =

Sphere
Error Ellipsoid
(Component Symbol
Event Type Symbol
DFN Plane

DFN Disk

Default =

I™ User defined limit I~ Reye

Scale

Colour Map
ILDcation Magnitude ;] (

Magnitude minimum = -0.62972  Magnitude maximum = | 0.070700

[~ Size Scale

[ constant size =l =R
I™ User defined limit

Magnitude minimum = 0 Magnitude maximum = | o

Perfs
|7 IDownwavd Triangle :] Symbol Radius = | 5.835 m \
[ Sensors

IDownwavd Triangle L‘ Symbol Radius = |5 m }

OK I Cancel | Aoply. |

Figure 1-36: 3D Beachball display

e Composite moment tensor inversion

Due to the limited azimuthal coverage from a single borehole, large uncertainty is expected from the moment tensor
calculated in the above method. Here we show how to compute composite moment tensor by assume all events have the

same failure mechanism. In practice, you may group events by time and space and perform multiple composite moment
tensor inversion for each group.

1 Enter 3D visualiser and select MSDEFN Generator.

2 Accept the default parameter setting, click Run.

3 The button Show Amp. Ratio becomes activated. Click it

4 You will see the panel for manual adjustment. For details, please see here)

5 Click Save Global button and enter 3D visualiser to view events by beachball.
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Events | Time I Camera | Colaurs I 30 Grid I Cbjects I Collapsing I Clustering I
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|Constant Size =l IlReverse Seale
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Figure 1-37:3D Beachball display using MSDFN. Note the difference from full moment tensor inversion

1.2.6 Step 6 - 3D Visualiser

InSite provides comprehensive 3D visualisation to assist interpretation of fracture propagation. See 3D Visualiser
for details. In this tutorial we will explore two functionsincluding displaying events by different colour and size scales and
play events as a function of time.

e Display events by different colour and size scales

Enter the 3D visualiser and click Properties.Inthe tab of Events, display the event by sphere symbol type, and
colour scale by time andsize scaleby signal-to-noise ratio (see figure below). Now you will be able to tell
when and where a good quality event is located. For automatic processing, this is a good trick to emphasize good quality
events to reveal major failure zones.

Scene Properties x|

Events | Time | Camera | Colowrs | 30 Grid | Objects | Collapsing | Clustering |

Symbol Type: Symbol Quality:

[5phers

|
T

Symbol Radius = | 5.57 m

Ellipsoid Display Mulkiplier = | 1

[~ Calour Scale 7
Colaur Map

ITV"E j Default =

I™ User defined limit I= Reverse Seal

IMagnitude minimum = 0 IMagnitude maximum = IEI ‘
[~ 5ize Scale

|S\gnal ta Maise Ratia | I | Reverse Scale

I~ user defined limit

IMagnitude minimum = 0.90949 IMagritude maximum = I 09,0744
Perfs
’V|Downward Triangls =] symbolRadus— [s835  m

Sensars
’V|Duwnwardmangle | Symbol Radios = |5 m ‘
0K I Cancel | Aoply |

Figure 1-38: Colour scale by time, size scale by signal-to-noise ratio

* Now switch to the Time tab and set the parameters following the figure below. Click OK.
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r 5
Scene Properties ﬁ

| Events | Time | Camera | Colours | 3D Grid | Objects | Collapsing | Clustering |

[Show all events v]

Time Limits for Event Data:
Time Min, = 30-11-1999 00:00:02.0

Time Max, = 25-11-2002 17:26:18.44 Auto Set Limits

User-set Minimum Time

Time, hour : min:secs = 17 ¢ 200 ¢ 0
Date, day - month -year 29 . 11 . 2002
User-set Maximum Time 1
Time, hour :min:secs = 17 @ 26 @ 46 N
Date, day - month -year 25 - 11 - 2002

Histogram/Playback Parameters
Mumber of Time Bins = 100 Playbadk Rate (hinsfzec) = 10
Time per bin is 00 days, 00 hours, 00 minutes, 04,06 seconds,

Time Bins Behind = 2 Time Bins in Front = 2

[ cumulative Flayback Transparency || Show dynamic 3D box

[ Ok ][ Cancel ] Apply

Figure 1-39: Set parameters to play events by time

Click Play Events button to start. The events will appear on screen as a function of time. The historical events will
be displayed in transparent mode and the active events are in solid mode. This is a very useful tool to understand the time
and space patterns of the microseismicity.

A few other functions that are worth of mentioning include (see figure below):
1. Treatment Curves: you can import engineering data such as those from hydraulic fracture treatment, e.g. well head
pressure, proppant concentration, etc. Those parameters can be displayed as a 2D chart (Step 7 Parameter analysis

and 2D charting see "2D charts") and also be used to scale or colour events. Find more details at Treatment Curve

2. Uncertainty: Since v3.15, you can evaluate the uncertainty using Bayesian Posterior probability by giving the
uncertainty in arrival time, velocity model and source polarization. Find more details at Uncertainty Analysis

3. Calculate stimulated volume: two ways of calculating the rock volume stimulated by fractures, one is to fit a box
to the event cloud and the other is by tightly fitting an isosurface. Find more details at Stimulated Volumes.

4. Array Analysis: this function can be used to quantify the sensitivity and the location accuracy of the employed
acquisition geometry. This information can be used to assist interpretation of microseismic cloud. Find more
details at Array Analysis.
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I ,, Treatment curves ( Uncertainty
Displaying engineering data and Display Uncertainty from travel time
microseismic attributes and source vector residuals

... Calculate stimulated volume [» Array Analysis
L Stimulated volume ~* Open array analysis dialog

Figure 1-40: Additional functions available for interpretation

1.2.7 Step 7 - Parameter analysis and 2D charting

InSite provides extensive options to plot source parameters in figures. For thorough review on 2D charts please refer to
the chapter of Parameter Visualiser in the help manual. In this tutorial, we will demonstrate only a few 2D charts.

Event Parameter Histogram
» From the global button Charts -> Add, thenselect Event Parameter Histogram and click OK.
¢ Double-click the item will plot the histogram. Select Edit —-> Properties to change the settings.
Event Parameter Scatter Chart
s Fromthe Parameter Visualisation Launcher interface, select Add -> Event Scatter Chart
and set the parameters to be signal to noise ratio and location magnitude as shown below. b-Value Chart
*Fromthe Parameter Visualisation Launcher interface, select Add —->Event Scatter Chart

and set the parameters as shown below. Double click the item will launch the plot.

From version 3.15, all images can be exported as bitmap figures. For details about all other 2D charts, please refer
to the chapter of Parameter Visualiser.
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1.2.8 Step 8 - Data and results Export

By this time, you have exported 3D visualisation figures and 2D charts for display purpose. In this section, you will
export quantitative information such as waveform and event catalogue for further data processing. InSite support a
variety of data format such as ASCII format like ATF and binary format like SEGY, SEGD, SEED/miniSEED etc.

Export waveform

» Toexport waveform for one event, enter Waveform-Moveout by clicking the global button and make sure
View->Export Bar has been selected.

¢ Click ATF to export the displayed waveform to a file in ASCII format. In the same folder as the ESF file, you will
find a number of ATF files each corresponding to one channel.

¢ Clicking MSEED will export the waveform in miniSEED format. In the same folder as the ESF file, you will find a
new file with same file name as the ESF file but ends with .miniseed.

Note: This way is to export the observed waveform to the corresponding file format. If waveform is filtered, or
rotated to P-SH-SV coordinate, the processed waveform will be stored instead of the original raw file. To export raw
waveform or processed waveform, you can use the auto-processor. See AutoProcessing for details.

Export Catalogue

Microseismic catalogue can be exported with different level of details. Make sure you are in Data Visualiser;
the drop-down menu from Export shows different ways of exporting catalogue information. See the Export sub-menu
for details.

» Export CSV Event Data File is the most common function. It exports parameters such as time, location, magnitude
etc for each event. Please export a file and review the content in it. Youcan open CSV file by EXCEL.

» Export CSV Instrument Data File has more details than Event Data file. Each pair of source and receiver is stored
in one row and the additional information include picked and theoretical arrival time, ray polarization, etc.




1. Quick Start Guides 37

Chapter 2.Introduction

Principal Features
Technical support
Installation
Disclaimer

Quick Start Workflow

2.1 Principal Features

Welcome to InSite Seismic Processor. This software has been designed to allow the user to inspect, analyse and
processseismicdatainanintuitive way while providing accesstoafull range of advanced tools for manipulating the data.

o All features are accessed from a single WINDOWS program making the software user-friendly and easy to install.

e The data management system allows the user to easily input, navigate and manipulate a complex seismic
data set.

e The software is designed to be versatile so that it can import any waveform file format into the management
system. This results in it being independent of the hardware acquiring the data. Any seismic data can then be
processed using the same algorithms.

e InSite is "scale independent” allowing the same processing functions to be applied to data recorded over
millimetres as data recorded over kilometres.

e InSite has a very simple file structure that wraps all parameters. This removes the need for any text
configuration or data-storage files. InSite then allows the user to export the required data into accessible
ASCII formats.

e InSite provides functionality for both Active and Passive "Events" within the same dataset, thus allowing data from
a complete seismic experiment to be stored, managed and processed in a structured manner.

o InSite consists of a number of tools each designed to carry out a set of related processing and/or visualisation
functions.

e The modular structure means that users do not have to purchase the entire package but can choose the tools that
are applicable to the data they are processing and the type of results they aim to achieve. Additional tools can
be purchased at a later date as they are required or become available.

InSite projects can be shared with team members or clients for full 3-D visualisation and manipulation of located
Seismic/MS/AE events using the free distributable InSite-Lite available at appliedseismology.co.uk
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Tool Name

Main Processing Functions

Main Visualisation Functions

Data-management

Raw data input. ESF/PCF in- put/output.
Management of data structure. Navigation around
the data set and between tools. Ex- porting of text
file formats.

Visualisation of data structure with
event parameters

Waveform Processing

Waveform phase picking algorithms (automatic and
manual processing). Waveform filtering algorithms.
Waveform frequency analysis. Waveform moveout
visualiser plotting waveform stacks and theoretical
and real arrival time curves.

Visualisation of waveforms and

Advanced Waveform
Processing

Advanced user functionality for manually picking
phase information on triaxial and quadriaxial
instruments. Rotation of instrument waveforms to
different coordinate systems. Single station location
from a triaxial instrument. Fitting of spectral models
to rotated dis- placement spectra. Production of
Sonograms and Polarisograms using the FFT and
MEM spectral analysis methods.

frequency spectra. Waveform
moveout visualiser.

Visualisation of waveformes,
hodograms and displacement spectra
for triaxial and quadriaxial
instruments. Visualisation of

sonograms for all instrument types.
Visualisation of polarisograms for
triaxial and quadriaxial instruments.

Location

Hypocentral location algorithms. Relative location
using waveform cross-correlation. Source parameter
algorithms. Event collapsing algorithm.

Three-dimension  visualisation  of

locations.

Advanced Location

Source Location inversion using complex media.
Media velocity structure is defined using a one-
dimensional velocity structure with horizontal layers.
WaveBuilder algorithm constructs travel-time grids
using dynamic wavefront construction. Fast
sweeping method models travel time grids by solving
Eikonal equation for a 3D heterogeneous isotropic
velocity model.

3D Visualiser

Display of the event locations in a 3D scene,
allowing rotating, panning, magnifying and flying
through the scene.

‘Hot planes’ and ellipsoids can be inserted to
analyse lineations (fractures) and mobilized
volumes.

Boreholes and 3D objects (tunnels/surfaces) can
be imported.

A playback mode shows the time-dependency of
events. Objects have time dependency to visualise
site evolution.

Display of density planes within the
3D scene.

High performance accelerated
graphics for 3D scenes. Density plane
can be created and manually moved
through volume of interest. Colour
and size scaling of events by a range of
parameters. Balls from Itasca's PFC
models can be imported into the
scene.

Mechanism

Moment tensor inversion algorithms.

Fault Plane solution based on P- wave
arrival polarities. Visualisation of
source mechanisms using lower-
hemisphere and Hudson T-k plots.

Velocity

Velocity analyses using time-of- flight. Waveform
cross-correlation algorithms for high precision travel
time and velocity calculations.

Leach Tools

Automatically capture data from an acquisition
system and import into InSite’s data management
framework. Modular structure for extension to
different acquisition hardware. Real-time processing
functions supplying results for instant visualisation.
Multithreaded framework for efficient software
algorithms.

Dialog boxes provide control functions
and feedback on data capture and
processing.

InSiteDB

Allows users access to a centralised database over a
Local Area Network. ATL/DCOM technology allows
efficient communication between ‘client' and
'server' instances of InSite. Data transferred over the
network and instantly imported into the user’s
project.

Dialog boxes provide control functions
for the user to select any events from
the remote database.
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Frac Manager

Integrated studio to manage all data for a
microseismic project and guide geophysicists
through the processing flow. Calibration shot
analysis for instrument orientation and velocity
analysis.

Dialog boxes provide control
functions.

Stream Visualiser

Allows users to view entire continuous data streames,
plotting either waveforms or sonograms.

Waveform and sonogram visualisers
with Dialog boxes providing control
functions.

S-wave Location Tool

Calculation of waveform source vector from the S-
wave plane polarisation for events with noisy or
poorly defined P-wave arrivals.
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2.2  Technical support

Should you require any assistance with this software, or if you have any comments or suggestions please contact us at:

POSTAL ADDRESS: Applied Seismology Consulting Ltd. Suite 2, Observer House Abbey Lawn, Shrewsbury SY2
5DE. United Kingdom

E-MAIL: asc-support@appliedseismology.co.uk

WEB www.appliedseismology.co.uk

T:+44 (0)1743 384 171

2.3 Installation

The software is distributed via our website ( appliedseismology.co.uk). Todownload the software, go to the ‘Support’
section of ASC’s website and click on the version of InSite you require. Click on the download button to begin downloading
the installation file. Note: InSite is protected by either a USB dongle or by CopyMinder, to enquire about purchasing InSite,
please contact us at asc-support@appliedseismology.co.uk or through the contacts page on our
website: appliedseismology.co.uk.

To install the software, double-click on the installation file named InSite-Setup-X.Y.Z-ARCH. exe, where
X.Y.Z is the version number and ARCH is the architecture, either 32bit or 64bit (recommended). Figure 2-1 shows
the installation program. There may be a warning about an unknown publisher. Please click yes to proceed.

1. Inthe InSite Setup Wizard window press Next.

2. Read the InSite Licence Agreement and press I agree toconfirm.

3. Read the CopyMinder user details and policy and press Next to confirm.

4. Setup will check for Visual C++ redistribute and install if necessary when pressing Next.
5. Choose whether to install for anyone using the computer orjust me.

6. Select the Installation folder where InSite should be downloaded. By default this is set to C: \Program
Files (x86)\ASC\InSite\for32bitoperatingsystemsandC:\Program
Files\ASC\InSite\ for 64 bit. This can be changed by either typing in the destination or browsing to
the appropriate directory. Click 'Next'.

7. Select to enable or not the user access control (password protection for Administrator and other users)
8. Confirm the Installation by clicking 'Next' on the following screen.
9. The InSite software, drivers for the dongle, and CopyMinder files, will now install.

10.Press 'Finish' on the final screen to complete installation.
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# InSite Setup = X

Welcome to InSite Setup

Setup will guide you through the installation of InSite.

I n S Ite It is recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer,

Installation Program Click Next to continue.

ASC

appliedseismology.co.uk

Next > Cancel

Figure 2-1: Screen capture of the InSite Seismic Processor installation program.

Once the set-up procedure is complete the software can be run by double-clicking on the InSite icon. A short-cut
is already set up on the desktop.

. .

Figure 2-2: From left to right are InSite, InSite-HF, InSite-Geo, and InSite-Lab Icon.

2.3.1 Using InSite with a USB Dongle

If you have been supplied with a USB dongle, when starting the program, a message may be displayed after an
installation that reports the dongle cannot be found. The user should remove the dongle from the PC and re-insert after
a few seconds, at which point Microsoft Windows will automatically install the dongle drivers. If the Found New
Hardware Wizard (Figure 2-3) starts with the question "Can Windows connect to Windows Update to search for
software", then the user should select 'No, not this time'and click 'Next'. If itis the firstinstallation then the Wizard may
request the user locates the USB drivers, which can be found in the InSite installation directory.
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Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

Read our privacy policy

software?

O Yes, this time only

(O No. not this time

Chck Next to continue.

Windows vall search for current and updated software by
looking on your computer, on the hardware installation CD, or on
the Windows Update Web site [with your permission)

Can Windows connect to Windows Update to search for

(O Yes, now and every time | connect a device

2.4 Disclaimer

Cancel

Figure 2-3: The Found New Hardware Wizard in Microsoft Windows.
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For version 3.8 and older, you can check your permissions by clicking the Help option, then About InSite (Figure
2-4).
From version 3.9, the dongle permissions are not displayed due to the increased number of modules.

About InSite Seismic Processor (x64) ﬁ

InSite Version 3. 16.3-betaé

Permissions indude:
DataModule

WaveModule
AdvancedWaveModule
VelsModule
VelocityVisualisation
LocsModule
AdvancedLocModule
MechModule
StreamVisualiserModule
AEDashboardModule
ESGLeachModule
MicsLeachModule
PScan2DLeachModule
Gage1610LeachModule
CecchiLeachModule
StreamingleachModule
Milne 16LeachModule
AutoleachModule
MetworkedServiceModule
FracManagerModule
TomographyModule
AdvancedLocationVisModule
SuperlUserAccess
ParamVisModule
StructureAnalysisModule
ArrayAnalysisModule
UncertaintyAnalysisModule
SwWaveSourceVectorModule
InSiteDemoProjectModule
MultiArrayModule
AEDashboardModule

Applied Seismology Consulting Ltd
(C) 1999-2020

L

Figure 2-4: The About InSite window for dongle protection.
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2.3.2 Using InSite with a Network Dongle

23.2.1 Installing and configuring DinkeyServer

You need to provide the Network Administrator with the Dinkey Dongle Network Server. It is named
DinkeyServer.exe butyou canrename it if you wish. It is specific to your SDSN, so will only serve products that
belong to you. Toinstall DinkeyServer simply copy it to a directory on the machine that the Net dongle is attached to. This
can be any machine on the network - it does not have to be a network server. To configure DinkeyServer first run it and
then select the appropriate options from the configuration dialog:

1. Choose to run DinkeyServer as an Application or as a Service (daemon under Linux). A Service starts automatically
when the machine is booted and does not require a user to be logged in for it to run. Starting DinkeyServer as a
Service is the recommended setting for general use. An application requires a user to be logged-on for it to run.
This may not always be the case on server machines. You may want to start DinkeyServer as an application if you
want to test it.

2. The Network Configuration section allows you to configure the network settings that DinkeyServer will use. In
Automatic mode, DinkeyServer will automatically choose the settings based on the best defaults combined with
any existing configuration settings. This is the recommended setting. Custom mode allows you to manually specify
the IP address and port that DinkeyServer will listen on.

* Under Linux if you want your daemon to automatically start when you boot up then you will need to create an init script
to do this.

Note - Under Windows if you choose to run DinkeyServer as an application and want to have it start automatically when
the user logs in, then you must create a shortcut to DinkeyServer in that user's 'Startup' folder and specify the appropriate
command-line parameters to make DinkeyServer start automatically.

Note - DinkeyServer will list the Product Codes for each Net dongle attached to the computer.

Tostart DinkeyServer click the "Start" button. It will then either run as an application and launch the viewer screen or
install itself as a service and run in the background. You will need to have Admin Rights to install a service.

2.3.2.2 Using DinkeyServer
2.3.2.2.1 The DinkeyServer Viewer

When DinkeyServer is running as an Application, it will display the Dinkey—,Server Viewer. This utility displays the status
of DinkeyServer, the Product Codes it is serving, and the network users currently connected to it. A DinkeyServer icon
will appear in the Windows System Tray.
Y
ou can also open the server's log file using this utility. The log file records important events during the running of the
server and may need to be viewed to diagnose problems.

When DinkeyServer is running as a Service, it will not display the viewer because Services cannot display Graphical
User Interfaces (GUIs). However, you can still use the DinkeyServer Viewer by running DinkeyServer.exe with the
/viewer command-line parameters.

2.3.2.2.2 Command Line Parameters

DinkeyServer can accept several command-line parameters which control its behaviour. These are as follows:

Command Description
/s Configures DinkeyServer to install/run as a Service.
/a Configures DinkeyServer to run as an Application.
/q Quiet mode. Only displays errors.
Ju Uninstalls the DinkeyServer Service and terminates the DinkeyServer viewer.
/t Stops the DinkeyServer service and terminates the DinkeyServer viewer.
/showconfig Displays the configuration information (e.g listen address, port). Linux only.
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[viewer Just display the DinkeyServer Viewer.
/logfile Just open the DinkeyServer logfile.
/listen=IPADDRESS Sets the IP Address on which DinkeyServer accepts connections (replace

"IPADDRESS" with your chosen IP Address). Youwould only need to set this if your
machine has more
than one IP address.

/port=PORT Sets the port on which DinkeyServer listens for connections (replace "PORT" with your
chosen port number).

/? Displays a help window documenting these command-line parameters.

Note: under Linux instead of using / for parameters you use - for short parameters and — for longer parameters. e.g.-s
and —viewer.

2.3.2.2.3 General Notes
Like any Service, DinkeyServer can be controlled through Windows Services Management (Control Panel
Administrative Tools Services). |

If you remove or add a dongle to the machine running DinkeyServer then you need to restart DinkeyServer in order for
it to be detected.

If you have multiple network cards installed on your machine then the protected program may fail to automatically
detect DinkeyServer (this can also be caused by virtualisation software, such as VMWare, installing "virtual" network
adapters onto your system). In this case try disabling ones that don't connect to the LAN on which DinkeyServer runs.

If you update a network dongle using DinkeyChange (e.g. increase the number of network users) while DinkeyServer is
running then DinkeyChange will notify DinkeyServer which will instantly update itself. In this case there is no need to restart
DinkeyServer. If you reduce the number of network users, then DinkeyServer will terminate some clients if the number of
current network users exceeds the new limit.

2.3.2.2.4 Firewalls
Failure to correctly configure your firewall(s) could result in DinkeyServer being inaccessible by client machines.

» Your firewall must allow both TCP and UDP traffic through to DinkeyServer.

* Your firewall must allow DinkeyServer to accept incoming connections on the IP Address and Port that you
chose when setting up DinkeyServer.

+ Clients (your protected software) auto-detect DinkeyServer by performing a multicast to 239.255.219.183 and
whichever port you configured DinkeyServer to listen on. Your firewall must not block traffic destined for this
address/port.

¢+ Under Windows the listen address and port DinkeyServer is using can be found by choosing Server Server
details from the viewer menu.

Like most server software, DinkeyServer accepts incoming connections by "listening" on a given IP Address and port. If
the machine which runs DinkeyServer also runs firewall software (either the Windows Firewall or a third-party firewall)
then the firewall software will need to be explicitly told to allow the incoming connections to get through to DinkeyServer.
i.e. you must add DinkeyServer as an exception to the Firewall to do this).

Likewise, if a firewall exists on a machine between the machine running DinkeyServer and the client machines then this
will need to be configured too.

Note - sometimes anti-virus programs can also include a firewall as part of the package.

2.3.2.2.5 LogFile
DinkeyServer maintains its own log file in which it records various important events during its execution. While the
server is running, all events are recorded to this log file rather than being displayed on-screen. The most common reason
for needing to view the log file is to begin diagnosing a problem.

You can view the logfile by running DinkeyServer with the /logfile command-line parameter. Alternatively, you can view
it from the DinkeyServer Viewer (Windows only).

The logfile is actually stored on disk in the "All Users" profile under the DinkeyServer/<SDSN> directories
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(where <SDSN> is your Software Developer's Serial Number).

2.3.2.2.6 Overriding DinkeyServer Autodetection
In very rare cases the customer may be using a network that does not properly support UDP broadcast and so your
protected program will not be able to auto-detect DinkeyServer on the network. Or, you may want to specifically tell your
client-side protected software where to look for DinkeyServer.

This is possible by creating a <prodcode>. ini file (where <prodcode > is the product Code of your protected
program). This file should be in the same folder as your protected program (if you use the Shell Method) or the same folder
as the protected runtime module, e.g. dpwin32.d11, if you use the APl method. For Linux and Mac OS X operating
systems the file is called <PRODCODE>.conf (the product code must be upper case) and is located in the
/etc/ddpro folder. Youwill need to be root to create or modify this file.

This file takes the following format:

00

[ddpro]

server=<ip address> :<port> OR server=<machine name> :<port> autodetect=FALSE

Where the server key indicates either the ip address of the machine where DinkeyServer is located or the machine
name and <port> indicates the value of the port you chose in DinkeyServer. You can also optionally indicate whether you
would like our code to try to auto-detect the server if DinkeyServer was not found given the ip address and port you
specified. The default value for this is FALSE. e.g.

00
[ddpro] server=192.168.1.4:32768
autodetect=FALSE
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233 Using InSite with CopyMinder

If you have been supplied with a license key, you will be prompted to enter the key when running the
software for the first time. There are two types of activation depending on whether your computer has
access to the internet.

23.3.1 Normal activation

If your computer has internet access, InSite will contact the CopyMinder server to verify the license key.
InSite requires periodic access to the CopyMinder servers to verify the legality of the software. A log of all
activity is kept in log file, called "InSlte.exe.cm.log" which can be found in the folder
C:\Users\SUSERNAME\App— Data\Roaming\ASC\License\INSITE\Win32\cm.
Full details of CopyMinder's privacy policy can be viewed here:
http://www.copyminder.com/privacy.php. Your license key and permissions can be
viewed by clicking the help option then about "About InSite" (Figure 2-5).

2.3.3.2 Manual activation

If your computer does not have access to the internet, a manual activation can be performed by selecting
"Manual Activation", where InSite will provide an "Installation Code", which is to be entered into the
CopyMinder activation website (http: //www.copyminder.com/activate.php), alongwith
your license key. Once verified, copy the manual activation code and enter it into InSite to activate it. Once
InSite has been activated via manual activation, it will never attempt to contact the CopyMinder servers. Your
license key and permissions can be viewed by clicking the help option then about "About InSite" (Figure
2-5).

About InSite Seismic Processor (Win32) &J

InSite Seismic Processor Version 3.4.0.0

M Product key: INSITE-J-

Expiry date: 03 November 2015 : 23:59:59

Permissions include:
DataModule

WaveModule
AdvancedWaveModule
VelsModule

LocsModule
AdvancedLocModule
MechModule
StreamVisualiserModule
AEDashboardModule
ESGLeachModule
NicsLeachModule
PScan2DLeachModule
Gage1610LeachModule
CecchiLeachModule
StreamingLeachModule
MilneLeachModule
Milne16LeachModule
AutoLeachModule
NetworkedServiceModule
ExCommsModule
FracManagerModule
AdvancedLocationVisModule
SuperUserAccess
ParamVisModule
StructureAnalysisModule
ArrayAnalysisModule
UncertaintyAnalysisModule
SWaveSourceVectorModule

Copyright (C) 1999-2014

Figure 2-5: The About InSite window for CopyMinder protection.
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2.3.4 User access control

User access to InSite can be controlled choosing the option during installation (Figure 2-6). This will
allow to set a password-protected Administrator account on first execution of InSite (Figure 2-7). Please
note that the first account set after installing InSite will have Administrator rights and InSite should be
first executed by a person with these rights. For security, make sure that the installation program is only
accessible to administrators as reinstalling InSite will override and reset this option.

(41 InSite-HF Setup — *

Access Control
Choose whether to enable user access control

[T]Enable user access contral

If this option is selected, running InSite-HF will require setting up password-controlled
user accounts,

Accounts are managed by an Administrator created on first execution of InSite-HF

Figure 2-6: Enable the setup of user control in InSite during installation.

Register Administrator x ‘
Username: Administrator
Fassword: ||

Canfirm Password:

Cancel

Figure 2-7: Setting up Administrator account during installation of InSite.

When the option is selected during the installation, InSite will request a user login to run. The File menu
will include different user control options for Administrator and Standard users as shown in Figure 2-8
and Figure 2-9.

The Administrator account is set on first execution of a fresh installation of InSite by adding a password.
Passwords for InSite user accounts must follow the following format:
e Minimum of four (4) characters. The Administrator can change the minimum length of the
password once inside the program using the ‘User Management’ dialog
e Password must include as a minimum:
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o One lower case letter
One upper case letter

(@)
o One number
(@)

One special character (symbol): |,“,#,5,%,&,’,(,

I*I+I_I'III/I:I<':I>I?'@'[I\I]IAI_I{I | I}IN

InSite Administrator has the option to add new users or reset users passwords by clicking the ‘User
Management’ option in the file menu. This will launch the dialog window shown in Figure 2-10. Adding a
new user will launch the window shown in Figure 2-11, with the option to set user name and temporary
password.

The Administrator can customise the following user account settings:

Minimum password length: minimum number of characters for user accounts passwords. The
value must be between 4 and 100.
Password expiry period: number of days after which users must change their password. The value
must be between 1 and 1000.
Maximum login attempts: number of attempts after which the user account is temporarily
blocked. Setting the value to 0 disables this option.
User Disabled Duration: number of minutes the user account is blocked after a the maximum login
attempts have been exceeded. The value must be an integer between 1 and 1000000.

Standard users have the option to switch user (Figure 2-12) and change their password (Figure 2-13).

|F|Ie View Project Tools Events Export Help

MNew Project
Open Project...
Save

Save As..,
Auto Save
Auto Backup

Import VWF Data...
Autolmport VWF

Edit Hot Keys
Export Report
Reset Layout

User Management
Switch User
Change Password

1 Downhole_HF_monitoring example.pct
2 Hydrofrac_waveforms_20100309.pcf

3 C\Projects\...\hatch\cone.pcf

4 C\Projects\..\cylinder.pcf

5 importedstl.pcf

6 Di\training\..\Tutorial 5.pcf

7 06_VelocityCalibrationTest.pcf

8 C\Users\..\Tutorial 3.pcf

9 Tutorial1.1.pcf

10 Aletsch3D_Trial_jr01.pcf

Exit

Exit Without Saving

-

Crl+N L
CTI|"0 p—
Ctrl+5 |

* N-2.

Figure 2-8: User control options for Administrator user in InSite’s File menu.
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ﬂ InSite-HF (x64) - Downhole_HF_monitoring example.pcf
File View Project Tools Events Export Help
New Project Cril+«N L,
Open Project... cr+0
Save Ctrl+S
Save As... Til
Auto Save > -2, 14
+  Auto Backup

Import VWF Data...
Autolmport VVF

Edit Hot Keys
Export Report
Reset Layout

Switch User
Change Password

1 Downhole_HF_monitoring example.pcf
2 Hydrofrac_waveforms_20100309.pcf

3 C\Projects\...\hatch\cone.pcf

4 C\Projects\..\cylinder.pcf

5 importedstl.pcf

6 Ditraining\..\Tutorial 5.pcf

7 06_VelocityCalibrationTest.pcf

8 C\Users\..\Tutorial 3.pcf

9 Tutorial1.1.pcf

10 Aletsch3D_Trial_jr01.pcf

Exit

Exit Without Saving

e
ra

Figure 2-9: User control options for Standard user in InSite’s File menu.

3D Visualiser

User Management 4

|IJ5IHS =
Add User

Administrato

userl
Reset Password

Minimum Password Leny.‘h:IZI
Password Expiry Period: Days

Maximum Login Attempts: | 3 (Set to 0 to disable)

User Disabled Duration: Minutes

Figure 2-10: User management menu for Administrator users.




1. Quick Start Guides

oo 0T el & oFeme Vool ode B & oW P Fern 1 N o Vol o enem i bt
3 @ User Management > ‘
3 = )
3 =y Register User > ‘
3 Adm |
3 Username: | userl | r
ford

3 Password: | TITTTTT] | E
3
3 Confirm Fassword; | #ewsssss| I
17

Cancel
3
3 | |
IouEIo T TSSO . TUUES T TUET ..

Figure 2-11: Adding a new user to InSite.

= User Access Control > ‘

Username: | userl |

Password: | LT |
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Figure 2-12: Switching users in InSite.
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Figure 2-13: Changing user’s password in InSite.
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2.5 Quick Start Workflow

2.4 Disclaimer

This technical manual and software are sold to you AS-IS and Applied Seismology Consulting Ltd. makes no warranty as

to its accuracy or use. We accept no responsibility for any inaccuracy, bug, error, omission or nonconformity of this
software. Applied Seismology Consulting Ltd. accepts no liability for any damage directly, indirectly or consequentially
arising from use of this product.

Applied Seismology Consulting Ltd. reserves the rights to this document and the software it describes. No part may be

reproduced or transmitted by any means without the prior written consent of Applied Seismology Consulting Ltd.

It is understood that, by installing and using this software, the user agrees to be bound by these terms.

2.5 Quick Start Workflow

The typical workflow of processing seismic, microseismic (MS) and acoustic emission (AE) data is summarized in this

section. For beginners, it is recommended to quickly review the settings following the steps in the workflow to familiarize
themselves with the essential functions. The hyperlinks are provided for convenient navigation.

*Quality Check

2. Data importand

harvesting 13. Catalogueanalysis

and results output

3. Trigger classification

15. Parameter

14. 3D 16. Uncertain:
4. Shots 5. Noise SRl Visualiser e SEe] analysis "
* Feasibility 1. Project : : Event charting
Study- Array .setu
design 2
7. Velocity model 8. Auto-processing 9. Manualcheck 17. Export
10. Waveform picking
18. Waveforms 19. 3D View 20. Catalogue

11, Event lecation

12. Source
parameters/mechanisms

**Numericalmodel calibration

Figure 2-14: The typical workflow of processing microseismic and acoustic emission data.

. Project setup: Use Array Editor Dialog or Shot Transmitter Dialog to import sensor array or source array if

active sources are used, respectively.

. Data import and harvesting: Use Data Management Dialog to import your data. Multiple data formats are natively

supported by InSite. If your data format is currently not supported, please contact us at asc-
support@appliedseismology.co.uk.

. Trigger classification: This is a complex task requiring certain experience to group triggered events to default

type of "shot", "event", and "noise". See the event type. For triggering, see details in Leach.

. Shots: Seismic events that are generated by active/controlled source can be referred as shots, e.g., calibration

shots in hydraulic fracturing, blasting in mining, ultrasonic pulses in AE setting. For hydraulic fracturing
projects, see calibration shots. For AE monitoring project, see Automatic Extraction Functions as one example
of extracting active source from recordings. There are many applications after extracting shots. For example,
geophone calibration, velocity calibration.

. Noise: classifying a triggered event as noise is subjective as it depends on the processor's confidence on low



mailto:asc-support@
mailto:asc-support@

1. Quick Start Guides 53

quality signals. The rule of thumb is that an event without visible coherent waveform can be considered
as noise. For low quality signals with barely observable coherent waveform, the source scan method might
be an option to increase the size of the catalogue. Note that noise is dynamic, and the processors shall be
aware of the trend of the noise for quality control purpose. The advanced waveform processing tools could
be useful.

6. AE/MS Event: Triggered waveforms with signal-to-noise ratio above one can be confidently classified as
events. The following steps can be followed to process the data.

7. Velocity model: the guidance of velocity model calibration can be found at Automatic Velocity Calibration. For
laboratory AE data, please refer to Velocity Surveying Workflow.

8. Auto-processing: the autoprocessor is to batch process all events. See Autoprocessing

9. Manual check: Experienced data processors would agree that even when the first arrivals are picked with high
accuracy and confidence, the location can only be as accurate as the velocity model. As a result, manual
checking is a critical quality control step. After batch processing, switch to the 3D visualiser and filter out
events that are located in a reasonable region and manually process the rest "problematic" events.

10. Waveform picking: For automatic or semi-automatic picking of first arrivals, please see autopicking. The draw
arrival picks is another nice trick you can use to speed up the process.

11. Event location: For quick overview of all locater Dialog, please refer to Locater. Some details may also be
found in Advanced Location Tools.

12. Source parameters/mechanisms: See Source Parameters for a quick overview of all source parameters that
InSite can calculate.

13. Catalogue analysis and results output: See tasks 14, 15 and 16 below.

14. 3D Visualiser: 3D visualiser is to explore the spatial-temporal pattern of the MS/AE data. See 3D Visualiser.

15. Parameter analysis and charting: After all events are processed, a variety of 2D charts can be displayed and
saved for publication or reporting purpose. See Parameter Visualiser.

16. Uncertainty analysis: this is a special module built in the 3D Visualiser to enhance interpretation of the
catalogue. See Uncertainty Analysis.

17. Export: See tasks 18, 19, and 20.

18. Waveforms: Finally, we are at the stage to share our results or to prepare for advanced customized processing.
There are two ways to export waveform. One is to do it manually for each event using the menu bar on Event
View. The other method is do it automatically for a group of events (see Autoprocessing).

19. 3D View: Toexport 3D view, the user can use a screen capture built in (see Scene Sub-Menu ), or a third party
screen capture software.

20. Catalogue: Almost all processed results and parameters can be exported to ASCIl format (see The Export sub-

menu the "The Export Submenu" for details).

2.5.1 Feasibility study - Array design

Before any processing effort, array design shall be performed to quantify the sensitivity and accuracy of the pro- posed
acquisition geometry.

2.5.2 Quality check

Quality check is an advanced topic. As a rule of thumb, when the spatial-temporal pattern or the source parameters
are not expected, before declaring a new discovery, processors must double check their processing settings starting from
the very beginning, data harvesting. Usually, the geophone must be rotated again, or the velocity must be calibrated with
more or less active sources. Sometimes the autopicking parameters must be adjusted for data acquired on different time.
We at ASC provide comprehensive quality check services on vendor processed results to make sure the interpretation is
not biased. For more details, please contact _asc-support@appliedseismology.co.uk for more information.
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Chapter 3.Navigation

Start Page
Global Button Bar

Hot Keys

3.1 Start page

This page provides a quick way to get started using InSite, either by creating a new project, or opening an existing
project by launching a Windows browser or by using the most recently used projects list (Figure 3-1).

9 st e oo T T~ W T I . -

File

New Project

Open Project

CAData\Software Developements\Velocity Survey Auto Leach\EXPORT_ahOLpcf
CAData\PCR\6. Tian_Testing_bl01\Advanced Location in InSite\Tian Test 20092012_bi01_ah0Lpcf

CA\Data I \SWOGC_Wei201-H3 |

. _Fra s x202.pct
C:\Users\ASC\Desktop\Granite_Test1 030713 GWOLpcf

C:\Users\ASC\Desktop)\delete me.pcf

EAlnSite Release Testing\8. Geophone Orientation Testing_bl01\Rotation Test\Calibrating Geophone Orientations_Test_bl01_eccOL.pcf

CA\Users\ASC\Desktop\DB Test.pcf

AR

CAData\Software Developements\AE Dashboard\850 C Westerly saturated .pcf

29

CAlnSite Demo Projects Setup\09 TSX AE Cluster Waveforms 69 Events\tsxclusters_waveforms_20100309.pcf

CAlnSite Demo Projects Setup\07 Concrete Bulkhead 5351 Events\tsxaeconc_20100309.pcf

b

Figure 3-1: InSite start page.

3.2 Global Button Bar

The global button bar allows for quick access to the main visualisers, tools, and options. The bar can float, or it can be
docked in the top, bottom, left, or right of the window (Figure 3-2).
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Figure 3-2: Global button bar in the left and bottom dock positions
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3.3 Hot Keys

All major visualisers, options, and tools can be launched with keyboard shortcut keys. The default hot keys are shown
in Table 3.1. For a full list of default hot keys see the Hot Keys chapter.

Table 3.1 Hot keys for major visualisers, options, and tools.

Visualiser/Tool Command

Data visualiser Ctrl+A
Waveform visualiser Ctrl+Shift+W
Waveform moveout Ctrl+W
visualiser

3D visualiser Ctrl+L
Mechanisms visualiser Ctrl+m
Stream visualiser Ctrl+G
Frac manager Ctrl+Alt+F
Processing properties Ctrl+Q
Triggering (Leaches) Ctrl+Alt+L
Parameter visualiser Ctrl+Alt+C
AE Dashboard visualiser Ctrl+D
Stream Dashboard Ctrl+E
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Chapter 4.Data Management Structure

Introduction

Principal Data File Formats

Advantages of the InSite Management System

Data Identifiers

Loading Data into InSite

Data Access and Backup

Tools Permissions

Active and Passive Events

4.1 Introduction

Seismic data sets are often large and complex, involving data from a variety of different sensors collected over periods
of minutes, days, weeks, months or even years. Alternatively, data may be collected by a temporary, portable seismic array
that is deployed to a new position after a certain time period. Regardless of the nature of the dataset, the ability to obtain
rapid access to any part of that data and inspect, process and analyse it is a key feature of this software. In order to take
advantage of these powerful features, the user requires a good understanding of how the data is structured in InSite.

Figure 4-1 shows how the data is organised within a particular project. Toallow easier management of a complex data
set, a project can be split up into a number of components. Each component is a sub-set of the data, containing a number
of events. These are often associated in some way, such as for a particular phase of an experiment, on a particular day, or
particular year etc. The user has complete control over how the events are grouped into the components and events
can be swapped between components if this is required.
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Channel 1

Event i

s :

Figure 4-1 The InSite Data Management Structure.

If the event contains waveform information, then this is managed as a list of "Channels". As well as the waveform data,
each channel contains all information associated with the waveform, such as the sensor information, configuration
parameters, arrival picks etc.

4.2  Principal Data File Formats

+ Project Configuration Files (PCFs)

+ Event Storage Files (ESFs)
All the information used by InSite is contained within 2 file formats. These are:

» Project Configuration Files (x.PCF)

+ Event Storage Files (*.ESF)

Once a project is set up and these files are defined, access to any part of the dataset is straightforward. Depending on
the tools that are being used the user may require access to only one of these file types to carry out a specific task. The
details of these file types are given below.

4.2.1 Project Configuration Files PCFs

The PCF contains all the information used by InSite to define the current project, including a complete 'map' of the
dataset and the settings the user has defined for processing and visualising the data. The data map includes a list
of all the components associated with that project as well as information associated with the events within those
components (Figure 4-1). For each event, parameters such as date and time, location, magnitude and other source
parameters are stored.
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4.2.2 Event Storage Files ESFs

An ESF contains all the information required by InSite for an individual event. This allows the data for any event to
be inspected and analysed independently of all other information. The ESF includes:

1. Event data such as Number, Date, Time and, where appropriate (i.e. for velocity survey data) the
transmitter/source details.

2. The waveforms. This includes all channels for each sensor associated with a particular event.
3. Waveform properties such as sampling interval.
4. Receiver information associated with each waveform.
5. Processed results from each waveform such as Phase picks and Phase velocities.
6. Processed results from the event such as location, magnitude and source mechanism.
The dataincluded in parts 1 and 6 above are also contained within the PCF. The structure of the PCF and ESF files
and their relationship is summarised in Figure 4-1.

NOTE: An ESF is only produced when waveform data is imported. If no waveform data is imported, then all the
Event information is stored within the PCF.

4.3  Advantages of the InSite Management System

The management structure inside InSite is a 'pure object-orientated' approach. This means that each Waveform is an
independent entity within each Event. All parameters associated with that Waveform are stored collectively (termed here
as a "Channel"). The same applies as the user ascends the data management tree: Events are individual entities within
Components, and Components are individual entities within a Project. The system is a custom-designed data base that
contains all the information concerning a particular seismic experiment, from the raw waveform data through to the final
results. Built onto this data management structure is the ability for the user to perform high level processing of the data
and to visualise the results obtained.

The flexibility within the data management system means that InSite has some useful advantages.

» Each Channel stores its own receiver information within the Event. This means that the sensor array can be
varied from one Event to the next and that an array can consist of a variety of different instrument types.

» Each Channel contains a Waveform that can be sampled at a different rate or have a different length to the next
Channel within the Event.

» The data from a particular Component, Event or Channel can be quickly located and accessed, so it is very
easy to navigate around the complete data set.

» An Event can be independently processed without any other information, as the ESF contains all the param-
eters required.

» The dataset can be managed on the computer, and backed-up, very easily as all the information is stored in
the set of ESF files.

The results can be easily managed, sorted and exported as the user can just choose the Events that fit some
given criteria.
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4.4 Data Identifiers

In order to uniquely identify any particular 'piece' of data, the following rules are observed:

* The name that the user assigns to a component is a unique identifier for that component. It is not possible to have
more than one component with the same name within any single project file.

Important: Do not use an "underscore” (_) in the name as this is a special character that InSite uses in file name
construction.

+ The event number is a unique identifier within each component. Two events within a single component cannot
have the same number. Two events in different components can have the same number (even if they are in the
same project), as they are uniquely defined by the component that contains them.

» The channel number (often assigned during acquisition as the channel on which it was recorded) is a unique

identifier within each event. If several instruments record an event, then each channel must have a different
number.

4.5 Loading Data into InSite

A variety of file formats can be read into InSite. The methods for importing data into InSite are described in detail in
the Data section.

Figure 4-2 shows the typical processing flow applied to full-waveform data. Subsequent chapters describe
individual processing and visualisation tools.

Mew .| Configure Default Import Event and - Configure Processing »
Project v Sensor Arrays ¥l Vvaveform Data = Properties il
Automatically A 4
Process All Data b Manually Process a
Sample of Data

Export y
Results

Y

Visualise
Results

A 4

Figure 4-2: The typical processing flow when using InSite to process full-waveform seismic data
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InSite also accepts visualisation of event data where waveforms are not necessary as the data has been previously
processed in other software. In this case, it is simply a matter of importing the event parameters into the data
management system and visualising the results. (Figure 4-3)

New
Project
Import Event
»|  parameter Data

Export
Results

Visualise

Results

Figure 4-3: The typical processing flow when using InSite with pre-processed seismic data.

4.6 Data Access and Backup

Data access is summarised by Figure 4-4. Where waveforms exist for an event, InSite produces an Event Storage
File (ESF). When the software needs to obtain the waveforms for processing, or any parameters associated with the
waveforms such as phase arrival times, then it will access the ESF in the specified data directory. The ESF is a stand-
alone data file that contains all parameters required to process that event. For large projects this means that a large
set of ESFs are produced on the user's computer. It is important that the user backs up these ESFs if itisimportant to
retain the waveforms and parameters associated with them. Once all events with waveforms have been converted to
ESF format then the original data need no longer be accessed, however the user should always retain this data for
future use.

For an event where waveform data does not exist then no ESF is produced as all the required parameters are
stored in the Project Configuration File (PCF). This allows InSite to import, manage and visualise pre-processed event
results in an identical fashion as event data obtained from processing within InSite.

There is an auto-backup feature enabled by default. The PCF is automatically saved every 5 minutes or every 30
minutes during heavy CPU usage. The auto-backup is automatically turned off in autoprocessing to protect the process
integrity. In the situation of abnormal exit of InSite, you will be prompted to load the backup file when opening the
project if the backup is newer than the file. The auto-backup can be disabled from the File menu.

An InSite project can be saved as a Demo project. This will allow the project to be opened and viewed using the
Insite Demo and Viewer programs. Tosave a project as a Demo project ensure the 'Demo Project' option beneath the
'Project' tab in Data Visualiser is ticked before saving as usual.

External Event
Parameters (e.g. source
locations)

_ InSite Seismic Processor

! |

Project Configuration Event Storage
File (PCF) Files (ESFs)

Acquired Event

Waveforms storedinan
External File Format

Figure 4-4: Data access during an InSite Project.
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4.7 Tools Permissions

InSite is split into a number of tool packages each used to carry out a set of related functions. Some of these tools are
optional, as they would not, in general, be required for certain applications. The user is not obliged to purchase the full
package; rather they may purchase only those tools they require for their work. Additional tools can be purchased at a
later date as they are required and become available.

To operate the tools the software obtains a set of permissions either from the hardware "Dongle" connected to the
parallel or USB port of the user's computer or using a license key for use with CopyMinder. Without this dongle or
CopyMinder, no permissions are available. When the software is provided with restricted permissions (i.e. some of the
tools are unavailable) then some functions and user operations are missing from the software or are disabled in the menus
and button-bars. For convenience, this manual is written for a user with total permissions. There may therefore be some
sections that are not applicable to all users and some screen captures that appear different to that observed in the
software.

4.8 Active and Passive Events

"Seismic" experiments often provide both Active and Passive data. Active data is provided by a synthetic (man-made)
source with a known spatial and temporal location. Processing the waveforms then provides transmission velocities and
amplitudes through the experiment that can be used to infer changes in rock properties and/or used to calibrate results
from Passive data. Active data can be transmitted over millimetres in laboratory rock samples, to kilometres in regional
surveys. Passive data is obtained from the release of seismic energy from within the rock, often due to movements on
fractures of different scales. Processing of this data can provide insights into the temporal and spatial extent of the
fractures and the mechanisms by which the seismic energy is released.

InSite wraps both the active and passive data using the same management structure, although the two are delimited
by "Setting the Event Type". This discriminator determines which configuration parameters and processing functions can
be applied to the data.
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Chapter 5.Data Visualiser

Key Features

Visualiser Interface

Visualiser Menu Systems

Setting Sensor Arrays

The Data Management Dialogue

Event Properties
Channel Properties
Receiver Properties

Configuration of Processing Properties

Importing Event Parameters

Event Discrimination Functions

Moving Events Between Components

AutoProcessing
The InSite Leach

The InSite Calendar Map

Summary of Processing Results

5.1 Key Features

Visualisation of the data base of seismic event parameters contained within the InSite Project.
Management of events by splitting into user-defined sub-sets (components) similar to organising files into folders.

Provides easy navigation of the data setand providesaninterface into the othervisualisation tools. Navigation is
through point and click operations and allows an event recorded 10 years earlier to be as accessible as one
recorded yesterday.

Manages the storage of seismic events into ESFs (Event Storage Files). A single ESF is produced for each
event and contains all information associated with the event including waveforms, sensor information,
processed waveform parameters, event header information and eventresults.

Manages the storage of the PCF (Project Configuration File) that contains a map of the data set and all project
configuration parameters, such as the default sensor information, processing properties and scene drawing
objects.

Manages theimportof raw seismic data and conversion to ESFs ready for data visualisation and processing.
Once imported the raw data files are not necessary for the operation of InSite and can be stored as a safe
backup.

Manages the construction and update of the default sensor arrays (receiver and/or shot locations). The sensor
locations are applied to each event when it is imported and can be updated at any time.

Provides access to Dialog-based configuration parameters used in each event.

Manages the configuration of processing parameters used in manual and automatic processing.

Each event can be defined as an 'Earthquake’, a 'Shot' or 'Noise', or the user can create their own user event
labels. This allows users to discriminate between data easily.
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e Events can be 'Enabled' or 'Disabled' from the processing and visualisation functions.

e Events can be moved easily between components. Unwanted data can be easily deleted from the project
but can also be easily re-imported.

e Provides access to the Auto-processor Dialog that batch processes user-selected data.

e Events can be 'filtered' in the data set (automatically enabled or disabled) depending on their processed event
parameters. The filtering limits are user set.

e Events and components can be sorted in the visualiser by their parameters.

e Provides access to the 'InSite Leach' (an additional optional tool) that interfaces to acquisition hardware and
performs automatic data capture and on-line event processing.

e Provides access to the 'Calendar Map' that allows the user to visualise the event data by date and time
irrespective of the user's component organisation.

e Provides access to the InSite distributed-software system allowing a user to transfer data between projects over
a Local Area Network.

e Manages the export of data to text files so as to transfer data to other software or for use in an event parameter
backup system.

5.2 Data Visualiser Interface

The interface is shown in Figure 5-1. There are two panes. The left pane contains the Component List. The right pane
contains the Event List in the active Component. A Component can be activated by clicking on it with the left mouse button.
More than one Component can be selected by using a combination of Shift, Ctrl and left-mouse clicks, similar to those used
in Microsoft Windows File Explorer.

lComponth List] [ EventListin Selected Component

! 3
:
T o
{iviiit?
11111
=
1
)
R
|

Components, and Events, can
be Enabled/Disabled

NN

& — £

Eventscan beassigned different |4 = = = - - -
types: Earthquake, Shot, Noiseora (|gm »
usereventlabel. e no oM AT s s
7 J— ¢ - = -

/

Event Location/Mechanism results (when orocessed'l]

Figure 5-1: A screen capture of the Data Visualiser

5.2.1 Component List

The Component List contains the following data columns:

¢ Name
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+ Enabled (Yes v , No x )

* Date, Time

* NE (Number of Events in the Component)

» NLocE (Number of located Events in the Component)
* NEnabled (Number of enabled Events in the Component)

+ Colour (Component Colour)

Clicking on any of the headings will sort the list according to those values in ascending order. Note that this sorting may
take a noticeable length of time if the Project contains a large number of Components.

5.2.2 Event List

The Event List contains the following data columns. Further information on the results visualised here can be found
in Event Data.

+ Type (Event , Shot g , Noise ®Jser Event type &
» Event Number

+ Date, Time, Local Time, Label

¢+ Enabled (Yes v , No X )

+ Source location position in North, East, Down

¢+ Location Units (x1.0m)

¢+ Location Magnitude

+ Waveforms included in Event (Yes v , No x )

+ DB (Eventincluded in database: Yes v ) Nox )

* NPT (Number of P-wave picks on Event)

* NST (Number of S-wave picks on Event)

¢+ NLT (Total number of arrival picks used in location)

¢+ NIT (Total number of independent sensors used in location)

* NLR (Total number of P-wave source vectors used in location)
+ NLQ (Total number of S-wave source vectors used inlocation)
+ LResid (Location RMS Residual)

¢+ LError (Location RMS Error)

* AngRes (RMS Angular Residual)

¢+ IMag (Instrument Magnitude)

* SNR (Signal to Noise Ratio - mean of P and S SNR for all traces in the event)
+ S.Mom (Seismic Moment)

¢+ MMag (Moment Magnitude)

» Energy (Radiated Seismic Energy)

+ S:P (S-wave to P-wave Energy Ratio)
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+ Radius (Source Radius)

s App.S. (Apparent Stress)

+ Static.S. (Static Stress Drop)

+ P.fc. (Average P-wave Corner Frequency)

+ S.fc. (Average S-wave Corner Frequency)

* SM (Source Mechanism evaluated and Type: Nox , Shear %, Exotic %)

* NA (Number of amplitudes used in source-mechanism inversion)

+ ISO, DC, CLVD components

* R.Mom. (Relative Seismic Moment evaluated from the Source Mechanism)
+ A.Resid. (The RMS Amplitude Residual from the Source Mechanism)

+ Cond.No. (The Condition Number from the Source Mechanism)

¢ Clust.ID. (Cluster ID Number)

* P SNR. (Mean Average P-wave Signal to Noise Ratio Ratio - maximum amplitude in the P FFT window to the
maximum amplitude in the noise window)

* SSNR. (Mean Average S-wave Signal to Noise Ratio Ratio - maximum amplitude in the S FFT window to the
maximum amplitude in the noise window)

+ RMS Noise. (Root Mean Squared Noise)

» Auto Func P.(Mean Average Auto Picking Function for P-waves)

+ Auto Func S. (Mean Average Auto Picking Function for S-waves)

+ Confidence. (Confidence Number)

+ Mean P/SH (Mean P/SH amplitude ratio)

+ Mean P/SV (Mean P/SV amplitude ratio)

+ Mean SV/SH (Mean SV/SH amplitude ratio)

+ MeanP Resid (Mean P wave arrivaltimeresidual)

* MeanSResid(Mean Swave arrival time residual)

+ Radial Distance (Radial distance from the event to the well tra k - requires link to Frac Manager stage)

» LErr.N. (Event location error in North direction). Calculated from location uncertainty isosurface.

» LErr.E. (Event location error in East direction). Calculated from location uncertainty isosurface.

¢+ LErr.D. (Event location error in down direction). Calculated from location uncertainty isosurface.
Clicking on the column headers will sort the list according to those values. The list can be sorted either by ascending or

descending order. Note that this process may take a noticeable length of time for a Component containing a large number
of Events.
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5.3  Visualiser Menu Systems

There are four primary menu systems in the Data Visualiser.
1. Global Button Bar
2. Button Bar
3. Frame Menus
4. Component List Menu
5. Event List Menu

Some options may be deleted from the menus depending on the permissions the user has purchased

5.3.1 Global Button Bar

The global button bar provides quick access to the main visualisers and Dialog
Eob Botton Bar B X
Data Visuakser o A

é Selup -
1 -
M&Y Waveforms

EE' ¥ Waveform-Moveout -

e
):v;. 3D Visualiser b=
.

(:-E;) Mechanisms

l‘ Stream -

o M moQoO W

Tz AE Dashboard

Q{ Sweam Dashboard

% Processing Setings o

4]
]
> i M

:w Triggering

t: Charts - L

Figure 5-2: Global Button Bar

Table 5.1: Description of global button bar operations in the Data Visualiser View. Button labels A to J are
referenced in the above figure (Figure 5-2).
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Button

Description of Button

Operations

Reference

dashboard

A MS Catalogue Switch to Data Visualiser Data (Data Visualiser)

B Setup Launch frac manager Frac Manager

C Waveforms Switch to waveform visualiser Waveform Processing
Tools

D Waveform- Switch to waveform moveout Waveform Moveout

Moveout visualiser View Waveform

Moveout View

E 3D Visualiser Switch to 3D visualiser 3D Visualiser

F Mechanisms Switch to mechanism visualiser Mechanism Tool

G Stream Switch to stream visualiser Stream Visualiser

H AE Dashboard Switch to acoustic emission Dashboard Visualiser

| Stream Dashboard

Swtich to stream dashboard

Stream Dashboard

J Processing Launch processing parameters Configuration of
Settings Dialog Processing Properties
Triggering Launches the leach Dialog Leach Tool
L Charts Launches parameter visualiser Parameter Visualiser
Dialog
5.3.2 Button Bar
The button bar operations are described in
and
Table 5.2.
Button Name DB A .Of e Reference
Operations

A New Open a new PCF file. N/A

B Open Open an existing PCF file, N/A
launching a file browser.

C Save Save the PCF file. N/A

D Import and Manage Data Launch the Data Management Data Visualiser
Dialog.

E Processing Properties Launch the Processing Proper- | Configuration of Processing
ties Dialog. Properties

F Default Receiver Array Launch the Default Receiver The Default Array Editor
Array Dialog.

G Default Shot/Transmitter Array | Launch the Shot/Transmitter The Shot/Transmitter Properties
Dialog. Dialog box

H Filter Events Launch the Event Filter Dialog. Event Filtering

| Auto-processor

Launch the Auto-processor
Dialog.

Auto-Processing

J CSV File Export Exports the CSV file. CSV Event File Export (Appen-
dices section 2.19)

K Real-time Mode Set project to real-time mode

L Auto Column Automatically adjust the column

width sizes such that no text in
the data view is truncated.
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Figure 5-3: Button Bar
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Table 5.2: Description of button bar operations in the Data Visualiser View. Button labels A to K are referenced in

the above figure

Description of Button

Button Name Operations Reference
A New Open a new PCF file. N/A
B Open Open an existing PCF file, N/A
launching a file browser.
C Save Save the PCF file. N/A
D Import and Manage Data Launch the Data Management Data Visualiser
Dialog.
E Processing Properties Launch the Processing Proper- | Configuration of Processing
ties Dialog. Properties
F Default Receiver Array Launch the Default Receiver The Default Array Editor
Array Dialog.
G Default Shot/Transmitter Array | Launch the Shot/Transmitter The Shot/Transmitter Properties
Dialog. Dialog box
H Filter Events Launch the Event Filter Dialog. Event Filtering
| Auto-processor Launch the Auto-processor Auto-Processing
Dialog.
J CSV File Export Exports the CSV file. CSV Event File Export (Appen-
dices section 2.19)
K Real-time Mode Set project to real-time mode
L Auto Column Automatically adjust the column

width sizes such that no text in
the data view is truncated.
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5.3.3 Frame Menus

5.3.3.1 The File sub-menu

InSite Seismic Processor (x84) - Tourmaline_jwh02_pju.pcf
File View Scene Mode Help

New Project Ctri+N o /\ L\b E : L

Open Project... Ctrl+0 e Mol B ol 8

Save Ctrl+S

Save As...

Auto Save > None

» Auto Backup 1 Minute

Print... Ctrl=P 5 Minutes

Print Preview ¥ 10 Minutes

Print Setup... 15 Minutes
30 Minutes

1 Tourmaline_jwh02_pju.pcf Hourly

2 Newfield_Ellis.pcf 6 Hours

3 Test10.pcf 12 Hours

4 Test10.pcf Daily

3 D:\Projects\...\ Test2.pcf

6 D:\Projects\...\Test1.pcf Lvufam-Movoouk

7 HarvestingRichterData_HDF3.pcf

8 D:\PhilData\...\Scene3D.pcf

S visualiser.pcf 2D Visualiser

10 TODD_B-A85-1_InSite_emh01.pcf

Ext

Bxit Without Saving Mecharisms

Figure 5-4: The File sub-menu

* New Project - starts a new Project.

* Open Project - opens an existing Project.

* Save - saves the current Project.

* Save As - saves the current Project, after prompting for a new name.

* Auto Save - automatically saves the current Project at a certain time interval (None or every 1, 5, 10, 15, 30
minutes, hourly, 6, 12, or 24 hours).

* Auto Backup — enabled by default, regularly saves a backup pcf file (Data Access and Backup)
* Import VVF Data - quick method of loading events from vvf type file.

* Autolmport VVF - when this option is checked, the C:\ drive is scanned for vvf files in folders titled 'Well A' or
'Well B'. The vvf is then autoimported into InSite and the original document is deleted.

+ Edit Hot Keys - opens the edit hot key dialog

* Export Report - export a text report summarising the project setup and settings
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* Exit - closes InSite and automatically saves the current Project.

* Exit Without Saving - closes InSite without saving the current project (prompts for confirmation).

5.3.3.2 The View sub-menu

InSite Seismic Processor (Win32) - Tian Test_bl01.pcf

File Project Tools Events Export Help

(B4

-

<&

= || b || |

Data Visualiser ...
Waveform Visualiser ...
Waveform Moveout View ...
Location Visualiser ...
Mechanism Visualiser ...
Stream Visualiser ...

AE Dashboard Visualiser ...

Stream Dashboard Visualiser ...

Global Button Bar

Data Visualiser Bar

Ctrl=A
Ctrl+Shift+W
Ctrl+W
Ctrl+L
Ctrl+M
Ctrl+G |
Ctrl+D ]
Ctrl+E

NI

Figure 5-5: The View sub-menu.

The View menu allows the user to navigate between the tools that have graphical user interfaces (visualisers) associated

with them.

5.3.3.3 The Project sub-menu

InSite Seismic Processor (Win32) - Tian Test_bl01.pcf

File ViewTooIs Events Export Help

)9

fe]
3

Al

Edit Default Arrays ...
Import and Manage Data...
Configure Export Directory...
Import Processing Parameters File...
Import Travel Time Data...
Processing Properties...
Demo Project...

Real-time Mode...
Compress ESFs...

Disable Waveforms

Enable Waveforms

Split SEG-Y Files

Receivers ...
Shots/Transmitters ...

TCOMponents Coaaea

Name Enabled Date
000013 v 25-11-

Figure 5-6: The Project sub-menu

The Project sub-menu contains the principal operations required to configure a Project.

+ Edit Default Arrays - opens the Edit Default Array Dialog box for Editing the receivers or Shots/Transmitters

(Setting Sensor Arrays).

* Import and Manage Data - opens the InSite Data Management Dialog (The Data Management Dialog).

* Configure Export Directory - Specify the export directory for auto-writing waveforms (e.g. ATF, SEGY, SEG2,
and residual locations) (Figure 5-7).

* Import Processing Parameters Files - opens a Dialog to allow the user to select which parameter to import to

update current processing parameters (Figure 5-8).

* Import Travel Time Data - Import travel time grid files created using the Fast Sweeping Method used by the

Complex (Travel Time Grid Method) velocity model (Locater).

* Processing Properties - opens the Processing Properties configuration sheets.

* Real-time Mode - sets project to real-time mode.
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* Compress ESFs - compresses the ESF files to reduce their size.

* Disable Waveforms - provides the option to disable viewing of waveforms for all the events in the project.
* Enable Waveforms - provides the option to enable viewing of waveforms for all the events in the project.

* Split SEG-Y Files - opens a Dialog allowing the user to split large SEG-Y files into smaller sections. The only
user-set parameters are input and output directories.

* Split SRM Files - opens a Dialog allowing the user to split large SRM files into smaller sections. The only user-set
parameters are input and output directories.

Export Directory @

This specifies where to auto-write waveforms (e.g. ATF, SEGY format) when using Auto Processor or
\Waveform Visualiser

Export Directory: [ Browse ]

o]

Figure 5-7: Configure Export Directory Dialog

. .
Processing Parameters Iﬁ

| selectal | | Clearal |

Auto-picking
Channel Processing
Locater

Source Parameters
Event Initialisation
Optimised Picking
Cross-correlation
Relative Location
Mechanism
Spectral Picking
Triggering
Auto-processor

[ 0K ] [ Cancel

Figure 5-8: Import Processing Parameters Menu
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5.3.3.4 The Tools sub-menu

b InSite Seismic Processor (Win32) - Demo_MSprocess.pcf

File Wiew Project | Tools Ewents Export Help

it ~ m Launch Auko-Processar...
H E? 0 Launch InSite Leach... Chrl+ale+L
GlobalButton Bar | Launch Calendar Map... CErH-BIE+-M

Launch Ewent Filker. ..

Launch External Comms...

Data | aunch wave Buider. .

Launch Fast Sweeping Method Euilder. ..
Launch Lockup Table Builder. ..
A Y Launch Frac Manager... Chrl+-alt+F
—  Launch Event Server...
Launch Event Dawnload. .
}‘qﬂu&ﬂ Wiz Launch InSikeDE Events... Chrl+-ale+E

Launch InSiteDE Measurements. .. Chrl+alt+a
Launch Self-Test Likilicy. ..

Launch Parameter Yisualiser, ., ChrlH-alt+-C
wavefe

Launch CSY Auto-import, .,
Launch File Splitting Dialogue. ..

-.:.- Launch Split SRM Files Cialogue. ..

y
. * 3D Launch SRM to HOFS converter Dialogue. ..

Launch Calibration Shots Guide...

Launch Moise Dekection Dialogue. ..
Met  Launch Struckural Analysis, ..
L Launch Array Analysis...

Figure 5-9: The Tools sub-menu.

The Tools sub-menu contains a number of functional services that can be launched.
» Launch Auto-Processor - opens the Auto-processing Dialog Box
¢+ Launch InSite Leach - opens the InSite Leach enabling on-line data acquisition.
* Launch Calendar Map - opens the InSite Calendar Map.
* Launch Event Filter - opens the Event Filter Dialog Box.
» Launch Wave Builder - opens the WaveBuilder Dialog Box for ray tracing functions.

* Launch Fast Sweeping Method Builder - opens the Fast Sweeping Method Dialog Box for traveltime
calculations (Travel Time Grid Method).

* Launch Lookup Table Builder - opens the Lookup Table Generation Dialog Box for traveltime calculations
(Travel Time Grid Method).

» Launch Frac Manager - opens the Frac Manager Tool used in ASC's Hydrofracture services.
* Launch Event Server - opens the Event Server Dialog Box.
* Launch Event Download - opens the Event-download Client Dialog Box.

* Launch InSiteDB Events - launches a Dialog box to control the connection to a database of seismic event
information.

» Launch InSiteDB Measurements - launches a selection box to control the graphical display of information from
the database.

» Launch Self-Test Utility
* Launch Parameter Visualiser - launches the Parameter Visualiser.
» Launch CSV Auto-import - launches the CSV auto-import Dialog.

» Launch File Splitting Dialog

» Launch Split SRM Files Dialog
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¢+ Launch Split SEED/miniSEED Files Dialog (Split SEED/miniseed for Streamer Leach)

* Launch SRM to HDF5 Converter Dialog Files Dialog

» Launch Calibration Shots Guide - launches the calibration shot guide
* Launch Noise Detection Dialog

» Launch Structural Analysis Tool - launches the Structure analysis tool.

* Launch Array Analysis Tool - launches the Array modelling tool.

5.3.3.5 The Events sub-menu

) InSite Seismic Processor - Untitled
File View Project Tools | Events | Export Help

D [é EI _D y Refresh Project from ESFs

Update Events from C5V

Update Instruments from CSV |

Enable ALL Events Time NE C

EI MS Catalogue Dizable all... 3 Event
Import LOG... Shot
Auto-extract Surveys... Noise

% Move All ESFs... UserType
Setup
Backup All ESFs...
Purge All ESFs...
| User Event Types
1 nl

Figure 5-10: The Events sub-menu.

The Events sub-menu contains a number of general functions that can be applied to the data set.

+ Refresh Project From ESFs - accesses each ESF (associated with every Event that contains waveform data)
and updates the Project's data displayed in the Data Visualiser (and contained in the PCF). This is only
required if the user believes that the Project is no longer synchronised to the ESFs (e.g. if there has been a
system crash).

» Update Events from CSV - updates event data for existing events in the project from a CSV file.

¢+ Update Instruments from CSV - updates instrument data for existing events in the project from a CSV file.

+ Enable All Events - enables every event and component in the project (Enable and Disable Functions).

+ Disable all - allows the user to disable particular event types from the Project (Enable and Disable Functions).

* Import LOG - allows the user to import a LOG file giving additional information on each event (Appendices
section 2.2).

» Auto-extract Surveys - a function that automatically sorts active events into surveys and then extracts them into
individual components ready for processing (Automatic Extraction Functions)

* Move All ESFs - moves all ESFs to a new directory (Moving Events Between Components).
» Backup All ESFs - makes a copy of all of the ESFs in a new directory (Moving Events Between Components).

» Purge All ESFs - deletes all ESFs in the component directories which are no longer referenced in the project
(Moving Events Between Components).

+ User Event Types - allows the user to create, edit and delete their own event type labels (Setting the Event Type)
in addition to the defaults of 'Event’, 'Shot' and 'Noise'.
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5.3.3.6 The Export sub-menu

& InSite Seismic Processor (Win32) = lia
File View Project Tools Events ”Help

D @ m _Ej D 3 ::% ::‘ Event Parameters File...
m CSV Event Data File ...
e 1 Cof

CSV Instrument Data File ...
’ Nar VVF Event Data File ..

B¢ Waveform Pick Results...
Trigger Parameters...
Export Mechanism Axes...
Survey Column Format...
Survey Stereonet Format...
Processing Parameters File...

Data Visualiser

' é Setup

‘ A4 Waveform Parameters File...

W avafarme

Figure 5-11: The Export sub-menu.

The Export sub-menu allows the user to export data into standard ASCII formats that can be stored for later reference
or imported into other software. These files are described in Table 5.3.

Table 5.3: Data File Formats exported by InSite

Export Type ‘ Description Reference

Event Parameters File (EPF) Contains event parameters in atab | Appendices section 2.13
delimitedfile allowing the data to be
easily read into mathematical
processing software such as MS
Excel.

CSV Event Data File Contains event parameters in a| Appendices section 2.19
comma delimited file allowing the
data to be easily read into
mathematical processing software
such as MS Excel.

CSV Instrument Data File Contains instrument parameters ina | Appendices section 2.20
comma delimited file allowing the
data to be easily read into

mathematical processing software
such as MS Excel.

VVF (Very Versatile Format) Contains event parameters in adata | Appendices section 2.7
Event Data File format that can be easily read into
customised data processing
software.
Waveform Pick Results (PED) Contains a chosen data parameter Appendices section 2.14

from every channel in every event.

Trigger Parameters (TRF) Contains a report on every event| Appendices section 2.12
including date and time, and the
RMS and peak amplitudes on each
channel.

Mechanism Axes (DIP) Contains mechanism orientation | Appendices section 2.15
data in a format for import into
plotting software

Survey Column Format (DCF) Contains a table of ray path data Appendices section 2.16
from surveys in the project.

Survey Stereonet Format (SSF) Contains data from a single survey Appendices section 2.17
for plotting on a lower-hemisphere
stereonet.
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Export Type ‘ Description Reference
Processing Parameters File (PPF) Contains all data processing
parameters
Waveform Parameters File Contains the waveform parameters Appendices section 7.4 and
(csv) for every trace in a comma 2.24

separated value format

5.3.3.7 The Help sub-menu

1408720

File View Project Tools Events Export [Help

DBE RN XTI T E  Comens g

T ——— Index
. 1 Component Search
Nwame £ Technical Appendices
EI Data Visualiser Ftest1v
CopyMinder Update Permissions
[ ] About InSite - Seismic Processor...

Figure 5-12: The Help sub-menu.
The Help sub-menu contain documentation and information about the version of InSite currently being used.
* Contents - view the Contents of the InSite User Manual (The Help sub-menu). By selecting the different tools,
the appropriate section can be found. (Figure 5-13)
* Index - titles of each section in the InSite User Manual listed alphabetically.

¢ Search - allows the user to search the titles of each section in the InSite User Manual.

* Technical Appendices - Opens the Appendix to the InSite User Operations Manual. A window opens and the
pages can be negotiated by Contents, Index, and Search.

* CopyMinder Update Permissions - Update the software permissions should the user's license be updated. This
option only appears if using CopyMinder, dongle users won't see this.

* About InSite - opens the About InSite Dialog Box. This gives the release version number, the user's
identification (read from the software key) and the permissions the user has enabled in the software.
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[ InSite User Manual v216¢
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1.1 Principal Features

Welcome to the InSite Seismic Processor. This software has been designed to allow the user to inspect, analyse and
process seismic data in an intuitive way while providing access to a full range of advanced tools for manipulating the data.
» All features are accessed from a single WINDOWS program making the software user-friendly and easy to install.
* The data management system allows the user to easily input, navigate and manipulate a complex seismic data set.
* The software is designed to be versatile so that it can import any waveform file format into the management system.
This results in it being independent of the hardware acquiring the data. Any seismic data can then be processed
using the same algorithms.
* InSite is 'scale independent’ allowing the same processing functions to be applied to data recorded over millimetres
as data recorded over kilometres.
« InSite has a very simple file structure that wraps all parameters. This removes the need for any text configuration or
data-storage files. InSite then allows the user to export the required data into accessible ASCII formats.
* InSite provides functionality for both Active and Passive 'Events' within the same data-set, thus allowing data from a
complete seismic experiment to be stored, managed and processed in a structured manner.
* InSite consists of a number of tools each designed to carry out a set of related processing and/or visualisation
functions.
* The modular structure means that users do not have to purchase the entire package, but can choose the modules
that are applicable to the data they are processing and the type of results they aim to achieve. Additional modules
can be purchased at a later date as they are required or become available.

Table 1-1: Summary of the InSite tools

Tool Name

Main Processing Functions Main Visualisation Functions
Data-management isati

Raw data input. ESF/PCF inpi put. Visual of data with event
Management of data structure. parameters

Navigation around the data set and
between modules. Exporting of text file
formats.

Waveform Processing

Waveform phase picking algorithms
( and manual p

Visualisation of waveforms and frequency
spectra. Waveform moveout visualiser.

Waveform filtering algorithms. Waveform
frequency analysis. Waveform moveout
visualiser plotting waveform stacks and
theoretical and real arrival time curves
d user functi for

Y
picking phase information on triaxial and
ial i Dntatinn nf

and

of waveforms, F gl
displacement spectra for triaxial and

Advanced Waveform Processing

iadr: muadravi licatinn nf

(I

Figure 5-13: Help system in InSite. The three tabs can be used to navigate between Contents, Index, and Search
modes.
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1.1 Principal Features

Welcome to the InSite Seismic Processor. This software has been designed to allow the user to inspect, analyse and
process seismic data in an intuitive way while providing access to a full range of advanced tools for manipulating the data.
» All features are accessed from a single WINDOWS program making the software user-friendly and easy to install.
« The data management system allows the user to easily input, navigate and manipulate a complex seismic data set.
* The software is designed to be versatile so that it can import any waveform file format into the management system.
This results in it being independent of the hardware acquiring the data. Any seismic data can then be processed
using the same algorithms.
« InSite is 'scale independent' allowing the same processing functions to be applied to data recorded over millimetres
as data recorded over kilometres.
« InSite has a very simple file structure that wraps all parameters. This removes the need for any text configuration or
data-storage files. InSite then allows the user to export the required data into accessible ASCII formats.
« InSite provides functionality for both Active and Passive 'Events' within the same data-set, thus allowing data from a
complete seismic experiment to be stored, managed and processed in a structured manner.
* InSite consists of a number of tools each designed to carry out a set of related processing and/or visualisation
functions.
e The modular structure means that users do not have to purchase the entire package, but can choose the modules
that are applicable to the data they are processing and the type of results they aim to achieve. Additional modules
can be purchased at a later date as they are required or become available.

Table 1-1: Summary of the InSite tools

Tool Name
Data-management

Main Processing Functions Main Visualisation Functions
Raw data input. ESF/PCF inpi put. Visuali of data with event
Management of data structure. parameters
Navigation around the data set and
between modules. Exporting of text file

formats.
Waveform Processing Waveform phase picking algorithms Visualisation of waveforms and frequency
( ic and manual pi ing). spectra. Waveform moveout visualiser.
filtering i V

frequency analysis. Waveform moveout
visualiser plotting waveform stacks and
theoretical and real arrival time curves.

N d user f lity for y | Visuah
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Refresh Home Print  Options
Help > Introduction > 1.1 Principal Features » [
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Figure 5-14: Help system in InSite. The three tabs can be used to navigate between Contents, Index, and Search

modes.
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5.3.4 Component List Menu

Import and Manage Data ...

Enable Component

Disable Component

Renarme Component

Add Empty Component

Delete Component

Choose Component Colour

Choose Component Symbal. .. 4
Merge selected components

Stack selected components

Q. Comparison

Update Receivers in all Events
Update ShotsiTransmitters in All Events

all Events are Type ... 4
Update Attributes in Component ... 3
Impork Event Parameters ...

Enable All Events in Component

Cancel Locations in All Events

Delete Disabled Events in Component

Auto-process all Enabled Events in Component

Export selected components ko CSY (Events)
Export selected components ko CSY (Instruments)
Export selected components to YWF

InSiteDE Cperations ... 4

Frac Manager Operations ... »

Launch Tomogram ...
AE Dashboard - Export Arrival Times

Figure 5-15: The Component List Menu.
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Right-click on a Component in the Component List. Note that some of the functions can be applied to a set of
selected Components.

* Import and Manage Data - opens the InSite Data Management Dialog.

+ Enable Component - enables the Component to processing functions (Event Discrimination Functions).

» Disable Component - disables the Component from processing functions (Event Discrimination Functions).
+ Rename Component - allows the user to change the name of the Component.

» Add Empty Component - adds an empty Component into the Project for data management.

+ Delete Component - deletes the Component from the Project.

» Choose Component Colour - allows the user to change the colour of the events from the Component in the 3D
Visualiser.

+ Choose Component Symbol - allows the user to change the type of symbol used for events from the Component
in the 3D Visualiser.

¢+ Merge selected components - merges two or more selected components (Moving Events Between
Components).

+ Stack selected components - stack two or more selected components similar to (Create A Super Stage). The only
difference is that the event time in the "stacked component" created in this way is not shifted.

+ QC Comparison - pair events from two different catalogues based on time for quality control purpose (future
release).

» Update Receivers in All Events - updates the receiver array details in each Event from the Default Receiver Array
(Updating Sensor Information).

+ Update Shot/Transmitters in All Events - updates the shot/transmitter details in each Event from the Default
Shot/Transmitter Array (Updating Sensor Information)

+ All Events are Type (Event/Shot/Noise/User Event Type) - changes the type discriminator assigned to all events in
the selected Components (Setting the Event Type).

¢+ Update Local Attributes in Component

— Updates the local time variable for each event using the local time offset information on the Event
Initialisation tab of the Processing Properties Dialog.

— Updates radial distance for each event (Pumping Data)
* Import Event Parameters - allows event parameters to be imported into an existing Component.
» Enable All Events in Component - runs through each event in the Component and enables it for processing.
» Cancel Locations in All Events - runs through each event in the Component and cancels the location data.
» Delete Disabled Events in Component - runs through each event in the Component and deletes it if it is disabled.

» Auto-process all Enabled Events in Component - launches the auto-processor to select operations to perform on
enabled events in selected component(s) only.

* Export selected components to CSV (Events) - launches a Dialog (Figure 5-16) to allow the user to select which
information to write to csv file for enabled and/or located events in the selected component. This method allows
export of event and instrument parameters.

¢+ Export selected components to CSV (Instruments) - writes a csv file with instrument parameters for enabled events
in the selected component.

» Export selected components to VVF - writes a vvf file for enabled events in the selected component to file. This
method allows export of event and instrument parameters. For further information, see the Technical Appendices
section 2.7.
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* InSiteDB Operations - provides options to update information to/from a database (InSiteDB Transfer
Operations).

* Frac Manager Operations - allows data to be linked to Frac Manager information.

* AE Dashboard - Export Arrival Times - Export VS1 and VS2 velocity picks for all the events in the component
(Acoustic Emission Monitoring Dashboard).

Export to CSV e ]

Event Parameter Categories
Basic

|:| Location Data

[] source Parameters

[ residual

[7] source Mechanism Data

Filter
[] only Enabled

[ only Located

[ Ok, ] [ Cancel

Figure 5-16: Export to CSV menu.
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5.3.5 Event List Menu

41 Events Loaded from Component hydrofrac

NE NL. N | Type Number Date Time Lc
0000 0000 Of Eve... 0012 25-11-2002 14:45:07.599000 14
0000 0000 Of | @ Eve.. 0021 25-11-2002 15:03:25.448749 15
0041 0040 O Eve.. 0034 25-11-2002 15:04:11.744249 15
@ Eve.. 0044 Edit Event Properties :05:03.584499 15
@ Eve... 0055 Vicw Waelonms 1:06:08.072750 15
Eve.. 0105 View Mechanim 11:31.725249 15
@ Eve.. 0163 :30:46.110499 1€
Eve.. 0261 Event Type.... > §52:56.219999 1€
@ Eve.. 0274 Enable Event :55:14.507249 16
@ Eve... 0289 Disable Event :57:50.776499 16
Eve... 0290 Delete Event :57:53.403499 16
@ Eve.. 0329 :18:25.795001 17
Move Event
@ Eve... 0386 :25:48.202249 17
Eve.. 0403 sopy ke :28:04.566250 17
Eve.. 0526 Merge Selected Events :42:12.506749 17
@ Eve.. 0603 Cancel Event Location :47:54,377499 17
@ Eve.. 0612 Auto-process Event :48:31.255750 17
Eve.. 0636 Export to CSV (Instruments) :50:59.202499 17
@ Eve.. 0671 :54:37.893249 17
@ Eve... 0710 Update Recefvers in Event :57:28.532249 17
Eve.. 0726 Update Shot/Transmitter in Event :58:34,084249 17
@ Eve.. 0728 Update Local Time Offset in Event :58:34.497499 17
@ Eve... 0751 Flag Event :02:19.222249 17
Eve... 0761 Set Ackive :02:50.592749 17
@ Eve.. 0768 Lok :03:46.070999 17
@ Eve.. 0773 :04:39.186999 17
Eve.. 0793 InSiteDB Operations ... > [:06:31.237243 17
@ Eve.. 0823 = :10:15.358499 17
® Eve.. 0840 Set VMax in all event traces 11:30758740 17
Eve.. 0843 25-11-2002 17:11:53,058749 17
Eve... 0865 25-11-2002 17:13:58.916249 17
@ Eve.. 0911 25-11-2002 18:01:48.648749 18
Eve.. 0982 25-11-2002 18:09:31.482999 18
® .- nooa 7511900 10.17.05 ARA000 10

Figure 5-17: Event List Menu.

This is launched by right-clicking on an Event in the Event List. Note that some of the functions can be applied to a set
of selected Events.

* Edit Event Properties - displays the Event Properties Dialog box (Setting Sensor Arrays).

* View Waveforms - opens the Waveform Visualiser with the active Event.

* View Mechanism - opens the Mechanism Visualiser with the active Event.

* Event Type - changes the type discriminator assigned to the active Event.

* Enable Event - enables the Event to processing functions (Enable and Disable Functions).

* Disable Event - disables the Event from processing functions (Enable and Disable Functions).
* Delete Event - deletes the Event from the Component and Project.

* Move Event-the ESFfiles associated with the Event(s) are moved to a different component (Moving Events
Between Componen

* CopyEvent-copyEventsfromone componenttoanotherorwithinthe componentitself(Moving Events
Between Components).

* Merge Selected Events - merges two or more highlighted events into a single event, padding the waveforms to a
common start and end time. The user selects the component the merged event will be stored to. Each instrument
in the events is treated as a separate instrument in the final combined array.

* Cancel Event Location - cancels the location data associated with the Event.

* Auto-process Event - launches the auto-processor to select operations to perform on selected events in selected
component only.
* Export to CSV (Instruments) - writes a csv file with instrument parameters for selected enabled events in the




84

5.3 Visualiser Menu Systems

selected component.

Update Receivers in Event - updates the receiver array in each Event from the Default Receiver Array (Updating
Sensor Information).

Update Shot/Transmitter in Event - updates the shot/transmitter in each event from the Default Shot/—
Transmitter Array (Updating Sensor Information).

Update Local Time Offset in Event - updates the local time variable in the event using the local time offset
information on the Event Initialisation tab of the Processing Properties Dialog.

Flag Event - highlight an event, and the component it belongs to, in the Data Visualiser.

Set Active - sets a located event as 'active’ so it will plot with the active symbol in the 3D Visualiser.
Lock/Unlock - controls whether an event's picks/location can be altered.

InSiteDB Operations - provides options to update information to/from a database (Database Tool).

Set Vmax in all event traces. Allows traces to be cleared of clip marker if the gain was set too low in the channel
properties before import (The Channel Properties Dialog box)

5.4  Setting Sensor Arrays

The Default Array Editor

Updating Sensor Information
Treatment of Multi-channel Sensors
The Instrument Properties Dialog box
The Channel Properties Dialog box
Edit Multiple Receiver Properties

The Shot/Transmitter Properties Dialog box

* Import from SEED and dataless SEED File

A sensor array is required for the following reasons:

» The locations of the default sensors (receivers and shots) are indicated on the 3D 3D Visualiser.

» The configuration parameters associated with the sensors in each event are required for many waveform

processing functions.

There are two types of sensor that can be defined:

1. Receiver: A receiver is associated with each channel in each event and defines where the waveform information

was recorded and with what settings. The receivers associated with an event are defined collectively asthe receiver
array. Every event can have its own receiver array.

. Shot/Transmitter: A shot is associated with each active event within a component and defines the location at which

the energy for that event was emitted. Each event can have its own shot information.

There are two methods of setting receiver information in the events:

» The settings associated with a particular event can be edited in the Channel Properties Dialog Box after the event

information has been imported. This method requires the receiver array for each event to be set up independently
- a laborious task if there are more than a handful of events all with the same receiver settings, but a useful process
if the sensor array is different for each event.

In many cases, all of the events have the same (or quite similar) receiver array settings. There is therefore a Default
Receiver Array that acts as a pool of receiver information. If channel data is read in that does not have receiver
information, then this is automatically copied from the Default Receiver Array (using waveform channel number =
receiver channel number). The user can also update the event's receiver array from the Default Receiver Array
using the Component and Event List menus.

As InSite automatically looks for receiver information when importing raw waveform data then it is important to set up
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the Default Receiver Array before importing data.

Many field projects result in the receiver array changing with time as receivers malfunction or are moved around the
monitoring volume. As each event in InSite records its own independent receiver array properties then these situations can
be easily considered by editing the Default Receiver Array as the changes occur. The receiver array in events previously
imported will not be changed unless actively updated by the user.

The Default Shot/Transmitter Array operates in a similar fashion to the Default Receiver Array. Shot/Transmitter
information is indexed using the Event Number (i.e. event number = shot/transmitter number). It is therefore
recommended that active Events are moved into separate Components for each survey where the Event Number is equal
to its position in the array. The Shot/Transmitter properties are not obtained for newly imported data until the data is first
processed, so as to allow active Events to be safely moved between Components and their event numbers to be changed.

5.4.1 The Default Array Editor

The Default Array Editor displays all the sensors that are configured within the array (either receivers or
shots/transmitters) (Figure 5-18). Sensors can be added, edited and deleted. Editing a sensor displays the Instrument
Properties Dialog box. The sensor array can also be imported/exported from/to a SEN file (Technical Appendices section
2.1), a CSV file (Technical Appendices section 2.21), an station XML file or a SEED or dataless SEED format. For shallow
co-located receivers on the surface, users can stack co-located receivers as a single receiver. The receiver’s layer
velocity is used to calculate a shift for each receiver being stacked. Stacking is not recommended for other array
configurations.

Edit Default Receiver Array x

The Default Receiver Array is used to map Receiver information to Channels when importing data.

Would you like to import a Receiver Array from an external file? Import from File 1

36 Receivers in Array

Instru... E... A.. Resp. Lla.. North East Dowin Units  Di... Add 2
0001 ¥ 3 Acc.. 067  6.209.. 6.482.. -762.. 1.00 0.0

002 ¥ 3 Acc.. 068  6.208.. 6.504.. -751... 1.00 0.0 Edit 3
0002 v 3 Acc.. 080 6.206... 6.500.. -710... 1.00 0.0

o004 3 Acc.. 084 6.208.. 6.522.. -760... 1.00 0.0 Delete 4
0005 ¥ 3 Acc.. 085  6.207... 6.499.. -776.. 1.00 0.0

0006 ¥ 3  Acc.. 086 6.205.. 6.491.. -696... 1.00 0.0 Stack 5
0007 ¥ 3 Acc.. 087 6.208.. 6.542.. -767... 1.00 0.0 T 6
0008 ¥ 3 Acc.. 089  6.208.. 6.547.. -787... 1.00 0.0

009 ¥ 3 Acc.. 099 6.211.. 6.498.. -805.. 1.00 0.0 Check Qrientation 7
0010 v 3 Acc.. 061  6.210... 6.522.. -766... 1.00 0.0

0011 ¥ 3 Acc.. 064 6.208... 6.490.. -766.. 1.00 0.0 Export 8
0012 v 3 Acc.. 001  6.209.. 6.514.. -755.. 1.00 0.0 ; :
0013 ¥ 3 Acc.. 002 6.207.. 6.531.. -768.. 1.00 0.0 . Enable/Disable |9
0014 ¥ 3 Acc.. 003 6.211.. 6.505.. -779... 1.00 0.0

0015 ¥ 3 Acc.. 004 6.209.. 6.497.. -752.. 1.00 0.0

0016 v 3 Acc.. 005 6.209.. 6.531.. -741... 1.00 0.0

nnmz 3 Acc... 006 6207 6470, -810.... 1.00 n.n

Import Time Dependent Coord. Export Time Dependent Coord CLOSE

Figure 5-18: The Edit Default Receiver Array Dialog box.
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1. Import sensor array from a file

2. Add a sensor

3. Edit a sensor

4. Delete a sensor

5. Stack waveforms from selected

6. Unstack waveforms from selected

7. Check orientation of the array (X direction from Y, uphole/downhole, axis order, and orthogonality)
8. Export sensor array to a file

9. Enable/disable sensors within the selected group

5.4.2 Updating Sensor Information
It is important to note that each event has its own receiver properties for each channel. These are independent from
the Default Receiver Array. The receiver settings for any particular event can be viewed from the Event Properties Dialog
box. The channel settings can then be accessed from here.

After importing raw waveform data into InSite's data management system, it may be necessary to update the receiver
array associated with a large number of events in the Project. This also applies to the shot/transmitter properties associated
with active Events. To enable this, the Component List and Event List drop down menus (sections 4.2 and 4.3.5, respectively)
have options that allow the user to update the chosen set of Events or Components from the Default Receiver Array.

5.4.3 Treatment of Multichannel Sensors
A receiver must be set for every channel that has a waveform. Groups of channels are linked together into multi-
channel sensors, termed "Instruments", and this system allows up to four channels to be linked together. When 'Add' is
pressed on the Default Receiver Array Dialog, a new instrument is added to the array, initially with a single channel.
Additional channels may be added through the Instrument Properties Dialog.

This instrument setup does not require the waveforms from an instrument to be acquired on subsequent channel
numbers as every channel is individually set. It also allows processing of not only triaxial or uniaxial sensors, but also biaxial
(perhaps a triaxial with one channel malfunctioning) and quadriaxial (Figure 5-19).
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Channel 1

Instrument 1 —

Channel 2

Channel 3

Channel 4

Instrument 2 ——

bboyo

Channel 5

Channel 6

Channel 19

Figure 5-19: Multi-channel sensors are configured by setting a group of receivers to the same Instrument Number.
Each receiver has a unique axis label as an identifier. Instruments can contain up to four channels from any
channel number in the array.

i

The user can select how the channels are processed and visualised (in the Waveform Visualiser) from the Event
Initialisation Property Sheet in the Processing Properties. There are two modes available:

» Channel - processes the event using no grouping of channels. This is the simplest approach allowing the user to
quickly look at waveforms in the data without having to configure the Instrument structure. This is also the
recommended mode when using an array of purely uniaxial sensors.

» Instrument - processes the event by grouping the channels into instruments. This allows complex configurations
of sensors to be used and allows processing of multi-channel sensors for advanced source parameters.

The Channel and Instrument modes allow InSite to provide roles of varying complexity to the user. If the user is briefly
investigating waveform data from a simple sensor array, in order to gauge the data's quality, then the channel mode is
adequate. If the user has a complex array, or wishes to obtain detailed source information, then the software should be
configured for instrument processing.

5.4.4 The Instrument Properties Dialog box
The Instrument Properties Dialog box (Figure 5-20) allows the user to modify any of the settings associated with an
instrument used for data acquisition. An instrument can contain up to four acquisition channels and the channel numbers,
associated with the instrument being edited, correlate with acquisition channels. The Instrument Properties Dialog box
contains fields, which may be edited, that are common (by definition) to all channels belonging to that instrument.




88

5.4 Setting Sensor Arrays

Instrument number

IUse this channel in
processingfvisualisation

Display the instrument
label in the visualisers

Channel enable/disable
date for the location
wisualiser

Flags to choose what
instrument information
should e included in
location and source
paramster calculations

List of channels
belonging to the
instrument

Lnit vector defining
channel orientation

r

=X

Instrument Properties

Coriigm\

Instrument Number = |Il Label = |S001 /

A text label assigned to
this instrument

¥ Instrument Active Number of channels in Instrument = 3

[V Display Label LI

[Velocity

Mumber of channels in
the instrument

Enable Date. day-month-year= [1 - [1 - [100

Disable Date, day - month - year = |1_ - I1_ . |3000

The type of data
recorded

P Station Corr. [¢] = |0,|J1 / S Station Corr. [$) = IIJ

Station time corrections

W Use Souce Vector Information in Location Algorithm

[V Use Instrument in Source Parameter Calcuations

Location and Orientation g
Location [N, E, D) = (| 23.82 . |3815 . 387323 )

Distance Units | Metres vl Sensor Diameter = |0

_\ Channel | Axis Nomm.i | Morm.j | Mom. k Edit Channel I
0001 % 0.907 0.421 0.0
0oo2 Y 0.421 0.907 0.0 Add Channel :l\,_
0003 2 00 0.0 -1.00
Delete Channel I i
ok | Cancel |

Sensor location KED

Distance units used for
location and sensor
diameter

Buttons to launch
Channel Properties
dialog

Figure 5-20: The Instrument Properties Dialog box.
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The acquisition data type defines what particle motion the receiver responded to. The options are volts,
displacement, velocity or acceleration.

The instrument location must be defined in a North-East-Down (NED) co-ordinate system. (Figure 5-21)

N

= — » E

!

|

| o
uﬁ-/V:KJ'FYJ'FEk

Figure 5-21: Definition of a receiver location and orientation

Flags are available for the user to select what instrument information is used in the location and source parameter
algorithms when processing. The orientation or amplitude scaling of certain instruments may not be known, and in
this case the user may only wish to use arrival time information from an instrument.

Static station corrections may be configured, either to compensate for timing errors on an instrument or for lateral
velocity variations, anisotropy and uncertainties.

Channels belonging to the instrument can be added, edited or deleted using buttons at the bottom of the
Instrument Properties Dialog and highlighting the required channel in the list box. This will launch the Channel
Properties Dialog (Figure 5-22).

5.4.5 The Channel Properties Dialog box

The Channel Properties Dialog box allows the user to modify any of the settings associated with a channel used
for data acquisition (Figure 5-22).

The channel number associates the receiver being edited with an acquisition channel. Channels grouped together
as a multi-channel instrument are differentiated using the axis label (X, Y, Z, A) and axis orientation.
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Instrument that this
channel is part of

[ Channel Properties

==

Use this channel in
processing/visualisation

Channel enable/disable
date for the location
visualiser

Unit vector defining
sensor orientation

—
Sensor cor to waveforms recorded on channel |1|
‘ Canfiguration
Instrument Number = |1 Label = [S001 —_— ]

W Channel Active ~ ® 'I |
Enable Date, day - morth-year= [T - [1 - [100 \
!

Disable Date, day - month-year= [1 - [T . [3000

Location and Orientation

Frequency bandwicth
used in filtering
functions

Axis Orientation fi . k) = ( |1 .o .o )

The dominant {or
average) frequency
response of the sensor

Amplitude-Frequency Response /
Polarisation = [Posiive v Gain = [31.7
Sensitivity = | 327881 £ Full Scale Volts = + | 8389608

Lows Frequency [Hz] = |5 High Frequency (Hz) = | 1000 \

Daminant Frequency (Hz) = (5025

o]

N -

— | Acquisition Channel

that this sensor should
be associated with

— | Atextlabel assigned to

the instrument

—— | The axs onthe

instrument that this
channel is associated
with

— Instrument polarisation

t— | Gain applied to the

channel at acquisition

—— | Instrument sensitivity to

calculate waveform
scaling and full-scale
voltage of the channel

Figure 5-22: The Channel Properties Dialog box.

See Receiver Properties for full description.

5.4.6 Edit Multiple Receiver Properties

The properties of more than one receiver can be simultaneously updated from the Default Receiver Array Dialog.
The user should highlight the instruments to be edited in the default receiver array and press the 'Edit' button. This
launches a Dialog allowing the user to change the properties of the selected instruments. The user can enable/disable
channels, change the amplitude or frequency response parameters, alter the response type, sensor diameter and
distance units. (Figure 5-23)
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Edit Default Receiver Array x

The Default Receiver Array is used to map Receiver information to Channels when importing data.
Would you like to import a Receiver Array from an external file? Import from File

36 Receivers in Array

Instru... E.. A.. Resp. Lla.. HMorth East Down Units  Di... Add
o001 4] = . . 6.482... )
0002 ¥ 3 Acc.. 068 6.208.. 6.504.. -75L.. 1.00 0.0 Edit
0003 ¥ 3 Acc.. 080 6.206.. 6.500.. -71%.. 1.00 0.0
o004 ¥ 3 Acc.. 084 6.208.. 6.522.. -760... 1.00 0.0 Delete
0005 v 3 Acc.. 085 6.207.. 6.499.. -776... 1.00 0.0
0006 « 3 Acc.. 086 6.205.. 6.491.. -696... 100 0.0 e
o007 [ = . 6.208... . ) Unstack
0008 ¥ 3 Acc.. 089 6.208.. 6.547.. -787... 1.00 0.0
0009 ¥ 3 Acc.. 099 6.211.. 6.498.. -805... 1.00 0.0 Check Orientation
0010 v 3 Acc.. 061 6.210.. 6.522.. -766... 1.00 0.0
0011 ¥ 3 Acc.. 064 6.208.. 6.490.. -766.. 1.00 0.0 Export
o012 L4 3
0013 ¥ 3 Acc.. 002 6.207.. 6.531.. -768... 1.00 0.0 Enable/Disable
0014 v 3 Acc.. 003 6.211.. 6.505.. -77%.. 1.00 0.0
0015 v 3 Acc.. 004 6.209.. 6.497.. -752.. 1.00 0.0
0016 ¥ 3 Acc.. 005 6.200.. 6.531.. -74l.. 1.00 0.0
nmz W 3 Acc...  (0& 6.207... A470...  -Bi0.... 1.00 n.n
Import Time Dependent Coord. Export Time Dependent Coord. CLOSE
- -
Edit Multiple Instruments & Sensors ﬁ
X Axis Active Velodty - |
¥ Axis Active Distance Units = | Metres -]
Z Axis Active Sensor Diameter = 0,00000
& Axis Active
Array Mame:
Amplitude-Frequency Response
Paolarisation Gain = 1.0000
sensitivity  1.0000 Full Scale Volts = +  10.000
Low Frequency (Hz) = High Frequency (Hz) =
Cominant Frequency (Hz)
[ QK ] | Cancel |

Figure 5-23: Editing properties of multiple instruments.
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5.4.7 The Shot/Transmitter Properties Dialog box

The Shot/Transmitter Properties Dialog box (Figure 5-24) allows the user to modify any of the settings associated
with a shot/transmitters used for data acquisition. A shot/transmitter is set for each event in a component. The event
number associates the given properties to a particular event in the component.

The shot/transmitter location and orientation are defined in the same manner as a receiver (The Instrument
Properties Dialog box).

Event number that this

‘ shot/transmitter is
Shot/Transmitter Properties 5]

[ A text label associated with.
Shok{Transmitter corresponds ko waveforms recorded on Event | !
[v Display Label Dateftime settings for
Stark time: |1 1232007 | hz:oo:o0am - = the location visualizer.
End time: 1/ 1j3000 + 12:00:00 AM = L
- - - I = I = Location ina NED
Distance units used in =

o . coordinate system.
location informations

7

A BEECHS EZE ) Transmitter diameter

Distance Units = |Metres Transmitter Diameter I 0 (If a ppl Ica ble) used In
ray—path corrections

Aixis Orientation (i, 3, k) = ( [ 1 , o , |0 )

Transmitter

o | concel orientation in a NED

coordinate system.

Figure 5-24: The Shot/Transmitter Properties Dialog box.

9.2.2 Import from SEED and dataless SEED File

Importing sensor array information from CSV, SEN, Seg2, SEED or Dataless SEED format is done by the "Import
from file" button. If using SEED or Dataless SEED you will see the following option to select which reference
ellipsoid is used for the conversion from latitude/longitude to coordinate in north and east, respectively. You will
also be asked whether you wish to perform deconvolution automatically on reading. This removes the instrument
response from the waveforms. You can turn off the automatic deconvolution in the Channel Processing tab.

Select the Reference Ellipsoid ot

WE5-34 ~

InSite - Seismic Processor

0 Do you wish to perform deconvolution autematically on reading?

Yes Mo

Figure 5-25: Options when importing sensor information from SEED or Dataless SEED.
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Once a SEED file is imported you can view or delete the headers information from the PCF using the new
options available in the Edit Default Receiver Array Dialog box. These two buttons are invisible if users are
importing stations from file format other than SEED or dataless SEED or becomes invisible after deleting SEED
headers.

Edit Default Receiver Array X

The Default Receiver Array is used to map Receiver information to Channels when importing data.

Would you like to import a Receiver Array from an external file?

5 Receivers in Array
Instrument E... A Resp. Label North East Down Units  Diam. Add
0001 v 3 Volts TO... 6.2037... 6.6426... 751.000 1.00 0.0 "
0002 v 3 Volts TO... 6.2008... 6.6892... 724.000 1.00 0.0 i
0003 ¥ 3 Volts TO.. 6.2037.. 6.642... 751000 100 0.0 Delete
0004 v 3 Volts TO... 6.1989... 6.6769... 791.000 1.00 0.0
0005 v 3 Volts TO... 6.2021... 6.6887... 742.000 1.00 0.0 Stack
Unstack
Check Orientation
Export
View SEED Headers
Delete SEED Headers

CLOSE

Figure 5-26: Updated view of the Edit Default Receiver Array Dialog box when SEED files have been imported

9.2.3 Import from XML station File

Sensors can be configured directly importing an XML station file provided by the seismic network
management system. For a description of the station XML file format please Vvisit
https://docs.fdsn.org/projects/stationxml/en/latest/index.html . When importing the file you will see the
following option to select which reference ellipsoid is used for the conversion from latitude/longitude to
coordinate in north and east, respectively.



https://docs.fdsn.org/projects/stationxml/en/latest/index.html
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The Default Receiver Array is used to map Receiver information to Channels when importing data.
Would you like to import a Receiver Array from an external file? Import from File

0 Receivers in Array

Instru... E... A.. Add

Select the Reference Ellipsoid

Edit

Delete

Stack

WG5-84 ~

Airy Unstack
Australian Mational
Bessel 1841 _ Check Orientation
Bessel 1841 (Nambia)
Clarke 1866

Clarke 1880

Everest

Fischer 1960 (Mercury) Enable/Disable
Fischer 1968
GRS 1967
GRS 1980
Helmert 1906
Hough
International
Krassovsky CLOSE
Modified Airy
Modified Everest
Modified Fischer 1960
South American 1969
WGS 60

WGS 66

WG5-72

Figure 5-27: Options when importing sensor information from SEED or Dataless SEED.

Export

5.5 The Data Management Dialog

This Dialog box (Figure 5-28) allows the user to import data into InSite. A number of data formats (Table 3.1)
are currently recognised.

Below is a set of recommended steps that the user should take to perform an import process. During the import
process the data are automatically added as new Components. Each Component Name is produced from the data file
name using one of the following methods:

1. Files with an InSite naming structure give the Component Name as part of the file name immediately
preceding the first _(underscore) character, e.g. component_0001.esf.

2. The Component Name is taken directly from the base name of the file character string preceding the '.'
character, e.g. component.rdb.

3. The Component Name is taken from the directory name in which the files reside, e.g.
\component\rcbuff01.dat.

InSite is designed so that the user can have a structured data storage system on their hard drive. Any
waveform or event parameter files to be imported into InSite, other than the ESFs that are being directly
accessed by the Project, are termed as "Raw" data. After the import process, InSite will have produced an
ESF for every Event imported that contains waveform data. The raw data is then no longer needed for routine
use of the software and should be stored in a safe place. For Events that have no waveform data, perhaps
because they've already been processedelsewhere,thedataisstoreddirectlyinthe PCF(seePrincipal DataFile
Formatsforfurtherexplanation of the InSite data files ESF and PCF).
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Figure 5-28: The InSite Data Management Dialog

In order to import and manage data the user must tell InSite where the data resides on the user's PC by choosing

two data directories:

¢ Import Directory

* ESF Storage Directory

The Import Directory is the location of the raw data. The data can be contained either immediately in this directory
or in a sub-directory. This allows the user to structure how the data is stored. For instance, all data from one day may

be stored in their own directory.

...\MyData\day1\dayl 0001.esf...\MyData\day2\day2_0001.esf...\MyData\day3\day3-.

_0001.esf

By selecting MyData as the Import Directory, InSite will then allow the user to import all data from within all sub-
directories, so making it easy for the user to import large amounts of data very easily.
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Table 5.4: Data types currently recognised by InSite. Component name is obtained from one of the above

Data Type

methods.

Description

Format
Reference

Compon

ent
Name

Channel/receiv
er properties
set

ESF

InSite's Event Storage Files are
accessed directly by InSite.

Event Storage
Files

from data file
All

ESF External
Import

InSite's Event
Storage Files are copied and
imported into InSite

Event Storage
Files

All

RCBUFF

Queens University and ESG
Canada Inc. Hyperion system
format.

N/A

None

ATF

InSite's ASCIl Trace Files allow
import and export of wave- forms
for external

use

Appendices
section 2.8

p, s, g Vmax

GIGA

As RCBUFF but for the Ultrasonic
Giga- recorder system.

N/A

None

STWIF

Client waveform
data file

N/A

None

WEFT

Waveform
recorded by Nicolet
Oscilloscopes.

storage files
Digital

Appendices
section 2.9

Vmax

SEGY

File developed by the Society of
Exploration
storing geophysical data. It is an
open standard and is controlled by
the non-profit SEG Technical
Standards Committee. More
information on the import of
SEGY files can be found on the
[Frequently Asked Questions]
page.

Geophysicists  for

N/A

p, s, 8 Vmax

SEG-2

File format developed by the
Society of Exploration
Geophysicists for storing
geophysical data. It is an open
standard and is controlled by the
non-profit SEG Technical
Standards Committee.

N/A

p, s, 8 Vmax

SEG-D

File developed by the Society of
Exploration  Geophysicists  for
storing geophysical data. It is an
open standard and is controlled by
the non-profit SEG Technical

N/A

p, s, 8 Vmax
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Standards Committee.
Media Independent Recording N/A p, s, g8 Vmax
file recorded by the Avalon
MIRF monitoring system.
Guralp’s Com- N/A N/A
pressed Format recorded by
GCF Guralp’s sensors.
Standard format N/A N/A
Seisan
Event parameter data file from | Appendices N/A
Queens University and ESG | section 2.3
RDB
Canada Inc.
Event parameter data file stored | Appendices N/A
by HYPO71 event location | section 2.5
PUN program
Client event parameter file. N/A N/A
SDR
Event parameter data file from | Appendices N/A
Queens University and ESG | section 2.4
SRC
Canada
Inc.
InSite's Very Versa- tile File | Appendices N/A
format. Allows open source | section 2.7
VVF import and export of data to
othersoftware.
Contains event parameters in atab | Appendices N/A
delimited file allowing the data to | section 2.13
EPF be easily read into mathematical
processing software such as MS
Excel.
Contains event parameters in a Appendices N/A
comma delimited file allowing section 2.19
CsvVv the data to be easily read into
mathematical processing
software such as MS Excel.
Contains event data in a N/A N/A
binary SAC file.
SAC Binary
Contains event data in N/A All
MiniSEED format. Each
MiniSEED channel's waveform data is
stored in a single MiniSEED
file.
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Contains event data in a PFC Appendices 2 All
file created using Itasca's PFC 2.23

PFC
software.
Continuous or triggered 2 None
waveform data acquired using

BDF

Elsys’ data acquisition systems

The ESF Storage Directory is where InSite stores the ESFs during the import process and where it will access
ESFs when needed. InSite can be configured so that it automatically stores data from different Components in
separate sub-directories. This is recommended when importing large numbers of Events with waveforms so that
the number of files stored in a single directory does not become too large (large numbers of files reduces the
efficiency in accessing the files).

As InSite only reads the raw data, the Import Directory can be on a read-only device such as a CD-ROM.
However, the ESF Storage Directory must be on the local hard drive of the user's PC. During the import process
InSite automatically converts all raw waveform data into ESF format ready for processing. For some data types
the user has the option to switch this off. Instead, a list of available Events is created in InSite from the raw data
and the ESF is only produced when the user first accesses each Event for processing. This is ideal for situations
where the user just wishes to browse the data, for example, as a quality control check or for particular data. The
drawback is that the raw data must remain available for reading after the import process has been completed.

The Data Types"ESF" and "ESF External Import" use the same format of files, howeverthe latterimportsthe
data from the Import Directory and stores new ESFs in the ESF Storage Directory. This is useful if the user has
existing ESFs that shouldn't be changed by further processing or has ESFs on a CD awaiting data processing.
The Data Type "ESF" reads in ESFs from the ESF Storage Directory and accesses these directly when
necessary. This is useful if the user has ESFs for processing that have been previously processed by InSite.

5.5.1 Data Import steps

1. Choose what type of data (Table 5.4) is to be imported and select this in the Data Type Drop-down Box.
Complete the Data Properties Dialog if applicable for the data type used to make additional settings.
(Figure 5-28)

2. Select the location of the data. The data can either be on a local drive (e.g. a hard drive, CD-ROM or
other device attached to the PC), or on aremote PCon a Windows Local Area Network. Select the Import
Directory by clicking on the Browse Button.

3. Choose where InSite should store any created ESFs. Select the ESF Storage Directory by clicking on
the Browse Button. If the ESFs for each imported Component should be stored together in separate
sub- directories, then select the flag.

4. Navigate the data tree shown in the Available Data Pane to find the data for import. Data directories and files
that can be selected will be shown in the Data Selection Pane (all data shown is automatically selected).

5. Select different parts of the data if necessary (either directories - if all of the data in that directory is to be
imported - or individual files). The Shift and Ctrl keys are available to aid in selecting different parts of the
data set (similar to Windows Explorer).

6. Click on the Import Data Button. The data will be automatically imported and displayed as Components in
the Project Component Pane.

Note: For SEGY and BSF data, if the import fails due to missing receivers, the required receivers are displayed
in the error message.
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Table 5.5: Description of controls on the InSite Data Management Dialog.

Dialog Item Description

A Data Type Drop-down box

B Import Directory - directory where files that are to be imported are stored, or the directory
immediately above this in the directory structure.

C Automatic Waveform Conversion Flag - unselect this to stop InSite from automatically
converting waveform data to ESF format (only available for some data types).

D ESF Storage Directory -directory where InSite isto store ESFs created inthe import
process.

E ESF sub-directory flag - select this to store ESFs in a sub-directory of the ESF Storage
Directory

F Available Data Pane - a navigable tree of valid data directories and data files in the Import

Directory (ESF Storage Directory if "ESF" data type is selected). A valid data directory is a
sub-directory that contains valid data files.

G Data Selection Pane - a list of valid data directories or data files that can be imported.

H Data Properties - certain data types have variables that can be adjusted which are
located here.

| Component Properties - the properties of the selected component in the Project
Components Pane. This allows the directory, where ESF files for that component are
stored, to be directly changed

J Available disk spaceindicator for the ESF Storage Directory - InSite will stop importing
data and produce an error if the Disk Space Critical Level is reached.

K Project Components Pane - a data tree of Components existing in the project, updated
after every import process.




100 5.7 Receiver Properties

o DrPropects O ProtolDAISAS velsidat 2199090918

RCBUFF - Data Propesties Cloar Diectones
Folders X Mame — J -
= L) data a Searact sar Import Directory
9 17 2 FILEL MRx r -
S 5 JACELPPOS.OAY D \Projects\DK\Proto\DA 545\ velr\data\ 35052305\ Brows
) 99090919 * | RCBUFFOL.INX
2 99090920 B caurrol paM

ESF Stotage Deectory

) 99090921 3
D:A\ESFTemp\ Brows
Avaiable dats n lmport Drectory. Avaldable data 10 select for mport
- & [ Dats b-drectones andfies |
B RCBUFFO1 DAT [ RCBUFFO1 DAT
RCBUFF hd Data Propestes Clear Drectones
Import Deectory
[0 \Propects\DId\Proto\DATSA5 \vels\data\ Beosen

ESF Storage Drectory

[0 \ESFTemo\ B
Avalable data in lmport Drectoey. Avaslable data to select o mport
o= | ~ [Data nbdesctones snd files_ A

¢ 0O 93092909 [F w032909

v O 900908 3 99092908

o 0 9092%7 persean

-6 33032306 o 93032906

: g —— o 29032305

O 9052303 gmw

o 0O 93092302 T 93032903

¢ 3 93092901 O 93032302

+ 3 93052900 7 93032301

¢ O 083 7 93032300

v 0 90982 5 s90%2823

+ O S30%8 O 93032822

£ 93092820 o 98032821

s 0 9008 o swmn " v

v

J
8
3
b

Figure 5-29: RCBUFF data files are being imported in this example. The RCBUFF files are stored in 439
different directories. Top-left shows some of these directories in Windows Explorer. Top-right shows InSite's
Data Management Dialog when one of these directories is selected as the Import Directory - the user can
select the RCBUFF file and import the data. The bottom-right shows the case when the directory above is
selected. InSite searches for all sub-directories containing valid data and displays them so that the user can
then select as many directories as required and import the data.

5.5.2 Additional Import Settings

For several data types the user has options for additional settings.

a. If the type of data is SEGY or SEG2 then a Dialog will be launched that allows the user to configure
the waveform scaling to be used (Figure 5-30). If the user selects to 'Apply Receiver Scaling on Import'
the sensitivity and gain values from the default receiver array are used to update the imported
waveform amplitudes. The default behaviour if the 'Apply Weighting Factor on Import' box is checked
is to apply the weighting factor from trace header field at byte 169 following the SEGY revision 1
standard. The 'Waveform Data range' can be set as 'Pre-scaled Amplitude', where the imported data
are assumed to be in volts, or a bit sample range, where the imported data are converted to volts
using the counts range specified by the bit sampling chosen by the user and the maximum volts range
from the default receiver array. Checking the option for SEGY from Sercel reads the trace number and
sub-second start time fields from the SEGY headers following the Sercel convention instead of SEGY
revision 1standard. The millisecond is from byte 169-170 and the microsecond is from byte 171-172. In
addition, the descaling factor from byte 207-210 and the descaling power from byte 211-212 are used

to compute the descaling factor, i.e., descaling factor 10/\(-descaling power). Checking to 'Apply
Weighting Factor on Import' when the Sercel type is selected reads and applies the descaling factor
from the Sercel file SEGY header, otherwise applies the descaling factor from byte 169. Note in situations
when user can only import their SEGY not acquired by Sercel tools using Sercel format is likely due to the
missing of trace number. InSite reads trace number from trace header at byte 3,4,5,6 for regular SEGY and
from byte 7,8,9,10 for Sercel Segy format.
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b. Ifthe type of data is GCF then a Dialog will be launched that allows the user to configure the file and folder
structure in which the data is stored (Figure 5-31). The option to use this Dialog information must
be checked ('Use format string for GCF import') and the corresponding SENTABLE.txt file set to option 5.
The correct radio button for whether a file is written per instrument (multi-channel) or per channel should
be selected. The format string should be given following the rules given in Guralp's SCREAM! manual. The
format specifier can contain the following characters:

* YYYY or YY denoting the year

JJJ or RRR denoting the Julian day

* MM or MMM denoting the month in numeric or alphabetic format

+ DD denoting the day

* HH denoting the hour

* NN denoting minutes

» SS denoting seconds

+ | denoting the instrument (this should relate to the sentable.txt instruments)
* T,E and A for stream ID, serial number etc. These are not used by InSite

¢+ Ctoindicate the component (e.g. Z, N or E)

c. If the data of data is MiniSEED then a dialog will be launched that allows the user to configure the file
structure in which the data is stored. (Figure 5-33). The format string should be given following the rules
below:

* YYYY denoting the year

+ JJJ denoting the Julian day

* DDD denoting the Julian day

* MM denoting the month (if Julian day not specified) or minute
+ DD denoting the day of the month

* HH denoting the hour in 24-hour format

* NN denoting the minute

» SSdenotingthe second

+ ? followed by a number of S characters denoting station code (e.g. ?SSSS would correspond to a
station code 4 characters in length)

» Ldenoting the record number

. C denoting the channel number (may be omitted as the header inside the file contains this
information). The length of each field should match the length of the field in the folder or file names,
apart from

d. To import BDF data from rock or material deformation and fracturing tests acquired using Elsys
systems containing ultrasonic surveys, the variables shown in the ‘BDF Settings’ dialog (Figure 5-34).
The values entered in the dialog must match those used during the acquisition (using the AE-amp
application).

e. If the type of data is CSV then a Dialog will be launched that allows the user to select to import all
events to a single component, regardless of their component in the CSV file (Figure 5-32). The user

should select this option and give a new component name. For this option the CSV file should have
the same format as InSite exported CSV file (see Appendices section 2.19).

f. Toimport a catalogue from a third party, it is recommended to store the parameters ini CSV format
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and use the second option “Select CSV file before import”. As shown in Figure 5-35, users are
required to match the external field with InSite parameters. Note that when source mechanism is
provided, InSite keeps its own way of calculating source parameters to avoid “self-conflicting”
information. There are 3 ways of importing source mechanism, i.e., by moment tensor (m11, m12,
m13, m22, m23, m33), by angles (strike, dip, rake, tensile opening), or by fault planes (normal and slip
vectors). Importing momenttensoronlyis preferred. Forthe other 2 methods, InSite will convertit back
to moment tensor and store the source mechanism in the form of moment tensor in the PCF file. Note
that for double couple sources, the correspondence between moment tensor to angles and fault
planes is not unique due to the ambiguity between the fault plane and the auxiliary plane.

g. The external source mechanisms can be visualised in 3D scene in terms of DFN Plane/Disk or Beach
balls (see Scene Properties).

File Import Properties x| File Import Properties X|
 Data Import Scaling Data Import Scaling

™ &pply Receiver Scaling on Import ™ Apply Receiver Scaling on Import

v apply Weighting Factor on Import ¥ apply Weighting Factor on Import

[~ Use SEGY Format From Serce! [” Use SEGY Format from Sercel

Waveform Data range = IPre-scaIed Amplitude E]

Waveform Data range = |Pre-scaled Amplitude :I
Pre-scaled Amplitude

3-bit samples 3-bit samples

12-bit samples 12-bit samples
14-bit samples 14-bit samples
16-hit samples 16-bit samples
24-bit samples 24-bit samples

Figure 5-30: SEG2 and SEGY import Dialogs. Apply Receiver Scaling is to apply the gain and sensitivity to the

raw amplitude. Apply Weighting Factor is to apply the weighting factor in SEG/SEG2 file header to the raw

amplitude. Sercel SEGY file header stores additional gain and sensitivity information, thus Use SEGY Format
from Sercel is to correct the amplitude from Sercel instruments.

r

| Data Settings - GCF X
[ Juse format string for GCF import (SENTABLE format 5)

Q) File per instrument () File per channel

Format string for folder structure and file naming

Figure 5-31: GCF import Dialog.

B

| SV Settings X

[ JImport all events to a single component

| [] select CSV fields before import

Cancel

Figure 5-32: CSV import Dialog. Users are allowed to assign certain columns from a CSV file to InSite internal
parameters. Select CSV fields before import is recommended for InSite incompatible CSV file format.
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Data Settings - MiniSEED x

Filename MDDHHMMSS

Figure 5-33: MiniSEED import dialog. The filename format string is to skip certain characters in the filename
before and/or after the characters for year (YYYY), month (MM), day(DD), hour(HH), minute(NN), and
second(SS). For example, to extract the date and time from file named
“XYZ_ 103214 _20171001_025802.msd”, the string could be as simple as “sss_ssssss_YYYYMMDD_HHNNSS”.
Characters like “?”, “L”, “C” are not required but can be used to make the string format more informative.

BDF Settings X

The values entered must match what was specified in AE-Amp.

No. Pulses:
Pulse Interval (ms): 0
Chn. Delay (ms): o

Figure 5-34: Additional settings for the imporf of BDF files containing ultrasonic surveys. The values of the
variables must match those used during the acquisition using Elsys systems.
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Figure 5-35: To import a catalogue to InSite. The external field can be matched with InSite parameter by the
dropdown menu. Note that when source mechanism is provided, InSite keeps its own way of calculating
source parameters to avoid “self-conflicting” information. Among 3 ways of importing source mechanism,
i.e., moment tensor (m11, m12, m13, m22, m23, m33), angles (strike, dip, rake, tensile opening), and fault
planes (normal and slip vectors), importing moment tensor only is preferred. For the other 2 methods, InSite
will convert back to moment tensor and store the source mechanism in the form of moment tensor in the
PCF file.
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5.6 Event Properties

The Event Properties Dialog box (Figure 5-36) allows the user to change the properties associated with a
particular Event. From here, the channels contained within an Event can be viewed and the properties for a
particular Channel can be accessed via the Channel Properties Dialog box. The Channels Pane shows information
associated with each channel such as the sampling used and receiver properties.

Event Properties ==
S o Change the
Change the Event=4 Component = 20090429 Label = |2009042‘3_0?3500E gef Event's Label.
event’s date, N Dete end Time
ime and loca Date. day-month-year= |23 - - e Time, hour : Fin : Secs =
i dl | \ va [4 [ev0s B 8 53.97539
time information Local Time Offset hour: min:sec)= |5 0 0
Location Information
Event located of (109343, 662403, 4338.01) with Units of 1.00 #
—— | Edit the information
associated with the
Shot/Transmitter for
List DT Cha_nnel_s There are 19 Wevefarms/Channels in the Event this Event.
contained in this
Event Chann... | E| Sempl... | Tima Uni.. [ Instrument [A. [Mesh  [Eest  [Down [Distu. | -
ven 0002 000200 1.00 0001 Y oo2mz 3587 2087 1.00 =

0004 000200 1.00 o002 K124 2264 2266 1.00 |

0005 ¥ 000200 1.00 0002 Y1274 2264 2206 1.00 .

000 000200 1.00 0002 2 1274 2264 2286 100

0007 000200 100 0003 ¥ 2278 -3598 2992 1.00

0008 + 000200 1.00 0003 Y2278 <3598 2992 1.00

000 ¥ 000200 100 0004 K 3147 -B6B1 2867  1.00 . .

0012 ¥ 000200 100 o004 Z 47 BEE1 2867 100 —— | Edit the properties of

0013 ¥ 000200 1.00 0005 X 5348 734 2687 1.00

0014 000200 1.00 0005 Y SM8 731 2667 1.00 - a chosen Channel

OK I Cancel

Figure 5-36: The Event Properties Dialog box.

5.7  Channel Properties

The Channel Properties Dialog box (Figure 5-37) allows the user to change the properties associated with a
particular Channel.

Properties that can be changed include the following:

¢ Waveform Sampling Time and Time Units.

» The Pre-signal Points. This is the length (in data points) of the Pre-signal Window - the window of
waveform data for Signal-to-noise calculations and DC offset corrections. If no P-pick has been
performed, then the Pre-signal Window is a window of data stretching from the start of the waveform. If
there is a P-pick the Pre- signal Window is a window of data stretching backwards (in time) from this point.
Thevalue should therefore be produced from an estimate of when the signal should arrive on the waveform
- if a pre-trigger length has been used during data acquisition then the Pre-signal Points should be less than
this. The Pre-signal Points need to also be large enough to sufficiently sample the background noise. If the
Pre-signal Points are greater than the number of data points in the waveform before the P-pick then the
entire waveform up to the P-pick is used. As an example, the recommended Pre-signal Points for a

waveform of length 4096 is 200. (Figure 5-38)
» The receiver settings for this channel, as displayed in the Receiver Properties Dialog Box. Note that these
receiver settings are only for this channel in the event. Any changes made do not affect the Default Receiver

Array as these are completely independent settings.

» Parameters used in active surveys. These are explained in Event Initialisation.
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Waveform
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NB: Changes made here may not effect processed results. Make sure that
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Figure 5-37: The Channel Properties Dialog box.
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Figure 5-38: Definition of the Pre-signal Window. Pre-signal points define the length of window (in data
points) from either the start of the waveform (if no P-wave pick) or imnmediately preceding the P-wave pick.
The Pre-signal window is used in Signal-to-Noise calculations and in correcting for a DC offset.
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5.8 Receiver Properties

The Receiver Properties Dialog box allows the user to change the properties associated with the channel sensor (Figure
5-39).

The channel number associates the receiver being edited with the acquisition channel. Channels can be grouped
together as a multi-channel instrument using the instrument number and axis (X, Y, Z, A). The acquisition data type
defines what particle motionthereceiver respondedto. The optionsarevolts, displacement, velocity oracceleration.

The waveform amplitude W is given by the equation where V; is the waveform voltage (raw-data amplitude) at
data point i, p is the receiver polarisation (+1.0 or -1.0), s is the receiver sensitivity and g is the receiver gain.
The receiver gain is a ratio depending on the amplification applied to the acquired data (e.g. 40dB is x100).

Receiver Properties ghl-— Acquisition Channel that

Instrument that this this sensor should be
channel is part of Sensor cOnesponds to wavefoms recorded on channel |1 associated with

Configuration

Use this channelin —_ Instrurnent Number = |1 Label = {SO01
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on the instrument that
_ _/ Disable Date, day - month - pear = ’17 - F - |3UUU this channel is
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date for the location Static station correction [seconds) = |0 \

wisualiser — | Station time correction

Location and Orientation
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calculate waveform
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average) frequency woltage of the channel

response of the sensor 0K I Cancel ‘

Figure 5-39: The Receiver Properties Dialog box.

The receiver sensitivity depends on the sensor specification and the resulting amplitude type. For instance, a
sensitivity = 5.0 volts/ m-s—2 will then result in the correct acceleration being used. The sensitivity can have the

following units depending on what units the waveform amplitudes should be in: volts/m-s—2 (acceleration),

volts/m-s—1 (velocity), volts/m (displacement), volts/volts (a simple scaling ratio if the raw data is already in one of
the previous types or if the data is just a voltage).

The "Full-scale Voltage" ( Vmax) is the voltage range that the acquisition system acquired the signal at. This can be an
amplitude range if the imported raw data is not scaled to volts and the appropriate receiver sensitivity is used. Analogue-
to-digital conversion electronics operate by sampling an analogue signal between Vmax volts. For example, a system may
use 16-bit sampling between £10V. The resulting data will then be in the form of a 16bit (2 byte) integer scaled between 0
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(-10V) and 65535 (+10V). When the raw waveform data is imported as integers (depends upon the data type used) it is
automatically scaled to fit across the voltage range. If the full-scale voltage is subsequently changed in the receiver
properties, the waveform is re-scaled to the new settings (e.g. a reduction of full-scale voltage by half will reduce the
waveform amplitude by half). If a receiver is not set when the data is imported the waveform is automatically scaled to the
default setting of Vimax = £1.0 . When a receiver is then set with the appropriate full-scale voltage the waveform will be re-
scaled.

The Clipping Amplitude is the maximum waveform amplitude recordable by the acquisition electronics. Clipping
Amplitudes are important in certain waveform processing algorithms, e.g. the automatic source parameter algorithm
removes clipped data from the calculations. The Clipping Amplitude, is given by:

Vmax

S*g

Winax =

The user must ensure that the appropriate values of Vimax, p, S and g are used for each receiver so that the waveform
amplitude used in processing functions is correct. These amplitudes should be checked in the Waveform Visualiser before
doing extensive processing.

For certain raw data formats, the scaling parameters are explicitly set in the data file. In these cases, the scaling
parameters are not copied from the Default Receiver Array but instead are set from the file information.

The receiver location must be defined in a North-East-Down (NED) (Figure 5-21). The three-dimensional receiver
orientation vector, v is defined pointing along the longitudinal axis of the sensor. Using unit vectors, a transducer
orientated due north would be given direction cosines (i, j, k)=(1,0,0), and similarly for a transducer orientated directly

upwards (0,0,-1). A transducer orientated Northwest with a 60° plunge would have the vector (0.354, -0.354, 0.866).

5.9  Configuration of Processing Properties

The Processing Properties are contained on a Property Sheet obtained from within the Project sub-menu, or using a
button on the Waveform Visualiser button bar (Frame Menus). This contains a number of Property Pages providing
configuration parameters for each of the processing functions available in InSite. In a new Project the parameters are
initially set to default values. Many of the processing functions rely on the configuration parameters being correctly set
before attempting processing. The user should therefore ensure this is the case. The software is designed to make it easy
for the user to try a set of configuration parameters on the data, adjust these and re- process. In this way the user can
investigate how accurately the data is being processed, and the effect of varying their configuration parameters on the
results.

5.9.1 Event Initialisation

The Event Initialisation Property Sheet contains some basic parameters used to configure an event's waveform data
during display in the Waveform Visualiser, or for use in processing algorithms. (Figure 5-40)
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InSite Processing Properties X
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Project Files Directory
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Figure 5-40: The Event Initialisation Property Sheet.

The user can select whether to process the waveforms by either of the following methods:

— Channel - each channel is processed individually

— Instrument - channels are grouped together as instruments (Treatment of Multi-channel Sensors)
Sort By Label - sort instruments/channels lexicographically by their label, otherwise they are sorted by number.
The Channel-view Width-to-Height Ratio changes the aspect ratio of each view box in the Waveform Visualiser.
Waveform Columns sets the number of columns of view boxes in the Waveform Visualiser.

Waveform Response Type allows the user to select which ground motion is to be used when processing the
waveforms. The options are as follows:

— Set from sensor - the response type defined on the Receiver Property Sheet.

— Acceleration, Velocity or Displacement - the waveforms are all processed with a consistent ground motion.
This is achieved by integrating or differentiating the waveforms to the appropriate ground motion,
depending on a channel's pre-defined receiver response (The Instrument Properties Dialog box). This is useful
if receivers of differing response are used in the array (e.g. a mixture of accelerometers and geophones). In
order to overcome frequency artefacts induced during the integration or differentiation the waveforms
should be automatically bandpass filtered (Channel Processing) during the operation. Before performing
automatic processing, the user should check the quality of the waveform data provided by these functions
using the Waveform Visualiser.

Use Imperial Distance Units sets the distance units to feet rather than metres. When clicked, a prompt will ask if
values should be converted in the following dialogs: autopicking, optimised picking, locater, and relative
location. Note that only the unit is switched, and the numbers are not changed. The source parameters are
always in Sl unit regardless of the Imperial Distance Units setting.
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+ Display Non-Seismic data allows non-seismic data to be viewed in the Waveform Visualiser.

¢+ Local Time Offset allows the user to define the offset of local time from the waveform time stamp (read from the
waveform file header). This can be positive or negative and should be entered using the following edit boxes as
integer hours, integer minutes and seconds including decimal.

+ Default Channel Settings allow the user to change some properties that are automatically applied to each channel
as they are imported into the software.

— Sampling Time and Time Units are applied to pick results to calculate arrival times.

— Pre-signal Points is used in calculating the signal to noise ratio and a correction for a DC-offset
(Channel Properties).

— Spline Sampling is a sampling time used to interpolate between data points on the waveform. This is used
in the cross-correlation algorithms.

— Waveform TO Point is used for Active Events to set the time of initiation of energy from the source.

— P-time and S-time Corrections are used to correct processed arrival times (see Technical Appendices
section 6.6).
— Noise window - define how the automatic noise window is created

* “Pre-signal” — noise window is from start of the waveform to the size of the pre-signal value

* "Pick - pre-signal" - noise window is from the pick and extends back to the size of the pre-signal value

* "Half pick" - noise window is centred around half the pick index value and size is determined by the
P or S wave FFT front/back window lengths

+ By setting the flag "Automatically update Channel Settings when reading an ESF" the user can apply the
Default Channel Settings to all channels in an event when they are read from an ESF for visualisation or
processing. Thisis useful when alarge number of channels are to be changed using all the same properties.
To change individual channels the user should edit the The Channel Properties Dialog box.

» The Project File Directory is an optional default directory the user can set for input or output of text files.
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5.9.2 Auto-picking

The Auto-picking Property Sheet contains input parameters used in the waveform auto-picking functions to
automatically obtain P and S-wave phase arrivals. (Figure 5-41).

InSite Processing Properties X
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R c
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Picking Threshold = E‘ Min. Peak-to-Peak Amp = | 0
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Figure 5-41:The Auto-picking Property Sheet.

Three different methods can be used to obtain auto-picks. These are RMS Amplitude, Envelope Method and AIC
Method. An additional option, External File, allows the user to load a file that contains different RMS Amplitude picking
parameters for each instrument.

Several flags on the auto-picking sheet provide extra controls on the way in which phases are picked:

* Pick P-wave from S-wave: Allows the user to select a time window, in advance of the S-wave pick, in which to pick
the P-wave. If no S-wave pick exists, the window limits are not applied.

— Max. time back from S: time, in working time units, prior to the S-wave at which to start searching for the
P-wave.

— Min. time back from S: time, in working time units, prior to the S-wave at which to stop searching for the P-
wave.

* Autopick S-waves before P-waves: The S-waves are picked, using the auto-picking settings, first. If permitted P-
waves are then picked, ensuring that the P-wave can only occur prior to the S-wave. (By default, the P-wave is
picked first, after which the S-wave is picked ensuring that the S-wave pick occurs later than the P-wave.)

* Reverse S-wave picking: When using the 'Use first peak in the auto-pick function’, the auto-pick function is searched
from the back (latest time) of the trace. (By default, the auto-pick function is searched forward from the earliest
to latest times).

¢+ Allow S-wave pick in whole trace: If unchecked and no P pick exists, the S-wave pick is permitted to occur in
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the second half of the trace only (this was always the case in previous versions of InSite). If checked and no P-
pick exists, the S-wave is permitted to occur at any time in the trace. If a P-pick exists, the S-wave is permitted
to occur at any time after the P-pick.

5.9.2.1 RMS Amplitude Method
The RMS auto-picking algorithms operate by first calculating an auto-picking function using a moving window approach.
At each waveform data point, i, two windows are generated: a front window and a back window. The value of the auto-
picking function, Fi, is calculated by this equation where Aj is the amplitude, NF is the length of the Front-window in
data points, NB is the length of the Back-window in data points and n=2.

i+NF
Z l‘;lgl.
2 _ d=it
Fy = i—NB
j=i—1

The auto-picking function represents a difference in energy contained in the front window compared to the back
window. It can be viewed for a particular channel in the Waveform Visualiser [section] 5.6). Peaks occur in the function
where waveform signals suddenly increase in amplitude relative to data behind it. These peaks can then be used to estimate
the arrival time of the different phases. The P-wave arrival can often be picked with high certainty as it emerges from just
a background noise level. S-wave arrivals often emerge out of the P-wave coda (higher amplitude than the background
noise) and so tend to have more uncertainty in their picking.

The following options are also available on the Auto-picking Property Sheet in order to tune the algorithm to the data.

» Use Analytic Envelope in RMS runs the auto-picking function on the analytic envelope of the data rather than the
raw waveform amplitudes.

¢+ Use Optimised Picking can be checked if the user wishes to use optimised picking algorithms (see the Frac Manager
Manual).

» The user can carry out auto-picking by either of the following methods:

— RMS Amplitude - picking function using the RMS.
— Envelope Method - similar method used as for the RMS but the Envelope function is used.

— AIC Method - Autoregressive (AR) modelling to provide improved estimates of the pick position.

» The user can choose how the maximum peak in the auto-picking function is obtained. The options include the
following:

— Use first peak in the auto-pick function - the algorithm looks for the first peak in the auto-picking
function that is greater than the given threshold level. On finding a peak in the autopicking function above
the threshold, the function continues to search for a further time period equal to the front-window length
to find subsequent peaks. This is to account for any local minima that occur in the picking function.

— Use max peak in the auto-pick function - the algorithm searches the entire auto-picking function and
finds the maximum peak above the given threshold level.

* When a Min. Peak to Peak Amplitude is set then the algorithm checks that the signal has sufficient amplitude to
warrant a pick. This allows the user to discard picks automatically from waveforms when signals are below a
desired level.

¢+ Allow Automatic Amplitude Picking performs an automatic pick of the arrival's peak amplitude. This operation
scans forward through INF' data points (the length of the auto-picking front window) looking for a peak in the
waveform. If there is more than one peak, then the maximum is picked. A signal:noise ratio for this amplitude is
also generated by dividing the amplitude by an RMS noise value calculated from in a pre-signal window before the
arrival.

» Use Velocity Window Picking is a useful option for picking Active Events. The algorithm only generates an
autopicking function for a section of the waveform. The start and end points of this section are calculated knowing
the signal TO on the waveform and signal minimum and maximum velocities through the medium — a
homogeneous-isotropic medium is assumed between the shot/transmitter location and the receiver location for
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the channel being processed. This option is particularly useful in scenarios where noise appears on the waveforms
before the signals of interest.

+ Use Waveform Visualiser Window allows the user to define a window within an event waveform to be used for
phase auto-picking.

» Autoprocess Source Vectors allows source vectors to be automatically calculated during the autopicking where
applicable. Additional settings, for S-wave source vectors, are available through the Dialog launched using the
Further Source Vectors button.

¢+ Linearity Threshold is the minimum linearity (in percent) that will be accepted when rotating the P-wave
arrivals into the source vector orientation. The linearity represents the effectiveness of the P-wave rotation,
thus source vectors with lower linearity can be regarded as having higher uncertainty.

+ Rotation Back Window and Rotation Front Window set the window, in sample points, around the P pick that is
used to calculate the P-wave rotation.

* Normalise Picking Functions finds the maximum peak in the auto-picking function and then normalizes all values
to this maximum

— thus, producing a function that has a maximum of 1.0. It should be noted that if the user defines an auto-
picking threshold in the range 0.0 to 1.0, then using this operation will mean that a pick on the waveform is
always produced; as there will always be a maximum in the auto-picking function above the threshold.

+ Fix Rotation Window to Pick forces the source vector window to sit around the phase pick when calculating source
vectors automatically. The default behaviour is for the window to be moved within the limits of the FFT window
(Channel Processing tab) until a maximum linearity is achieved.

The autopicking function behaves differently depending on whether the user is processing the event by Channel or by
Instrument (Treatment of Multi-channel Sensors).

¢+ In Channel mode the algorithm processes each channel individually using the amplitude from the waveform
samples, Aj = Wj .

¢ InInstrument mode the algorithm uses the RMS waveform generated from the M channels where 1<M<4).
The RMS waveform is calculated using this equation where Wim is the waveform amplitude on channel m
at point 7.

When processing for S-wave arrivals the automatic picking algorithm only examines the section of waveform starting
from the P-wave pick. If no P-wave pick exists, then the algorithm starts at the centre of the waveform. This is so as to
minimise the likelihood of picking the P-wave instead of the S-wave arrival.

A peak-to-peak amplitude is also calculated for the waveform portion being auto-picked. This is useful in velocity
window picking mode as it is then the maximum signal in the window defined by the two input velocities.

5.9.2.2 Envelope Method
This algorithm operates in the same way as the [RMS Amplitude Method] used in InSite but uses a different Envelope
function. The envelope function is based both on the waveform and the derivative of the waveform. The function is also
scaled relative to its variance which allows picking to be done for a fixed threshold, which in theory can be optimised for a
wide range of data.

5.9.2.3 AIC Method
To use the AIC method, the Auto-picking Property Sheet is used (Figure 5-42), but in addition the AIC Picker Settings
Dialog, shown below, is important. If this method is selected, up to four windows may be displayed in the Channel Auxiliary
box of the Waveform Visualiser to display the functions associated with this picking method (Channel View Structure).
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AIC Picker Settings ﬁ

Type of picking: AIC_MIM -

AIC parameters AIC Refinement

RefinePpick [ ]
AR model Order = 8

RefineSpick []

Front Window = 30
Front offset = 100
Back Window = 30
Back Offset = 100
SUM_component_AICs - l
Channel Pick Settings File: [Z]

Figure 5-42: AIC Picker Settings Dialog Box.

Type of picking:
* AIC_MIN - calculates an AR-AIC picker algorithm (Physics of Earth and Planetary Interiors)
¢ AIC_STA_LTA - calculates AIC_MIN but with short term average minus long term average windowing
¢+ AIC Simple - calculates a simple AIC for the entire waveform (Appendices 7.6) The following options, specific
to the AIC picker, have been provided in InSite.

* AR Model Order - assuming random noise, higher model orders do not provide a better fit of the data (since
the current value does not depend on past values). For the signal, higher order models could be more
accurate.

* Front Window - size in sample points of the window before the arrival.

* Back Window - size in sample points of the window after the arrival.

A method has also been implemented that allows the user to initially autopick an arrival and refine this pick position
using the AIC method. The original pick could have been made with the RMS, envelope or AIC picker methods.

* Refine P Pick - select this to refine the P Pick after initially auto-picking using the method selected in the Auto-
Picking Properties Sheet.

¢+ Refine S Pick - select this to refine the S Pick after initially auto-picking using the method selected in the Auto-
Picking Properties Sheet (Auto-picking).

* Front Offset - offset in sample points of front window before the existing pick.

* Back Offset - offset in sample points of back window after the existing pick.

The AR-AIC Picker uses Autoregressive (AR) modelling to provide improved estimates of the pick position.
The basic method can be described as follows:
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1. A window near the beginning of the waveform, which is estimated to be in the noise region, is used to derive a
forward auto regressive model. This AR model is then used to project a predicted waveform.

2. Similarly, a later window which is estimated to be in the signal region, is used to derive a backward AR model.
Again, this AR model is used to (back-) project a predicted waveform.

3. The combined Akaike Information Criterion (AIC) is then applied to these two time series. The assumption is that
the forward model describes the noise behaviour, while the backward model describes the signal behaviour. For
each possible partition point between these two models, an error function is calculated

4. If the two models describe their regions well, then this error function is minimised at the optimal partition point.

5.9.2.4 External File

To use the External File option to define different RMS Amplitude picking parameters, the AIC Picker Settings Dialog
must be used to browse to the location of the external file. The external file should have '.cpk' as the file extension. The
format of the file is shown in Figure 5-43, and has following columns:

Instrument number / channel number / active flag / P-wave back window / P-wave front window / P-wave threshold /
S-wave back window / S-wave front window / S-wave threshold

There needs to be a line for each instrument, but not for each channel; the channel and status (active flag) columns are
for future developments. The remaining columns should be filled with the P-wave and S-wave picking parameters.

| Test.cpk - Notepad =] B S

E
3

e Edit Format View Help

il
/1/1/60/20/2/20/1072 . =
/4/1/60/20/1.5/20/10/1
/7/1/60/20/0.75/20/10/2.5

1
2

L

-

Figure 5-43: Example of the instrument picking pile (.cpk).

5.9.2.5 CCR Method
This method requires the configuration of Cross Correlation in the CCR tab, using the ‘Referenced to a Master Event’
method and selecting one processed event as the reference event. This method will select a pick based on maximum
similarity with the picks in the reference event, using a CCR window defined in the CCR menu. The method is only
recommended for datasets where events share similar source mechanism and are expected to originate from a similar area
in space.

5.93 Source Vectors

The source vector parameters are shown in Figure 5-44.
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Figure 5-44: Source Vector dialog

The 'Use S-wave SV' check-box should be selected if source vector information from the S-wave is required for use in
the source location algorithm. The method of analysing the S-wave particle motion is the same as that used for the P-wave
particle motion, so the user is required to set the front and back window lengths around the phase pick. Two methods may
be selected:

¢+ Linear S-wave polarisation: assuming the S-wave particle motion to have a high linearity, the principal direction of
S-wave particle motion is taken to be perpendicular to the plane containing the S-wave ray vector (Appendices
7.1.2).

* Elliptical S-wave polarisation: assuming the S-wave particle motion to be elliptical, the eigenvector associated with
the smallest eigenvalue is taken to be the S-wave ray vector.

" Fix Rotation Window to Pick " forces the source vector window to sit around the phase pick when calculating source
vectors automatically. The default behaviour is for the window to be moved within the limits of the FFT window (Channel
Processing tab) until a maximum linearity is achieved.

The linearity threshold should be set when using the linear S-wave polarisation method. As for the P-wave, this is the
minimum linearity (in percent) that will be accepted when rotating the S-wave arrivals into the source vector orientation.

The maximum plunge setting is also for use with the linear S-wave polarisation method. In this case, and for a
single, sub-vertical, linear monitoring array, S-wave polarisation measurements with very high plunge (SV waves)
provide no constraint on event azimuth and location results would be unreliable. The maximum plunge prevents the
polarisation information from being stored.

Array polarisation settings are only used when source vectors at all receivers should are similar, which creates an array
composite source vector which is used to eliminate erroneous time samples.
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5.9.4 Spectral Picker

The spectral auto-picking algorithm in InSite automatically processes phase arrivals from spectrogram information. In
the 'standard auto-picking algorithm' in InSite an auto-picking function is generated from the waveform amplitudes using
a "Moving-window Technique" - a variation on the STA/LTA (Short Term Average/Long Term Average) method to produce
a function with amplitude peaks where phase arrivals are positioned on the waveform. In the 'advanced autopicking
algorithm' a similar auto-picking function is produced using averages of the spectral information contained in the
spectrograms. The information to be used is defined by the user in an auto-picking equation.

The algorithm can be applied to all types of instrument irrespective of the number of channels, but it should be noted
that if parameters derived from the polarisogram (polarization, azimuth or plunge) are requested in the user-defined auto-
picking equation (see below) then only triaxial or quad instruments are processed - instruments with 1 or 2 channels are
given a 'null' auto-function consisting of all zeros.

InSite Processing Properties lﬁ
Optimised Picking | Cross-correlation | Relative Locanarl @hanisms‘ Spectral Picker [ <[ Set the specrogram
Use spectral picking | Fuse SpscralPicking Equation [ Fammemromay_] processing parameters
rather than the = e S e those defined in th
) Spectrogram Processing Parameters rom Ose detined In €
standard aUtO'p|Cker FFT Gate Type: advanced instrument
FFT Gate Length= |64 = )Forward (@) Centred _)Backward . .
visualiser
Spectrogra m processing Frequency Range FFT Taper Type:
parameters S ———. 0 - [0 Q) Hildyard Taper Hann Taper
Spectral Coefficients
: s A= o= et G0 o=l |Spectrogram coefficients |
Options to use variances a .
" v| Do Azimuth Variance ¥|Do Plunge Variance
in the spectrograms
Spectral Picking Equation

constl = 1 cons2= 1 cons3= 1 Option constants used in
the picking equation

constd= 1 consts= 1
variables are [pol, azm, plu, son, rms, const1, const2, const3, const4, const5]
Definition of the picking] _Lume poi+azm+plursonsms
£qudtion Valiate andsore | Validate the picking
Stored Function = pol+azm+plu+son+rms \"- equation and Store |t to
Option for further Apply Moving Window Function (defined on Picking tab) settings
processing of picking e | Normalise Picking Function
function

[ ok ][ cancel | A

Figure 5-45: The Spectral Picker Property Sheet.

To use the spectral auto-picking algorithm rather than the standard auto-picker click on Use Spectral Picking Equation.
The 'Spectral Picker' Property Sheet is shown in this Figure 5-45. The property sheet and picking functionality can only be
accessed if the user has permissions for the Advanced Waveform Tool. The functionality can also only be applied in
Instrument processing mode (set from the [Event Initialisation] tab in Processing Properties). See the Technical Appendices
section 7.3 for detailed information about the algorithms used.

The spectrogram processing parameters are described below:

+ Spectral Estimation Method - whether an FFT (Fast Fourier Transform) or MEM (Maximum Entropy Method)
is used to evaluate the spectra.

» Gatelength - the length of window that is stepped through each waveform.
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+ GateType - whether the gate is backward, centred or forward looking.

+ TaperType - the type of amplitude taper that is defined to each waveform window.
+ StepSize - the length (in waveform data points) of each step through the waveform.

» Frequency Range - the range of frequencies that are displayed on each spectrogram plot (defines the Y-axis
limits).
The recommended approach to selecting these parameters is to use the Advanced Instrument Visualiser to choose the
'best' qualitative settings. The parameters used in the spectral auto-picking can be automatically updated from the
visualiser by clicking on the Parameters from AlV button.

» The spectral coefficients must be defined in the range 0.0 to 1.0. A coefficient of 0.0 will have the effect of
removing that spectral function from the auto-picking equation if the respective variable is defined there.

a, b, ¢, d, e relate respectively to pol, azm, plu, son, rms.

» The"Do Azimuth Variance" or "Do Plunge Variance" options select the use of variance in the spectral function,
rather than the mean. The default setting is to use the variance.

¢+ The spectral picking equation (see below) and the values of optional constants to be used in the equation. Click
on Validate and Store to save the auto-picking equation to the software settings.
Variables that can be used in the spectral auto-picking equation are: pol, azm, plu, son, rms, constl, const2, const3,
const4, const5; and any of the operators: (parentheses), +, -, %, /.

» The Apply Moving Window Function applies Moving Window Technique to the final auto-picking function that is
generated using the equation. The window sizes are defined on the Auto-picking tab.

* The Normalise Picking Function normalizes the final auto-picking function to its maximum value.

The auto-picking equation defines which of the spectral functionsg Auto-picking) to use in the final auto-picking function
and how the spectral functions are combined. The equation is constructed by combining the variables pol, azm, plu,
son and rms- relating respectively to polarization, azimuth, plunge, sonogram and RMS signal separated by the
standard computational operators ( ), +, -, and /, being respectively parentheses, addition, subtraction, multiplication and
division. It is therefore possible to define an auto-picking function of the form shown:

F = pol + azm + plu + son + rms
F = plu
azm

F = pol+ —+son - rms
plu

The text string containing the user-input equation is evaluated into a computation of the variables and operators.
Standard operator precedence is used in this algorithm (i.e. a multiplication will be performed before an addition). In order
to save the equation to the software settings the user must click on the Validate and Store button. A check of the equation
is then performed to ensure that all variables and operators are valid. If successful, a Dialog box (Figure 5-46) is shown to
the user using some test values for the variables.

During processing of the auto-picking function it may be possible that one of the variables has a value of zero; if a
division by zero occurs in the equation then the answer is evaluated to zero.

A further five optional constants are also provided for use in the equation: const1 , const2 , const3 , const4 ,
consts .
Thus, an auto-picking function of the form shown in the equation as an example can be defined by the user.
pol

- (constl + (azm — const2)(azm — const2))

An optional normalisation operation can be applied in either the standard or spectral auto-picking algorithms. The
operation finds the maximum peak in the auto-picking function and then normalizes all values to this maximum -thus
producing a function that has a maximum of 1.0. It should be noted that if the user defines an auto-picking threshold in the
range 0.0 to 1.0, then using this operation will mean that a pick on the waveform is always produced; as there will always
be a maximum in the auto-picking function above the threshold.
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InSite - Seismic Processor ﬁ

Function to evaluate is:
pol+azm/plu+son®rms

Using trial data:
pel=1.0
azm=2.0
plu=3.0
zon=4.0
rms=5.0

Success in Equation Evaluation...
Result = 21666667

Equation Stored...

Figure 5-46: Dialog box showing test values for variables used in spectral autopicking.
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5.9.5 Cross-correlation

The cross-correlation algorithm is described in the Technical Appendices section 6.1. The Cross-correlation Properties
Sheet allows (Figure 5-47) the user to configure the input parameters for the algorithm.

InSite Processing Properties X

Source Parameters Event Initialisation Optimised Picking Cross-correlation Rg ¢ | *

CCR Events |Choose a CCR Mode ... v

NOTE: When referencing to a survey the events must be dassified as shots and
the Shot/Transmitter locations must be adequately configured. Velocities from CCR
travel times are then automaticaly calculated.

Reference Component = | Select a Component... v
Window Construction Method = Front To Back ¥
Window Comparison Method = | Individual v

Window Parameters

Back-window Length = Front-window Length
2 Power to raise waveform | 1

[JFit a Spline function (see Event Initialisation Property Sheet for sampling)
[ obtain absolute waveform

ncel Apply

o

Close (@

Figure 5-47: The Cross-correlation Properties Sheet.

There are two modes of operation for the Cross-correlation (CCR) algorithm.

+ Referenced to a Master Event - this allows the algorithm to be used to compare the waveform arrivals from any
one event to the arrivals from a chosen "Master Event". This generates a set of CCR arrival times that can then be
used to locate the processed event very accurately with respect to the Master Event (Source Location). This
function is useful when studying clusters of events. The user must select the appropriate Reference Component
and Reference Event.

+ Referenced to a Survey (Master Component) - this allows processing of Active Events by comparing waveform
arrivals from Event N in any one component with Event N in the chosen "Master Component". The events must be
sorted such that both events originate from the same shot/transmitter source N. The user must select the
appropriate Reference Component that will be used.

The remaining configuration parameters are explained in Table 5.6. The method uses the construction of windows of
waveform data (Trace Windows) around the arrivals to be processed. It is important to test the windowing methods used
when processing the data, as the windowing procedures have a great effect on the quality of the results. The options
available allow the processing to be tuned to the quality of waveform data available and the differences in arrival times
expected.
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Table 5.6: Configuration parameters for the Cross-correlation algorithms.

Parameter

Window Construction
Method

Description

Defines the construction method for the Trace
windows.

Reference

Appendices section
6.4

Window Comparison
Method

Defines how the Trace windows are to be compared
between the Reference and the Processed event.

Appendices section
6.4

Back-window Length

Length, in data points, of the window behind the
pick.

Appendices section
6.4

Front-Window Length

Length, in data points, of the window in front of the
pick.

Appendices section
6.4

Rise-time Multiplier

Multiplier to apply to the rise-time window length.

Appendices section
6.4

Power to raise waveform

Defines whether to raise the waveform to a power,
and what power this should be.

Appendices section
6.4

Fit a Spline Function

Defines whether to fit a spline to the waveform.

Appendices section
6.4

Obtain absolute waveform

Defines whether to convert the waveform to
absolute values.

Appendices section
6.4




5.1 Data Visualiser 121

5.9.6 Channel Processing

The Channel Processing Property Sheet (Figure 5-48) controls parameters when processing individual channels. In
particular, this includes configuring the waveform filtering, setting up automatic waveform windows for Fast-Fourier
Transforms (FFTs) and applying a phase rotation to the waveforms.

! InSite Processing Properties X

Source Vectors Channel Processing  FFT Properties Locater Source Paramet) 4 | ¥ | |

(] Filter automatically on reading (" Filter using sensor settings

Filter, Receiver and Channel Settings
Receiver and Channel Settings
Filter 1 Default Filter Parameters (Hz)

Filter Type: Bandpass Recursive Filter w 2-pass
Low Frequency Cut-off = 3 High Frequency Cut-off = 130
Filter Order (Poles) = 4 % Ripple in Passband 0

N.B. Setting passband ripple to 0% gives a Butterworth
Filter 2 Default Parameters (Hz)

Filter Type: Mo Filter w 2-pass

il 1000

Spike Remaval

[ %))
—

Enable

Phase Rotation Filter Parameters

(] Apply phase rotation filter on reading  Phase Rotation Angle (deg.) 0

Waveform Parameters

Threshold:  0.001 Search Mode: Absolute -

=

Figdré 5-48: The Channel Processing Property Sheet.

Waveform filtering either applies a recursive, time-domain IIR filter, a user defined frequency or time domain filter or
it applies Butterworth bandpass filter (Kanasewich, 1981) to the waveform data.

» Filter automatically on reading: filter is applied automatically to every waveform when read from the ESF.

+ Filter using sensor settings: builds the filter using the frequency settings for the particular receiver. These are
configured on [The Channel Properties Dialog box].

+ Default Filter Parameters: either frequency, pole, ripple and number of passes values for the filter or a specified
filter file that contains either a time or frequency domain filter. These are applied consistently to each channel if
the Filter using sensor settings option is not used.

Waveform parameters settings:

» Threshold - value the signal must cross in order to count as a threshold crossing
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» Search mode - define the way crossing a searched for:

— Absolute - consider threshold crossings for both the positive and negative signal values
— Positive - consider only positive signal values

— Negative - consider only negative signal values

Automatic - determine the sign of the signal peak and only consider signal values of the same sign

The Filter Type can be set to a recursive filter of one of four types: lowpass, high-pass, bandpass or band-stop.
Alternatively, it can be set for an Imported User-defined Filter or to the Original InSite Butterworth Bandpass Filter. Perform
deconvolution automatically on reading: this removes the station response automatically when importing or triggering
waveforms from miniSEED files.
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If one of the recursive, time-domain IIR filter options is the selected "Filter Type", then when the filter is built, the low
and/or high cut-off frequencies must be in the range 0 < f < fyquist where fyquist is the Nyquist Frequency (fsampiing/2
) for the channel being processed. The "% Ripple in Passband" option controls the frequency roll-off of the filter. When the
percertage is set to zero, the filter designed is of Butterworth type. When the percentage is greater than zero the filter
designed is Chebyshev Type 1, which has a faster frequency roll-off compared to the Butterworth design but at the expense
of the specified ripple in the passband. The "Filter Order" option controls the number of poles in the filter and can be set
between 1 and 10. A greater number of poles gives a steeper roll-off. The filters can be designed with either odd or even
numbers of poles; they are all created by cascading stages of Sallen-Key pairs plus a single pole for odd orders. The
bandpass and bandstop filters, because they are created from combinations of high and lowpass filters, actually have
twice the number of specified poles. The "2-pass" checkbox option allows the user to run the filter as causal (1-pass,
checkbox unticked) or acausal (2-pass, checkbox ticked), depending on whether onset time (causal) or zero-phase (acausal)
filtering is most appropriate.

If the "Original InSite Butterworth Bandpass Filter" option is the selected "Filter Type", then when the filter is built,
the low and high cut-off frequencies must be in the range 0 < f < fINyquist where fINyquist is the Nyquist

Frequency ( @p'ﬂ?) for the channel being processed. The filter applied is a recursive Butterworth bandpass filter
from Kanasewich (1981) with 8 poles in the Complex plane, and applied in the forward and reverse directions, so as
to have zero-phase cut-off frequencies at -6dB and a roll-off of about 96dB per octave.

If the "Imported User-Defined Filter" option is the selected "Filter Type", then a filter file (FLT) needs to be selected.
The browse button to the right of the "Frequency Filter File" text box, when pressed, displays a file Dialog which allows the
user to select a filter file. The filter file can either define a time or a frequency domain filter. See the Technical Appendices
section 2.18 for more information on filter files.

The user can select to apply a second filter simultaneously with the first. For the second filter, the user is restricted to
the choice of: bandpass and band-stop recursive (time-domain, IIR) filters or the Original InSite Butterworth Bandpass Filter.

When applying filters, the user also has the option of specifying exactly which channels will be filtered by launching the
Filter Settings Dialog (Figure 5-49) using the Settings button. For each filter type, the left-hand panel auto-populates with
information from the project's default receiver array, and the user then has the option to select to filter all channels in the
default receiver array or select channels from the list. If the events in the project contain different channels to those found
in the default receiver array, the user has the option to set the minimum and maximum channel numbers in the field at the
bottom of the Dialog and select to 'Set Channels' to populate the right-hand panel for each of the filters. Again, the user
has the option to select to filter all channels or select ones from the list. If any channels are selected in this Dialog that are
not contained in events, the channel number is ignored and does not generate an error.

Filter Settings &J
Filter 1 Filter 2
Filter all channels = Filter all channels =
Default Receiver Array Settings Channel Settings Default Receiver Array Settings Channel Settings
Filter select receiver . Filter select receiver .
chanmals = Filter select channels & Chanmals = Filter select channels |
1 - 17 - 1 - 17 -
2 13 2 18
3 13 3 19
4 20 4 20
5 L 21 5 L 21
] 3 22 1 3 22
7 23 L 7 23 L
8 24 T ] 24 J
9 25 9 25
10 26 10 26
11 27 11 27
12 28 12 28
13 29 3 29
14 30 14 30
15 3 15 31
16 32 15 32
17 33 17 33
18 Y 34 s 18 sk 34 Y
Set channels
Minimum channel number = 17 Maximum channel number = 40 Set Channels
[ oK ] I Cancel

Figure 5-49: The Filter Settings Dialog.
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5.9.7 FFT Properties

InSite Processing Properties

P-wave Back Window =

S-wave Back Window =
FFT Options
Windowing Taper Method =

Minimum Window Length =

Auto Process Export =

Auto-picking Source Vectors Channel Processing FFT Properties | ocater

Automatic FFT window configuration

P-wave Front Window =

100

Automatically trim FFT to sensor settings when displaying

Hann
4096

Event - entire waveform v

S-wave Front Window =

X

SC‘ »

200

200

O

v

v

Cancel Apply

Figure 5-50: FFT Properties dialog

The Automatic FFT Window Configuration parameters are used to build FFT windows around the P and S-wave picks in
the Waveform Visualiser. These can then be used to perform frequency analyses of the arrivals. The user can manipulate
the size of the windows after they have been constructed.

Automatically trim FFT to sensor settings when displaying sets the minimum and maximum axes in the FFT view ( Fast
Fourier Transform Processing) to the frequency response of the receiver, as configured on the Receiver Properties Dialog

Box.

FFT auto process export - select the FFT type to export when 'Export FFT' is performed in the AutoProcessing auto-

processor:
* Event - entire waveform
¢ Instrument - entire waveform
¢ |Instrument - Pwave
¢ Instrument-Swave
¢ Channel - entire waveform
* Channel - Pwave

* Channel-Swave

Phase rotation filtering allows the user to apply a phase rotation to the waveform:

* Apply phase rotation filter on reading - filter is applied automatically to every waveform when read from the ESF.
* Phase Rotation Angle - the user can set the automatic phase filter to apply any integer phase rotation angle

between —180° and +180°.
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5.9.8 Locater
This Locater Properties Sheet defines configuration parameters for the source location and advanced location
algorithms. There are currently four source location algorithms that can be used (described further in the Technical
Appendices section 6.1):

Geiger Algorithm

Simplex Algorithm
» Collapsing Grid Search Algorithm

» Source Scan Algorithm

5.9.8.1 Configuring the Source Location Algorithm
The parameters are shown in Figure 5-51. The recommended configuration procedure is as follows.

1. Select the algorithm to use. There are four options: a) Geiger Routine, b) Simplex Routine, c) Simplex into Geiger,
d) Collapsing Grid Search Routine, e) Source Scan. The Simplex into Geiger routine performs a Simplex algorithm
to produce a location within the 'best' misfit minima, and then runs the Geiger algorithm starting at this position.
This allows a more thorough uncertainty analysis to be obtained than using just a Simplex Routine alone.

2. Click on the Algorithm Settings button to display the configuration parameters for the selected algorithm (Figure

5-52). See below and the Technical Appendices (section 3.1) for a description of these parameters and their use
in the source location algorithms.

3. Select the velocity model to use. Click on the Velocity Model Settings button to display the configuration
parameters (Figure 5-53) for the model (see the Technical Appendices section 3.1).

4. Select the phase types to use. There are two options: a) P-wave Arrivals Only, b) Both P and S-wave Arrivals.
5. Distance Units (e.g. 1 = 1metre, 0.01 = 1cm). The units the source locations are displayed in
6. Working Time Units (e.g. 1 X 10~® = 1microsecond). The units the time residuals are displayed in.

7. Minimum P-wave Arrivals. The minimum number of P-wave arrivals times required for a source location to be
performed.

8. Minimum S-wave Arrivals. The minimum number of S-wave arrivals times required for a source location to be
performed.

9. Maximum Residual (e.g. =100 in 'working time units'). After successive iterations of the location routine to a
solution (a 'Pass'), the time residuals are calculated and analysed for any values above the 'Maximum
Residual' value. If there are values that exceed the criteria, the P- or S-wave arrival time with the largest
residual is dropped, and another 'Pass' is started in order to iterate to a new solution. Once there are no
values that exceed this criterion, the solution is taken to be final. For auto-processing, a recommendation is
to make the maximum residual slightly less than the lowest expected Tp-Ts time.

10. Display theoretical times for all instruments forces the arrival times for all instruments to be calculated and
displayed. Default behaviour is for theoretical arrival times to only be calculated and displayed for instruments
used in the final location run.

11. Set the Starting Position. The user must set the starting position for the routine to iterate from. There are options
to start from: the centroid of the array (mean of sensor locations), the position of the sensor with the earliest pick
(arrival time), or a user defined position (which should be entered in the North, East and Down spaces below in
User Defined).

12. Write information to Report File (RPT). Specifies whether the user wishes to write a report file and the directory
where this is written.
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13.

14.

15.

Calculate Automatic Source Parameters. Choose this for the source parameters to be automatically calculated

when locating.

Always calculate source vector at the start of manual location. Chose this to automatically calculate source vectors

when manually locating an event.

Enable parallel processing when running the location algorithms.

| Select the algorithm to use

| Select the velocity model

I Select the arrival phase to
use

Distance unit to use for
locations

Minimum number of P-
wave arrivals to accept (20)

Send the algorithm log to a
text report file

Automatically run the
source parameter
algorithm after locating the
event

Enable multi-threading in
location

InSite Processing Properties

_\A\to-pidmg | Source Vectors | Channel Processing | FFT Properties Locater |sc 4 » ]

x|

9 ] |//-

Algorithm settings

M velocity Structure
IHomogenenus-Isotropic

> IP-wave Arrivals Only
Distance Units = IMetres v I Working Time Units = ISeconds v |

Minimum P-wave Amivals = | 0 Minimum S-wave Arrivals = | 0
Maximum Residual (Working Time Linits) = | 100

/r Display theoretical times For al instruments

lS!avt at the centroid of the array ;I
User Defined 1
lr Start Posttion st W)ED = [0 |0 Jo ’
[~ Write information to Report File (RPT)
| Bro
- "~ Source P:

" [V Calculate Automatic Source Parameters

™ Always calculate source vector at the start of a manual location
I~ Enable parallel processing

S

el

L 1

A ik
Apply

Cancel I

Velocity model settings

Time unit to use during
the location algorithm

Maximum residual to
accept (in working time
unit)

Spatial starting position
for the location
algorithm iterations

Automatically calculate
source vector before
locating

Figure 5-51: The configuration parameters on the Locater Properties Sheet.




5.1 Data Visualiser 127

w

= o

N

~

[ [ [ -
[e] [~ [=][«]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

[«] [-]

Location Algorithm Properties X

Simplex, Grid-Search and Geiger Algorithms Grid-Search Algorithm Only
—» P-wave Weighting = EI S-wave Weighting = | 1 ¥ . Northing | 1137950| o [ 1139600 Cell North = |132
v 1
- Py Moraaerr] *
rd 2646000 2647500 1] = | 120
Simplex Algorithm Only , Easting | to | | Cell East i
» 0.1 0 - E Depth | -2500 | to [-1500 Call Down = l 80
~ Desired Resolution 5| 0.1 Collapsing Buffer = |2 ¢ —— |
Simplex and Grid-Search Ngonlhms Ba—— B Voxels CSV File Specifying Grid Points to Exclude
|—»  LPNorm= |1 [ Aflow s- p\:k to he used without P-pick —»[ Enable
-]
/] use Outlier Identification Arrival Error Factorx |2 ]‘ Browse
[Juse P Source vectors [JRestrict to x-¥ Plane
- Only Include Grid Points Inside 3D Visualiser Objects
[Juse S Source Vectors ~ Max. Ang. Residual (deg.) = 26 >
[Jetipsoid [ cylinder ] Cuboid
Min. P Source Vectors l 0 J P Source Vector Weight { 1
= 4
— [Dinvert [nvert [Jinvert
Min. S Source Vectors |0 S Source Vector Weight | 1

'DCvnstrame-deg.ambigmty
- -
Source Scan Algoritm Only

Geometrical Constraint 2 7 - ;
- [ _]Perform Depth Constraint (Gaussian) 16 T — R
il 25— 8 T Max St =—" 5 1000
4
05 Source Scan Into Grid Search

'S
’ 100 10

Geiger Algorithm Only

o g 1 0.1 18

100 10

w| NN

Figure 5-52: The configuration parameters on the Location Algorithm Properties Dialog box.

. Residual weighting to apply to P-wave arrivals
. Residual weighting to apply to S-wave arrivals
. Fractional change in error space across simplex at which to stop algorithm

. Initial size of simplex object used in location

Normalisation constant to use (1 or 2)

Use outlier identification procedure before residual test

User P-wave and/or S-wave source vectors for locating events

Use S wave picks in traces without a P-wave arrival pick

Minimum source vectors to use in order to produce a location

Constrain locations with 180deg ambiguity to a preferred orientation (azimuth)
Use a depth geometrical bias in search algorithm.

Central depth given the maximum weight in location algorithm (when using the geometrical constrain)
Error factor multiplication constants to use in outlier identification

Source locations are restricted to the X-Y plane

Maximum residual angle that will be accepted for instrument to be used

Minimum weight applied to positions outside of the preferential depth defined by the geometrical constrain. A
Guassian distribution weight is applied with maximum at the ‘Initiation depth’.

Dimension (in location units) at which to stop the algorithm
Step size dimension (in location units) to iterate through

Maximum condition number limit to allow location
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20. Northing, Easting and Depth range of starting grid

21. Initial size of grid cells along North, East and Depth directions

22. Location resolution at which to stop collapsing

23. Collapsing buffer: Number of old cells forming new collapsing grid

24. Enable the exclusion of volumes in the grid search using a voxel file

25. Browse for the .csv file with voxels defining the exclusion volume in the grid search

26. Restrict the grid search to the nodes within an object defined in the 3D visualiser. Click invert to exclude the points
within the objects from the grid search

27. Time window size for autofunctions for both P and S wave

28. The maximum number of iteration used in source scan

29. Apply conventional collapsing grid search after source scan location

30. The half dimensions along North, East and Down centred at the source scan location

31. The maximum particles (initial possible solutions in multidimensional space) used in source scan
32. Similar to 19, the initial size of grid cells along North, East and Depth directions

33. Similar to 20, the number of old cells forming new collapsing grid
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Table 5.7: Velocity models available for use in the location algorithms.

Velocity Model

Homogeneous-Isotropic

Description

Assumes a homogeneous-
isotropic medium (half space) with
direct rays between source

and receiver.

Reference

Appendices section 3.1

Time Dependent Homogeneous-,
Isotropic

As above but each time span
contains its own Homogeneous-,
Isotropic model.

Appendices section 3.1

Transversely Isotropic

Assumes a transversely-isotropic
medium (i.e. there is an axis of
symmetry along a fast or slow
direction) with direct rays between
source and receiver.

Appendices section 3.1

Time Dependent
Isotropic

Transversely

As above but each time span
contains its own Transversely
Isotropic model.

Appendices section 3.1

Complex (Wave Builder)

Uses travel-time grids calculated
by InSite's WaveBuilder Algorithm.
This velocity model can only be
used with the Collapsing Grid-
search Algorithm.

Advanced Location Tools

Complex (Tian Raytracing)

Models travel times using a two-
point ray tracing for a horizontally
layered velocity model.

Advanced location (Tian
Raytracing Overview)

Complex (Travel Time  Grid

Method)

Uses travel time grids calculated by
the fast sweeping method. This
velocity model can only be used
with the Collapsing Grid-search
Algorithm.

Advanced location Travel Time
Grid Method

Complex (VTI Tian Raytracing)

Models travel times wusing 1
dimensional Vertically Transversely
Isotropic horizontally layered
model.

Advanced location (VTI Tian
Raytracing Overview)

Complex (VTI Raytracing)

Models travel times using 3
dimensional Vertically Transversely
Isotropic horizontally layered

model.

Advanced location (VTI Tian
Raytracing Overview)

5.9.8.2

Location Algorithm Properties

Depending on the location algorithm selected in the Locater Properties Sheet, different settings are required displayed
in the Location Algorithms Properties Sheet.

For Simplex, Grid Search and Geiger Algorithms:

* P-wave weighting - relative weighting of the P-wave arrival errors.

* S-wave weighting - relative weighting of the S-wave arrival errors. For Simplex and Grid Search Algorithms:

* LPNorm - power to raise the travel time residuals.

* Use outlier identification - identifies outliers and removes from calculations to create a more stable solution.
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» Arrival Error Factor - the factor that an arrival error has to be greater than the mean error to produce anoutlier.

» Use P or S Source Vectors - the source vector is obtained during automatic or manual picking by rotating the
waveform information recorded on a triaxial instrument into the "ray coordinate" system.

» Restrict to X-Y Plane - restrict the location algorithm to using just azimuths on the X-Y plane to give a "bearing"
for the event at each receiver, and then use arrival times to determine a distance. The X-Y plane is defined by
the X, Y component of the geophones. For example, the X-Y plane is horizontal in vertical wells and vertical in
horizontal wells.

* Minimum P or S Source Vectors - the minimum number of source vectors which are required in order for a location
to be valid. For an instrument to contain a source vector it must have a phase pick, must meet the Linearity
Threshold defined in the auto-picking or source vectors properties sheet, and the source vectors used in a location
must all be within an angular residual defined by the user (see below).

» Source Vector Weight - relative weighting of source vectors applied in the error space calculation.
* Max. Ang. Residual - is the Maximum Angular Residual which is a limit on the difference between the measured
and theoretical source vectors.
To apply a geometrical constraint to the Simplex and Grid Search Algorithms:

+ Perform Depth Constraint (Gaussian) - apply a Gaussian weighting factor to the depth search when running the
location algorithm. This is used to provide an additional constraint when a velocity model leads to anon-unique
location misfit space.

¢ Initiation Depth - set the peak depth of the Gaussian curve close to the expected location depth.

» Depth Standard Dev. - the width of the Gaussian curve is set via the user defined standard deviation and thus
controls the severity with which the depth constraint is applied.

* Minimum Weighting - controls the weighting of the background level (where the peak of the Gaussian curve has
amplitude 1.0) and is a second control of the severity of the depth constraint.

For Geiger Algorithm Only:
» Tolerance - the fractional change in error space across the Geiger at which the location algorithm stops iterating.
¢+ Step size - used in the time derivative calculation, as a rule of thumb this should typically be set to a few tenths.

* Maximum lterations - this represents the maximum number of iterations before a final source location is
calculated. This is intended for the rare situation in which there is no convergence and the Geiger algorithm
would continue in an infinite loop.

¢+ Condition No. Limit - this number gives an idea of the robustness and reliability of the inversion process, related
to how well conditioned the set of linear equations is. It is recommended a higher number is used initially to ensure
data is not excluded.

For Simplex Algorithm Only:
» Tolerance - the fractional change in error space across the simplex at which the location algorithm stops iterating.
» Start Size - the size of the first search volume used in the Simplex Algorithm.
Grid-Search Algorithm Only:
» Northing - range over which the first grid is set-up in the northing direction.
+ Easting - range over which the first grid is set-up in the easting direction.
» Depth - range over which the first grid is set-up in the depth direction.

» Cell Dimensions - resolution of the grid in the initial run.




5.1 Data Visualiser 131

+ Desired Resolution - resolution at which the final location is required.
* Collapsing Buffer - size of the new (collapsed) grid in old cells.

The grid-search box can also be manipulated in the 3D Visualiser: right-clicking on the grid search box opens a menu;
selecting 'Properties' launches a Dialog that allows the user to alter the position of the grid search box (Figure 5-54).

| Adjust Grid Search Box Dimensions Iﬁ

Morthing Minimurm 75
J

Morthing Maximurm 275
i

Easting Minimum -275
J

Easting Maximum 25
i

Depth Minimurm 3800
J

Depth Maximum 4100
i

Reset I I Close

Figure 5-53: Dialog Box to adjust the Grid Search Box in 3D Visualiser.

Advanced Location Algorithm Settings:

» Preprocess Locations - select whether to optimise the advanced location routine by working only with events that
locate using a homogeneous-isotropic model. 'Use Homogeneous-Iso and Feed All Picks' uses all the picks in the
event and 'Use Homogeneous- Iso and Feed Valid Picks' uses only the picks in the event that are valid.

» Select whether to import the velocity model from a CSV file or through the Frac Manager and browse to make
the model selection.

¢ Include head waves in Tian raytracing - select whether to include head waves in the Tian raytracing calculation.

+ Parallel Dipping Layers - strike and true dip of parallel dipping layers, optional in Tian two-point ray-tracing
algorithm. Northing and easting coordinates must be given to define where the depth given in the input text file
(.csv) is applicable.

5.9.8.3 Source Location Operations
There are two different source location operations that can be performed.

1. The most common approach is to use P and/or S-wave arrivals measured (picked) directly from the wave- forms.
These can be provided by either manual or automatic picking methods. The arrival times are input directly into the
location algorithm.

2. An alternative approach - termed Master-event location - uses travel-time difference measured between wave-
form arrivals on a processed event compared to waveform arrivals on a reference event. The aim of the approach
is to generate more precise travel times for the processed event by removing picking uncertainties. It should be
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( Anisotropy Factor = 1 i 14

cautiously applied to only events that have very similar character and are believed to locate as a cluster. By
processing all the events in the cluster the user is able to determine much smaller structural variations in the
source locations. The travel time differences are calculated using the cross-correlation algorithm. The user should
ensure this algorithm is adequately optimised for the data before proceeding with the location.

Medium Properties pX4
Advanced Location
asmmnn  P-wiave Velocity (m/s) = 4296 S-wave Velocity (m/s) = 2657
, Wive Veochy () st [ ity (m/s) Pre-process Locations ' None >
Attenuation Q(P) Value 100 Q(S) value = 50 Q) CSV File Frac Manager
d

J Tian Velocity Model File (CSV Format) ‘
fwersﬂ Isotropic Model C:\Data\PCF\6. Tian_Testing_bl01\velocity mode! file.c | growse | 1 O

DEFAULT STAGE / qwe (Final Model ‘
11

Northing= 0 Strike (deg.)= O ‘

Include Head Waves in Tian Raytracing \
’ , Parallel Dipping Layer ‘ 1 2
Time Dependent
|

Easting= 0 True Dip (deg.)= 0 \ 1 3

Axis Azimuth= 0 AxsDip= 0

OK ‘ Cancel

Figure 5-54: The Medium Properties Dialog Box. Please refer to the text for details.

. P-wavevelocity

. S-wave velocity
. P-wave anelastic attenuation

. S-wave anelastic attenuation

. Anisotropy factor

. Azimuth of axis of symmetry from North

. Plunge of axis of symmetry down from the horizon
. Time dependent velocity model file path

. Select whether to optimise advanced location routine by working only with events that locate using a

homogeneous-isotropic model

Select whether velocity model will be defined in external file or built using Frac manager
Browse for velocity model input file or to model defined using Frac manager

Select whether head waves are included

Define strike and dip of parallel velocity layers if not horizontal and define northing and easting where depth
given in input file is applicable

Define strength and orientation of velocity anisotropy assuming transverse isotropy

5.9.8.4 Location Magnitude

A Location Magnitude is calculated for each successfully located event on all sensors that have been used in the location
algorithm. It is designed to be a simple estimate of relative magnitudes between a set of events recorded on the same
array. It does not apply amplitude correction due to attenuation and thus does not require advanced waveform processing
required in the source parameter algorithms and so is applicable to ANY waveform data that is used for location.
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The Location Magnitude, M, is calculated using the. Wrusm is the RMS Waveform Amplitude calculated on
each sensor, m, dm is the ray path length calculated between the source location and the sensor's location.
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¢+ For Channel Processing each sensor is uniaxial so Wrumsm is taken directly from the waveform on that channel.

¢+ For Instrument Processing each sensor can be multi-channel so Wrusm is the mean of the RMS Waveform Amplitudes
calculated on all channels in that instrument.

m=N

Z [H;R.-'M.S'm -dm)
m=1
N

My =log,,

5.9.9 Source Parameters

Source parameters are automatically calculated for each event at the end of the source location process. The algorithms
are described in the Technical Appendices section 4.1 and the configuration parameters are shown in Figure 5-55.
The following source parameters are calculated:

Instrument Magnitude

Seismic Moment

Moment Magnitude

Radiated Seismic Energy
S-wave to P-wave Energy Ratio

Source Radius

Apparent Stress
Static Stress Drop4.9.9
Average P-wave Corner Frequency

Average S-wave Corner Frequency

In order for these to be calculated effectively the user must ensure the following criteria are met:

. Sensors must respond to acceleration, velocity or displacement so that the waveforms can be converted to the

required response type.

. Processing must be performed in Instrument mode (Treatment of Multi-channel Sensors).

. The appropriate flag must be set on the Locater Property Sheet to enable processing. (Figure 5-51)

Only the Instrument Magnitude can be calculated on non-triaxial sensors. The remaining parameters require three
channels of data on a fully operational triaxial sensor (Technical Appendices section 4.1).

. Local Magnitude equation is defined in the dialog shown in Figure 5-56, launched from the ‘Local Magnitude Settings’

button. Depending on the region and type of instrument used, factors can be adjusted as well as the amplitude
(measured from the vertical, horizontal or any single component) used in the calculation. It also allows to select whether
to use hypocentral or epicentral distance in the calculation. The magnitude will be calculated as the Mean of the
amplitudes calculated for each station. The mean can be trimmed to remove outliers.

Only channels recorded on triaxials used in the final source location are then used in the Source Parameter
algorithm. Source parameters are averaged over these sensors. The Minimum number of instruments to use
defines how few sensors can be adequately utilised to calculate the parameters. If fewer sensors are available,
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then the algorithm does not produce a result.

7. During waveform integration and differentiation, a band-pass filter is applied. This uses the settings on the Channel
Processing Property Sheet (Figure 5-37), so these must be adequately configured for the data before processing.
The user should check the effect of the filter using the Waveform Visualiser. The acceleration, velocity and
displacement waveforms can be visualised by selecting the appropriate response from the Event Initialisation
Property Sheet.

| InSite Processing Properties X

Channel Processing FFT Properties Locater Source Parameters Event Initiali: 4 | * | |

Automatic source-parameter window conﬁguration

Window
construction ‘*—-.___\P'_wave Back Window = 10 P-wave Front Window = S0
parameters
S-wave Back Window = 10 S-wave Front Window = 30
Check to apply a
Source Parameter Calculations / Q correction
Minimum number Minimum number of instruments to use 3 Apply Q corrections [
of instruments that | —— -
. ity = 264 = 4
must be used in the 5°”;"-9 Density = 2640 S°“"ek5he°’ | 913100000 | Constraints used
. m~3 m.s"2
calculations (kg/m™3) (it ) ] inthe source
Average Radiation Coefficients, Fp = 0.52 Fs= 0.63 parameter
calculations
Source Coefficients, Kp = 2.01 Ks= 1.32 (check
Appendices
Magnitude Calculations PP )
Constants used in Instrument Magnitude = 1 xLlog (ppv) 0

the Magnitude ——

calculations Moment Magnitude = 0.66666¢ xLog (Mo) -6

| Local Magnitude Settings |

Launch menu for /Spectral Fitting
the definition of the

Local Magnitude Fit mode:  Grid search v Increments= 20
equation [TJuse spectral fitting values in source parameter Spectral fitting
N.B. Spectral fitting must be run before location. T method used for
() calculate Q (otherwise use Q from medium properties) spectral model
0K Cancel Apply

Figure 5-55: The Source Parameters Properties Sheet.
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Lecal Magnitude Equation

Local Magnitude = log{A) + Bxlog{R) + CxR + D

Amplitude Units:  Nanometres

A= Amplitude from mean of horizontal comp

B= 1

C= 1

D= 0

R =  Hypocentral distance krn

Trimmed Mean
0 B

0K | Cancel

L F

Figure 5-56: Local Magnitude equation configuration dialog.

The spectral model can be fit using two different methods:

1. Simplex - Generalisation of a tetrahedral region of space to n dimensions. This is fast and efficient method
of calculating the spectral model, although may not be optimal.

2. Grid Search - Finds the optimal spectral model by using every combination of low frequency plateau, corner
frequency, and attenuation (if not specified) in the fit algorithm. This is a brute force approach but finds the best
fitting model.

5.9.10 Mechanisms

Source mechanisms can be calculated using a time-domain approach whereby P-wave first motion amplitudes and
polarities are inverted for the moment tensor. This can then be displayed in the Mechanism Visualiser.

The configuration parameters for the algorithm are given in Figure 5-57. The Technical Appendices section 5.1
discusses these in further detail and describes the inversion technique used. If only single component (one axis)
available, the Uniaxial only is available, otherwise rotated P-waves or the rotated P,SH and SV waves can be used for
three-component geophones (tri-axial sensors).

If you wish to use uniaxial when you have an array with mixture of triaxial and uniaxial, you can disable the other
axis you wish in the “edit default receiver array”. Then if you right-click on the events and update their receivers, the
uniaxial option will then be applicable (see details in Source Mechanism Tool).
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InSite Processing Properties LJ%
T Optimised Picking | Cross-correlation ] Relative Location \VMEChamS"ﬂS’LSVpeclral Picker| | 4| *
Transmission
[Choose a Green's Functions structure... v ‘ [ Settings ‘ med | um
NOTE: Coupling Weights should be applied to the "Gain" setting in the Receiver propert[es
. . Properties. The Dominant Frequency used in the Anelastic Attenuation Correction is also
Distance units to obtained from there.
be Used in the --.-"h Distance Units = !Metres M Condition Number Limit= 1000 \ Condition number
inversion _ \| |limit. Inversions
Select Amplitude to Use:  Uniaxial only b N S,
N above the limit are
Check box to /' 7| Apply a Free-surface Amplification Correction (Aki and Richards) to amplitudes automatical |y
a pply a free' / Treatment of Uncertainties (values are percentage errors in corrections) disca rded
Surface Anelastic Attenuation= 5 Coupling Weight= 10
correction Geometrical Spreading= 5 Free-surface Amplification= 10 \
N\ | Estimated percentage
N rtaint di
Output report [ write information to Report File (RPT) uncertainty usea in
file s the error analysis
[ OK I ‘ Cancel J Apply

Figure 5-57: The configuration parameters on the Mechanisms Property Sheet.

The sensor polarity and coupling weight corrections should be configured on the Channel Properties Dialog Box or
Receiver Properties Dialog Box. If applying a coupling weight, Cwk, then this should be included in the Gain, g, setting
using this equation. The waveform amplitude will then be adjusted appropriately.

Ycorrected = gcwk
The following approach is recommended to produce the best possible source mechanism solutions:

1. Events should be carefully chosen for inversion. These should have a good focal coverage of sensors and a
majority of arrivals with clear onsets. The focal coverage depends on how well the sensor array is distributed
around the source location and can be assessed using the 3D Visualiser before inversion and in the Mechanism
Visualiser after inversion.

2. The event must be manually picked for P-wave first motion arrivals and amplitudes. The event should then be re-
located using these arrival times to give as accurate a location as possible.

3. The amplitudes to be used in the inversion should be carefully assessed. Poorly constrained amplitudes (i.e. where
signal to noise is low or the first motion is uncertain) should be initially dropped from the inversion. This will
provide an inversion that the user has more confidence in, but is possibly less well-constrained due to fewer
amplitudes being used. Amplitudes can be easily dropped by right-clicking on the pale-blue cursor in the Waveform
Visualiser - the dark blue cursor, being the first arrival, will remain.

4. Amplitudes with lower confidence should then be introduced into the inversion. This is performed by selecting the
pale-blue cursor from the Channel Processing Bar and moving the cursor to the appropriate position on the
waveform. Through an iterative procedure of adding poor amplitudes to the inversion, and re-inverting each time
to visualise the results, the user can produce a solution they remain confident in.

5. The error results should be carefully studied after inversion of a number of events to assess which events have
the best solutions in the data set. Poor solutions should then be re-visited.
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5.9.11  Optimised Picking

The Optimised-Picking Properties sheet (Figure 5-58) contains the configuration controls for optimised picking
functions. The routines can be run either through auto-processing (from the auto-processing Dialog or in the InSite
Leach during real-time operations) or manually in the Waveform Visualiser. Many of the functions can be visualised
and manually run in the Waveform Moveout View.

InSite Processing Properties X
Locater Source Parameters Event Initialisation Optimised Picking  Cross-corre| ¢ | *

P-pick LSQ Curve-Fit

] Allow P-pick Curve-Fit Outier tolerance
Initial distance (m) = | 2000 Initial velodity (m/s) = | 12500
Re-pick front window =

Re-pick back window =

S-pick LSQ Curve-Fit

] Allow S-pick Curve-Fit Outlier tolerance
Initial distance (m) = | 2000 Initial velocity (m/s) = | 8000
Re-pick front window =

Re-pick back window =

P-wave Cross Correlation

[C] Allow P-wave Cross Correlation Maximum offset

Cross Corr. front window
Re-pick back window = | 20 Re-pick front window =

Function |RMS v

Cross Corr. back window

S-wave Cross Correlation

[[J Allow S-wave Cross Correlation Maximum offset | 50

Cross Corr. back window | 80 Cross Corr. front window m
Re-pick back window = | 20 Re-pick front window =| 20

Function |RMS v

Figure 5-58: The configuration parameters on the Optimised Picking Property Sheet.

Optimised picking methods include least-squares moveout curve fitting with guided re-picking (abbreviated to
WavelSQ) and waveform stacking with iterative cross-correlation and re-picking (abbreviated as WaveXC). The Optimised
Picking sheet allows the user to select any combination of the two routines for each of the P- and S-wave phases and also
to set key parameters.

The options selected on the Optimised Picking sheet can be run both manually and through the auto-processor. To
run the options through the auto-processor there is a Use Optimised Picking check-box on the Auto-picking sheet

(figure) that may be selected. Torun options manually, there is an Optimise Picking button 7lon the right-hand button
bar of the Waveform Moveout View. If none of the optimised picking routines have been selected on the Optimised
Picking sheet, the Optimise Picking button is inactive (greyed-out).

When the WavelSQ and WaveXC routines are both selected the curve fit will always be run first. The WavelSQ routine
is intended to guide picking and increase the number of correct picks across the array, whilst WaveXC is a pick refinement
algorithm.

Existing picks are archived each time the Optimise Picking function is used. The previous picks can then be compared
with the optimised picks in the Waveform-Moveout View.
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Least Squares Curve Fit WavelLSQ

The WavelSQ routine is selected for each of the P- and S-wave phases using check boxes on the Optimised Picking
sheet. Other parameters that are user controlled are:

Initial distance: Initial event-receiver distance parameter estimate to seed the least squares routine;

Initial velocity: Initial velocity parameter estimate to seed the least squares routine;

Outlier tolerance: The maximum distance, in sample points, that a phase pick may lie away from the calculated
curve before being rejected as an outlier;

Re-pick front window length: The window length, in sample points, in front of the theoretical curve-fit arrival where
a phase pick will be sought using the auto-picking routine;

Re-pick back window length: The window length, in sample points, behind the theoretical curve-fit arrival where a
new phase pick will be sought using the auto-picking routine.

The re-pick windows should be wide enough to allow for reasonable misfit of the curve to the data points but narrow
enough to exclude other major phases.

Waveform Stacking with Iterative Cross Correlation WaveXC

The WaveXC routine is selected for each of the P- and S-wave phases using check boxes on the Optimised Picking
sheet. Other parameters that are user controlled are:

The

Cross correlation front window: The window length, in sample points, in front of the phase pick that is used to
calculate the cross-correlation value between the trace and the stack;

Cross correlation back window: The window length, in sample points, behind the phase pick that is used to
calculate the cross-correlation value between the trace and the stack;

Maximum offset: The maximum offset, in sample points, between the trace phase pick and the stack phase pick at
which to calculate the cross correlation - at all offsets between zero and the maximum offset in either direction

from the phase arrival the cross-correlation value is calculated;

Re-pick front window length: The window length, in sample points, in front of the trace phase arrival where a
phase pick will be sought on the final stacked waveform using the auto-picking routine;

Re-pick back window length: The window length, in sample points, behind the trace phase arrival where a phase
pick will be sought on the final stacked waveform using the auto-picking routine;

Function: The function the WaveXC routine should be run on - there is a choice of four functions involving an RMS
signal (of waveform amplitudes or the analytic envelope), or the product of the RMS signal with its picking function.

cross-correlation window lengths should be adjusted to exclude the other major phase, i.e. the S-wave arrival

should not fall within the P-wave cross correlation window and vice versa. The P-wave cross correlation front window
should preferably be less than or equal to the P-S separation, while front and back windows should be reasonably close to
equal. Similarly, the maximum offset should be adjusted to avoid interference between the two major phases. The re-pick
window should be reasonably narrow, as the final stack pick should be reasonably close to the initial picks.
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5.9.12  Quality Control QC

The QC comparison tool is configured via a tab on the InSite Processing Properties dialog ( Figure 5-59).

InSite Processing Properties X

Relative Location Mechanisms ~Spectral Picker QC Synthetic Waveforms | * 1%

Matching Tolerance (seconds) (O Use Local Time

Comparison Events
All v

Ray Synthetics

(® Use InSite Velocity Model (O Use Comparison Velocity Model

Close Cance Apply

Figure 5-59: Quality control properties dialog

When a QC comparison operation in carried out between two components in Data Visualiser, the selected matching

tolerance determines the maximum allowed proximity in time between two compared events in order for a match to be
made between them.

An option exists to use the local time in a QC comparison operation

The comparison events combo box shows four modes of operation that can be used for the QC comparison
operation

o All - show all events in results list

* Located - show all located events in results list

* Matched - show only matched events in results list

* Matched and Located - show only matched and located events in results list

When an item is selected from a comparison component for display in Waveform-Moveout view there is an option to
either use the InSite velocity model or a user selected velocity model when plotting the comparison moveout curve.
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5.9.12.1 QC Comparison in Data Visualiser

The QC Comparison menu option is launched by selecting two components for comparison in Data Visualiser and
then launching the pop-up menu as shown in Figure 5-60. In a typical scenario one of the components will comprise
events with associated waveforms while the other component comprises events imported from a CSV file which have
no waveforms.

15 Components Loaded 118 Bvents Lo
Marme Enabl.. Date Time ME NL. N| | Type i
B3 continous ex... X 31-05-20... 16:1545 0003 0000 ] Moi... 00
B frac part 2 v 31-05-20... 1548:00 0353 0091 Eve.. 00
B3 minifrac v 27-05-20... 22:43:02 0023 0016 OO Eve.. 00
B perf monte c... X 26-05-20... 10:26:13 0068 0068 OC Eve.. 00
B perfs X 26-05-20... 20:41:40 0003 0003 OC Eve.. 00
B repetitive ev... 27-05-20... 22:43:04 0146 0068 01 Eve.. 00
D 5“] f[ac Pal—t] 10 NE T 17.11.47% a0 ningin
BT slb frac part 2 Import and Manage Data ...

O <lb minifrac Enable Component

B <lb perfs. _ Disable Component

B3 =lb repetitive..

BT frac part1-1 Rename Component
B frac part1-2 Add Empty Component
B3 frac part1-3 Delete Component

Choose Component Colour
Choose Component Symboaol.., *
Merge selected components

QC Comparison

Figure 5-60: Comparison of two components

Following the operation, a new 'comparison component' is created showing the results of the comparison operation
(Figure 5-61). In the events panel is a list of all the events that have been matched from the two selected components in
chronological order.

Events that have not been matched may also be listed depending on what settings have been specified in processing
properties.

Note that the label column shows the original component and event number for each result. The other columns, with
the exception of the number column, show identical content to the original event.
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Figure 5-61: Comparison results of two components

Note that comparison components are not saved to the PCF on exit from InSite.

5.9.12.2 QC Comparison in Waveform Moveout View
To compare 2 events in Waveform moveout view, select view waveforms from the pop-up menu as shown in Figure
5-62.

2 Comparison Entries Loaded from Component 000004 comparison

Date
25-11-20...
25-11-20...

Enabl...

Morth Wavefor... |

Time LocalTime Label
18:01:48 648749 18:01:48.648749 00000
18:01:48.000000  18:01:48.000000

Mumn...

Type

0001
ve... 0001

Figure 5-62: Comparison of two events

The comparison moveout curves and TO line are shown when the "Show QC Comparison overlay" button is selected
inthe overlays toolbar. These comprise red dotted lines as shown in Figure 5-63 and refer to the event matched with the
one for which the waveforms are displayed. In addition, red dotted lines are shown in the SV plots and NEU
hodograms. The moveout curves will be affected by what has been configured for the velocity model under the QC tab
within processing properties.
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Figure 5-63: Comparison results of two events

5.10 Importing Event Parameters

Event parameters can be imported into an existing component in the project. This function differs from the Data Import
Dialog in that the events, into which the data are to be imported, must already exist in the component.

The event data is indexed by number meaning that the user must ensure that the event numbering scheme used in the
file exactly matches the event numbering in the component. InSite reads the data from the given file and adds it to the
event, so any existing data in the event will be over-written. The data formats currently available are given in Table 5.8.
After selecting the command from the Component List Menu the user will be asked to locate the file to import. The
importation process is then automatic.

Table 5.8: Data files available for importing event parameters.

Data Type Description Format Reference

RDB Event parameter data file from Queens University and ESG Canada Appendices section
Inc. 2.3

SDR Client event parameter file. N/A

SRC Event parameter data file from Queens University and ESG Canada Appendices section
Inc. 2.4

QDB Event parameter data file from Queens University and ESG Canada
Inc.

EPF Event Parameters File (EPF) Appendices section

2.13

5.11 Event Discrimination Functions

5.11.1 Enable and Disable Functions

Components and events can be enabled or disabled from the Project. This allows the user to easily select events,
or groups of events, for visualisation or processing.
When a component is disabled the effect is the same as disabling all events within that component.

* Disabled events are not displayed in the other visualisers.

* Disabled events are not automatically processed.

* Most export functions do not export the disabled data to file - the user is notified when this is the case.
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+ Disabled data are ignored in the event filtering and automatic extraction functions.

5.11.2

Event

Filtering

One important interpretation tool in earthquake studies is the ability to select portions of a data set depending on the
value of the event's parameters, such as time, location, uncertainties etc. This is performed in InSite by enabling or disabling
events that fall outside of given criteria. These events are then removed from the visualisers, so aiding the interpretation.

Event Filter Dialog
criteria are disabled. By selecting 'Invert' on each option, events inside the specified criteria are disabled.
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Figure 5-64: The Event Filter Dialog box.

Filter the events by any of the parameters specified below. Only enabled components are filtered. Events are enabled/disabled depending on whether they fit the criteria. By default, events outside the specified

“
- [ invert Filter

[ nvert Filter

[l nvert Filter

Invert Filter

X

The Event Filter Dialog Box (Figure 5-64) allows the user to select the parameters to filter on and provide the necessary
criteria. Clicking on the Filter button causes the data set to be searched for events that fit the criteria. Events that do not
fit the criteria are disabled. Only enabled components are searched allowing the user to remove sections of the data from
the process if so desired.

Events can be filtered by one or more of the following parameters:

+ Date and Time

* Volume (NED Box)

* Volume (triangulated volume defined by object in STL file format)

» Volume (using DOF file)

¢+ Visualisation (shape in 3D visualiser)

* Instrument Magnitude

» Location Magnitude

* Moment Magnitude
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* RMS Location Error

+ Signal-to-noise ratio

» Cluster Index

* Interacting Neighbours
¢+ P Picks

» SPicks

» Angular Residual
* Source Vectors
¢+ Confidence number
* P-waveSNR
* S-wave SNR
* Number of arrivals used in location
* Number of independent sensors used in location
* Number of source vectors used in location
* RMS residual time
» Angular residual
+ S:P Ratio
* RMS noise
+ Radiated Energy
* Mean P/SH ratio
+ Mean P/SV ratio
* Mean SV/SH ratio
¢+ Peak acceleration
» Uncertainty (N, E, D)
¢ Cluster label
» Opening angle
Up to four parameters, apart from spatial and temporal parameters, can be selected for filtering by selecting them from
the drop-down lists.
Tofilter using a Triangulated object defined by an STL file in the 3D visualiser, select the imported object from the drop-
down list. To use this option, it is necessary to define a point (in NED coordinates)that locates outside of the defined volume.
To filter using a Drawing Object File (DOF) volume, use the browse button to select the required file which contains the
planes describing the closed volume (for more information on creating DOF files). It is also necessary to define a point (NED

coordinates) which locates outside of the defined volume. Note that the DOF file reference and information is not stored
after the Event Filter Dialog Box is closed meaning that this function can only be used during manual filtering.

Each of the event filters can be inverted, by checking the 'Invert Filter' box, or in the case of the Triangulated and DOF
volume selecting either the inside or outside volume options.
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5.11.3  Setting the Event Type

Events can be split into three default types:
¢ Event
* Shot
* Noise

In addition, the user can create up to 90 event labels. This is done through the 'Edit User Defined Event Types' Dialog
(Figure 5-65), launched from the Events menu in the Data Visualiser. The user can add an event type with any label name
they choose. This name can be updated at any time using the edit option and the change is automatically applied to events.
When the user highlights an event type and chooses 'Delete' a warning Dialog appears to inform the user that this action
will reset all events of the selected type to 'Event' and asking the user to confirm that they wish to continue.

User event types can be assigned a symbol and colour for plotting in the 3D Visualiser.

-

1

§ Edit User Defined Event Types

User Defined Event Types

Add

Edit

Delete

=
=

4 I I

e

Figure 5-65: Dialogs associated with adding, editing and deleting user event types.

User Event Type Label [ﬁ

Label |
Symbol |Select a symbal. .. j
Set User Event Type Colour | .

Cancel |

.
Figure 5-66: Dialogs associated with adding, editing and deleting user event types.
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[ InSite I r

F % Youareabout to change all events of type: "UserbEvLabell”
W' totype "Event"

Do you wish to continue?

Figure 5-67: Dialogs associated with adding, editing and deleting user event types.

In the Data Visualiser each of the three default types has its own icon. All user event types have the same icon. This
allows the user to mark and segregate the different events. The user can also perform functions on just a section of the
data set by enabling only events of a particular type. Some processing functions are only applicable to a particular
event type and include the following:

+ Setting or editing of Shot/Transmitter Parameters can only be performed for a Shot type.

+ Velocity calculations, either for the pick velocity or for the cross-correlation velocity, can only be performed on a
Shot type.

All events that are designated by a user type label behave as an Event for processing.

All Event functions such as source location, source parameter and source mechanism calculations etc. can be
performed on Shots, thus allowing the user to perform calibration exercises.

The event type is generally set from the Component List Menu or the Event List Menu (Visualiser Interface), although it
can also be set from within the Waveform Visualiser, 3D Visualiser and through importing a LOG file.

When a LOG file is imported InSite browses the file looking for particular event flags and matches the flags to events
in the data set.

5.12 Moving Events Between Components

5.12.1 Manual Move and Copy Functions
Events can be manually moved or copied from one component to another. This allows the user to manually sort the

data by segregating events, similar to moving files between folders on a hard drive. The move and copy functions are found
on the [Event List Menul]

When the Move Event function is run, the user is asked to specify which component the events are to be moved to
(Figure 5-68). The ESF files associated with the event(s) are then moved to this different component. In addition, if all of
a component's events are moved to another component, the ESF subdirectory associated with the source component is
removed provided it is empty.

Destination Component Selection L&J

Select a Component into which the Events will be extracted. The Events can
be re-numbered within this Component. The "Re-number Events" flag will
number the extracted Events sequentially after the maximum pre-existing Event
Number.

Destination Component = | Select a Componert... - |

| Re-number events

[ ok | canca |

)—'igure 5-68: Destination Component Selection Box.

If so desired the user can also select to re-number the events upon moving the data (default). This is advisable if data
is going to be moved from more than one component into the destination component. The events are re-numbered
sequentially after the maximum event number already existing in the component.
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When an event that contains waveforms is moved then the ESF associated with the event is also moved on the hard
drive into the component's storage directory. This is performed so that all the data remains within structured file
storage.

Copy Event works similarly to Move Event except that it copies Events from one component to another or within the
component itself. Note that if events are copied within a component the 'Re-number events' tick box must be selected in
the Destination Component Selection Dialog. If copying between components, then the 'Re-number events' tick box can
be deselected but it may mean warning messages appear (Figure 5-69), e.g. when there already existing events with the
same event number in the destination component.

InSite - Seismic Processor [&J

I £% Thereis already an Event with the number 1 in Component 20130601,

' Do you wish to overwrite this Event?

[ Yes ] | Mo | | Cancel |

Figure 5-69: Duplicate Event number warning message.

Components can be merged, using the Merge selected components in the [Component List Menu]. The operation
works by creating a new component with a default name. It then moves all events and their associated ESFs out of
the selected components into the new component. The old components will be removed from the component list and
their ESF subdirectories removed, provided they are empty.

To operate on all events within a project, [The Events sub-menu] in the Data Visualiser contains functions to move,
backup and purge all ESFs. Move All ESFs moves all ESFs to a new directory, whilst Backup All ESFs makes a copy
of all of the ESFsina new directory. Purge All ESFs deletes all ESFsin the component directories which are no longer
referenced in the project.

When running the move or backup functions, the user is prompted to select the directory to which the ESFs are
to be moved via the standard Browse for Folder Dialog. Each componentin the projectis dealt withinturn. A check
isfirst made to see if the destination component subdirectories contain any ESFs which clash with events andifso,
the user gets a prompt whether or not to continue. If the component ESF subdirectories do not exist, they are
created. Asthe move and backup operations can take quite a long time, a message box appearsinthe top left-hand
corner showing the progress of the operation.

When running the move operation, each component has its old directory removed, if it is empty, and its component
directory property is updated. At the end of the operation, the ESF storage directory for the whole project is also updated.

When running the purge function, the user is at first given a warning message about carrying out such an operation
(Figure 5-70). Each componentinthe projectis dealt withinturn. The components ESF subdirectory is interrogated
to determine which ESFs are no longer presentin the currently open PCFs components and they are then deleted. If
the ESF subdirectory is empty at the end of the operation it will be removed.

-
InSite - Seismic Processar I ]

d "y 1 WARNIMG: This eperation will delete all the ESFs contained in the
"Y' component directories which are no longer referenced in this project.

IT IS ADVISABLE TO BACKUP THE ESFS FIRST.

Do You Wish te Centinue?

Yes l | Mo

Figure 5-70: Purge Function warning message.
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5.12.2 Automatic Extraction Functions

The Auto-extract Surveys function automatically searches through the data set and finds all shots. These are then
automatically split into surveys. Only enabled components and events are searched.

Asurveyisdefinedasagroupofshotsoccurringwithinaspecifiedtime period. Theseshotsarethenautomatically
extracted out of their existing components and into a new component automatically set up for that survey. The name of
the component is defined by the date and time of the first shot to occur in the survey. The events are automatically
numberedin date-time order. ESFs thatare associated withthe eventsare renamed and the files moved on the hard
drive to accommodate the change in component.

- 1
Auto-extract Survey Data [&J

This function searchs the entire Project looking for surveys of "Shots" and sorts them into individual
Components. The surveys are discriminated in time by the ""Maximum Survey Time" defined below.
Cnly Enabled Events in Enabled Components are searched.

Shats that occur within the Maximum Survey Time are defined as being in the same survey. Surveys
must occur at intervals during the experiment that are greater than this time.

Maximum Survey Time (Minutes)

60

[ Btmet || close

Figure 5-71: The Auto-Extract Survey Data Dialog box.

When the function is run the Auto-Extract Survey Data Dialog Box is displayed (Figure 5-71). The user must define the
Maximum Survey Time. This is the time, in minutes, for all of the shots in a survey to occur. All surveys within the data being
searched must be restricted to the same time limit. Figure 5-72 shows an example study that contains five shots in each
survey. All the shots in each survey were performed within a 40-minute time period stretching from the first shot in the
survey. The surveys were separated (from the first shot of one survey to the first shot of the next) by at least a 90-minute
time period. If the user selects a Maximum Survey Time in the range 40 to 90 minutes, then all the surveys should be
correctly separated (assuming that the data set spans complete surveys). If a Maximum Survey Time greater than 90
minutes is selected, then the surveys will always be incorrectly separated. Ideally, the time between the last shot on one
survey and the first shot on the subsequent one should be greater than the Maximum Survey Time as this will always
result in correct separation.

Maximum Survey Time = 60mins

—o00 00 0000 o-O0-0-0-0—
‘ ‘ ‘ | Time

Maximum Survey Time = 100mins

Figure 5-72: Example shot time-line enabling splitting of shots into individual surveys.
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5.13 Auto-Processing

The Auto-Processing Dialog Box (Figure 5-73) allows the user to process any part of the Project's data set automatically.

Auto-Processing Dialog Box @

Choose your processing options:
Mote that some processes are not available if the configuration parameters are not set -> see
Processing Properties

Available Processes Chosen Processes
Cancel P Picks - Auto-pick Event
Cancel S Picks = Locate Event

Get Pick Velocities
Source Vectors Only
Get Peak Amplitudes
Filter on Parameters 58 <- Remove
AutoWrite to ATFs
AutoWrite to SEGY
AutoWrite to SEG-2
Autolirite to ATFs (Rot)

Add -=

11

Figure 5-73: The Auto-Processing Dialog Box

The processor operations are only performed on Enabled Events in Enabled Components thus allowing the user
to process a selected part of the data set. Auto-processing accesses each eventin turn, reading the ESF, and performing
the chosen processes. The user selects the processes to perform from a list of available options shown in Table 5.9. The
availability depends on whether the user has the appropriate permissions and whether the user has adequately
configured the processing properties. Waveform pre-processing is automatically performed.

It is very important that the user checks the accuracy and robustness of the processing functions for the set con-

figuration parameters before attempting auto-processing. This should be done by manually processing a sample of the
data in the Waveform Visualiser.

Table 5.9: The processing options available in the Auto-processing Dialog box.

Process Description Reference
Cancel P Picks P-wave picks are removed from all -
channels in the event
Cancel S Picks S-wave picks are removed from all -
channels in the event
Auto-pick Event P and/or S-wave picks are | Auto-picking

automatically obtained for each
event using the properties set on

the Auto-picking Property Sheet. *

Get Pick Velocities P and S-wave velocities are | Auto-picking
obtained from the "Time-of-flight
method". Only active events are
processed.
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5.13 Autoprocessing

CCR Event

Events are cross-correlated for
arrival time differences using the
properties set on the Cross-
correlation Property Sheet.

Cross-correlation

Source Vectors Only Calculation of source vectors using | Auto-picking
the properties set on the Auto-
picking Property Sheet.

Locate Event Events are source located using Locater

picked P and S-wave arrivals.

Get Source Mechanism

The  source mechanism is
calculated using the properties set
on the Moment Tensor Property
Sheet.

Mechanisms

Get Peak Amplitudes

The maximum amplitude on each
channel is obtained

Configuration of Processing Properti

Master-Locate Event

Cross-correlation arrival times are
used to calculate the source
location

Locater

Filter on Parameters

The event filtering criteria (set on
the Event Filter Dialog) are used to
automatically disable the event

Event Filtering

Outputs ATFs as Raw
(Unprocessed) for all enabled
events.

Appendices section 2.8

AutoWrite to SEGY (Raw)

Outputs SEGY as Raw
(Unprocessed) for all enabled
events.

AutoWrite to SEG-2 (Raw)

Outputs SEG-2 as Raw
(Unprocessed) for all enabled
events.

AutoWrite to ATFs (Rot.SV)

Outputs ATFs as rotated channels
usingmeasuredsourcevector (SV)
for all enabled events.

Appendices section 2.8

AutoWrite to SEGY (Rot.SV)

Outputs SEGY as rotated channels
using measured source vector (SV)
for all enabled events.

AutoWrite to SEGY (Rot.Theor.)

Outputs SEGY as rotated channels
using theoretical source vector (SV)
for all enabled events.

AutoWrite to SEED (Raw)

Outputs SEED as Raw
(Unprocessed) for all enabled
events.

AutoWrite to SEED (Corrected)

Outputs SEED as corrected
(station response removed) for all
enabled events.

Spectral Fit

Perform spectral fitting for each tri-
axial instrument in the event. Note
that Spectral Fit must be manually
performed before location. Other-
wise, the source parameters can't
be calculated automatically after lo-
cation.

Source Parameters

Waveform Parameters

Calculate the waveform parameters
for each trace in the selected
event/s.

Appendices section 7.4
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Source Parameters (Req. Calculate source parameters without
Location) relocating the event. Note: when the

default receiver array is changed,
the event receivers must be updated
(Updating Sensor Information) to
see the source parameter
calculation take effect.

Confidence Number (Req. Calculate the confidence number Appendices section 7.5
Location) for the event.
Location Uncertainty (Req. Calculate the location uncertainty
Location) in North, East, and Down for the
event.
Mean Arrival Time Residual Calculate the mean arrival time
(Req. Location) residuals for the P and S-waves

for each event.

Instrument Ray Parameters Calculate the ray length, ray | Event View Data Panel Appen-
azimuth, and ray takeoff angle for | dices 2.20

each instrument and the event.
These can be viewed in the
instrument  data panel and
exported/imported via the
instrument csv file.

Autopick of P, SH, SV Automatically rotate waveform to P-
amplitudes (Req. locations) SH-SV channels based on its
location and then pick amplitudes
of P, SH, SV for moment tensor
inversion.

» Reference Components or Events, selected in the cross-correlation algorithm, are automatically missed.

5.14 The InSite Leach

5.14.1 Key Features

The InSite Leach provides on-line data-capture facilities and direct acquisition-system control. The Leach is a
modular interface that integrates with different hardware products importing data directly into InSite's data
management system and applying 'on-line' processing functions. The Leach can operate in the background so that
the user can still interact with InSite's visualiser suite whilst data is being acquired. The modular structure means that
new functions are easily added for different acquisition hardware, so providing software continuity to the user.

Further information on the Leach and compatible hardware can be obtained from Applied Seismology Consulting Ltd.
Some of the key features are as follows.

» The InSite Leach has been written as an integrated component of ASC's InSite Seismic Processor, thus providing
one simple point of entry for the user and providing easy-to-use configuration and operation. This allows new data
to be seamlessly imported as the data capture functions interact directly with the main data management systems.

» The InSite Leach has been designed to be independent of seismic acquisition hardware and to operate as part
of a stand-alone system. A flexible code framework has been developed so that the software can be easily
updated to be compatible with any seismic acquisition hardware. This means that when a user changes to
different hardware the InSite Leach can continue to provide the same data management systems and processing
algorithms and hence provide project continuity.

¢+ Different functions within the Leach are run in a multi-threaded environment. This means that as the Leach
operates, each function runs independently. This is key, for instance, when the user wishes to visualise what data
have been acquired, as well as continuing acquisition and processing in the "background". The multi- threaded
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environment also means that the Leach is well suited to a multi-processor machine. This is a big advantage when
using the software in a high-data-transfer environment.

* When new data is captured from the acquisition hardware it is automatically imported into InSite's data
management system. During this process, the data are sent for automatic processing of seismic parameters such
as locations and source magnitudes. The results are then instantly available for visualisation and as such provide
'real-time' operations for the user.

* Where possible, the Leach automatically extracts active events recorded from man-made sources, such as the
transmitters in the ultrasonic arrays, and passive events associated with microseismic or acoustic emission activity.
This allows the active events to be processed automatically for velocity information.

5.14.2 User Interface

Figure 5-74 shows the tabbed Dialog box that is the user interface for the Leach. Each tab represents a separate acquisition
system module. The Dialog box is opened from the Data Visualiser menu in the main InSite program. Modeless means that
the user can still interact with the main program while the Dialog box is open (an example is the "Find and Replace" Dialog
box in MS Word). This is important; as one of the key requirements of the Leach is that while it is operating the user must
be able to interact with the visualisers in the main program. The Dialog box is tabbed so that the Leach can be easily
expanded for different acquisition systems. Furthermore, the user does not need to purchase the complete set of Leach
tools but only the functions applicable to the available hardware.

| Leach = X
Streamer ! Autoleach

Search Directory

No Waveform Storage v
Browse
Directory Free Space
ESF Storage Home Directory - the ESFs will be stored in sub-directories of this Search not active.
Browse
ESF Storage not active.
BSF Storage Home Directory
=4
| , e BSF Storage 97,181,487,104 bytes
Acquisition Parameters
4 Disk Space Critical Level (MBytes)
Trigger Method Amplitude Threshold v
100
Trigger Amplitude = | 0.03 Trigger Ratio = | 0.25
Window Length = | 480 Trigger Instruments = | 3 Search-Import Specifications
Waveform Length = 1024 Timed at (seconds) 5 G
[Jrime window Start 27 ( 0 ( - Split Components by Day v

[T pate window End 17/03/202 10:09:21 =

Reset Date T Index Fil Auto Save PCF at None e
eset Date Time x File
goo

Click on "Start Leaching Data" to begin data capture...
Data Properties
File Format Type SRM v

Settings 3 Hours

On-line Processing
Automatically process data during import [ Record hits to text file

["1anore invalid files on search-import ["]Record events to CSV

Trigger Settings (Picking Method)

Configure Reporting Instrument Triggs Templats Audio Settings Start Leaching Data

Show Watch Alerts Manage BSFS Waveform Watch

Figure 5-74: The InSite Leach window
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5.14.3 Real-time Data Processing Functions

During the InSite Leach import process the data is processed for the standard seismic parameters that InSite obtains
when a user processes the data off-line and uses exactly the same functions. Using this approach, the software then
provides a real-time processing system with results being immediately available for visualisation as soon as the data
becomes available.

The user has the option to switch on this real-time processing on the InSite Leach user interface. Any processing errors
that are produced during the operations do not stop the successful completion of the Leach functions, but instead display
messages to the Watch Dialog Box.

'Passive’ and 'Active' events are split apart in the data capture routines ('Active' events are created during ultrasonic
surveys). The functions that occur during the real-time processing then include the following (these depend on the
permissions available to the user):

Passive Events:

+ Waveform pre-processing (e.g. waveform filtering) is performed.

+ P-wave arrivals are automatically picked.

» S-wave arrivals are automatically picked.

¢+ Arrival times are inverted for source locations.

» Waveform amplitudes are automatically processed for source parameters.

+ Waveform peak amplitudes and frequencies are obtained.

+ Events are filtered on their source parameters.

Active Events:
+ Waveform pre-processing (e.g. waveform filtering) is performed.
» P-wave arrivals are automatically picked.
» S-wave arrivals are automatically picked.
» Arrival pick velocities are calculated.
» Arrival cross-correlation velocities are calculated.
» Waveform peak amplitudes and frequencies are obtained.

One of the pre-requisites for the design of the Leach has been the ability to interface to alternative data-acquisition
hardware. This continues the design philosophy of the InSite Seismic Processor being hardware independent. The Leach
does this by having a very simple code framework that allows additional tools to be added whenever an interface to new
hardware is required. The processing functions operate on the InSite side of the interface, so that the data it sends out is
an identical format regardless of the hardware. The advantage to the user is that if the software is required for an
alternative acquisition system, or for a different site, then the software can be updated relatively easily and with no effect
on the processing algorithms employed.

5.14.4  Split SEED/miniSEED for Streamer Leach

SEED or miniSEED data usually record a long time period of waveform in each file depending on the acquisition
settings. To avoid importing large files, users can launch “Split SEED/miniSEED file Dialog” to split the data streams
into smaller blocks of data (Figure 5-75). Depending on the processing computer configuration, for example, users can
split 1-hour data stream files to 600 second each file. It reduces the demand on computer memory.
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file format

T Input File type
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(¢ SEED " miniSEED .
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Input SEED/miniSEED Directory: Browse...
Selected Files F .
o -Select certain files
3 < -
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Figure 5-75: InSite Split SEED/miniSEED dialog. User could choose to split all SEED/miniSEED files in a folder or
select certain files.

5.14.5  Streamer Leach Multiple Array Option

Inorderto Leach through filesacquired on different geophone arrays, a default receiver array must be created which
contains channels across all the arrays that are required. This is set up in the same way as for the existing facility to split
raw data into M-ESFs using the Multiple array file pre-process dialog, i.e. the imported SEN file must contain 3
additional columns, the array name (which must correspond with what is configured below in Figure 5-77), plus
instrument and channel numbers within the context of that array.

To begin using the Streamer Leach in Multiple Array mode, the file format type dropdown list selection shown in
Figure 5-76 is used. On selection of this directory browser in Search Directory group box becomes disabled. This is
because the location of the raw data for multiple arrays is configured using a new dialog launched by pressing the Settings
button within the data properties group box.

Note: the instrument trigger setting will be greyed out and user must specify this parameter for each array (see
description below).
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Figure 5-76: InSite streamer leach dialog selecting multiple array file format

When the Settings button is pressed the Multiple Array Streamer Settings dialog box is launched as shown in Figure
5-77. This allows the user to configure where the array data is located and its data type (SEGY, MIRF, SEG2 etc). In addition,
two parameters can be configured to alter the behaviour of the streaming operation (see later).

On selection of Add Array the following dialog is shown as indicated in Figure 5-78.

x|

IV Enabled

Array Raw Data Properties
Array Mame: | statel

Array Path: | raining2016JaniMultiple ArraysiMultiple Array Tutorial\RawData\staged|State )|

File: Type: |SEG\‘ 'l
Trigger instruments ! |4
oK I

Figure 5-77: Array data properties dialog

Browse

Cancel |

The fields array name, array path and file type must be specified in the 'Array Raw Data Properties' dialog. In addition,
the user can use the 'Enabled' checkbox to temporarily disable this array when it comes to performing the actual streaming
operation. The trigger instrument sets the minimum number of instruments from this array. If any one of the arrays doesn't
satisfy this triggering condition, no event will be triggered.

On pressing OK the Arrays list-box gets filled in as shown in Figure 5-78.
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Enabled

File Type: SEGY

Additional Settings

File search interval (sec) : 60

File split interval (sec) : 5

Figure 5-78: List of arrays to search for data

Below the list-box are the current settings for the highlighted list-box item plus an Additional Settings button. This is
used to launch a dialog specifying additional settings pertaining to the file type concerned. An example is shown below in

Figure 5-79.
-
Streamer Leach Settings - SEG‘ u

Search all files since latest event on startup

["|ichedk SEGY date/time using filename only:

Use filename to check triggered files in project

Prompt before streaming new data

Use SEGY Format from Sercel
Automatic data backup

Browse

’ Cancel ] [ OK ]

Figure 5-79: Additional settings for SEGY streaming

When the streamer leach is operating for multiple arrays, InSite scans the multiple array locations to see what files are
there and to sequence them in order by time/date. The software then starts at the earliest file (in whichever array) and
begins to import data over a time interval beginning at that time/date. This interval is by default 1 minute but can be

changed by the user by using the File Search interval edit field in Figure 5-78.

The data contained within the File search interval is split into temporary events or M-ESFs, these files are not stored to
disk but kept in memory for performance reasons. Each M-ESF is by default 5 seconds long, this can be changed by the user
in the File Split interval edit field in Figure 5-78. Note that if files from multiple arrays coincide in time they will be split into

M-ESFs which combine channels from across all the arrays.

Figure 5-80 shows the leach dialog when SEGY files are being processed from the time interval in question.
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Leach - X

Streamer l AutoLeach

Search Directory

Full Real-time Operations ~
E:\Webinar20200419\03-Leach\Raw SEGY) Browse
Directory Free Space
ESF Storage Home Directory - the ESFs will be stored in sub-directories of this Search = 356,038,471,680 bytes
E:\Webinar20200419\03-Leach\ESF\, Browse

ESF Storage = 356,038,471,680 bytes
BSF Storage Home Directory

E:\Webinar20200419\03-Leach\BSF, Browse (55 Sholeg 2 = TR IR =S

Acquisition Parameters _ n
Disk Space Critical Level (MBytes)

Trigger Method | Picking Algorithm ~
100
0.03 0.25
480 3 Search-Import Specifications
i 2 Timed at (seconds) 5 ~
Time Window 27/07/2016 00:00:00 = split Components by | Day -
Date Window 10/01/2021 13:37:05 :

Auto Save PCF at | Mone ~
Reset Date Time Index File

ooao
No NEW Files Found...
Data Properties
[E raw data_0085.sgy ~ P :
El raw data_0086.sgy File Format Type | SEGY h
El raw data_0087.sgy
B raw data_0088.sgy Settings Search 3 Hours 0
[E raw data_0089.sgy
& raw data_0090.sgy
El raw data_0091.sqy On-line Processing
data_0092.
B} raw data_ e [ Automatically process data during import Record hits to text file

El raw data_0093.sgy
E raw data_0094.sgy I:‘ Ignore invalid files on search-import I:‘ Record events to CSV
[El raw data_0095.sgy
[El raw data_0096.sgy

Trigger Settings (Picking Method
[El raw data_0097.sgy 99 gs g )

[El raw data_0098.sgy 100 35
[E raw data_0099.sgy 5
[El raw data_0100.sgy %
Configure Reporting Instrument Triggers Templates Audio Settings STOP LEACHING
Show Watch Alerts Manage BSFS Waveform Watch Shut Down

Figure 5-80: InSite streamer leach with SEGY selection

After the M-ESFs for the time interval in question have been generated for the file search time interval in question the
software scans through each one for triggers. Afterwards the M-ESFs are discarded and the software starts reading data
from the next time interval in sequence. If a time gap occurs within the data, the software skips forward in time if necessary.
The scanning continues forward in time until there is no more data to process.

N.B. The Timed at combo-box choice in the streamer leach dialog (Figure 5-81) should be set to the same value as
the File Search interval when leaching in real-time. In post processing mode it may be set to a lower value.

Search-Import Spedfications
Timed at (seconds) |60 -

Split Components by |Hour -

AutoStore PCFat [5Mins -

Figure 5-81: Streamer leach search and import configuration
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The multiple array streamer leach may involve significant demands on the memory of the computer if the File search
interval is set too long. See comparison in Figure 5-81. However, a longer time interval can reduce the percentage of
SEGYs that are re-read each time and the number of directory searches that are performed, improving efficiency.

Memory Physical Memary Usage History

1 Minute file search interval
Memary Physical Memary Usage History

10 Minute file search interval

Figure 5-82: Streamer leach memory monitoring

Beware of setting the File Split time interval too low asan "ERROR in Internal Triggering!" condition can be reported,
in particular if the waveform length is set to a high value in the acquisition parameters group-box. However, setting the
File Split time interval too high makes the operation less efficient as there is more re-reading of SEGY files and in any
case, it cannot be longer than the file search interval.

5.15 The InSite Calendar Map

The InSite Calendar Map allows the user to visualise the data set by date. On opening the Calendar Map, data from all
of the components are sorted by date. Dates that contain data are displayed in bold on the calendar. The user can then
select the date of interest, and the appropriate data is displayed.

=

Event Calendar

1 events an 31-01-2013

Mumber Date Time E Morth East Down

1 January, 2013
Booot 31012013 16:15:00 v - - -

Sun Mon Tue Wed Thu Fri Sat
a0 31 1 2 3 4 5
B 7 & 9 10 11 12
13 14 15 18 17 18 19
A A1 2 23 24 5 26
27 28 29 30 3

1 Today: 20/06,/2013

Close

Figure 5-83: The InSite Calendar Map.
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5.16 Summary of Processing Results

This section provides a summary of the results produced from processing an event or channel. These results can
be either visualised within InSite or output to ASCII text files.

5.16.1 Event Data

Table 5.10: Results produced from processing an event.

Type Parameter Reference ‘ Visualiser

Number of Data VVF RPT Total number of
P waves EPF CSV channels picked.
General picked
Paramet
ers Number of Data VVF RPT As above.
S waves EPF CSV
picked
Northing, Data VVF EPF Three-
Easting, Location RPT CSV dimensional
Depth location quoted
in distance
units.
RMS Error Appendices Data VVF EPF A distance un-
section RPT CSV certainty on the
3.5.2 location quoted in
distance units.
RMS ! Data VVF EPF An rms residual
Residual RPT CSV calculated from
all arrivals used.
Error ! Location VVF EPF Length of axes
ellipsoid RPT CSV A,B,Con
axes lengths ellipsoid.
Error ! Location VVF EPF Three-
ellipsoid RPT CSV dimensional
Location axes vectors directions of
Data A,B,C axes.
Arrival times Data VVF EPF Number of P-
used RPT CSV and S-wave
travel times used
by the algorithm.
A single
instrument can
contribute two
travel times (P
and S).
Independen Data VVF EPF Number of
t sensors RPT CSV Independent
used sensors used in
the location. AP-
and S-wave pick
from the same
sensor are
classified as
'dependent’.
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Type

Parameter

Reference

Visualiser

Uncertaintie
3

Location Location Data Location VVF EPF Simple relative
Magnitude Magnitude RPT CSV maghitude
calculated  from
channel rms
amplitudes. The
magnitudes are
relative when
compared across
the same array and
data  acquisition
settings.
TO time VVF RPT Origin time with
EPF CSV reference to the
trigger time of the
event.
Instrument Appendices Data Location VVF EPF A true magnitude
Source Magnitude section 4.2 RPT CSV calculated from
Paramet the ppV on each
er instrument.
Seismic Data Data "
Moment Visualiser
Moment ! " "
Magnitude
Radiated ! " "
Seismic
Energy
S-wave to P- ! " "
Wave
Energy Ratio
Source " " "
Radius
Apparent ! " "
Stress
Static Stress ! " "
Drop
Average P- " ! !
wave Corner
Frequency
Average S- " " "
Wave
Corner
Frequency
Six Moment Appendices Mechanism VVF RPT
Tensor section 5 EPF CSV
Components
Six Moment ! Mechanism VVF RPT
Tensor EPF CSV
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Reference Visualiser
Relative " Data VVF A relative
Seismic Mechanism EPF seismic
Moment RPT moment
csv calculated
from the
amplitudes
used in the
inversion. This
isa true seismic
moment if the
amplitudes are
displacements.
Amplitudes " Data VVF Number of
used Mechanism EPF amplitudes
RPT used by the
csv algorithm.
Condition " Data VVF
number Mechanism EPF
RPT
CSV
RMS Error " Mechanism VVF
Factor EPF
RPT
CSsv
RMS " Data VVF
Amplitude Mechanism EPF
Residual RPT
CSV
Quality Index| " Mechanism VVF
EPF
RPT
CSsv
Isotropic, " Data VVF
Double-—; Mechanism EPF
Couple, CLVD RPT
percentages csv
Isotropic, " Mechanism RPT
Double-—. CsvVv
Couple,
CLVD
coefficients
F Parameter| " Mechanism RPT
Tand k " Mechanism VVF
Values EPF
RPT
Csv
ErrorsinT " Mechanism VVF
and EPF
k Values RPT
P,B, T " Mechanism VVF
eigenvalues EPF
RPT
Csv
P, B, T eigen-| " Mechanism VVF
vector EPF
orientations RPT

Csv
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Fault planel " Mechanism EPF
solution RPT
nodal-plane csv
orientations
Slip vector " Mechanism EPF
orientations RPT
CSsv
Fault plane Mechanism RPT
solution from Csv
P-wave
polarities:
nodal-plane
orientations.
P,B,T vectors.
Slip vectors.
Rake
5.16.2 Channel Data
Table 5.11: Results produced from processing a channel.
Type Parameter Reference ‘ File Notes
Waveform Waveform pre- Waveform TRF PED
RMS processing SSF
General Amplitude
Waveform " PED SSF
Signal:noise
P-wave Autopicking PED SSF
arrival Pick
P-wave " PED SSF
amplitude
pick
P-wave " PED DCF DC to
amplitude SSF waveform
amplitude at
the
amplitude
pick.
P-wave " The P-wave
amplitude amplitude
signal:noise divided by
an RMS
. Pick Data noise
Time-
domain calculated
Pick from a pre-
signal
window
defined
before the
arrival pick.
P-wave " DCF SSF The
picking maximum
maximum peak-to-
amplitude peak
amplitude
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from the
picking
algorithm.

P-wave pick Pick Velocities Waveform DCF SSF The 'time-of-

velocity flight'
velocity
calculated
from the
pick arrival
time.

S-wave Autopicking Waveform PED SSF

arrival Pick

S-wave " Waveform PED SSF

amplitude

pick

S-wave " PED DCF DC to

amplitude SSF waveform
amplitude at
the
amplitude
pick.

S-wave " The S-wave

amplitude amplitude

signal:noise divided by
an RMS
noise
calculated
from a pre-
signal
window
defined
before the
arrival pick.

S-wave " DCF SSF The

picking maximum

maximum peak-to-

amplitude peak
amplitude
from the
picking
algorithm.

Type Parameter ‘ Reference ‘ Visualiser File Notes

S-wave pick Pick Velocities Waveform DCF SSF The 'time-of-

velocity flight' velocity
calculated
from the pick
arrival time.

Waveform Peak Amplitudes Waveform PED SSF The

Peak maximum DC-

Amplitude to-peak
amplitude

on the entire
waveform.
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Waveform
Peak
Amplitude
Pick

Waveform

PED SSF

The time pick
of the
maximum DC-
to-peak
amplitude

on the entire
waveform.

Waveform
Peak

Amplitude
Frequency

Waveform

PED SSF

The dominant
frequency of
the signal at
the maximum
DC-to-peak
amplitude on
the entire
waveform.

CCR P-wave
Arrival Time

Appendices section
6

DCF SSF

P-wave arrival
time measured
by cross-
correlating the
processed
arrival with a
reference
arrival.

CCR P-wave
Arrival Time
Difference

Waveform

Difference
between the
processed and
reference P-
wave arrivals.

CCR P-wave
Velocity

Waveform

Velocity of the
CCR P-wave
arrival.

CCR P-wave
Velocity
Difference

Waveform

Difference
between the
velocities of
the processed
and reference
CCR

P-wave
arrivals.

CCR P-wave
Window
Maximum
Amplitude

The maximum
DC-to-peak
amplitudein
the CCR
window taken
from the
input
waveform
before any
signal
processing is
performed.
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Type

Parameter

CCR S-wave
Arrival Time

Reference

Visualiser

File

Notes
S-wave
arrival time
measured by
cross
correlating
the
processed
arrival with a
reference
arrival.

CCR S-wave
Arrival Time
Difference

Waveform

Difference
between the
processed
and
reference S-
wave
arrivals.

CCR S-wave
Velocity

Waveform

Velocity of
the CCR S-
wave
arrival.

CCR S-wave
Velocity
Difference

Waveform

Difference
between the
velocities of
the
processed
and
reference
CCR S-wave
arrivals.

CCR S-wave
Window
Maximum
Amplitude

The
maximum
DC-to-peak
amplitudein
the CCR
window
taken from
the input
waveform
before any
signal
processing
is
performed.

P-wave
theoretical pick

Waveform

P-wave
arrival pick
calculated
from the
known
source
location and
receiver
position.
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S-wave
theoretical pick

Waveform

P-wave
arrival pick
calculated
from the
known
source

location and
receiver
position.

P-wave
automatic low
frequency

plateau

Appendices section
4

P-wave
automatic
corner

frequency

P-wave
automatic
energy flux

Type

plateau

section (6.4.3)

Parameter Reference Visualiser File Notes

S-wave !

automatic low

frequency

plateau

S-wave !

automatic

corner

frequency\ *

S-wave !

automatic

energy fluxsk

Ray vector NED Appendices Advanced PED Ray vector

components section 7.1 Waveform obtained
from triaxial
waveform
Rotation

Rotation " ! " | Rotation

Linearity % linearity
obtained
from
Montalbetti-
Kanasewich
waveform
rotation

Single-station- " " "

location

distance\ *

P-wave manual Frequency ! "

low frequency Functions

P-wave manual
corner

frequency *

P-wave manual
energy flux\*
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SH-wave manual
low frequency

plateausk

SH-wave
manual corner

frequency\ *

SH_WaVe n n n
manual energy
fluxk

SV-wave manual
low frequency

plateau\ *

SV-wave
manual corner

frequency

SV-wave
manual energy

flux\ %k

» Parameters are produced on an instrument but replicated in each channel.
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Chapter 6.Waveform Processing Tools

Key Features

Visualiser Interface

Waveform Popup Window

Event View in the Visualiser

Instrument View in the Visualiser

Channel View in the Visualiser

Menu Systems in the Visualiser

Processing and Visualisation Functions

Waveform Moveout View

6.1 Key Features

Provides visualisation and manual processing of waveform data.
Button bars provide data navigation and application of the different processing functions.

Displays waveforms from acquisition channels and grouped together as 'instruments' (up to four channels per
instrument) where acquisition utilised sensors with more than one axis. The tool includes basic processing
functions for these multichannel instruments to allow phase arrival picking. Advanced processing functions,
required in some seismic studies, are included in an additional tool (Advanced Waveform Processing Tools).

Provides access to InSite's event processing functions (e.g. source location, advanced location, source
mechanism, velocity analysis) depending on tool permissions.

Three views show waveforms from a) the event, b) an instrument, c) a channel. Processing functions are tailored
to the view type and applied using point and click mouse actions.

Displays show waveform amplitude and time information, and processed parameters such as pick times.
Waveforms can be expanded and contracted in amplitude and time.

P- and S-wave automatic arrival picking using a front-to-back window method. Automatic picking parameters are
user configurable. The picking functions are automatically displayed on the channel view to aid the user in
configuring the algorithm.

Picks can be manually adjusted by dragging picking cursors. Dependent variables are automatically updated.

Picking algorithms use an RMS (root-mean-square) signal for multichannel instruments. The instrument view
displays the RMS signal to aid manual picking.

Time domain filtering using a user-configurable Butterworth bandpass filter. The filter can be applied automatically
on event access or applied manually from the button bar. Filtering can use global parameters or use individual
sensor settings.

Automatic time-domain waveform integration or differentiation to a user specified particle motion (i.e.
acceleration, velocity, displacement).

Peak particle motion (e.g. ppV) and frequency-at-peak functions for use in peak ground motion studies.
Output of waveform text files for easy export of data to external software.
Access to Component, Event and Channel Property Dialogs for efficient update of data configuration parameters.

Frequency domain visualisation and processing functions are accessed for a particular channel. The InSite FFT
Processor displays a Fast Fourier Transform (FFT) of user-selected data windows on the waveform. The
windows include either: a) the whole waveform, b) a P-wave window, c¢) an S-wave window. Window
dimensions are automatically set during picking and can then be manually adjusted by the user.
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» The FFT Processor can display the data on linear and logarithmic scales, perform frequency domain integration or

differentiation and trim the FFT to sensor bandwidths. A frequency-domain Butterworth bandpass filter can also
be applied.

* Provides access to the Advanced Waveform Tool for advanced processing of multichannel instruments including
waveform rotations and hodograms.

6.2 Visualiser Interface

The Waveform Visualiser contains three different view types (Figure 6-1):
1. Event View
2. Instrument View

3. Channel View

There are also a number of pop-up boxes containing function-dependent views. These are discussed in Processing and
Visualisation Functions.

The different views are accessed using the following functions:

+ Double-clicking on the background of a waveform box (white area) in the Event View opens either an Instru-
ment View or a Channel View.

* Double-clicking on the background of a waveform box in the Instrument View opens a Channel View.

¢ Clicking on a return button il moves back to the previous view, as does double-clicking on the dark-grey
background of the view.
The presence of an Instrument View depends on whether the user has selected to Visualise and Process the data by

Instruments. In this case groups of channels are combined to form an Instrument. For further explanation see Treatment
of Multi-channel Sensors.

P S——
. - , ~ : Double clicking on the white background
e o - T switches the view forwards
= 4 + ot b l
I e
e T 2 T ETETA T T

e

BEFETALR O

GRFT > Be

Double clicking on the grey background
switches the view backwards —

Figure 6-1: The three different view types and how to switch between them. Upper: Event displays Instruments
which are split into Channels. Lower: Event displays only channels.

6.3 Waveform Popup Window

The waveform visualiser can be launched in a popup window allowing the use of the other visualisers. Whilst in
waveform visualiser, the popup window is launched from the menu bar under "New Window" (Figure 6-2). From here,
either the default waveform (instruments) or moveout view can be launched. When selected, the current visualiser will
change to data management and then the new window will open with the selected waveform visualiser.
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File View Project Component Event | New Window | Help

GQRF EHLy e fREES 0 0E XS0

Moveout

[test 1 ~|[B)[~] ] [ 220. 25112002 17:57:28.5%2 | (@] [event v ][« ][< ][> ][] [setect an Array. ~ ||

1=1-L
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1=4-L
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: E ff’
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Figure 6-2: Launching waveform visualiser popup window

With the waveform visualiser now in its own window, freedom is granted to view waveforms without leaving the
current visualiser, whilst maintaining full functionality of the waveform visualiser. An example of this is shown in Figure 6-3.

InSite Seismic Processor - Tian Test D01 P Waveform iser
file View Scene Mode Heip [File View Project Component Event New Window
. b g =
e+aie XHm = ViHE GO goleed o (V| GRF Z W r HRERSO
Complex Objects
& Boreholes
HotPlanes
# Sensors |
Ellipsoids. ‘
Cylinders
Cuboids ‘
Distance Markers
Vector Markers v
Direction Indicators v
1 Well Objects v
Grid Planes v
- Components v
Stimulated Reservoir Vol v
< L i
View Waveforms
View Mechanism l}
Delete Location
Disable Event
180° Relocation
Set Active
Select as Centroid
Select as User 30 Position
Mark to Shaw Distance
Show Distance
Mark To Show Vector
Snow Vector
°
SetasCOA 1a5-L ‘ ‘ 200843ms | o
Show Error Space Plane LV WM A i
Event Type . ® | Instrum., North East Down PTime STime S2Ti. ThPTi. ThSTL. StatTi. SNR P-S. P-S. Linea. SSLD. +

1 23820 -351. 3673 51500 71250 7L250 54000 58750 0000 692 - - F
2 23860 -352. 3679.. 51500 70750 70750 52750 56750 000000 484 - I
- . _r " ol 3 23900 -353. 3886.. 52000 71250 71250 SL750 54750 000000 527
L el 4 23040 -354. 3892 52250 70500 7L000 50750 53000 000000 332 -
5 239% -355. 3838.. 45000 52000 70500 50000 SL750 000000 716 -
G el | ] (S (e 6 24030 -356. 3%05. 45250 52500 71500 50000 51750 000000 856 - - - : -
[gvs LS‘J‘MW- %w- Jos @u-c su. }@AE }XPI\: @r-g &m- il »
e =) = — Reaty — e tet Event = 612 32679 N, 27015 € 3902, ]

Figure 6-3: 3D location visualiser with waveform popup window
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6.4 Event View

6.4.1 Event View Structure

The Event View displays waveforms from all the channels in the event in a number of waveform boxes.
* There are two different display modes, selected on the [Event Initialisation] Property Sheet:

1. In Channel Display Mode each channel is shown in individual waveform boxes;

2. In Instrument Display Mode channels are grouped together as instruments and displayed in a single
waveform box.

¢ If channels are switched off, selected on the Receiver Properties DialogBox, then they are not displayed.

Figure 6-4 gives an example of an event recorded on 16 uniaxial sensors. The waveforms are shown in Channel
Display Mode. Channel #10 has been switched off and so is not displayed.

The Channel Label has the format "C=R(IN) - L" where R is the channel (receiver) number, | is the instrument
number and N is the instrument axis (X, Y, Zor A). If the instrument is undefined then the label takes the format "C=R".
If the channel has been used in the event location algorithm, then a " - L" is added. If the channel has been clipped,
thena"-c"is added.

Figure 6-4 gives an example of an event recorded on 12 triaxial sensors (36 channels) shown in Instrument Display
Mode. Some of the channels have been switched off to give instruments containing a mixture of 1, 2 or 3 channels. The
channel displayed in red is the top channel. This is the first channel in the ordered list of instrument axes X,Y,Z, A. The top
channel, the first channel defined in the default receiver array (see Figure 5-19 and Figure 5-20), overlays the other
channels. The other channels are displayed in blue and then black. The vertical scale can be selected to be determined by
event, instrument or channel.

| Event processing bar| |Event navigation bar

B Sosnic P WSE)
e View. Pojec Component. fle

e EEE e T = : 75 0| @ @ PEIT A el RN N B 3

P-wave (blue) and
S-wave (green)
picks

Vertical expansion
buttons

(X2 e N6

i
i

SSLDGL PRORAMIT. PROATR. LEP. LESH 1SV x‘m/ StatUS bar

7
&

Channel
label

Soma(e=1 -

Figure 6-4: Example of the Event View with 7wav7éforms in Instrument Display Mode
event with waveforms in Channel Display Mode.

. The inset shows the same

6.4.2 Event View Mouse Operations
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Each waveform box responds to the following mouse operations.

* Left-mouse button click on a waveform box background and dragging performs a horizontal expansion.

1=3-L

Figure 6-5: Waveform Horizontal Zoom

* Clicking on the vertical expansion buttons increases (red outer) or decreases (black outer) the amplitude scaling.

®
O

Figure 6-6: Waveform Vertical Zoom

Right-mouse button click on a waveform box background to bring up the Waveform List Menu. This gives the user the
opportunity to add a P- or and S-arrival pick if one is not present. If a pick is already designated, then it will be reassigned
to the chosen position. If the type discriminator of the event is 'shot', i.e. an active survey, then the TO time can be assigned
on all channels by selecting Add TO Pick. If the 'Autopick Next P Arrival' or 'Autopick next S Arrival' option is chosen, the
phase pick will be moved to the next (later in time) peak in the auto-pick function that meets the phase pick criteria. The
'Filter Off' or 'Filter On' option can be used to remove or add the filtering (specified in the Channel Processing tab) on the
waveform for that instrument.

‘—+ Z Out T
C=2(1YV)-L iz e £ 958-004m/s*
I Add P Armival Pick Click+Shift«P
Add S Arrival Pick Click+Shift+S
|
: dd Pick Mﬂ»—m——m
| Autopick Next P Arrival
| Autopick Next S Arrival
00s | Filter On 81%
* Left-mouse button click on a cursor and dragging selects the cursor and moves it to a new location.
1=3-L [c]
(o]
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+ Right-clicking on a cursor cancels the cursor and zeros the associated pick.

* The time and amplitude of the mouse position in a waveform box is displayed on the status bar. The Amplitude
has units set from either the Receiver Properties for this channel, or units set from the [Event Initialisation]
Property Sheet. The Time has units set in the Channels Properties. The amplitude will go to NA when using
normalized traces.

ldrive Event =3 1=3  (Amp x Time) = 0.00910x 19.0 ,I

* Double clicking on the waveform box background either the instrument or channel views.

6.4.3 Event View Button bar Operations
There are two button bars in the Event View.

The Navigation Bar allows the user to navigate around the entire data set. Events without waveforms cannot be
accessed. Also, the navigation bar only makes available enabled components, events and instruments. The Processing
Properties Dialog can be launched. Note that certain features are only available with the correct permissions (External
Communications and Fracture Manager).

| Component dropdown list |

Event property

|Component navigation button|

IExecute external communications processorl

Event navigation

53]

Al ][22, 25112002 14:45:07.50901 v | (@] [Event ~ ][ «|[ ¢ Select an Array. v ~I[8l -]
- /

Data import dialog / |Event type I\ |Excomms proceedure selection boxI /
IEvent dropdown Iistl Ilnstrument dropdown Iistl

Figure 6-7: The Waveform Visualiser Navigation Bar.

The Navigation Bar remains available in both the Instrument and Channel Views allowing the user to switch between
components, events and instruments whilst visualising the same instrument or channel.

The Event Processing Bar (Figure 6-8) contains standard processing functions. These functions are described in Table
6.1 and in Processing and Visualisation Functions. The Event Processing Bar remains available in both the Instrument
and Channel Views although the data it applies to changes with the view.

MBEEmEe 0o L x=@Vik st HE RS

Calibration Bar

Figure 6-8: The Waveform Visualiser Event Processing Bar. Operations are described in Table 6.1
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Table 6.1:Description of Event Processing Bar operations.

Event View

Instrument

Channel View

Moveout View

Reference

Pre-processing Bar

View

Filter Event

Filters all
Channels in the
Event.

As Event View

As Event View

As Event View

Channel
Processing

Phase rotation

Applies a phase
rotation filter.

As Event View

As Event View

As Event View

Event View Mouse
Operations

Show Rotated
Waveforms

Applies
waveform
rotation

As chosen
In Advanced
Waveform
visualiser.

As Event View

As Event View

As Event View

Appendix 7.1

Show N-E-U
Waveforms

Applies  wave-
form rotation
to align to the
North-East-Up
co-ordinate
system

As Event View

As Event View

As Event View
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6.4 Event View in the Visualiser

Event View

Instrument View

Channel View

Moveout View

Reference

Source Vectors Calculates Calculates Calculates Calculates Source Vectors
source vectors source vector | source vector | source vectors
for all for the for the | forall
instruments instrument instrument instruments
viewed. viewed. to which the | viewed.
channel viewed
belongs.
Source Locate Source locates | As Event View As Event View As Event View Source Location

the Event from
P and S-wave
picks.

Source Calculates the | As Event View As Event View As Event View Source Mechanis
Mechanism source
mechanism for
the Event.
Master Locate Locate the Appendices
master event 2.8
Relative Locate Locate event Appendices
relative to a 3.8

master event

location

Display Mean
FFT Waveforms
for the Event

Calculates an
average T
over all

As Event View

As Event View

As Event View

Fast Fourier Trans

instruments
and displays it
in a pop-out
window.
Waveform Calculate the | Calculate the | Calculate the | Calculate the | Appendices
Parameters waveform waveform waveform waveform 7.4
parameters for | parameters for | parameters for | parameters for
the active event | the active event | the active event. | the active event.
Waveform
parameters are
only visible in
this view in the
data panel.
Picking Bar
P Autopick Autopicks the Autopicks the P- | Autopicks the P- | Autopicks the P- | Autopicking
P-wave arrival wave arrival on | wave arrival on | wave arrival on | Auto-picking
on allChannels. | the Instrument | the Channel | all Channels.
being viewed. being viewed.
S Autopick Autopicks theS- | Autopicks the S- | Autopicks the S- | Autopicks the S- | Auto-picking
wave arrival on wave arrival on | wave arrival on | wave arrival on
all Channels. the Instrument | the Channel | allChannels.
being viewed. being viewed.
Cancel P Picks | Cancels the P| Cancels the | Cancels the P| Cancels the P -
Picks on all p picks on the | Picks on the| Picks on all
Channels  and |nstrument Channel being| Channels and
deletes all peing  viewed viewed And| deletes all
associated data. | 5.4 deletes all delete.zs alll associated
associated data. | data.

associated
data.
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Instrument View Channel View Moveout View Reference

Event View

Cancel S Picks Cancels the Cancels the | Cancels the S| Cancels the -
S Picks on S Picks on the | Picks on the| S Picks on
all Channels Instrument Channel  being all Channels
and deletes all | being viewed viewed and 3nd deletes all
associated and deletes delet(-?'s all associated
data. all associated associated data. data.

data.

Peak Gets the Peak | Gets the Peak | Gets the Peak Peak Amplitudes
Amplitudes Amplitude on all | Amplitude on all | Amplitude on
Channels in the | Channels in the | the Channel
Event. Instrument being viewed.
being viewed
Optimised No effect No effect No effect Apply optimised | Phase Pick
Picking picking routines | Overlays
to all
instruments in
the
event.
Undo Optimised | No effect No effect No effect Return the | Undo Optimise
Picking phase picks to | Picking
those stored
before running
the optimised

picking routines.

Pick amplitude

Pick amplitudes
for P and S
wave picks.

Pick amplitudes
for P and S
wave picks.

Pick amplitudes
for P and S
wave picks.

Pick amplitudes
for P and S
wave picks

Display Bar

Event Zoom

Changes scaling
of waveforms

As Event View

As Event View

Changes scaling
of waveforms

Event Zoom

on all on all
Channels. Channels.
Lock Time Magnifies all | No effect No effect No effect -
Maghnification instruments
to the same
width when
zoom in On one
instrument.
Switch Expands No effect No effect No effect -
Visualisation instruments to
Mode see all channels
for the event.
Toggle Data Shows or hides | No effect No effect No effect -
Panel the data panel

containing event
and channel
properties.
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6.4 Event View in the Visualiser

Event View

Instrument
View

Channel
View

Moveout View

Reference

Show Stack
Traces

No effect

No effect

No effect

Display event
stacks. Traces are
created that are
linear stacks of all
waveforms in the
event, aligned on
the P- or S-wave

phase picks.

Stack Traces

Vertical expansion
(Expand)

No effect

No effect

No effect

Increases the
amplitude scaling
of all waveforms.

Vertical expansion
(Contract)

No effect

No effect

No effect

Decreases the
amplitude scaling
of all waveforms.

Toggle Waveform
Spacing

No effect

No effect

No effect

Toggles the
waveform spacing
between equal
distance and
linear separation
of the
instruments.

N/A

Toggle RMS

Mode

No effect

No effect

No effect

Toggles between
the channel
waveforms and
the instrument
RMS function for
each receiver.

RMS Mode

Show or Hide
Channels

No effect

No effect

No effect

Launches a dialog
that allows the
user to select
which  of the
instrument

channels (X, Y, Z
or A) are visible.

N/A

Show  Source
Vector Plots

No effect

No effect

No effect

Toggles the
display of source
vector plots
alongside the
waveforms.

Show Voltage

Display
form scaled to
raw voltage

wave-|

Display

waveform
scaled to raw
voltage

Display
waveform
scaled to raw
voltage

Display waveform
scaled to raw
voltage

N/A

Displayed Filled
Waveforms

Fills the positive
deflection of the
waveform

Fills the
positive
deflection of

the waveform

Fills the
positive
deflection of
the waveform

Fills the positive
deflection of the
waveform

Survey Bar
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Event View

Instrument

View

Channel View

Moveout View

Reference

travel times.

Pick Calculate pick | Calculate pick | Calculate pick Pick Velocities
Velocities velocities on | velocities on | velocities on the
all Channels. the instrument | Channel being
being viewed. viewed.
Cross- Cross- Cross- Cross- correlates Cross-
correlation correlates correlates the the Channel being correlation
all Channels. instrument viewed.
being viewed.
Export Bar
ATF Outputs ATFs | Outputs ATFs | Outputs ATFs for] Appendix 2.8
output™® for all | for all | the Channel being
Channels in | Channels in | viewed.
the Event. the Instrument
being viewed.
SEGY Outputs a | Outputs a | Outputs a SEGY
output SEGY file | SEGY file | file containing
containing all | containing all | processed data
processed processed for channel being
data for the | data for | Vviewed.
Event being | instrument
viewed. being viewed.
SEG2 Output a | Output a SEG2| Output a SEG2 file
output SEG2 file | file containing| containing all
containing all | all  processed| processed data
processed data for the| for the channel
data for the | instrument being viewed.
Event being | being viewed.
viewed.
MSEED Outputs a | Output a | Output miniSEED
output miniSEED file | mIiniSEED file | file containing all
containing all | containing all | processed data
processed data | Processed data | for the channel
for the Event | for the | peing viewed.
being viewed. instrument
being viewed.
Export Output a file | Output a file | Output a file
Residual containing all | containing all | containing all the
Locations the residual | the residual | residual location
location errors | location errors | errors for the
for the Event. for the Event. Event.
Crop Event Captures the | No effect No effect
zoomed
waveform
section and
creates a new
event
containing
only the time
cropped
portion.
Relative Location Bar
Master Source locates | As Event View | As Event View Source
Locate the Event Location
from cross-
correlation
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6.4 Event View in the Visualiser

Event View

Instrument

Channel View

Moveout View

Reference

Relative Locate

Source locates
using
differential
arrival times to
a chosen

master event.

As Event View

As Event View

Calibration Bar

Edit Velocity No effect No effect No effect Launch the Sonic| Specifying an
Model Logs View in order| Initial velocity
to adjust the model
velocity model
Rotate User links the | As Event View As Event View Rotate
Instruments waveforms to a Instruments
shot and
instruments are
oriented.
Invert Velocities N/A
Overlays Bar
Show Picks No effect No effect No effect Display the P- | Source Vector
Overlay and S-wave | Plotting
phase picks.
Show Windows | Show/hide Show/hide Show/hide Show/hide
Overlay picking/noise/ picking/noise picking/noise picking/noise
windows windows windows windows
Configure Open dialog to | Open dialog to | Open dialog to | Open dialog to
Overlay configure which | configure which | configure which | configure which
overlays to | overlays to | overlays to | overlays to
show. show. show. show.
Show No effect No effect No effect Display the | Source Vector
Theoretical theoretical  P- | Plotting
Overlay and S-wave
arrival time
curves
calculated  for
the event
location (after
running a
location
algorithm).
Show Archive No effect No effect No effect Display the P- Source Vector
Overlay and S-wave Plotting
auto-picks
archived before
running the
optimised
picking routines.
Show Curve Fit No effect No effect No effect Display the | Source Vector
Overlay curve(s) found | Plotting
using the
WavelSQ
routine for
either the P-, S-
wave or both

arrivals.
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Event View

Instrument

Channel View

Moveout View

Reference

Show Shot
Overlay

No effect

View
No effect

No effect

Display the
theoretical P-
and S-wave
arrival time
curves
calculated for a
selected
calibration shot

position.

Source Vector
Plotting

Show User
Position Overlay

No effect

No effect

No effect

Display the
theoretical P-
S-wave

time

and
arrival
curves
calculated for a
user-defined
event position.

Source Vector
Plotting

Specify 3D
Event Position

No effect

No effect

No effect

Specify the 3D
location of the
theoretical

event for which
P- and S-wave
arrival times will
be calculated

and plotted
using Show
User Position
Overlay.

Source Vector
Plotting

AE Dashboard Bar

AE Dashboard

Opens dialog to

As event view

As event view

As event view

Creating/Writing t

Dashboard File

to specified
dashboard
export file

Export select
Properties dashboard
export file
Export Arrival | ExportP,S1,and | As event view As event view As event view AE Dashboard Ve
Time to | S2 arrival time

* Ascii Trace Files (ATFs) are output to the ESF Storage Directory for the Event
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6.4.4 Event View Data Panel

A data panel can be shown in the lower part of the Event View of the Waveform Visualiser. The panel can be toggled
on and off using a button in the button bar (Figure 6-8). Information in the data panel includes phase pick and vector values
for each instrument in the event.
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Figure 6-9: The data panel in the Waveform Visualiser.

When the event traces are organised by instrument, the columns from left to right are:

Instrument number, North, East, Down, P-pick time, S-pick time, S2-pick time, theoretical P-pick time, theoretical S-pick
time, start time with respect to event, signal to noise ratio, P-wave source vector azimuth, P-wave source vector plunge,
linearity, single station location distance, stored P-wave source vector azimuth, stored P-wave source vector plunge, stored
single station location distance, rotated P-wave amplitude pick arrival time, rotated P-wave amplitude, P low frequency
plateau, SH low frequency plateau, SV low frequency plateau, P-pick velocity, S-pick velocity, S-wave source vector azimuth,
S-wave source vector plunge, stored S-wave source vector azimuth, stored S-wave source vector plunge, peak amplitude,
Vsl pick velocity, Vs2 pick velocity, P/SH amplitude ratio, P/SV amplitude ratio, SV/SH amplitude ratio, ray length, ray
azimuth, and ray take-off angle.

When the event traces are organised by channel, the columns from left to right are:

Channel number, North, East, Down, P-pick time, S-pick time, S2-pick time, P-wave amplitude pick time, P-wave
amplitude, P-wave noise, S-wave amplitude pick time, S-wave amplitude, S-wave noise, peak amplitude time, peak
amplitude, peak amplitude frequency, theoretical P-pick time, theoretical S-pick time, start time with respect to event, P-
pick velocity, S-pick velocity, Vs1-pick velocity, Vs2-pick velocity, auto function P-wave, auto function S- wave, maximum

voltage(>k), maximum decibel(*), number of threshold crossings(>), time duration(*), rise time(>%), average
frequency( ), reverberation frequency(>), initial frequency(>), rise time to maximum amplitude ratio(>), and energy

(MARSE) ().

Note: (%) denote waveform parameter (Appendices 7.4).




6. Waveform Processing Tools

6.5

Instrument View
6.5.1

183
Instrument View Structure

The Instrument View displays the waveforms for all of the channels that are associated with a particular instrument.
available in each waveform box (Figure 6-10).

These are shown in waveform boxes similar to that in the Instrument View. In this case, however, there are more controls

when the energy is first arriving across all the channels.

¢ Each waveform box is labelled with the Channel Identification (described in Event View Structure).
* The RMS waveform is displayed (Auto-picking). This aids in picking multi-channel sensors by better describing
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Figure 6-10: Example of the Instrument View. The lower plots show examples of the P-wave and S-wave arrivals
with associated cursors.
the channels.

Pick cursors are displayed on each channel and are linked together so that editing one results in changes on all of

Amplitude and time expansion functions are linked together so that when the user closely examines a particular part
of the waveform on one channel, the other channels are also viewed at the same scale.

Source parameter and FFT window dimensions are displayed. The FFT windows can be manipulated.
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6.5.2 Instrument View Mouse Operations

The mouse operations contained in the Instrument View are the same as that described for the Event View in
Event View Mouse Operations. Additional operations include the following.

The FFT window size can be changed by clicking the left mouse button on the end triangle symbol of the FFT
window control and moving it left or right.

6.5.3 Instrument View Button Bar Operations

The Instrument Processing Bar gives functions specific to this view.

Return

Previous Instrument
Next Instrument
Enter Triaxial

Enter Advanced Instrument
Check Triaxial

Learn P-pick

Learn S-pick

FFT Entire Waveform
P-wave FFT

S-wave FFT

Figure 6-11: The Instrument Processing bar.

WRHPQIAAR>D

* Return - returns from the Instrument View back to the Event View.

» Previous Instrument - changes the instrument to the previous one (numerically) in the event.

» Next Instrument - changes the instrument to the next one in the event.

» Enter Triaxial - opens the Advanced Waveform Visualiser.

» Enter Advanced Instrument - opens the Advanced Waveform Visualiser in spectrogram mode.

» Check Triaxial - tests whether a given instrument satisfies the triaxial criteria.

» Learn P-pick - enables the auto-picking parameters to learn from a user's manual phase P-picks.

» Learn S-pick - enables the auto-picking parameters to learn from a user's manual phase S-picks.

» FFT Entire Waveform - calculates the FFT for the full instrument waveform and plots in a pop-out window.

» P-wave FFT - calculates the FFT for a waveform window around the P-wave pick and plots in a pop-out
window.

» S-wave FFT - calculates the FFT for a waveform window around the S-wave pick and plots in a pop-out
window.

Additional button bar operations are similar to the Event View and are described in Event View Button-bar Operations
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6.6 Channel View

6.6.1 Channel View Structure
The Channel View displays the waveform from a chosen channel (Figure 6-12). The Channel View is obtained directly
from the Event View when operating in Channel Display Mode, or from the Instrument View when operating in the
Instrument Display Mode.

* The Waveform Box hasthe same user controls described for the Instrument View (Instrument View in the
Visualiser), with the addition of the Pand S wave picking window (blue and greenrespectively). The
increasedsize allows more accurate and easier manual picking to be performed.

* When in Instrument Display Mode changes made here are linked to the other channels in the instrument.

¢ The Channel Information Bar contains pertinent data relevant to this channel.

* The Channel Auxiliary Box contains other functions generated for the waveform. These include the following.

The auto-picking functions for the P and S wave arrivals (blue is the P-wave, green is the S-wave).

The picking thresholds for the P and S wave (blue is the P-wave, green is the S-wave).

A cumulative amplitude function, which aids in picking arrivals from high noise waveforms.

Up to four graphs can be displayed for the AIC picking method: the characteristic function, the auto
function, the refined AIC characteristic function and the refined AIC auto function.
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Figure 6-12: Example of the Channel View.
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6.6.2 Channel View Mouse Operations

The mouse operations contained in the Channel View are the same as that described for the Instrument View in
Instrument View Mouse Operations (Instrument View Mouse Operations).

6.6.3 Channel View Button Bar Operations
The Channel Processing Bar gives functions specific to this view.
Return
Channel Properties
Previous Channel
Next Channel
Add Manual Pick
FFT Entire Waveform
FEFT P-wave Window
FEFT S-wave Window

Figure 6-13: The Channel Processing Bar.

bRP T <>EQ

¢+ Return - returns from the Channel View back to the previous view (either the Event View when in Channel
Display Mode or the Instrument View when in Instrument Display Mode).

» Channel Properties - opens the Channel Properties Dialog Box (Channel Properties) for this channel.

» Previous Channel - changes the channel to the previous one (numerically) in the event or instrument. It turns to
black after reaching the first channel.

¢+ Next Channel - changes the instrument to the next one in the event or instrument. It turns to black after reaching
the last channel.

+ Add Manual Pick - adds a pick cursor in a default position on the waveform (no autopicking is performed). The
drop-down menu gives the available cursors that can be used.

¢+ FFT Entire Waveform - runs the Fast Fourier Transform (FFT) function Fast Fourier Transform Processing -
using the entire waveform as the input.

» FFT P-wave Window - runs the Fast Fourier Transform (FFT) function - [Fast Fourier Transform Processing]
— using the chosen P-wave window as the input.

» FFT S-wave Window - runs the Fast Fourier Transform (FFT) function Fast Fourier Transform Processing -
using the chosen S-wave window as the input.

Additional button bar operations are similar to the Event View and are described in Event View Button-bar Operations.
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6.7 Menu Systems in the Waveform Visualiser

6.7.1 The Component Submenu

£} InSite Seismic Processor - Tian Test_20092012_bl01_ah01.pc
File View Project |Component Event New Window Help

Cﬁ C" y Navigate > Previous Component Ctrl+Alt+P © ::j;

Next Component Ctri+Alt+N

000013 (8] Al [ 19 25112002 17:11:39.000 ~|[@][Event ¥ |[«][<][>][»][s

Figure 6-14: The Component sub-menu.

* Navigate (sub-menu) - performs functions on the Navigation Bar (Event View Button-bar Operations). for moving
between components.

6.7.2 The Event Submenu

4 InSite Seismic Processor - Tian Test_20092012_bl01_ah01.pc
File View Project Component lEvent| New Window Help

?Cﬁ%l’z"«?ﬁi"

frsiest

Edit Event Properties ... ’ P
Set Active Event

+
el

Navigate 4 First Event
000013 ']@ A Processing Functions > Previous Event Alt+p |[Se
Waveform Functions 4 Next Event Alt+N
1=1-L Final Event

Figure 6-15: The Event sub-menu.

* Edit Event Properties - opens the Event Properties Dialog Box for the current event.
* Set Event Active - sets the event as active to make it easier to locate in 3D visualiser (Scene Object Menus)

* Navigate (sub-menu)-performsfunctions onthe Navigation Bar (Event View Button-bar Operations) for moving
between Events.

* Processing Functions (sub-menu) - performs functions on the Event Processing Bar (Event View Button-bar
Operations) and contains references to keyboard activated functions (Keyboard Operated Functions).

* Waveform Functions - is a sub-menu with the following items:

— Edit Channel Properties - opens the Channel Properties Dialog Box for the current channel.

— View Autopick Function - displays the auto-picking function in the Channel Auxiliary Box on the Channel View
(default).

— View Cumulative Amplitude - displays the cumulative amplitude function in the Channel Auxiliary Box on the
Channel View.
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6.8 Processing and Visualisation Functions

6.8.1 Waveform pre-processing
Before visualisation or processing waveforms undergo pre-processing functions.

1. The DC offset is removed. A DC offset is a constant voltage offset that may appear on the waveforms due to the
acquisition electronics. It is very important this is removed before doing many of the processing functions as large DC offse ts
can introduce artefacts into the results. DC offset removal is performed by calculating the mean amplitude in a window of
waveform data. This window should be on the constant signal preceding the waveform arrivals associated with the event
and large enough so as to average out any noise. The configuration of the window dimensions is described in Channe 1
Properties.

The waveforms are band-pass filtered. This is an optional process and is described in Channel Processing.
1. Parameters relating to the waveform signal amplitudes are calculated. These include the following (iii and iv are

only updated if they have been previously calculated so as to consider any changes made to the waveform):

i. RMS (Root Mean Square) waveform amplitude (see equation where W; is the waveform amplitude at point
iand NV is the number of data points in the waveform)

ii. Sighal-to-noise ratio (see equation where Lrus is the RMS noise level calculated in the Pre-signal
Window)

iii. Waveform peak amplitude

iv. Recalculates pick amplitudes if picks exist

6.8.2 Event Zoom

Event zoom has two states.

¢+ If the button is depressed (default) then the waveforms are displayed with their amplitudes automatically scaled
to the peak amplitude on the waveform.

¢ If the button is not depressed, then the waveforms are displayed with their amplitudes automatically scaled to the
peak amplitude on the event.

6.8.3 Source Vectors
When the Source Vector button is pressed, the algorithm is applied to the instrument or instruments being viewed.

» Two P windows and the linearity threshold must be set; the Rotation Back and Front windows on the Auto- picking
tab of the Processing properties Dialog define the window used in the algorithm to calculate the source vector.
This window however is not fixed around the P-wave pick but can move within a user-defined window around the
P-wave pick.

» The P-wave back and front windows defined in the FFT section of the Channel Processing tab in the Processing
Properties Dialog. The P-wave rotation window is allowed to move within the defined FFT window to find the
window with the maximum linearity.

+ Alinearity threshold for auto-processing source vectors is also set on the Auto-picking tab, and if no window is
found with a sufficiently high linearity then no measured source vector is stored for the instrument.

S-wave Source Vector can also be calculated. The settings for this option are found by clicking the 'Further Source Vector
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Settings' button on the 'Auto picking' tab of the Processing Properties window (Auto-picking).
* To allow the calculation of S-wave source vectors the 'Use S-wave SV' option must be selected.
* The front and back windows and linearity threshold options are similar to the P-wave source vector options.
* The type of S-wave polarisation must also be selected.

6.8.4 Cross-correlation

The cross-correlation algorithm and configuration settings are described in Cross-correlation. The cross-correlation
process depends on which view the user is currently visualising.

* For the Event View each instrument or channel is interrogated and the cross-correlations automatically
obtained.

¢ ForthelnstrumentView the RMSwaveformisusedandthe Cross-correlation Pop-up Window is displayed
with the results for each P and S arrival.

¢ For the Channel View the waveform being displayed is used and the Cross-correlation Pop-up Window is
displayed.

For the algorithm to operate the user must provide the following.

The cross-correlation algorithm settings are correctly configured.

The reference event is adequately picked for the required P and S wave arrivals.

* The event being processed is adequately picked.

Using the rise-time method each arrival must have first-break and amplitude picks. The front-to-back window
method only requires first-break picks.

The Cross-correlation Pop-up Window gives the results of the algorithm so that the user can judge its performance
(Figure 6-16).

lcer Display: P Wave, Event 5, Channel 2

FFTFile | — A
Save [ ) ——— | Refarence
f | ! /_ Wavaform
| Iy
S —— ’\\ ) } I"| Iirf_'._._
I \ L
\ !I Va
\
Processed \/
Waveform

— | Cross-correlabon
function

Figure 6-16: The Cross-correlation Pop-up Window
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6.8.5 Pick Velocities

Pick Velocities are calculated for both P and S-waves on each channel from the 'time-of-flight' of the arrival using this

equation:
d
Voring, =
pick _ _
Tpick TO TC

d is the ray path length between the shot/transmitter location (set for the event being analysed) and the receiver
location set for the channel. A homogeneous-isotropic velocity structure is assumed giving a direct ray path from source to
receiver.

To is the user-defined 'Time Zero' for the channel being processed.
Tc is the user-defined arrival-time correction for the appropriate arrival on the channel being processed.

Note that this usually results in a different signal velocity to that calculated using the cross-correlation algorithm as it
is calculated directly from the pick. The cross-correlation algorithm obtains a velocity from the travel time difference
measured by mathematically comparing the processed waveform arrival with the same channel on a reference event.

In the Channel View the user can inspect changes in the pick velocity whilst moving the appropriate cursor. This allows
the user to gauge how inaccuracies in the picking feed through to uncertainties in the measured velocity.

6.8.6 Peak Amplitudes

Peak Amplitudes are obtained for each channel by scanning through the waveform and finding the maximum amplitude
(from DC to peak). If the channel measures the velocity component of ground motion, this then corresponds to a ppV (peak
particle velocity) (Figure 6-17).

A dominant frequency content for the waveform at this peak is also obtained. This is calculated by locating the
previous DC cross-over and the next DC cross-over on the waveform. The time difference between the cross-overs is
then A T'c. The dominant frequency fdom is calculated by:

1
faom = 2 AT

This analysis is useful in ground-vibration monitoring applications.
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Figure 6-17: Example of the peak amplitude (ppV) and dominant frequency analysis.

6.8.7 Source Location

An event's source location is calculated from the P and/or S-wave arrival times picked on the waveforms. The algorithm
uses the configuration parameters set on the Locater Property Sheet (Configuration of Processing Properties). A Location
Results Dialog Box is displayed detailing information on how the algorithm has performed (Figure 6-18). The results can be
exported to a text file using the "Export" button; if the file does not exist it will be created, otherwise data is appended
to the file.
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@ M T e e @ o p - - ™ 5
Location Results w
No report file has been written!
-~
F=*INITIALISING LOCATION ALGORITHM**=* i
=== OCATION RUN*=== '
Processing Event 1 (25-11-2002 14:45:07) in Component 000013 with 30P and 9S
Processed Thu 27-02-2014 17:49:56
Using both P-wave and S-wave arrivals
Arrival times processed by Instrument
Including instrument source vectors from waveform polarisation I
Including instrument S-wave source vectors from waveform polarisation
Sensor Information Used (Units = 1.000000e+000m):
C/1 N E D Tp Ts
1 23.820 -35.150 3873.230 0.000 0.064
2 23.860 -35.250 3879.600 0.060 0.000
4 23.940 -35.440 3892.370 0.060 0.000
5 23.990 -35.540 3898.770 0.052 0.000
N |6 24.030 -35.650 3905.140 0.052 0.000 L
7 24.070 -35.760 3911.540 0.028 0.045
8 24.110 -35.870 3917.910 0.029 0.050 -
< | 1} ‘ 3
Export ] [ Close ]

Figure 6-18The Location Results Dialog Box.

If the user has opted to produce [Source Parameters] automatically after the source location, then the results are also
displayed in the Dialog box. Instruments may be removed by the algorithm resulting in messages being written to the Dialog
box that contain codes detailing the reason for removal.

c-instrument contains clipped waveforms
v-theinstrumentis classified asavoltage sensor
nt-non-triaxial sensor (3 channels required)

no - the triaxial axes are not orthogonal

E - there was an error initialising the waveforms

The Master-locate option (Locater) provides the same output.

The Locater option provides the same output.

The Advanced Location option provides the same output.

6.8.8 Source Mechanism

An event's source mechanism is calculated using the configuration parameters set on the Mechanism Properties
Sheet (Mechanisms). After calculating the source mechanism, the Mechanism Results Dialog Box is displayed (Figure
6-19).



http://www.appliedseismology.co.uk/manuals/man601test.aspx
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Source Mechanism Inversion Results @

Wiitten report log to: D:\WH\Demos'\tsxae\tskae. ipt
-~
=*SOURCE MECHANISM INVERSION RUN™"
Processing Event 6 (19-08-1937 04:00:23) in Component tsxciuster3 wath 13P and 95
Processed Mon 10-02-2003 13:41:50
Event located at N= 401.494 E= 715575 D= 128.028 with urds 1.000000e+000m
Using only P-wave phase ampltudes from the time domain
Uncestainty constant for amplitude corrections = 13.2%
Total number of amplitudes for invetsion is 13
Problem is overdetermmed - everything is wonderfull
An‘pkludes prepared for mversion
Phase Raylen Rayinc Rawlmp %N:S  Comection Conectedbmp “ncer.
1 374 51.4 6.32e-002 1.0 8.44e+000 5.34e-001 133
2 P 291 389 1.71e-001 03 4.10e+000 6£.932-001 132
3 P 332 453 7.30e-002 0.7 5.95¢+000 4.34e-001 132
4 P 464 598 -5.26e-002 15 1.61e+001 8.44e-001 133
5 P 447 562 3.37e-002 1.1 1.36e+001 4 56001 133
6 P 305 352 241e-001 02 4.33e+000 1.04e+000 132
7 P 255 131 -2.42e-001 02 2.59+000 £.27e-001 132 I
Q =] 242 AR .2 Ma. M2 27 R 18a.000N g N 124
Visualise Mechanism

Figure 6-19: The Mechanism Results Dialog

The mechanism plot can be easily accessed by clicking on the Visualise Mechanism button. This opens the Mechanism
Visualiser referencing the recently processed event.

6.8.9 Fast Fourier Transform Processing

The Fast Fourier Transform (FFT) algorithm obtains the frequency spectra of a signal. There are three types of waveform
data that can be input to the algorithm.

¢ Entire Waveform - builds a data array that contains the entire waveform
* P-wave window - builds a data array based on a window of the waveform set around the P-wave

* S-wave window - builds a data array based on a window of the waveform set around the S-wave
Press et al. (1994) gives a discussion of an FFT algorithm. After calculation the frequency spectra is displayed in
the FFT Processor window (Figure 6-20). The frequency scale that is plotted may be fit to the sensor settings (Channel
Processing) so as to remove frequencies that are not of interest.
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Figure 6-20: Example of an entire-waveform FFT displayed in the InSite FFT Processor.

Various operations can be applied to the FFT. These are available on the FFT Processing Bar (Figure 6-21).

Save FFT

Filter

Differentiate

Trim Spectra

Integrate
& _\ / Lock to Cursor

Log-Log Scale Data Point Overlay

Linear-Linear Scale

Log-Linear Scale

Figure 6-21: The FFT Processing Bar.

* Save FFT - stores an FFT format file

* Linear-Linear Scale - changes plot scaling to linear amplitude versus linear frequency

* Log-Linear Scale - changes plot scaling to logarithmic amplitude versus linear frequency

* Log-Log Scale - changes plot scaling to logarithmic amplitude versus logarithmic frequency

* Integrate - integrates the frequency spectra e.g. acceleration to velocity (the amplitude scale label changes)

¢+ Differentiate - differentiates the frequency spectra e.g. velocity to acceleration

¢ Filter - applies a band-pass Butterworth filter

* Trim Spectra - trims the plot down to the frequency bandwidth specified for the receiver or selected by the user,
also trims the amplitudes to those of interest to the user.

¢+ Data Point Overlay - display the data point coordinate on the spectrum at the cursor position.

* Lock to Cursor - display the coordinate for the cursor.
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The FFT can be filtered in two ways.

1. In the time domain before opening the FFT Processor. If this is performed, then the option to filter in the
frequency domain is disabled.

2. In the frequency domain, from within the FFT Processor, using the Filter option.

The first option applies a Time-Domain Bandpass Filter described in Channel Processing. The second option applies
a Frequency-Domain Butterworth Bandpass Filter of order 6.

The frequency filter properties are set on the Spectra Property Sheet (Figure 6-22). These properties are updated
automatically for the channel being processed each time the FFT Processor is run. The settings are produced from the
configuration of the Channel Processing Property Sheet (Figure 5-48).

FFT Properties *

Fier  Limits

Filter Parameters (Hz) for Butterwoth Bandpass Filter (Order = B)

Low Frequency Cut-off = 10000 High Frequency Cut-off = 1000000

P

FFT Properties ﬁ

Fiter | Limits

Trimming Limits
Trimming Limit Min: ~ 5.00
Trimming Limit Max:  250.0
Amplitude Limits
Amplitude Limit Min: ~ 1e-12

Amplitude Limit Mae:  1e-6

[ OK ” Cancel l Apply

Figure 6-22: The Spectra Property Sheet in the FFT Processor.

Data point overlay allows the user to read the amplitude spectrum at the frequency coordinate of the cursor (Figure
6-23). After enabling Lock to Cursor, the coordinate displayed on the upper right corner is the coordinate at the cursor only.
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File Edit Spectra

Whole-waveform spectrum in Event at 17-07-2016 10:28.35.250000
Paoints = 2048; Time Filtered Bandpass: 1.00to 40.0 Hz

6.00e-004
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2.00e-004

1.00e-004
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Figure 6-23: An example of fitting a spectral model in the FFT calculation

6.8.10 Rotate Instruments

The Rotate Instruments algorithm allows the user to calculate the orientations for the receivers in an array using the
waveform information from a single event. The event must be set to type 'Shot' for the Rotate Instruments button to be
active. Additionally, shots must be input using the Default Shots/Transmitters Array Dialog (Figure 5-24).

When the Rotate Instruments button is pressed, a Dialog appears that asks the user whether or not to use only the
azimuth information to calculate the instrument rotation (Figure 6-24). When the user has selected their response, the
Shot/Transmitter Dialog is launched (Figure 6-25). The user should highlight the shot with which the waveforms should
be linked and press OK. Note that this will overwrite any previous linking of the waveforms with shot details. The
calculation will be carried out and the results will automatically be shown in the Processing Results Dialog box (Figure
6-26). Clicking on the Store Rotations button in the Processing Results Dialog box will cause a pop-up window to appear
asking if the user wishes to continue with copying the calculated rotated receiver array to the default receiver array
(Figure 6-27). To apply the rotated receiver array to the waveforms the user will have to update receivers (Update
Sensor Information) in any relevant Components/Events.

The Rotate Instruments method uses the information stored for the waveforms' source vectors.

[ nsite [

Ees No

Figure 6-24: Azimuth-only geophone rotation dialog box
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P Select Shot/Transmitter &J
Label ‘ Morth ‘ East Down Units Diam. MNorm. i Morm. j MNarm. k ‘
0oo1 500€1 100000 100000 -2000.00  1.00 oo oo oo
oooz - so002 100,000 100000 -200000  1.00 0.0 0o 0o

Cancel
Figure 6-25: The Select Shot/Transmitter Dialog box

Processing Results =X

TS

Instrument Position = (-14.877, -109.374, 5151.347)
Measured Source Vector = (0.545, 0.412, 0.730)=( 37.1. 469)

Shot Vector = (114.877, 209.374, -7151.347)=( 61.2. -88.1)
Rotation Angle = 18.0 degrees

Rotation Axis = (-0.032, 0.013, -0.999)

X, i

Awis Vector = (0,999, 0.000, -0.032)
Rotated Axis = (0.950, -0.308, -0.034)

Y Axis:

Axis Vector = (0.000, 1.000, 0.013)
Rotated Axis = (0.309, 0.951, 0.002)

2 Ais:

Axis Vector = (-0.032, 0.013, -0.993)
Rotated Axis = (-0.032, 0.013, -0.939) "

Store Rotations

Figure 6-26: The Processing Results Dialog box that launches automatically to show the results of the Rotate
Instruments algorithm.

InSite =5

The Rotated Receiver Array will be copied to the Default Receiver Array.

Continue?

Yes No |

Figure 6-27: Pop-up window appearing after Store Rotations has been pressed

6.8.11 Learn Picks

The Learn P and S-Pick algorithms enable the auto-picking parameters to learn from a user's manual phase picks. This
allows a user to optimise the auto-picking parameters by evaluating a set of parameters that provide the best-fit auto-pick
to the user's manual pick. A Dialog box is then displayed that allows a user to easily update the settings of the auto-picker
with these parameters (Figure 6-28).

The education algorithm provides recommended values for the following parameters usually defined by the user on
the Auto-picking tab in the Processing Properties Dialog box (Figure 5-41):
1. The Front-window Length in the Moving-window Technique;
2. The Auto-picking Threshold;
3. The Minimum Peak-to-Peak Amplitude.
A Back-window Length must be set by the user on the Auto-picking tab and is used in the algorithm to 'model’ the best

Front-window Length (i.e. by varying the ratio between the two window lengths to find the best fitting parameters). The
Back-window Length averages the noise on the waveform and should thus be set 'long'; approximately 10x the dominant
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signal wavelength is recommended (or at least 2x a characteristic noise wavelength).

The three parameters are evaluated for each of the P and S-wave arrival times on a picked instrument. The algorithm
is initiated by clicking on either the Learn P-pick or Learn S-pick buttons in the Instrument View. The algorithm considers
four different combinations of options that could be selected by the user:

a. Advanced spectral auto-picking without Moving Window Technique - auto-picking on first peak in autofunc;
b. Advanced spectral auto-picking without Moving Window Technique - auto-picking on maximum peak in autofunc;

c. Auto-picking (Standard or Advanced) using Moving Window Technique - auto-picking on first peak in autofunc;

d. Auto-picking (Standard or Advanced) using Moving Window Technique - auto-picking on maximum peak in autofunc;

Autopick Educator @

Processing Properties
Standard Picking with Moving-window Technique
Using maximum peak in auto-function...

Best Fit Result

The best autopick is at data point 964 with an auto-function peak of 14.1
Picking on P-wave with residual of 0

Recommended Window Size

Using a Back-window Length of 100 the best Front-window Length is: 12 data points
The current setting is 11 data points

Update To Best Fit Update To Mean I

Recommended Auto-function Threshold

The recommended minimum Auto-function Threshold is: 0,802 (peakis 14.1)
The current setting is 0.318

Update ToBest Fit | Update ToMean |
Recommended Peak-to-Peak Threshold
The recommended Minimum Peak-to-Peak Amplitude is: 3.03e-004
(Signal at Manual Pick is 0.00400)
You are not currently using a Minimum Peak-to-Peak Amplitude
Update ToBestFit | Update To Mean

Would you like to exit and re-pick the instrument? Cancel

Figure 6-28: The Auto-pick Educator Dialog Box

During advanced Spectral Picker the user has the option to process without the Moving-window Technique, in which
case the Auto-picking Threshold and Minimum Peak-to-peak Amplitude parameters are only recommended.

The option to auto-pick on either the first peak or maximum peak in the auto-picking function is selected by the user
(for each phase) on the Auto-picking tab. In the case of picking on the first peak, the education algorithm described here
must consider the amplitude of all other peaks in the function before the peak closest to the manual pick.

The algorithm operates by using the following process:

* The Front-window Length is stepped down from the user-defined Back-window Length to a minimum of 3 data
points (in increments of one data point).

* An auto-picking function is evaluated for each Front-window Length. When using advanced spectral auto- picking
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the function is evaluated using the methods described in the previous section.

* A phase pick is computed using either the first-peak or maximum-peak methods as selected by the user. The
difference to the user's manual pick is calculated. This defines the 'residual’.

* The Front-window Length with the minimum residual provides the auto-picking result that best fits the user's
manual pick.

* Recommended values of Auto-picking Threshold and Minimum Peak-to-Peak Amplitude are computed for the
best-fit auto-picking function by analysing the phase and noise amplitudes.

+ The Autopick Educator Dialog box (Figure 6-28) is displayed to the user. The Dialog box allows the user to easily
update the auto-picking parameters from the best-fit values obtained in the algorithm. For each parameter the
user has the option to update the auto-picker setting directly (by clicking on Update to Best Fit), or to update it to
the mean of the current setting and the calculated best-fit (by clicking on Update to Mean). When the Dialog box
is closed the user has the option to re-run the auto-picking algorithm on the waveforms from that instrument.

The education algorithm relies on the user to assess whether the best-fit result should be used in the auto-picker
settings and requires the user to actively update the settings by selecting the appropriate button in the Dialog box.

6.8.12 Keyboard Operated Functions

There is a selection of functions that are operated from the keyboard to allow faster manual processing of data. The
default hot keys are shown in Table 6.2.

Table 6.2: Special keystroke functions contained in the Waveform Visualiser.

Operation ‘ Keystroke Description
Set as noise and Alt+V Sets the event type as Noise and advances onto the next event.
advance This is useful if the data set contains many events that are

associated with a noise source as the user can quickly move
through them and flag them for later removal.

Cancel and advance Alt+C Cancels any picks on the event and advances to the next event in
the component. This is useful after manual picking with noisy data
to quickly remove any poorly constrained events before locating.

6.9 Waveform Moveout View

The Waveform-Moveout View is an additional waveform visualisation view (Figure 6-29). It is accessed via the Launch
Waveform-Moveout Plot button on the global button bar. It is enabled only when in the Event View of the Waveform
Visualiser. The user returns to the Event View of the Waveform Visualiser by clicking the Launch Waveform-Moveout Plot
button again. The view has much in common with other views in the Waveform Visualiser.
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Figure 6-29: Waveform-Moveout View showing an example event.

The Waveform-Moveout View displays waveforms from all channels in the event within a single plot window. Receivers
are displayed in numerical order, and the vertical separation of the waveform traces is governed by the linear separation
of adjacent receivers (though this can be altered using one of the buttons in the button bar). This gives a more intuitive
representation of the moveout of phase arrivals for the case where receivers are unequally spaced, or a receiver has been
disabled. Receiver separations are adjusted to accommodate all available receivers for an event. The horizontal time scale
is marked beneath the lowest receiver and grid lines are plotted. An example microseismic event recorded on 12 triaxial
receivers (Figure 6-30).
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Figure 6-30: Examples of a microseismic event in the Waveform-Moveout View. Comparison of (A) and (B)
demonstrates the control of vertical spacing by receiver separation. In (A) the receivers in the array have
approximately uniform spacing. In (B) the lowest receiver has been given a position several feet deeper and is
therefore plotted in this view with a greater separation from the next receiver.
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6.9.1 Mouse Operations

The waveform-moveout view responds to the following mouse operations:

Left-mouse button click on the waveform background and dragging sideways performs a horizontal expansion for
all waveforms in the plot. When performed, a horizontal scroll bar appears so the waveform can be navigated by

dragging the scroll bar left and right (Figure 6-31);

Left-mouse button click on the waveform background and dragging up or down performs a vertical expansion,
limiting the instruments shown in the plot When performed, a vertical scroll bar appears so the instruments can

be navigated by using the mouse wheel or by dragging the scroll bar up and down (Figure 6-31);
Double clicking in the waveform panel open the triaxial view for that instrument;
Left-mouse click on a phase pick cursor and dragging selects the cursor and moves it to a new location;

For the overlays displaying shot and user-defined event theoretical picks, the earliest arrival cursors can be shifted
so as to manually best-fit the overlays to the arrivals.
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Figure 6-31: Waveform moveout view scroll bar navigation

6.9.2 Menu Operations

Right-clicking in the waveform-moveout view launches a menu to alter the view and phase picks.

Zoom Out Time - removes the horizontal expansion
Show All Instruments - removes the vertical expansion

Sort by Theoretical Times - sort the instruments by ascending theoretical arrival times

Add P Arrival Pick - adds P pick at the mouse cursor position (Event View Mouse Operations)
Autopick Next P Arrival - autopick the P wave arrival (Event View Mouse Operations)
Delete P Arrival Pick - remove the P wave arrival pick

Draw P Arrival Pick Moveout - add a P wave arrival pick to all the instruments by drawing a line across them
(Draw Arrival Picks)
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¢ Add S Arrival Pick - adds S pick at the mouse cursor position (Event View Mouse Operations)
* Autopick Next S Arrival - autopick the S wave arrival (Event View Mouse Operations)
* Delete S Arrival Pick - remove the S wave arrival pick

* Draw S Arrival Pick Moveout - add a S wave arrival pick to all instruments by drawing a li ne across them
(Draw Arrival Picks)

Zoom Out Time Ctri+0
Show All Instruments Ctrl+1
Sort by Theoretical Times

Add P Arrival Pick Shift+A
Autopick Next P Arrival

Delete P Arrival Pick Ctrl+Shift+A
Draw P Arrival Pick Moveout Shift+Alt+P
Add S Arrival Pick Shift+D
Autopick Next S Arrival

Delete S Arrival Pick Ctrl+Shift+D

Draw S Arrival Pick Moveout Shift+Alt+S

Figure 6-32: Right-click menu in waveform-moveout view.

6.9.3 XYZ Channels View

In the display baristhe Switch visualisation mode button. This switches from having each component
overlayed for on the same graph for the same station, to having each channel having its own graph (Figure 6-33). If rotated
to ray-coordinate or N-E-D coordinate, P-SH-SV channels or N-E-D channels are displayed instead.

=20 0

= ﬁ | E Switch Visualisation Mode —

Switch between instrument and
channel visualisation

.- -

Figure 6-33: The switch visualisation modebutton
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Figure 6-34: Each channel is on its own line.
6.9.4 RMS Mode

Using the Toggle RMS Mode button, the plotted waveforms can be switched between the channel signals and the
calculated instrument RMS. For each instrument there will be as many waveforms as there are axes but only one RMS
signal. The RMS waveform is calculated either using the raw channel signals or the envelope created using the analytic
signal according to which is selected using the Auto-picking sheet in the Processing Properties dialog box (Auto-picking)

Figure%—35: Comparison 01* (A) and (B) demonstrates the different views obtained by toggling on and off the
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Toggle RMS Mode button. In (A) the three channel waveforms are plotted. In (B) the instrument RMS waveform
(analytic envelope signal) is plotted.

6.9.5 Stack Traces

The Show Stack Traces button controls the display of P- and S-wave stacks. Two stacks are created for an event, one
by aligning the instrument RMS waveforms on the P-wave picks and one by aligning the instrument RMS waveforms on the
S-wave picks.

Figure 6-36shows an example event with the two stacks shown in the lower panes of the view. The P- and S-wave
arrivals in the stacks will align with the arrivals on the highest numbered receiver that has a P- or S-wave pick. The
mouse operation to expand the horizontal scale also alters the stack panels when plotted.
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Figure 6-36: Example microseismic event with the P- and S-wave stacks plotted in lower panels on the view.

6.9.6 Source Vector Plots

The Show Source Vector Plots button controls the display of P and S-wave source vector azimuths. Source vector
azimuths are represented on a circular plot to the left of the waveform display. P-wave source vectors are shown on the
left-hand column and S-wave source vectors on the right. Up to two lines may be drawn on each source vector plot, which
are summarised in Table 6.3. Toshow the dynamic source vectors, the rotate waveforms button must be selected. Figure
6-37 shows an example event with the source vector plots shown. Toomit an instrument's P or S wave source vector when
calculating the event location, right-click or double-click with the left mouse button inside the circle; omitted source vectors
will have their plot turn grey.
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Table 6.3: Source vector plot legend

Column

Line Colour Type
P Az. Blue Stored P-wave
vector
P Az. Light blue Dynamic P-wave
vector
S Az. Green Stored S-wave vector
S Az. Light green Dynamic S-wave
vector
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Figure 6-37: Example microseismic event with the P-wave source vector azimuths displayed.

6.9.7 Rotation Windows

Each P,S1, and S2 pick has a rotation window drawn around it (Figure 6-38). Clicking inside this region will highlight it
and display the hodogram on the right-hand side. If show "Show Rotated Waveforms" is selected, the hodogram attributes
will be displayed below (linearity, planarity, azimuth, and dip).
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Figure 6-38 Rotation window overlay

6.9.8 Phase Pick Overlays

A number of pick overlays can be plotted on the Waveform-Moveout View (Figure 6-39).

1) Location picks: These are the P- and S-wave picks found using the auto-picking routine and used in the location
algorithm. They are plotted as blue (P) and green (S) points on each trace connected by solid coloured lines. These picks
can be manually altered by the user by left-clicking on the pick and dragging. As the P- and S-wave picks are manually
altered, the waveform event stacks in the lower panels are automatically updated.

2) Theoretical picks: These are the P- and S-wave theoretical arrival times calculated for an event occurring at the
location found using the location algorithm. They are plotted as light blue (P) and light green (S) curves. They will only be
available for plotting if the event has been successfully located.

3) Archived auto-picks: When the optimised picking routines are run, the existing P- and S-wave picks are archived.
These archived picks may be plotted as bright blue (P) and bright green (S) crosses.

4) Curve fit picks: When the WavelLSQ routine is successfully run, theoretical curve fit picks are stored for each
instrument. These may be plotted as purple (P) and turquoise green (S) curves.

5) Shot theoretical picks: If an event has been linked to a shot, theoretical arrival times can be calculated and plotted.
These appear as dark purple (P) and green-brown (S) curves. In addition, a vertical gold-coloured cursor is plotted aligned
with the earliest P-wave arrival. This cursor may be manually moved in time by the user by left-clicking on it using the
mouse and dragging. This shifts the relevant P- and S-wave arrivals such that the earliest P-wave arrival aligns with the
cursor. The relative separation of the P- and S-wave curves cannot be altered.

6) User-defined event theoretical picks: If the user has defined a theoretical event position, arrival times can be
calculated and plotted. These appear as purple (P) and mid-green (S) curves. A vertical gold-coloured cursor is also plotted
aligned with the earliest P-wave arrival. This cursor may be manually moved in time by the user by left-clicking on it using
the mouse and dragging. This shifts the relevant P- and S-wave arrivals such that the earliest P-wave arrival aligns with
the cursor. The relative separation of the P- and S-wave curves cannot be altered.

The shot and user-defined event theoretical picks (5 and 6) are calculated using the velocity structure information
in the Locator sheet of the Processing Properties dialog box and can be calculated using either a homogeneous-
isotropic velocity structure or a layered velocity structure using Tian ray-tracing. Calculations cannot be carried out
using the WaveBuilder or Fast Sweeping Method algorithms.
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P- and S-wave picks are also plotted on the stack traces as blue and green vertical lines. Lines are solid for the
arrival related to the stacked waveform whilst the other arrival is plotted as a dashed line.

The display of pick overlays is toggled on and off using the relevant buttons in the button bar. If an overlay is unavailable
because the relevant picks do not exist, the overlay button is inactive (greyed-out).
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Figure 6-39: Examples of the phase pick overlays: (A) location picks, (B) theoretical picks, (C) archived auto-picks,
(D) curve-fit picks, (E) shot theoretical picks and (F) user-defined event theoretical picks.
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6.9.9 User Specified Event Location

The user may specify a theoretical event location for which arrival times are calculated and can be plotted using the
User Position Overlay (Phase Pick Overlays). The event position may be selected either in the Waveform-Moveout View

of the Moveout Visualiser or in the 3D Visualiser.

In the Waveform-Moveout View the Specify 3D Event Position button launches a dialog box (Figure 6-40) with which
the user can specify the 3D event position in North, East and Depth coordinates.

r Eg b

3D Event Position

Morthing: 1674.04
Easting: 2725.9
Depth: 5147.44

Cancel |

3 y

Figure 6-40: Dialog box accessed through the 'Specify 3D Event Position' button. The user can input or edit the 3D
event North, East and Depth coordinates.

In the 3D Visualiser a new Insert Event Position button 2 is available in the navigation button bar (at the top of the
view). When this button is selected, the user's next mouse click within the 3D Visualiser will place the event position at
the mouse position and in the plane of view (Figure 6-41). A right-click on the user-defined event will open a drop-down
menu (Figure 6-42) with options to see the properties of the event, delete the event or move its position. Clicking on
properties opens the 3D Event Position dialog box as accessed in the Waveform-Moveout View. Clicking on Move causes
the event to track the user's mouse movements around the 3D Visualiser view. A left-click on the mouse will then drop the

event at the new mouse position.

v
v
Y
Y
v
v
) {
) 4
A 4

Figure 6-41Selection of a user-defined event position in the 3D Visualiser. The event position appears as a black
‘target’.

Properties
Delete

Move

Figure 6-42Dialog obtainéd by a right-click on a user-defined event.
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6.9.10 Undo Optimised Picking

When the user is manually utilising the optimised picking routines in the Waveform-Moveout View, there is also the
option to undo the optimised picking and return to initial auto-picks. The Undo Optimise Picking button, &

, appearing on the right-hand button bar of the Waveform-Moveout View, resets the phase picks to be equal to the
picks archived before the last time the Optimise Picking button was used.

Picks are archived each time the Optimise Picking button is used. The undo optimise picking option will only return
pick values to those in place before running optimised picking the last time. It cannot return to any previous values and
repeated use will have no further effect.

6.9.11  Visualisation of Results
When the WavelSQ and WaveXC routines are run, they create several variables that may be plotted in the Waveform-
Moveout View. Both routines directly alter the phase picks with other pick variables also being created. When the optimised
picking routines are run, the original phase picks are stored as archived auto-picks. In the Waveform-Moveout View the
auto-picks may be plotted by toggling on and off the Show Archive Overlay button, #
. The archived P-wave auto-picks are displayed as pale blue crosses and the archived S-wave auto-picks
as bright green crosses (

Figure 6-43 A).

The WavelSQ routine, if it successfully finds a moveout curve, stores the theoretic curve fit arrival time for each

instrument within an event. In the Waveform-Moveout View the curve may then be plotted, by toggling on and

off the Show Curve Fit Overlay button, # . The fitted curve for P-wave arrivals is displayed as a purple line,
and the fitted curve for S-wave arrivals as a turquoise-green line (

Figure 6-43 B).

ID-:-q:ﬁmo F‘os:uml
Goophone Positicn

150.0 2000 500 0.0 3500 1500 2000 2500 3000 1500
Time fra) Tirmee: fms)

Figure 6-43 (A) Archived auto-picks, stored when running the optimised picking routines, are displayed in the
Waveform-Moveout view as pale blue (P) and bright green (S) crosses. Display of the crosses may be toggled on

* X




210 6.9 Waveform Moveout View
and off using the Show Archive Overlay button. (B) Moveout curves found using the WavelSQ routine are
displayed in the Waveform-Moveout view as purple (P) and pale green (S) lines.

Display of the curves may be toggled on and off using the ‘Show Curve Fit Overlay’ button.

6.9.12 Draw Arrival Picks

This allows all the P or S wave arrival picks to be added in a single operation by dragging a straight line across the
instruments. P or S wave arrival picks can be added by selecting either:

* Draw P Arrival Pick Moveout

* Draw S Arrival PickMoveout

Upon selecting one the above options, (Figure 6-44) click and hold the left mouse button at the first pick position (1),
then drag the line across to the last pick position (2). When satisfied with the pick positions, release the left mouse button,
and all the instruments with a line across will have the relevant pick added. The pick is automatically calculated using the
selected picking method (Auto-picking) using the maximum peak in the autopick function between the front and back
windows either side of the drawn line where it intersects the time axis of each instrument.
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Figure 6-44: Adding picks using draw arrival picks

6.9.13  Display and Save Synthetic Waveform
In the moveout view (Figure 6-45), under the menu “Event”, user can select “Show Synthetic Waveforms” to display
ray- tracing based synthetic waveform if “Tian Raytracing” is selected. The synthetic waveform can be displayed with the
field data in the same moveout view for phase identification. Clicking “Save Synthetic Waveforms” would save the synthetic
wave as an individual event that could be used to test a variety of processing algorithms.
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Edit Event Properties ...
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v Show Svnthetic Waveforms
Save Synkthekic Waveforms

Figure 6-45 The menu to show and save synthetic waveforms.

Please note that when a homogeneous model is used, the analytical waveform from a full homogeneous model is
calculated. Its moment magnitude is empirically related to the user defined corner frequency (Figure 6-46). The
synthetic waveform will be generated using the location from the observed microseismic event. To generate synthetic
waveforms on used defined locations, please see Section 16.8.

InSite Processing Properties 1]

|Relative Lacation | Mechanisms | Spectral Picker | @€ Synthetic ‘Waveforms | eyl Empirical Moment
e Magnitude for analytical
5 solution
Dominant Frequency: I 00| Moment Magnitude: -1.32
For homogeneous —| P/5Ratio: I 1
model ongiy 1 Ft2kals [ For layered model,
’ e
Gaussian Derivative Source Time Function: | 1st Gaussian Derivative ¥ | additional wavelets are
is allowed available.
1st Gaussian Derivative Z]
~Wave Types =3

vV Birect Waves
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Up Head W
For homogeneous — o L
model, only direct [""":m iz
P and S waves are I” | Reflected Wayes
generated.
-Radigfion Pattern
[y Use Radiation Pattern
The radiation —
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fault plane Dip |45
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Figure 6-46: The parameter settings for synthetic waveform
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Chapter 7.Advanced Waveform Processing Tools

Key Features

Accessing the Visualisers

User Interface in the Advanced Waveform Visualiser

Processing Functions in the Advanced Waveform Visualiser

User Interface in the Advanced Instrument Visualiser

7.1 Key Features

The Advanced Waveform Tool performs advanced processing and visualisation functions unique to instruments where
the full-waveform field is recorded (either 'triaxial' or 'quadriaxial').

The tool is split into two visualisers known as the Advanced Waveform Visualiser and the Advanced Instrument
Visualiser. A quadriaxial (4-channel) instrument is automatically converted to a triaxial instrument when the user accesses
either visualiser.

The functions found in the Advanced Waveform Visualiser include analysis of waveform rotations (coordinate system
transformations), hodograms and spectral amplitudes. Example screen captures of the user interface are shown in Figure
7-1.

+ Waveforms and processing information for a triaxial (3-channel) instrument are displayed. Point and click
operations allow the user to change cursors and windows on the waveforms. Data linking between channels is
performed automatically.

+ Waveforms can be rotated into alternative ray coordinate systems. These include N-E-U, P-S1-S2 and P-SH-SV.
The ray vector can be switched between the back (towards source) and forward azimuths.

» Waveform rotation is achieved through either an inverse or a forward approach. The inverse approach uses the
method of Montalbetti and Kanasewich (1970). A 'Linearity Coefficient' is produced that defines the quality of the
analysis. The forward approach uses a user-defined ray orientation by specifying the ray azimuth and plunge, a
source position, or by using the event's location.

» Rotated waveforms are displayed allowing picking of P and two S-wave phases.

» Picking of P,SV and SH, can be performed in the triaxial view with the event defined rotation selected - useful for
picking amplitudes of very clean, normally lab, data.

» Particle motions for the P or S-waves can be displayed on 'Hodogram' plots. These are constructed from user-
configurable windows on the waveform. The window size and extents can be changed through the analysis to
assist in phase picking. A choice of four windows is provided.

+ Hodogram data within the specified window can be exported to a three-dimensional vertex set (i.e. for displaying
3D hodograms) for import to external software (e.g. Gocad).

+ Displacement spectra can be displayed allowing automatic and manual picking of the low-frequency plateau and
corner frequency, and calculation of the energy flux.

» Asingle station location can be calculated from the geometry of the rotated ray-coordinate system and the P to S-
wave separation time.

The functions found in the Advanced Instrument Visualiser perform two-dimensional spectral analysis on waveforms
recorded on a chosen instrument (i.e. through both the time and frequency domains) and visualizes the resulting
sonograms and polarisogram plots. Example screen captures of the user interface are shown in Figure 7-2.

» Sonograms are displayed for each waveform in the instrument in the form of a colour density plot. A sonogram
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7.1 Key features

represents an analysis of the amplitude content of a signal with frequency within a moving window stepped
through the signal.

A polarisogram is displayed for each triaxial instrument in the form of a colour density plot. A polarisogram
represents the frequency-dependent polarisation of a signal recorded on a triaxial, or quadriaxial, instrument. The
polarisogram plot can show the polarisation coefficient, the primary azimuth or the primary plunge.

The waveforms, sonograms and polarisograms are plotted in line with each other, allowing direct comparison of
arrival information. Point and click operations allow the user to change the position of pick cursors on the
waveforms. Data linking between channels is performed automatically.

Spectral analysis can be done with either the Fast-Fourier-Transform method or the Maximum-Entropy
method. Hildyard and Hann tapers can be applied to the various waveforms in the pre-processing stage. The
number of poles used in the Maximum-Entropy method can also be specified.

The step-size, gate-length and gate types can be easily changed.

Zoom functionality allows all of the plot types to be enlarged, giving the ability to zoom in on any particular time
and/or frequency ranges.

Logarithmic frequency and amplitude ranges can be chosen.

Use of a common instrument amplitude range or individual channel amplitude ranges.
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Figure 7-1:Screen captures of the Advanced Waveform Visualiser. Top: During hodogram visualisation. Bottom: During

frequency visualisation
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Figure 7-2: Screen captures of the Advanced Instrument Visualiser. Top: Polarisogram and Sonogram
visualisation. Bottom: Zoom in on portion of the waveform.

7.2  Accessing the Visualisers

The two visualisers in the Advanced Waveform Tool are integrated into InSite's Waveform Visualiser but are only
accessible when the user has valid permissions defined in their software key. The user therefore has the processing
functionality that is available from within the Waveform Visualiser as well as the independent features of each additional
visualiser.

The Advanced Waveform Visualiser is accessed from the Instrument View in the Visualiser (5.5) using the ‘Enter Triaxial’
button on the Instrument Processing Bar (Figure 7-3). The Advanced Instrument Visualiser is accessed from the same button
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bar using the Enter Advanced Instrument button.

The term 'Instrument' refers to a seismic sensor that has between 1 and 4 'Axes'. Each axis physically consists of a
receiver plugged into a channel on the data-acquisition hardware. The terms 'Receiver', 'Channel' and 'Axis' are
interchangeable within InSite. Single-axis and three-axis sensors ('uniaxials' and 'triaxials' respectively) are commonplace
in seismic monitoring; however, two-axis (a malfunctioning triaxial) and four-axis ('quadriaxial') sensors can also be used.

InSite makes available the more basic processing functions, found in the Waveform Tool, to any type of instrument.
The Advanced Waveform Visualiser allows a user to access more advanced processing functions to data from
instruments where the full wave field is obtained (either a triaxial or quadriaxial).

The Advanced Waveform Visualiser is available when processing a triaxial instrument that has its three receivers
correctly configured, with orientation unit vectors that are mutually orthogonal, or when a quadriaxial instrument has been
selected. The Enter Triaxial button will be disabled when this is not the case.

The Advanced Instrument Visualiser is available when processing all instrument types, although some of the
functionality (polarisograms) requires the full wave field, so this functionality is switched off if processing instruments
with 1 or 2 axes.

Data is recorded from a triaxial instrument on three mutually orthogonal axes. These axes define the instrument
coordinate system. The orientation of each axis is entered by the user on the Channel Properties Dialog Box (Figure

5-22) in N-E-D space, e.g. a vector [0.3536n, 0.3536e, 0.8660d] is orientated at an azimuth of 45° E of N and

with 60° plunge down from the horizontal.

A quadriaxial instrument has four axes, usually positioned equidistant in space. When one of the visualisers is accessed
for a quadriaxial instrument the waveforms are automatically transformed to a triaxial instrument with axes orientated
in the North-East-Up coordinate system. The transformation uses an inversion of the equation below, where [A, B, C, D]i
are the amplitudes recorded on the four axes of the quadriaxial at time iand [X, Y, Z]iare the equivalent amplitudes on
the triaxial axes. ax, BK, YK, AK are the direction cosines between the quadriaxial axes and the triaxial.

ay oy ag X
Bx By Bz []

Clyx w0z [ J
Ay Ay Az Z i

S R RN
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Figure 7-3: The Instrument View in the Waveform Visualiser for a correctly configured triaxial instrument. Clicking
on the Enter Triaxial button will open the Advanced Waveform Visualiser. Clicking on the Enter Advanced
Instrument button will open the Advanced Instrument Visualiser.

§
I

7.3 User Interface in the Advanced Waveform
Visualiser

7.3.1 Overview

The user interface consists of three output panels (Figure 7-4).

* The Configuration and Results Panel contains controls that manipulate the display and perform processing
functions.

* The Waveform Panel contains views of each of the three waveforms.

* The Processing Panel contains views of either Hodograms or Displacement Frequency Spectra. The views
that are displayed depend on the Processing Mode chosen on the Configuration and Results Panel.
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Figure 7-4: The user interface for the Advanced Waveform Visualiser. The

7.3.2 Configuration and Results Panel

Processing Panel is in Hodogram Mode.

The results that have been obtained are displayed on the right-hand panels of the window. Depending on the user's

screen resolution some of the panel's sections may be hidden from view. The
sections. (Figure 7-5)

user can scroll down the panel to view these

Table 7.1: Description of the sections contained on the Configuration and Results Panel.

Section ‘ Controls

Instrument Information

Displayed Information

Instrument Number formatted
e.g. "3-L-c". The L indicates the
instrument has been used in the
event source location. The ¢
indicates the instrument
waveforms are clipped. Display of
the location and axis orientations
for the current

instrument.

A drop-down box allowing the
user to switch between Hodogram
and Frequency processing modes.

Processing Mode
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Section
Hodogram Parameters

Controls

A drop-down box allowing the user
to switch between the four different
hodogram windows. The availability
of a window depends on whether
the appropriate phase has been
picked. The size, in waveform data
points, of the automatic Hodogram
windows.

Displayed Information

Rotation Parameters

A drop-down box allowing the user
to switch between the three
different ray-coordinate systems. A
drop-down box allowing the user to
switch between rotation algorithms.
A button that opens the Rotation
Properties Dialog box.

Rotation Results

Display of the rotation results
including the orientation of the ray

co-ordinate system. (Section)

Single-station Location (SSL)
results

Display of the source-vector
orientation and the SSL.

Stored source data

Display of the rotation data that
the user has stored to the event
data

base.

Phase Rotation Filter Angle

A slider, controlled using the mouse
or arrow keys, allowing the user to
set the phase rotation angle at
integer degree intervals.

Display of the phase rotation
angle.




7. Advanced Waveform Processing Tools

221

Instrument —
Information

Instrument, | = 4
S11.TmMN, -1717.7mE, 5301 mD
%:1.00n, 0.0e, 0.0d

i 0.0n, 1.00e, 0.0d
Z: 0.0n. 00e,-1.00d

Processing Mode - :
‘4 Frequency Processing ﬂ

Rotation Results

Irwerse method on window, R
Linearity = 929%

P (Rray} 0.293n, 0.213, 0.932d
{361 EofN, -68.8 Down) /

SH: -0.589n, 0.808e, 0.0d

[126.1 EofM, 0.0 Down)

5V: -0.753n, 0543, -0.362d
[216.1 EofM, -21.2 Diown)

Single-station Location

Rotation Results

Single-Station

Iy Hodogram Parameters 5 2161 Eait. £9.8D
ource at ofN, 0N, il
Hodogram _/ ’m S T (0 Y Location Results
Parameters Distance to source = 193.4m
Auto front window = |10 SSL: -67.8mM, 153 OmE, 5482mD
Auto back window = |50
Rotation — I Roaton Paamelers Stored Rotation Data: Stored source data
Parameters Montalbetti-K.anasewich / for this instrument
Rotate to P-SH-SV - Rotated To P-SH-SY
Y . = SAC: -0.299n, -0.223e, 09284
Montalbetti-Kanasewich Distancs = 0.0
Rotation Properties Linearity = 935%
Set the angle for
. the phase rotation
Phase Rotation Filter Angle filter
-40 deg
180
Figure 7-5: The Configuration and Results Panel.
7.3.3 Waveform Panel

The Waveform Panel contains three waveform views. A waveform can be manipulated using mouse functions in the
event view (Event View in the Visualiser). An example waveform view is shown with the available cursors and windows that
can be manipulated by the user (Figure 7-6). Changing a cursor, or window, on one view automatically changes all views as
the instrument channels are linked together.

There are three arrival time cursors (vertical lines):
BLUE - P arrival

GREEN - S1 arrival

GOLD - S2 arrival

The waveform rotation functions split the S-wave into two orthogonal polarisations. It is then possible to pick two
different S-wave arrivals. Two cursors are given, defined as S1 and S2, so that travel time differences can be analysed. When
the S-wave arrival is initially picked TS1 is set equal to TS2 so that the gold cursor will be hidden by the green cursor. The
green cursor represents the S-wave arrival time used in the Waveform Visualiser and by many of the processing algorithms
(e.g. source location).

There are four different Hodogram windows displayed towards the base of the waveform view:
P (BLUE) - P window

S1 (GREEN) - S1 window

S2 (GOLD) - S2 window

G (GREY) - General window

Any of the windows can be manipulated by clicking on the triangle symbol and dragging to enlarge or shrink.

FFT (Fast Fourier Transform) windows are displayed towards the top of the waveform view (labelled P and S). As
these windows are usually set quite large a single S-wave window is used.
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The 'R' window (BLACK) is the Rotation Window used in the rotation algorithm.
For any of the windows to be displayed the corresponding phase arrival must be picked. This can be performed by either
using the automatic picking function (Event Processing Bar) or by entering the Channel View in the Visualiser (Channel View

in the Visualiser) and picking the arrivals manually.

The waveforms that are displayed in the views depend on the ray-coordinate system chosen by the user on the
Configuration and Results Panel. The four options include:

* Unrotated - waveforms from the three acquisition channels are displayed
* Rotate to N-E-U

* Rotate to P-S1-S2

* Rotate to P-SH-SV

The waveform label (top-left) changes depending on the option that has been chosen.

F Rotation
F-wave FFT window S-wave FFT
wilnd o wilnd o
P Py . i Il y Sv] y 004620/ | ©
v
I | °
| qﬂ |_ | |
M Agaun. i a
e
P Sl '
17.9ms T!_J.'l' x v \\I.J 30.0ms
F Hodogram —/ 31 Hodogram —/ .,
window window E'.‘? Hodogram
il i oo
Figure 7-6: Example of a Waveform view showing available cursors.
7.3.4 Processing Panel in Hodogram Mode

The Processing Panel in this mode contains three hodogram views (Figure 7-7). Each hodogram displays the particle
motion on the three orthogonal planes in the ray coordinate system being used. The data shown depends on the following
options chosen by the user on the Configuration and Results Panel.

a. The Hodogram Window. The user can select one of the following:

. P

S1 (SH)

S2 (SV)

* General
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b. The Ray Coordinate System. The user can select one of the following:

* Unrotated

Rotate to N-E-U

Rotate to P-S1-S2

Rotate to P-SH-SV

The Ray Coordinate System option also determines what waveforms are displayed in the Waveform Panel. The
particle motion is displayed in two colours.

+ Black is plotted up to the phase pick corresponding to the Hodogram Window that has been chosen.
+ Red is plotted after the phase pick (red is not used in the 'General' window type).

The two buttons positioned above the hodograms move the chosen window left or right through the waveform, so
allowing the user to observe how the particle motion changes.

Hodogram View = o \

L. Move Hodogram
f‘a SH Window

P w/ +0.0351m/s

Axis in ray
coordinate system

Particle Motion

Hodogram Window P window +0.D0528m/s
1
m
| Amplitude Scale
I 2o ]
P window +0.0351m/s

Figure 7-7: The Processing Panel in Hodogram Mode.

7.3.5 Processing Panel in Frequency Mode

The Processing Panel in this mode contains three frequency views. Each view contains a displacement spectrum
calculated from the waveform datain an FFT window on one of the three waveforms in the Waveform Panel (Figure 7-8).
When the ray coordinate system has been chosen as P-SH-SV then the three views correspond to the P-wave, SH-
wave and SV-wave displacement spectra respectively. In this case, a spectral fit will then be shown on each of the
spectra if it has been picked. The fit can be manually manipulated by dragging the red symbol with the left mouse
button. The blue line shows the displacement spectra for the signal window and the black line shows the displacement




224

7.3 User interface

spectra for the noise window.

When a spectral fit is applied the values of low-frequency plateau, Qo, corner frequency, fo, energy flux, J , and
attenuation, Q, are shown on the view.

P window on TOP
waveform

-—

The type of spectra that is displayed

1%)isplacement Spectra for P-wave~_

12100 = 1.13e-011°
fc = 483.3 Hz-

1 2 3

SH window on MIDDLE
waveform

A spectra fit - manipulate by dragging

the red symbol

1 2 3™~| Variables describing the spectral fit

SV window on LOWER
waveform

Logarithmic scale - the number
indicates the power of 10

Figure 7-8: The Processing Panel in Frequency Mode. The TOP, MIDDLE and LOWER correspond tothe waveforms

displayed on the Waveform Panel.

7.3.6 Button Bar Functions

The Triaxial-Processing Button Bar performs a variety of functions within the Advanced Waveform Visualiser

explained in Table 7.2 ..
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Additional button bars that are available include the Navigation and Event-Processing Bars (Figure 7-9). The Event-

Return |— L
Previous
AN — ..
Next triaxial
.. — W
triaxial _
2 — Lock pickto
Hodogram
Store |
rotation
E __| Clear stored
E rotation
Reverse
&
ray vector [ :\1 _
Fit spectral
Py —
Save models
Hodogram |— w
vertices rogs | Switch rotation
N-E-IJ tvpe

Figure 7-9: The Triaxial-Processing Button Bar.

Processing Bar exhibits the same processing functionality as for the Instrument View in the Waveform Visualiser.

Table 7.2: Description of functions found on the Triaxial-Processing Button Bar.

Button Operation Description Availability
Return Returns to the Instrument View in the Always On
Waveform Visualiser.
Previous Triaxial Changes to the previous triaxial Always On
instrument in the event.
Next Triaxial Changes to the next triaxial Always On

instrument
in the event.

Lock Pick to Hodogram

Moves the pick associated with the
current hodogram window to the
front of the window.

In Hodogram Processing mode after
selecting a Hodogram Window.

Store Rotation Data

Stores the current rotation results for
this instrument into the database.

After Rotation to P-S1-S2 or P-SH-SV.

Clear Stored Rotation
Data

Clears any previously stored rotation
results from the database.

After Rotation to P-S1-S2 or P-SH-SV.

Reverse Ray Vector

Flips the ray vector between 'forward’
and 'reverse' azimuths. (6.4.2)

After Rotation to P-S1-S2 or P-SH- SV
using only Monalbetti-Kanasewich
algorithm.
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Fit Spectral Model Fits a spectral model to the In Frequency Processing mode after
displacement spectra. (6.4.3) rotating to P-SH-SV.
Save Hodogram Vertices Saves the 3C particle motion displayed in | In Hodogram Processing mode.
the current hodogram window to a
Gocad file.
Switch rotation type Switch between rotation types 'P-SH- Always On
SV'and 'N-E-U'

7.3.7 Rotation Properties Dialog box
The Rotation Properties Dialog box contains parameters used in the rotation and single-station location algorithms.
(Figure 7-10)

Rotation Properties @

Back and Front window —_— Rotation|

sizes used in constructing wsm s Vech ortati

the Rotation ¥Window ; - |50 . - — ector orientation

Auto Back Window Auto Front Window = |10 used in the Source
Vactor rotation

/ Source Position [NE D] = ||] B |0 [[] algorithm

Morth-East-Down position —

used in the Source

Position rotation algorithm Source Vector (Azimuth, Phnge) = (|45 S0 )

Single-station Location Inputs

| Homogeneoussotropic LJ Settings /
/

— Yelocity model setings

Velocity model to use in —
the single-station location Distance Units = |Metres | Working Time Urits = IMilisecwvd's -
algorithm

— | Units to use in the
algaorithm

Figure 7-10: The Rotation Properties Dialogbox.

7.4  Processing Functions in the Advanced Waveform
Visualiser

7.4.1 Hodogram Functions

The type of Hodogram available for visualisation depends on whether the phase arrivals have been picked. If both the
P and S phases have been picked, then the user will see all the hodogram windows displayed in the waveform views (Figure
7-7). The user can then select the hodogram window to use from the Configuration and Results Panel Configuration and
Results Panel.

* P Window
¢ S1 (SH)Window
¢ S2 (SV)Window

* General Window
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A hodogram window is automatically set using the front and back window sizes positioned around the phase arrival.
Changing the window sizes on the Configuration and Results Panel, or adjusting the phase picks, will automatically reset
the hodogram windows.

The user can adjust a hodogram window by clicking on a triangle symbol and dragging it. The user can also adjust the
position of the window by using the Move Left or Move Right buttons on the Processing Panel.

Through these functions the user can locate the exact onset of particle motion associated with a particular phase. The
‘Lock Pick To Hodogram’ button can be used to automatically set the phase arrival to this onset.

7.4.2 Rotation Functions

Options defining the behaviour of the waveform rotation are located in the two drop down boxes found in the Rotation
Parameters section of the Configuration and Results Panel.
a. The Ray Coordinate System to use. The user can select one of the following:

* Unrotated

* Rotate to N-E-U

* Rotate to P-S1-S2

* Rotate to P-SH-SV

b. The Rotation Algorithm to use. The user can select one of the following:
* Source Vector

* Source Position

* Montalbetti-Kanasewich

¢+ Event-Defined Rotation

¢+ Stored Rotation Data
The following rules apply regarding when these options can be used.

* When the ray coordinate system is set to either Unrotated or Rotate to N-E-U then the rotation algorithm setting
is not used. The drop-down box is therefore disabled.

* When the ray coordinate system is set to Rotate to P-S1-S2 then the only rotation algorithm setting that is valid is
Montalbetti-Kanasewich and so the drop-down box is again disabled.
» All rotation algorithms are available when the ray coordinate system is set to Rotate to P-SH-SV.

The algorithms use the rotation properties defined in the Rotation Properties Dialog Box (Figure 7-10). For the
Montalbetti-Kanasewich algorithm a Rotation Window must be defined (Figure 7-7). The Rotation Window is set from the
P-wave arrival using the front and back window sizes. The user can manipulate the window on any of the waveform views
and the rotation is automatically updated.

The ray-coordinate system defines the orthogonal axes onto which the waveform rotation is performed.

i. N-E-U - the waveforms are rotated to the North, East and Up axes.

ii. P-S1-S2 - a rotation is performed onto the Ray Vector (P) and two orthogonal, but arbitrary, vectors in the S-wave
polarisation plane (S1 and S2). These vectors are defined by the eigenvectors from the Montalbetti-Kanasewich
algorithm.

iii. P-SH-SV - a rotation is performed onto the Ray Vector (P) and two orthogonal vectors in the S-wave polarisation
plane (SH and SV). The P-SH-SV coordinate system is described further in the Technical Appendices Section 7.1.1.

The rotation algorithm describes how the waveforms are to be rotated into the ray coordinate system.
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i. Source Vector - the source vector is defined by the user (azimuth and plunge), pointing from the receiver to the
source. The ray vector is then calculated.

ii. Source Position - the user defines a source position in (N,E,D) coordinates. The source and ray vectors are then
calculated from the known instrument location.

iii. Montalbetti-Kanasewich - an inverse algorithm is used to obtain the direction of polarisation of the P-wave (an
estimate of either the source or ray vector) from a window of data around the arrival.

iv. Event-Defined Rotation - the source and ray vectors are calculated from the event's location. This method must
be used to manually pick P-SH-SV amplitude for moment tensor inversion (Source Mechanism Tool). For example, to
manually pick P-wave amplitude, you can right-click on the P,SH, or SV waveform and select “Add Rotated P-wave

Amplitude Picks” (Figure 7-11).

v. Stored Rotation Data - the ray vector is taken from the stored rotation data.
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Figure 7-11: The user interface for manual picking P-, SH-, and SV-wave amplitude used in moment tensor
inversion.

A Single-Station Location is obtained when using the Montalbetti-Kanasewich method knowing the source vector
orientation, the instrument location and the P-S travel time. The source and ray vectors can be switched using the Reverse
Ray Vector button. The geometry of the ray coordinate system and the single-station location are automatically
recalculated.

Once a rotation is obtained the user can store this information to the database using the Store Rotation Data button.
The Stored Source Data section of the Configuration and Results Panel is updated. The data can be cleared using the ‘Clear
Stored Rotation Data’ button.

7.4.3 Frequency Functions
Frequency windows are constructed around the P and S-wave arrival picks using the front and back window settings
on the Channel Processing Property Sheet (Figure 5-48). The windows can then be manipulated on the waveform views.
A Fast Fourier Transform (FFT) is produced from the data within the required window. This is performed in an identical
fashion to the FFT Processor that can be accessed from the Channel View in the Waveform Visualiser. The FFT then
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undergoes the following processing functions (these are also available within the FFT Processor).

» The FFT is automatically trimmed to the frequency bandwidth of the instrument. This is defined on the Receiver
Properties. The user must ensure this is correctly configured.

» The FFT isintegrated to displacement, knowing the instrument response defined on the Receiver Properties.
The frequency processing mode cannot be accessed if the instrument response is set to Volts.

» The FFT is displayed on a Log-Log chart.

No frequency domain filtering is performed. In order to apply a filter, the user should apply the time-domain filtering
algorithms to the waveforms.

A spectral model can then be fit to the spectra so as to obtain a low-frequency plateau, Qo, and corner frequency,
fo. At frequencies greater than the corner frequency the spectra is assumed to fall-off proportional to f -2 This
operation can only be performed once the waveform data has been rotated to the P-SH-SV ray coordinate system. Spectral

processing is discussed further by Collins and Young (2000). The fit is first performed automatically by minimising the
differences between a best-fit model from Walter and Brune (1993) and the given spectra. The model is calculated using,

1QHI =

where y = 2.
The error minimisation uses a Simplex method, searching in the Qo-fo model space, for the solution that minimises
the squares of the differences between the equation above and the spectra. The best-fit is displayed as a cyan-

coloured curve.

The red lines on the spectral plot show the low-frequency plateau and the corner frequency (circle symbol). The user
can manually manipulate the fit by clicking on the symbol and dragging across the display. The fit can be cancelled by right-
clicking on the circle symbol.

The Energy Flux, J , is calculated from the integral of the velocity spectrum using the equation below, where Vi
is the velocity amplitude at data point i in the spectrum (i is associated with a frequency component fi in the
discretised range of frequencies contained in the FFT).

i
z

—
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N

=

7.4.4 Storing Rotation Data

The user has the ability to rotate the waveforms using different algorithms and into different ray coordinate systems.
Resulting rotation data is only stored to the data base if the user manually chooses the Store Rotation Data function on the
button bar (Figure 7-9). This is so that processed rotation data cannot be inadvertently over-written by unwanted rotation
data.

Therotation data and spectral model fits can be written to a text file using the Waveform Pick Results export function
in the Export sub-menu.

The 3C particle motion in the rotated waveform window can be stored in a Gocad file if the Save Hodogram Vertices
button is pressed on the button bar (Figure 7-9).
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7.5 User Interface in the Sonogram Visualiser

7.5

7.5.1

User Interface in the Sonogram Visualiser

Overview

The user interface consists of two output panels. (Figure 7-12)

* The Configuration Panel contains controls that manipulate the display and perform processing functions.

+ The Waveform Panel contains views of each of the waveforms in the instrument and their respective sonograms.
If the instrument is triaxial, then a polarisogram will be displayed at the top of this panel.

| @

Waveloans

3

fid

30 Visuskees

¥

focstedms

g3 | e e e o] [ A R AL |

2 | e |

WaveloanMoveout

Instrument, [ = 12-L
716N, 422,30, 12938010

%:-0.978n, 5.280-004d

09700, 002178
7 0005, .08, 0004

Power Spectrum Estinaton Method:
@ Fast Fourer Transform
© Mauimum Entropy Method
MR sze 0 =}
FFT/MEM Gate Leogth:  [64 =
o OF Poles Used Inem: [0 =
FFTVEM Gate Type:
€ Foward & Contred  Badonard

FFT/VEM Taper Type:
 Hidyard Teper (" Hann Taper

Polaisogram Type:

(:) Mecharwms

| .
§

AE Dastboud

®

Stieam Dashboard

[Plrestion ot e

Fr :
o — o0

I~ Loganthwic Frequency Asts

I™ Logarkhi: Anpitude

Angitude Range:
© tostument O Trace

Rotation Perameters.

[Rotate to P-51-5¢ -
[Evert Defied Rotation 7]

o reptes |

Rotation Resuts

723 Tiggeing

t: k Chats

(Ray): 0.7960, -0.2438, 0.5540
50, 555 o
e 20030, -399.6€, 127500

5H:0.292n, 0.956e, 0.0d
(73.0EcN, 0.00own)

5¥: 0,530, -0.162, -0.83
(343.0 Ecfl, -56.4 Down)

Configuration Panel

7.5.2

' locatedms

Uk

r“
athb{

Sonogram
SepSar
Gate Length:

'/

J V’L I [UEST T'
; Vs '\k
."_: i

SAS

1275

oL P

0002272
o

00ms fpt = 1)

127.8ms [pt = 512

Event = 1284, (200903 N 339,624 £, 12749.597 D} Units = 1.00 11, LMag = 102297, IMag = 018440

Teve (ms)

Ampitude Spectm
170346007 00031137 00062272 00093408 0012654

1.005894.1ca

o PQN

Waveform Panel

Figure 7-12: The user interface for the Advanced Instrument Visualiser.

Configuration Panel

The Configuration Panel (Figure 7-13) contains a number of sections with controls for manipulating the display and
processing functions and displaying the results (Figure 7-14). The display is summarised in Figure 7-13.
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Figure 7-13: Configuration Panel in the Advanced Instrument Visualiser.

Depending on the user's screen resolution some of the panel's sections may be hidden from view. The user can
scroll down the panel to view these sections.

Table 7.3: Description of the sections contained on the Configuration Panel.

Section Controls

Instrument Information Instrument

Processing

» Power Spectrum Estimation Method
¢ FFT/MEM Step Size

+ FFT/MEM Gate Length

» Number of poles used in MEM

¢+ FFT/MEM gate type

¢ FFT/MEM taper type

¢+ Polarisogram type
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Section Controls

Display

* Frequency Range
» Logarithmic Frequency
¢+ Logarithmic Amplitude

* Amplitude Range

Results

* Rotation Parameters
* Rotation Properties

» Rotation Results

7.5.3 Waveform Panel

The Waveform Panel contains waveform views for each channel with its respective sonogram view. If the instrument is
triaxial, then the top view is a polarisogram. A waveform can be manipulated using mouse functions (Event View Mouse
Operations). An example waveform view is shown in Figure 7-14 with the available cursors and windows that can be
manipulated by the user. Changing a cursor, or window, on one view automatically changes all views as the instrument
channels are linked together.

There are three arrival time cursors (vertical lines):
BLUE - P arrival

GREEN - S1 arrival

GOLD - S2 arrival

There is one data window used to calculate the waveform rotation (vertical lines).

P Arrival Data window St Amriva S2 Arrival

Sonogram
Step Sive
|

Gate Langth

Rot P

0 O 81.9ms

x4 455
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Ampltude Spectium
— 455972 007 0028177 0056354 0.084531 a1zan
— b —

Figure 7-14: Example of Waveform and Sonogram views showing available cursors
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7.5.4 Sonogram Processing Parameters
A sonogram can be produced using either the Fast-Fourier-Transform method, or the Maximum-Entropy Method.
Choose one of the "Power Spectrum Estimation Method" radio buttons to select the method.

The step size and gate length refer to the position and length of each power spectrum window in the waveform (Figure
7-15).

Gate Length
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Figure 7-15: Definition of step size and gate length

The selected power-spectrum-estimation method is performed on each window. The data from each power- spectrum-
estimation is then combined in order to produce a sonogram. The gate from the waveform that was used to produce the
power spectrum estimation can either be forward looking, centred on the posting time or backward looking. (Figure 7-16)

Gate 1

C=31MX) i +0.00545m/ |

22 2rm 32 9

Forward Looking || Centred Gate 1 Backward
Gate 1 Looking Gate 1

Figure 7-16: Example of gate configuration.

Choose a gate type from one of the "FFT/MEM gate type" radio buttons.

A taper is applied to each gate taken from the waveform. This is either a Hildyard or Hann taper according to the
"FFT/MEM taper type" radio button chosen (Key Features).

The number of poles used in the Maximum Entropy Method can also be adjusted by changing the value in the "No
Of Poles Used In MEM" text box. See the Technical Appendices section 7.2.2 for more information on the Maximum
Entropy Method.
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7.5.5 Polarisogram Processing Parameters

Apolarisogram canonly be produced using the Fast-Fourier-Transform method. Therefore, if the Maximum-Entropy
Method is used, a polarisogram will not be displayed. Choose the "Fast Fourier Transform" radio button from the
"Power Spectrum Estimation Method" group.

There are three different types of polarisogram that can be displayed. Select the type of polarisogram that you wish to
display from the "Polarisogram Type" drop down list.

7.5.6 Sonogram and Polarisogram Display Parameters

The "Frequency Range" text boxes allow the user to set the minimum and maximum frequencies displayed in a
sonogram/polarisogram. Once the sonograms/polarisograms have been generated, then the user can zoom in on a certain
time window. This is done by selecting the start time from either the waveform or sonogram views, using the left mouse
button, and then releasing the left mouse button at the end time.

The frequency and amplitude can be displayed using logarithmic scales (Figure 7-17). Select the "Logarithmic Frequency
Axis" check box to display the frequency using a logarithmic scale. Select the "Logarithmic Amplitude" check box to display
the amplitude using a logarithmic scale.

The amplitude range can be either common to the instrument or auto scale on each channel. To make the scale common
to the instrument select the 'Instrument' radio button from the 'Amplitude Range' group. To make the scale auto scale on
each channel, select the 'Trace' ratio button from the 'Amplitude Range' group.

C«101X) +0 00442m/5*

Initial waveform
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settings.

0.0ms

Y
T M Logarithmic
' frequency and
amplitude ranges.

Zoom in on time
and frequency
ranges.

frequency range.

<«— Logarithmic

Logarithmic
amplitude range.

Figure 7-17: Examples of various display options for sonograms and polarisograms
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7.5.7 Rotation Parameters

The "Rotation Parameters" box pane includes options defining the behaviour of the waveform rotation (Rotation
Functions). These include:

a. the ray coordinate system to use;

b. the rotation algorithm to use;
c. a button for accessing the Rotation Properties Dialog box.

7.5.8 Creating and viewing the Sonograms and Polarisograms

Once the processing and display parameters have been set up then the sonograms can be generated by pressing the
'Generate' button. Each sonogram has an amplitude key (Figure 7-18).
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Figure 7-18: Examples of generated sonograms.

Time (ms)

If the mouse pointer is currently hovering over a sonogram/polarisogram, then the amplitude/polarisation-parameter,
frequency and time that the mouse position refers to will be displayed in the mouse information.
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Chapter 8.Advanced Location Tools

Key Features

Wavebuilder Overview

Tian Raytracing Overview

Traveltime Modelling in Wavebuilder

Traveltime Modelling in Tian Raytrace

VTI Tian Raytracing Overview

Collapsing Grid Search

Travel Time Grid Method

Source Scan Method

8.1 Key Features

The term "Advanced Location" is defined here as a seismic source-location process requiring travel times to be modelled
through an inhomogeneous (or "complex") media. That is the media consists of interfaces across which there is a velocity
contrast. InSite's "standard" location algorithm is restricted to homogeneous-isotropic and transversely- isotropic media

where interfaces cannot be defined.

The Advanced Location Tools have two principal functions:

1. It provides the ability to model P- and S-wave travel times through user-defined "complex" media using a "ray-

tracing" technique;

2. It provides the ability to locate events within a three-dimensional (3D) volume using the modelled travel times.

The Advanced Location Tool pack is an independent tool-pack within InSite and requires the relevant permissions

in the user's software key.

The user has two options to model travel times:

1. Wavebuilder: travel times are calculated by propagating wavefronts through complex velocity models.

2. Tian Raytracing: Indicated for real-time processing in horizontally layered media. Travel times are calculated by

propagating rays through horizontal layered velocity models.

The travel-time modelling is performed through "ray tracing", referenced here as a generic term for calculating the
travel time between two positions by considering wave propagation across interfaces that include velocity contrasts. Note
that in addition to travel times other ray parameters can be calculated through this method, in particular the ray-vector

orientation - the azimuth and take-off angle of the ray connecting the two positions.

Seismic source location within complex media provides challenges that are not observed in more standard seismic

prospecting.

» Source location is an inverse procedure whereby the "best" source position is computed within a 3D location

volume (defined by northing, easting and depth limits) through an error-minimisation procedure i.e. measured

travel times recorded on an array of seismic instruments are numerically compared to travel-times calculated

throughout the volume in order to find the position that minimises the difference between the two. The accuracy

of this procedure depends on the number and spatial distribution of the instruments.

» The objective of travel-time modelling must therefore be to define the P- and S-wave travel times from the array

of instruments to any position within the 3D location volume.

» The travel-time modelling must be "reversed", in that ray tracing must be performed from a given instrument out

into the general 3D volume, not from a single source position to the instrument. The instrument is thus considered

as a "source" for the ray tracing and reciprocity must be assumed (i.e. waves travelling from any given 3D position

to the instrument follow the same path as that modelled).
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» Each instrument has a unique position within the volume, which means that the waves propagating through the
3D volume away from the instrument follow different paths through the same velocity model. Unique travel-time
modelling must therefore be performed for each instrument in the monitoring array.

» Both P- and S-wave travel times are used in source location, each with a different velocity model. Thus, unique
travel-time modelling must also be performed for each phase on every instrument in the monitoring array.

Advanced Location within InSite using the Wavebuilder algorithm is split into the two processes defined above because
the travel-time modelling (1) is a computationally exhaustive procedure that is identical for every seismic event processed.
This means that if data files are used to store the travel-times within the 3D volume, then the modelling need only be
performed once for a particular monitoring configuration. The travel times are simply read from the files for each event
processed and an error-minimisation procedure (2) performed. A "Collapsing Grid- search" algorithm is used to perform
this procedure. For the case of horizontally layered media (Tian Raytrace), current PC processor specifications allow the
raytracing process to be performed in time ranges that permit the sequestration of both processes for real-time processing.

8.2 Wavebuilder Overview

For this option of the advanced location tool, the user accesses the travel-time modelling through the WaveBuilder
software utility run from within ASC's InSite Seismic Processor. This utility has three primary objectives:

1. Compute travel times across a given 3D location volume using a velocity structure defined by the user;
2. Format travel times in such a manner that they can be efficiently used in a source location algorithm;

3. Provide a platform through which future code development will allow increasingly complex media to be modelled.

The travel-time modelling uses a "dynamic" Wavefront Construction (WFC) technique in two-dimensions (2D), based
on Vinje et al. (1993). Further details on the algorithm can be found in the Technical Appendices section 9. Modelled travel
times are stored to a set of binary files that can then be used for source location. The location algorithm is integrated with
InSite's regular processing framework and as such can be used for manual, automatic or real-time processing in exactly the
same manner as the conventional location algorithms in InSite's Location Tool. Some of the key features of the tool are as
follows:

+ The module splits the ray-tracing operations away from the source location operations: a) ray-tracing is per-
formed before processing of any events so that the travel-time modelling can be first optimised for the volume
under investigation; b) travel-time grids are stored to binary files so as to be memory efficient and allow high-
resolution ray tracing over large seismic arrays; c) batch-processing of events using the same array geometry
uses the same travel-time grids stored to file thus travel-time modelling need only be performed once for a
particular monitoring project;

» The WaveBuilder algorithm produces grids of P- and S-wave travel times and ray-vector orientations from
every seismic instrument used in a project and then provides calculation of these parameters to any position
within the full 3D location space defined by the user;

» A Collapsing Grid-Search algorithm provides source location within the modelled travel-time grids down to a
resolution defined by the user;

*The efficiency of the ray tracing and source location has been optimised for use together and depends primarily on
the resolution of the travel-time grids, which in turn depends on the resolution of the velocity model input by the
user;

*The WaveBuilder algorithm currently allows WFC through horizontal layers providing a discontinuous velocity
structurei.e. a "smooth" mediais not required as in classical ray-tracing or finite-difference eikonal-solvers;

» The WaveBuilder algorithm allows rays travelling in any orientation, not only down - i.e. essential for
mine/petroleum operations where the instruments are within the monitored volume;

» The WaveBuilder algorithm allows future extension to more complex media (such as inclined layers and
voids), inclusion of "secondary" arrivals (either earlier or later reflections, refracted head waves, diving rays
etc), tying of P and S-wave time grids so as to allow mode conversions to be transferred between grids, and
amplitude modelling for source mechanism analyses.
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8.2.1 User Interface
The user interface for the WaveBuilder software utility is shown in Figure 8-1. The Dialog box is opened from the
Data Visualiser in the main InSite program; the user should select the Tool menu item (Figure 8-2), then Launch
WaveBuilder.

The Dialog box consists of the following controls:

* Check boxes to select whether the velocity model will be defined by an external file (alv) or through the Frac
Manager;

* A "Browse" button in order to define the location of the velocity-model;
* Buttons for loading the velocity model and processing the time grids;
* A check box to select to process the location grids;

* A "Status View" displaying information on the current processing run.
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Figure 8-1: Example of the WaveBuilder user interface.
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Figure 8-2: Launching of the WaveBuilder software utility is performed from the Tool menu in the Data Visualiser.
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8.5 Traveltime Modelling in Tian Raytrace

For

8.3  Tian Raytracing Overview

this option travel times are computed during the source location operations. Travel-time modelling uses a two- point

ray tracing method applied to horizontally layered velocity models expanded from Tian and Chen (2005). This method
provides stable and rapid convergence making it suitable for real-time processing. In this method, travel times are
calculated for the ray paths of direct reflected and critically reflected (head waves) waves for each source and receiver
position for a given layered velocity model. Further details on the algorithm can be found in the Technical Appendices
Section 3.9.2. Modelled travel times are stored in memory and are then used for source location. The location algorithm is
integrated with InSite's regular processing framework and as such can be used for manual, automatic or real-time
processing in exactly the same manner as the conventional location algorithms in InSite's Location Tool. Some of the key
features of the tool are as follows:

» The Tian Raytrace algorithm computes grids of P- and S-wave travel times and ray-vector orientations from

every seismic instrument used in a project and then provides calculation of these parameters to any position
within the full 3D location space defined by the user;

A Collapsing Grid-Search algorithm provides source location within the modelled travel-time grids down to a
resolution defined by the user;

+ The efficiency of the ray tracing and source location has been optimised for use together and depends primarily

on the resolution of the travel-time grids, which in turn depends on the resolution of the velocity model input by
the user;

The Tian Raytrace algorithm allows rays travelling in any orientation, not only down - i.e. essential for
mine/petroleum operations where the instruments are within the monitored volume.

8.4  Traveltime Modelling in Wavebuilder

Modelling of travel times through complex media is performed in the WaveBuilder algorithm. The algorithm produces
grids of P- and S-wave travel times and ray-vector orientations from every seismic instrument used in a project. It has been
designed so as to allow future developments for greater complexity in the velocity media and has a general processing flow

(Figure

8-3).

Travel-time grids are computed over a 2D plane using a 2D Wavefront Construction (WFC) technique based on
Vinje et al. (1993). As the location volume is 3D, this means that the velocity model is restricted to horizontal
strata.

The velocity model is input by the user through an ALV file that is described in more detail below.

A travel-time grid is computed using WFC for each P and S phase on every instrument defined in InSite's
Default Receiver Array in the project.

A set of binary ALT, ALP and ALL files are output from the algorithm for each travel-time grid. These are used
for seismic source location in the Collapsing Grid-search algorithm discussed further below.

If the travel-time grid contains fewer than 100,000 nodes then an ASCIl TXT file is produced that allows
plotting of the grid in third-party software (e.g. Microsoft Excel). Two examples of travel-time grids produced

by the WaveBuilder algorithm are provided (Figure 8-4).
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Figure 8-3: General processing flow for travel-time modelling in the WaveBuilder algorithm. IDRA is InSite Default
Receiver Array.
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Figure 8-4: Example travel-time grids produced by the WaveBuilder algorithm: a) through a homogeneous-
isotropic velocity structure; b) through a three-layer model (velocities increasing with depth). The velocity models
are provided by ALV files. The two wavefronts highlighted are at 0.075s and 0.150s respectively (left to right).

8.4.1 Formatting the ALV File

As a pre-requisite for data processing the user must format an ALV file that defines the configuration of the 3D location
volume, the source-location grid search and the velocity model. Two examples for the file format are shown in Figure 8-5.
The file contains the following header parameters:

* Version - the version number for the file format (current version = 1);

* FieldType - the type of velocity field included in the file (currently only 1D is applicable);

* TimeGridNorthMin through to TimeGridDepthMax - definition of the 3D volume to compute travel times;
* TimeCellldealDimension - the ideal spatial dimension for each time pixel on the 2D time grid;

» LocationGridNorthMin through to LocationGridDepthMax - definition of the 3D location volume;

* GridSearchStartDimension - the starting cell dimension (Dc1) for the initial "coarse" 3D grid search;

* GridSearchResolution - the final location resolution the user wishes to obtain in the grid search;
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+ GridSearchCollapsingBuffer - the grid-search collapsing buffer;

+ VelocityModelMaxDepth - the maximum depth the input velocity model extends down to.
All spatial dimensions in the file can be in either feet or metres. Velocities must be in the same units. Instrument
positions are defined on the Default Receiver Array within the InSite Project and must also be in the same units. All
instruments must be within the 3D location volume.

The grid search parameters are discussed further in Collapsing Grid Search.

The Cell Dimension parameter defines the ideal spatial dimension for each time pixel on the 2D time grid - that is
the ideal distance between two time nodes on a ray path or wavefront. The actual distance between time nodes will
vary from one position to another on the grid depending on the local velocity, geometrical spreading and ray bending.
The Cell Dimension can be considered as the maximum distance between two adjacent time nodes, and the
separation distance is unlikely to get considerably less than this.

The Cell Dimension must be at most 0.5x the dimension of the smallest velocity inhomogeneity (layer thickness in the
FieldType=1D case). This ensures that there is a minimum of three time nodes per inhomogeneity and thus retains
resolution and accuracy.

The computation time for a travel-time grid depends on the Cell Dimension relative to the size of the defined 3D location
volume (and thus implicitly depends on the size of the smallest velocity inhomogeneity). The examples given in Figure 8-5
produce travel-time grids of approximately 60,000 nodes (considered to be mid resolution) with a computation time of
approximately 2 minutes per travel-time grid on a 3GHz PC.

The computation time for source location using the collapsing grid search depends on both the Cell Dimension and
GridSearch parameters. Over a 10-geophone array (20 grids), the examples given in Figure 8-5 takes approximately 5
minutes per event. In general:

» The smaller the CellDimension, GridSearchStartDimension and GridSearchResolution the more searching
required in the grid search;

» The larger the GridSearchCollapsingBuffer the more iterations required in the grid search to collapse to the
GridSearchResolution.

The parameters therefore require some tuning in order to optimise the processing time.
After the header parameters in the ALV file, the user must format the velocity structure defined using data blocks. Each
block has the format, e.g.:\ [HorizontalLayer]
TopDepth=8000
PVelocity=15000
SVelocity=8500
The descriptor [HorizontallLayer] indicates the block type.
» TopDepth - upper depth of layer;
» PVelocity - P-wave velocity in the layer;
» SVelocity - S-wave velocity in thelayer.
The deepest extent of the model is given by the header parameter VelocityModelMaxDepth. A single layer (Figure 8-5

a) is effectively a homogeneous model. Multiple layers (Figure 8-5 b) are constructed by including multiple blocks with
increasing TopDepth parameters - each TopDepth being the bottom of the previous layer.

For the FieldType=1D case, the user must ensure the velocity model encompasses the entire depth range of the 3D
location volume.

The travel-time grids for these two examples are provided in Figure 8-4.
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Figure 8-5: Examples of suitably formatted ALV files defining velocity models for the WaveBuilder algorithm.

8.4.2 User Operations
The WaveBuilder software utility consists of the Dialog box user interface (User Interface2). The purpose of the utility
is to compute modelled travel times across the given 3D location volume using a complex velocity model defined by the
user in the ALV file. The travel times are stored to the file formats described earlier. The files are then utilised during the
source location process described in the following section.

The user must perform the following operations to successfully model travel times using a velocity model defined using
an external file:

¢ Format the ALV file as described in the previous section;
* Open the WaveBuilder Dialog Box;
¢ Check the button External File;

¢ Click on Browse and locate the ALV file on the hard drive - the WaveBuilder files will be stored to this directory
so the user should ensure sufficient drive space is available;

¢+ Click on Load Velocity Model - the ALV information will be checked for consistency and the hard drive space
available is compared to a predicted space required for the WaveBuilder files;

* The user can select the option to Process Location Grids - in this case the 3D location grid is computed with the
2D travel-time grids;

* Click on Process Time Grids - the user is provided a Dialog box indicating progress, with the option to cancel the
processing run, and further information is output to the Status View.

Note that if the Process Location Grids option is not selected then no location grids are computed, and the data cannot
be used in the Location Algorithm described in the following section. This option is provided so that the user can more
efficiently compute time grids alone and quality check the resulting time output in the TXT files, before computing the 3D
location grids (which tend to be computationally intensive).

If the user has the Frac Manager tool and is using this to define a velocity model for Wavebuilder, the following
operations should be performed:

* Open the WaveBuilder Dialog Box;

* Check the button Frac Manager;
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» Complete the boxes to define the time and location grids as well as the cell dimension, start dimension, resolution
and collapsing buffer;

+ Click on Browse and locate the velocity model in the Frac Manager;

» The user can select the option to Process Location Grids - in this case the 3D location grid is computed with the 2D
travel-time grids;

¢+ Click on Process Time Grids - the user is provided a Dialog box indicating progress, with the option to cancel the
processing run, and further information is output to the Status View.

8.5 Traveltime Modelling in Tian Raytrace

Modelling of travel times through horizontally layered media can be performed in real time using the Tian Raytrace
algorithm. The algorithm produces grids of P- and S-wave travel times and ray-vector orientations from every seismic
instrument used in a project.

» Travel-time grids are computed over a 3D volume using a two-point raytrace technique based on Tian and Chen
(2005).

» Thevelocity modelisinput by the user through a Microsoft Excel Comma Delimited (CSV) file thatis described in
more detail below.

» Atravel-time grid is computed using two-point raytracing for each Pand S phase on every instrument defined in
InSite's Default Receiver Array in the project. This grid is used for seismic source location in the Collapsing
Grid-search algorithm discussed further below.

8.5.1 Formatting the CSV File

As a pre-requisite for data processing using Tian Raytracing the user must format a CSV file that defines the
configuration of the 3D location volume, the source-location grid search and the velocity model. An example for the file
format is shown in Figure 8-6.

The file contains the following parameters:
e  Depth Top: Depth level of the upper horizon of each defined layer.
e Vp: P-wave propagation velocity of each layer.
e Vs:S-wave propagation velocity of each layer.
e  VpVs: Vp/Vsratio.
e  Depth Base: Depth level of the lower horizon of each defined layer.

All spatial dimensions in the file can be in either feet or metres. Velocities must be in the same units. The Depth Top
of the upper layer and the Depth Base of the lower layer must be such that the vertical range of the Sensor Array and
the Grid Search volume is comprised within the modelled depth range.
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Figure 8-6: Example of a suitably formatted CSV file defining a horizontally layered velocity model for the Tian
Raytrace algorithm.

8.6  VTI Tian Raytracing Overview

This option approximates the travel time in VTI medium based on the isotropic Tian Raytracing method. Travel-time is
calculated in two steps. It first uses a two-point ray tracing method applied to horizontally layered isotropic velocity models
expanded from? and then the travel time is corrected for the VTl model assuming the phase direction in the VTI media is
identical to the ray path in the isotropic media.

This method takes the advantage of the stable and rapid convergence of isotropic Tian Raytracing method described in
the previous section and thus make it suitable for real-time processing. Similar to isotropic Tian Raytracing, travel times
can be calculated for the ray paths of direct reflected and critically reflected (head waves) waves for each source and
receiver position for a given layered velocity model. Further details on the equations used to modify the isotropic two-point
ray tracing algorithm can be found in the Technical Appendices. Modelled travel times are stored in memory and are then
used for source location. The location algorithm is integrated with InSite's regular processing framework and as such can
be used for manual, automatic or real-time processing in exactly the same manner as the conventional location algorithms
in InSite's Location Module. Please note that due to the approximation employed in the algorithm, VTI Tian Raytracing is
best suit for weak anisotropy (see definition of weak anisotropy in?) and the error in the travel time is less than 10 ms.

8.6.1 Traveltime Modelling in VTI Tian Raytrace
Modelling of travel times through horizontally layered VTI media can be performed in real time based on the Tian
Raytrace algorithm. The algorithm produces grids of P- and S-wave travel times and ray-vector orientations from every
seismic instrument used in a project.

+ Travel-time grids are computed over a 3D volume using a two-point raytrace technique based on Tian and
Chen (2005).

* Thevelocity modelisinput by the user through a Microsoft Excel Comma Delimited (CSV) file thatis described in
more detail below.
* Atravel-time grid is computed using two-point raytracing for gP and qSH phase on every instrument defined in
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InSite's Default Receiver Array in the project. This grid is used for seismic source location in the Collapsing Grid-
search algorithm discussed further below. Although qSV travel time is also calculated, it is not normally picked
in practical situations.

8.6.1.1 Formatting the CSV File

As a pre-requisite for data processing using VTI Tian Raytracing the user must format a CSV file that defines the
configuration of the 3D location volume, the source-location grid search and the velocity model including Thomsen
parameters. An example for the file format is shown in Figure 8-7.

The file contains the following parameters:

e  Depth Top: Depth level of the upper horizon of each defined layer.

e Vp: P-wave propagation velocity of each layer.

e Vs:S-wave propagation velocity of each layer.

VpVs: Vp/Vs ratio.

Depth Base: Depth level of the lower horizon of each defined layer.
Density: the density of each layer. Currently NOT used for travel time.
Epsilon: The Thomsen's parameter ( 7))

Gamma: The Thomsen's parameter ( y)

e Delta: The Thomsen's parameter ( 6).

The details about the Thomsen's parameters can be found in Thomsen (1986).

All spatial dimensions in the file can be in either feet or metres. Velocities must be in the same units. The Depth Top
of the upper layer and the Depth Base of the lower layer must be such that the vertical range of the Sensor Array and
the Grid Search volume is comprised within the modelled depth range.
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Figure 8-7: Example of a suitably formatted CSV file defining a horizontally layered VTI velocity model for the VTI
Tian Raytrace algorithm.
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8.7  Collapsing Grid Search

8.7.1 Computation of a Source Location
The computation of a source location is a seismological technique utilised in InSite and is described extensively in
other sections of this manual. The "Standard" method is performed as part of the functions made available in the
Location Tool. Source location can be performed manually using the Event Processing button bar in the Waveform
Visualiser and can be performed automatically for a set of Events using the Auto-processing Dialog Box. A collapsing
grid search algorithm, using a single-velocity (homogeneous) model, is implemented within InSite's Location Tool and
is extended for use in this Advanced Location Tool.

8.7.1.1 CSV Voxel exclusion file

Volumes where no events should locate, e.g. voids, can be excluded from the search so that no potential solution falls
in them. The excluded volume can be imported into InSite saved as 3Dvoxels in a.csv file that includes the coordinates of
the top NW corners of the voxels to be excluded and its dimensions along the E, N and vertical axes. The . An example
exclusion volume file is shown in Error! Reference source not found..

A B C D E F G
1 |Easting  Northing Depth(m) EastingDim NorthingD DepthDim
2 | 2646006 1139306 -1718.75 12.5 12.5 12.5
3 | 2646006 1139319 -1718.75 12.5 12.5 12.5
4 | 2646019 1139319 -1718.75 12.5 12.5 12.5
5 | 2646006 1139331 -1718.75 12.5 12.5 12.5
6 | 2646019 1139331 -1718.75 12.5 12.5 12.5
7 2646006 1139344 -1718.75 12.5 12.5 12.5
:| 8 2646019 1139344 -1718.75 12.5 12.5 12.5
9 2646006 1139356 -1718.75 12.5 12.5 12.5

Figure 8-8: Example .csv file for the import of the exclusion volume for gridsearch in InSite. The fields required

8.7.2 Using Complex Velocity Media Advanced Location

There are two differences between the standard and advanced location approaches:

» The collapsing grid search algorithm is configured from an ALV file formatted by the user, rather than using the
settings defined on the Location Algorithm Properties Dialog;

* The algorithm searches modelled travel times computed using the WaveBuilder software utility and complex
velocity media defined in the ALV file, rather than computing travel times 'on the fly' using direct rays and
homogeneous media.

It must be noted that the configuration parameters in the ALV file are also to define the grid volumes during travel-
time modelling, which must be the same as those used in the gridsearch of the resulting modelled travel times.
The general processing flow is shown in Figure 8-9and can be summarised as follows:

» The algorithm is configured using the information provided in the ALV file selected in the WaveBuilder Dialog;

+ The set of ALT files are imported into memory - (1) note that if these grids are excessively large then the algorithm
accesses them from the Hard Drive rather than from memory (the threshold is set to 100,000 time nodes per grid),
meaning that the computation time is substantially increased;

» A new location-algorithm pass is performed in which the ALP and ALL files are initially used to search the course
3D location grid of travel times - the 3D grids are calculated during the travel-time calculations;

» The 3D location grid is collapsed as described in the previous section - after collapsing, the algorithm searches
directly within the travel-time grids (ALT data) for the required data at a given position;

» The process of searching within the ALT data has been optimised - the computation rate may initially start slow
(the efficiency depends on the size of the time pixels in relation to the size of the course 3D grid cells, i.e. the
greater the number of time pixels per cell the more searching that is required) but then increase as time pixels
are found within the grid cells being examined;

» The algorithm continues to collapse until it reaches the user's desired resolution, whereupon it will perform a test
of the travel times for outliers lying outside the user's pre-defined time residuals (as in the standard location
algorithm) and a new location algorithm pass may then be performed.
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Source parameters such as magnitude, seismic moment, source radius etc. are calculated after location. The
algorithm uses the average velocity structure provided in the Transmission Medium Properties Dialog (Figure 8-10), so
the user should ensure this provides meaningful input values.
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Figure 8-9: General processing flow for source location using travel-time grids in the Advanced Location Tool.
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Figure 8-10: The Transmission Medium Properties Dialog - the average velocity structure provided here is used in
the source parameter calculations.
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8.8 Travel Time Grid Method

This option allows the user to pre-calculate travel times using either the fast sweeping method for 3D heterogeneous
model or the Tian Raytracing method for 1D layered model. In scenarios where velocity model is available prior to data
acquisition, this method can significantly speed up the data processing by offsetting part of the computation time. The
details about the fast sweeping method can be found in Appendices 3.9.3.

8.8.1 Fast Sweeping Method User Interface

In some monitoring projects, the reservoir or the structure of interest has been previously developed and complicated
velocity models are available in addition to well logs. The velocity models are generally heterogeneous in 3D and honouring
well logs, if any, at the borehole location and consistent with other observation elsewhere. As an example, the model shown
in Figure 8-11 varies laterally and vertically. It matches the well logs along the borehole (red line) and is supported by
other data (e.g. 3D seismic survey) elsewhere.
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Figure 8-11: Visualisation of complex 3D velocity model

The 'Fast Sweeping Method Travel Time Builder' is accessed through the 'Tool' menu in data visualiser and selected
'Launch Fast Sweeping Method Builder'. This Figure 8-12 shows the builder dialog. This is used to calculate travel time table
as well as source vectors. The input files are the binary velocity files for the P and S waves along with the volume and lookup
table volume parameters. The output file is in hdf5 format with ".h5" appendix. The hdf5 files can be viewed with a third
party software, hdfSviewer from:

http://www.hdfgroup.— org/products/java/release/download.html


http://www.hdfgroup.org/products/java/release/download.html
http://www.hdfgroup.org/products/java/release/download.html
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Figure 8-12: Fast sweeping method travel time builder dialog

To build the travel time grid:
» Press the 'Browse' buttons and select the desired P-wave velocity binary file and the S-wave velocity binary file.

o Enter the velocity volume parameters. The size must be divisible to the cell size and must be consistent with your
binary file.

¢+ Enter the look up table parameters. The look up table is defined in terms of the index. The index must be a
positive integer and starts from zero.

* Enable parallel processing by checking 'Enable PPL' to decrease computation time.

* Press the 'Start Build' button' to build the travel time grid file. Depending on the size of the model, the
computation time varies between 1 and 10 hours.

8.8.2 Binary Velocity Files
The velocity of both P and S wave is saved in binary format. In order for InSite to recognise the velocity files, you
must convert your velocity files to binary. The binary file has no header and starts from Vp[0,0,0]. The X-axis varies the
fastest and the Z-axis the slowest. The C code snippet in Figure 8-13 describes the order of the binary file.
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»
}_J.
()]

i //NX=X axis, NY=Y axis, NZ=Z ax
for (int k=0;k<NZ;++k)

3 for (int J=0;3<NY;++])

4 for (int i=0;i<NX;++1)

5 vp [k*NX*NY+ ) *NX+1] = somevalue;

6 fp=fopen(“Vp3D.bin” ,“w") ;

7 fwrite(vp, sizeof (double), NX*NY*NZ, fp):;
8 fclose (fp) ;

Figure 8-13: C code snippet for creating the binary velocityfiles

8.8.3 CSV Velocity File

3D velocity models can be imported into InSite saved as 3Dvoxels in a.csv file. The grid is expected
to be regular in all 3 dimensions and smooth, i.e. no voxels should be blank or with zero velocity
value as this would be interpreted as a void and result into reflection or non-propagation of rays
through them. The velocity model grid must include all the volume where the location search will be
performed. An example velocity model file is shown in Figure 8-14.

A B C D E F G H I ] K

1 |Easting lNor‘thing Depth (Ft)Vp (ft/s) vs(ft/s) vp/vs K(Gpa) Lame(GpaG(Gpa)

2 1759445 411186.8 -2936.3 17000 10000 0 0 0 0
3 | 1759945 411186.8 -2936.3 17000 10000 0 0 0 0
4 1760445 411186.8 -2936.3 17000 10000 0 0 0 0
5 | 1760945 411186.8 -2936.3 17000 10000 ] 0 0 0
6 | 1761445 411186.8 -2936.3 17000 10000 ] 0 0 0
7 1761945 411186.8 -2936.3 17000 10000 0 0 0 0
8 1762445 411186.8 -2936.3 17000 10000 0 0 0 0
g 1762945 411186.8 -2936.3 17000 10000 0 0 1] 0
10 1763445 411186.8 -2936.3 17000 10000 0 0 0 0

1TEIOAE A1110E © 0% 3 1T A rurunan n n n n

Figure 8-14: Example .csv file for the import of a 3D velocity model in InSite. The fields required are the position of
the centre of the voxel, Vp, Vs and Vp/Vs.

8.8.4 Lookup Table Builder Interface

For layered model, the travel time can also be precalculated. In the 'Processing Properties' dialog, in the 'Locater' tab,
set the velocity structure to 'Complex (Tian Raytracing)', 'Complex (VTI Tian Raytracing)', or ‘Complex (VTI Raytracing)'.

The 'Lookup Table Builder' is accessed through the 'Tool' menu in data visualiser. Figure 8-15 shows the builder
dialog. The travel time table as well as source vectors are also stored in h5 format. The input file is simply the CSV
files for the P and S waves (see 7.3). The interface only defines the lookup table volume parameters.
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Figure 8-15: Lookup Table Builder dialog.

8.8.5 Using Travel time Grid Method

The travel-time grid method is only available when using the 'Collapsing Grid Search'. In the 'Processing Properties'
dialog, in the 'Locater' tab, set the velocity structure to 'Complex (Travel Time Grid Method)'. The travel-time table can then
be imported into memory from Project -> Import Traveltime Data.
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8.9 Source Scan Method

This option allows the user to locate an event without manual picking. The source scan method is a global grid
search method by evaluating the possibility of every grid in the search volume as the source position. The grid point that
can maximize the stacked energy is considered the most likely source position. For computation efficiency the travel
time for each grid point must be imported from a pre-calculated travel-time lookup table, i.e. LUT (see Travel Time
Grid Method).

8.9.1 Source Scan Parameter Setting Interface
In Settings after select “Source Scan Method”, user should define the autofunction windows size used for P-wave and
S-wave (Figure 8-16). In general, the window size can be different to account for the high frequency in P-wave and low-
frequency in S-wave. Users can enter Channel View to select the appropriate time window for both P- and S-wave.
Empirically the Window Size should include one-half to one wavelength of the signal. The autofunction that is selected for
auto-picking is used to calculate stacked energy. Depending on the signal quality, the modified AIC and the STA/LTA
autofunction are recommended.

Source scan is to search in three-dimensional space axis and in one-dimensional time axis. For computation efficiency,
Gaussian Particle Swarm Optimization (GPSO) technique is used (see Appendix 3.9.4). Increasing the number of particles
will increase the probability to detect the global maximum in a small number of iterations. The combination of large number
of particles (>1000) and a small number of iterations (5-10) are effective for source scan problems. In scenarios where
some first arrivals can be picked by a processor, those picks will enhance the optimization. However, the incorrect first
arrivals will degrade the optimization process. Thus, manual picking is recommended.

When there are no P and S first arrival picks, the source scan uses a built-in 3-pass algorithm designed to run
GPSO 3 times to increase the likelihood of matching the waveform moveout of both P and S. When users provide
some P or S first arrivals, the GPSO runs once. Thus expect 3 times more processing time when no picks are
provided.

Source Scan Algoritm Only

Auto Func Windows Size, P-wave = 20 S-wave = 20
: CCR Repick P-wave j CCR Repick S-wave
Max. Rterations = 5 Max. Particles = 1000

[] Source Scan Into Grid Search

Northing Half Dimension | 100 Cell North | 10

Easting Half Dimension 100 Cell East | 10

Depth Half Dimension 100 Cell Depth | 10
Desired Resolution = | 1 Collapsing Buffer = | 2

Figure 8-16: The Source Scan parameter setting interface

The CCR Repick is a cross-correlation based technique to refine the theoretical picks after GPSO. Each trace is cross
correlated with the stacked trace following the arrival time. The shifting is applied to each trace iteratively. It is optional
for P- or S-wave. The stacked energy space is usually not as smooth as the travel-time based error space. Toavoid local
minima, a conventional grid search can be followed to locate the event using the theoretical arrivals based on the
location from GPSO (Figure 8-16). The half dimension specifies the volume centred around the location.
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—Simplex and Grid-3earch Algorithms

LPMarm = I 1 v allow S-pick ko be used without P-pick
[T Use Qutlier Identification Arrival Error Fackor x| £
v Use P Source Yeckars v Restrict ko ¥-¥ Plane

[ Use 5 Source Yectors Mazx, &ng. Residual (deg.i= |20

Min., P Source Yeckars = | 3 P Source Yeckor Weight = |1

Min. 5 Source Veckars = |3 S Source Veckor Weight = | 1

—izeametrical Constraink

™ Perform Depth Constraint (Gaussian)

Iritiatian Depth (Loc, | 2760 Depth Standard ey, (Lo, I 20

Winirnm Memghting = | 0.1

Figure 8-17:The parameters that are used by Source Scan include P- and S-wave source vector, if ‘azimuth only’ is
used and the maximum angular residual

The source scan can still take into account the source vector to reduce the angular uncertainty. P and/or S source
vector can be included as a weighting factor in addition to the semblance weight (see Appendix 3.9.4 for more details).
The source vector parameters shall be turned on and set in the tab of source vector under Processing Settings. Only
the linearity threshold, front window and back window are effective for source scan.

Note as there are no picks in source scan, "Fix Rotation Window to Pick" has no effect.

8.9.2 Using Source Scan Method

The source scan method is one option in the “Inversion Algorithm”. In the ‘Processing Properties’ dialog, in the ‘Locater’
tab, set the Inversion Algorithm to ‘Source Scan’. Click Settings for the Inversion algorithm, users can set the source scan
parameters. The event can be located without any first arrival picks. For events that have first arrival picked, the picked
time can improve the location accuracy. After locating, the theoretical arrivals from the most likely grid point are used as
the first arrival picks. If “Source Scan Into Grid Search” is checked, a conventional grid search within the volume
surrounding the location is performed.
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Inwversion Algorithm

SOURCE SCAM j Settings

ao0se a primary alqorithm, .
GEIGER ROUTIME

SIMPLEY ROUTINE

SIMPLEY INT GEIGER :
COLLAPSING GRID SEARCH Settings

P-Wayve and 5-Wave Arrivals

Figure 8-18: Select Source Scan method and setparameters

The following parameters provide more control on the source scan performance:

1. Use P-wave source vector in Location Algorithm Properties to turn on polarization weight on the stacked energy.
2. Similarly, Restrict to X-Y plane use azimuth only instead of the 3D source vector.

3. In addition, the Max. Ang. Residual (deg.) is used as a threshold on the polarization weight. The instrument is
excluded from stacking when the angular residual is beyond this threshold.

4. In Auto-picking tab, the Back-window length and Front-window length can affect the autofunction when using
RMS Amplitude.

5. When AIC method is selected, AIC parameters and AIC Modified parameters can affect the shape of the
autofunction.

To process events using the source scan method the following stapes must be followed:

1. Generate the lookup table. First step is creating the HDF5 file containing the theoretical travel-times and source
vectors modelled for each point in the search volume using the selected velocity model. In orderto do this Collapsing
Grid Search algorithm must be first selected inthe Locater tabofthe Processing properties menu.
The velocity model and Grid search volume must be defined here.

Once the velocity model is selected, lookup table generation is launched from 'Tools >Launch Lookup Table Builder...'
This opens the window shown in with options for configuration of the search volume and storage of the file.
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Generate look up table from velocity model @

Look up table

Qutput File:

Lookup Table Volume

Morth Min: =500 (m)
North Max: 500 (m)
MNorth Cell: 50 (m)
East Min: -500 (m)
EastMax: 500 (m)
East Cell: 50 (m)
Depth Min:  -500 (m)
Depth Max: 500 (m)
Depth Cell: 50 (m)

Apply Grid Search Volume

Use PPL

L

Figure 8-19 Generate Lookup Table menu for Source Scan

1. Load lookup table Once the lookup table file is generated, source scan must be selected as the location
algorithm in the Locater tabofthe Processing properties menu. Once this is selected, load the
created lookup table by launching Project>Import Travel Time Table...

2. Locate the event(s)
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Chapter 9. 3D Visualiser

Launch 3D Visualiser

Key Features of Location Tools and Visualiser

Interface

Menu Systems
Scene Properties
Toolbar

Drawing Objects Browser

Scene Properties Dockable Pane

Scene Objects in the Visualiser

Time Functions in the Visualiser

Two-Dimensional Cross Section Plots

Scene Construction in the Visualiser

Overview of the Advanced Visualiser Scene

Drawing Objects Legend

Density Plane
Grid Search Box

Hot Planes

Frac Orientation Ellipsoid Cylinders and Cuboids

Spatial Markers

Uncertainty Analysis

Stimulated Volumes

Microseismic based Discrete Fracture Network generator MSDFN

Shake maps

9.1 Launch the 3D Visualiser

The 3D Visualiser is launched by selecting View Location Visualiser in the View menu (Figure 9-1) or from the global
button bar.
@ InSite Seismic Processor - Tian Test_20092012_bl01_ah01.pcf

File {View] Project Tools Events Export Help

D; v Data Visualiser ... Ctrl+A
= Waveform Visualiser ... Ctrl+Shift+sW  F——
(LC‘ Waveform Moveout View ... Ctrl+W
N; Location Visualiser ... Ctrl+L
=2 Mechanism Visualiser ... Ctrl+M
] } Stream Visualiser ... Ctrl+G
- ‘ v Global Button Bar
- \ v Data Visualiser Bar

B3 survey20l.. ¥ 24-04-.. 17:20.. 0001 [

Figure 9-1: Launch of 3D Visualiser from InSite menu.
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Figure 9-2: 3D Visualiser Button Bar.

The 3D visualiser has two modes; standard and advanced. Standard has the appearance of a 3D scene painted on
a 2D canvas and the advanced (default) uses OpenGL to create a more fluid and realistic 3D scene. Both modes share
common controls, but the standard mode has certain controls disabled which are marked in Toolbar. By default, the

toolbar button ﬁ is checked on the 3D visualiser button bar (Figure 9-2), enabling the advanced view.

9.2 Key Features of 3D visualiser

*The '3D visualiser' displays the event locations in a three-dimensional scene. The user can rotate, pan, magnify and
fly through the scene.

sEvents can be displayed in colour and size scales by time and multiple source and event parameters, and plotted in
different symbol types. Shaded or wireframe error ellipsoids can be displayed for the events.

» A'3D-Grid' can be displayed alongside event locations and scene objects to provide an estimate of scale.
+ Receiver and Shot positions are automatically displayed from the default arrays included in the project.

* An'Information Bar' displays the magnitude scale and orientation of the scene. A histogram plot shows the time-
dependency of the events. The time bins are user configurable and the user can click and drag through the
histogram where long time spans are used.

» A playback mode allows the user to scan through the time-dependency of the events.

¢+ 'Hot planes', geometrical objects and automated fitted shapes (fracture box and iso-surface) can be inserted
and manipulated in the scene to analyse lineation (fracture) and seismically active volumes. Hot Planes can be
output to text file for insertion into external software.

» Boreholes, Borehole Logs and 'Complex' 3D objects (such as tunnels and surfaces) can be imported using text
file formats. 'Complex' 3D objects can also be constructed from AutoCad DXF format drawing files or
stereographic .STL files.

» Boreholes can be defined using different types represented by different colours. Available types include
Exploration, Instrumentation, Gas Injector, Water Injector and Producer.

» All scene objects include a user-configurable time dependency. In playback mode only active objects are displayed
allowing the growth of an installation or petroleum field to be mapped with the event locations.

» All properties of scene objects are available through point and click actions. Links between the tools allow the user
to swap from the Location to Waveform and Mechanism Visualisers to aid processing and interpretation.

+ Multiple camera positions can be set so that the user can easily flip between different views of the scene.

» A collapsing algorithm enables potential structures (e.g. faults) to be defined and visualised. The algorithm uses an
iterative shifting of event locations within defined error ellipsoids.
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9.3 Interface

The main features of the 3D visualiser Window are shown in Figure 9-3.

Function toolbar - from here the user can access the full functionality of the 3D visualiser.

Mode selector toolbar - these icons are used to select the 'Mode' of operation. Move the mouse over each icon
and a small help window informs the user of its use.

Event window - this is the main window for viewing the events. A wire-frame box defines the reference frame
(View-box). The centre of the viewing area is defined as the 'Centre of Attention' (CoA) and is marked as a
black dot. The CoA controls how the scene is viewed by the user.

Info bar - this provides the user with information about the current scene. The magnitude scale shows the colour
key for the magnitude range defined by the user. The event histogram bar shows the data that is currently shown
on the screen in terms of events binned in time. This bar is important when using the 'Play Events' mode. If the
whole histogram is not displayed, then the user can left-click on the bar and move the histogram through time.
The current view is defined by a set of viewing parameters shown in the centre of the Info bar. Further explanations
of how these parameters define the current view are presented in the Camera Model.

B+l giligsd i@ rruy ¥l Ao - VHEE O & WW

BT TTY s At Crners Rtatn -
— _ Fine Camera
rere Function Toolbar ; |
Rotation Control :

| Centre of
Attention

|Scene|——

“ecaeeqen

Object Browser

Playback
Toolbar

N

[View Parameters|
lEVEl:\t HiStograml WH I E|

Magnitude Scale/

L"\

e
= 11-200 128507 0w & R Al
‘ “’IJ 1 1oty lré;;;‘?%.

Draweng Oojec|

Figure 9-3: Screen capture of the 3D Visualiser

9.4 Menu Systems

9.4.1 Scene Sub-Menu

The scene sub-menu allows access to the following (Figure 9-4):

Properties - opens the Scene Properties Dialog

Edit Scene Objects - opens the Scene Objects Editor.
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9.4 Menu Systems

Playback - initialises playback mode.

Camera - see the Camera Sub-menu.

Edit User Cameras

Drawing Object File

Import Grid File - import grid file created using array analysis.

Import Stimulated Reservoir Volume - import iso-surface file created using stimulated reservoir volume.
Collapse Events

Import Tomography File (future release)-

Direction Indicator - select between North/East/Down and X/Y/Z labels

Hide COA - Hide/Show the centre of attention (COA) in the centre of the screen
Show All Sensor Axes - show any valid X/Y/Z axes for all the instruments in the scene

Screen Capture - save a bitmap image of the scene (Images saved in a folder named 'Screenshots' in the same
directory as the pcf. If the pcf does not exist, screenshots are saved on the desktop.). Default hot key is Ctrl +
Space.

Import Image file -import a BMP image file to be displayed in the viewer.
Import DFN - import discrete fracture network to be displayed. It uses the 3DEC .dat asci format.

Velocity Model Plane - add a 2D plane to show the velocity model. You can decide the position along the 3rd-axis
using the options in Figure 9-5. Once it has been imported you can right-click on the plane to set colour and
transparency from the properties page.

File View Scene Mode Help

c; + Properties ! @ i

Edit Scene Objects

Clobal Butto | LI ———
= = Playback
= Camera ... >
Edit User Cameras 2900
Drawing Object File ... >
A Import Grid File...
Import Stimulated Reservoir Volume... 3825
Collapse Events
Hloav Direction Indicator >
Import Tomography File ... 3850
% Hide COA
Show All Sensor Axes R am—
3 Screen Capture ... 3875
° * Import DFN File...
Import Image File... | -
Velocity Model Plane 8900

T

Figure 9-4: Scene sub-menu.
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Velocity Model Plane >
Source

Please select a velocity model source. .. -

Location

Morth-Down

Min Morth Max Marth

Min East Max East

Iﬁﬁ <

Min Depth Max Depth | 15000

3rd axis

e

0 Cancel

Figure 9-5: Changing the extent and location of the velocity model plane.

9.4.2 Mode Sub-Menu

The mode sub-menu (Figure 9-6) allows the user to choose which operation to apply to the Scene in order to manipulate
the user's view. These are described in Manipulating the View in the Visualiser.

&Y InSite Seismic Processor - Tian Test_20092012_bl01_ahi
File View Scene [Mode] Help

02 Q| Route E
P =
. ——| ¥ Magnify
--Complex Objects Fly NS
- Boreholes ot Tiotlane
- HotPlanes B
i Insert Event Position
[+-Sensors ‘ :
- Ellipsoids Insert Object
i |

Figure 9-6: Mode sub-menu

9.4.3 Scene Object Menus

The various Scene objects have menu systems associated with them. These can be obtained by right-clicking on the
object.

The right-click menu for an event has the following options:
* Properties - launches the event properties Dialog.
* View Waveforms - switches to the Waveform Visualiser for the selected event
* View Mechanisms - switches to the Mechanism Visualiser for the selected event
* Delete Location - deletes the location stored to the event

* Disable Event - disables the selected event
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9.4 Menu Systems

180° Relocation - constructs a new grid search, 180° round the monitor array and reruns the location
algorithm (only valid for use with a single linear monitoring array)

Set Active - sets the event as active, changing its appearance in the view

Select as Centroid - sets the event location as the centroid for certain location algorithms

Select as User 3D Position - sets the user event position at the same point as the selected event or shot
Mark to Show Distance - select for a distance calculation in the scene

Show Distance - show the distance relative to another selected object in the scene

Mark to Show Vector - select for a vector calculation in the scene

Show Vector - show the vector between two objects in the scene

Set as COA - set as the centre of attention for the scene

Show Error Space Plane - displays uncertainty space using density planes

Event Type... - change the event type (shot, earthquake, noise)

Show Sensor Axes - display any valid X/Y/Z axes of an instrument

Show Ray Traces - show rays for the selected event (only works for Tian layered velocity model)

Show Source Vectors - show the source vectors from each instrument to the selected event (three options: full
3D, azimuth only, or azimuth and plunge)

Log Properties - Select the type of log to display and the colour scale type if disk mode enabled

Log Display Mode - Select whether to display the log as a wave or as coloured disks

Most of the other objects in the scene have only some of these options available in the right-click menu.

9.5 Scene Properties

The scene properties Dialog can be launched using the % button on the 3D Visualiser toolbar. The scene properties
dialog (Figure 9-7) contains five tabs to configure the following:

Events
Time
Camera
Colours
3D grid
Objects
Collapsing

Clustering
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'd N
Scene Properties ﬁ
Events [Time [ Camera l Coloursl 3D Grid l Collapsing I Clustering\
Symbol Type: Symbol Quality:
[Sphere v] { J
1 10
Symbol Radius = 5 m
Ellipsoid Display Multiplier = 1
Colour Scale
Colour Map
Signal to Noise Ratio v lJet =
[ Tuser defined limit Reverse Scale
Magnitude minimum = 1.1333 Magnitude maximum = 9.6742
Size Scale
Angular Residual v Reverse Scale
[TJuser defined limit
Magnitude minimum = 4.2279 Magnitude maximum = 12.442
Perfs
[Downward Triangle v l Symbol Radius = 10 m
Sensors
[Downward Triangle v] Symbol Radius = 3 m
[ OK ] [ Cancel ’ Apply
. 4

Figure 9-7: Scene Properties dialog.

The appearance of the events, shots (perfs), and sensors that are displayed on the screen can be altered by accessing
the 'Scene -> Properties' item from the menu bar and clicking on the Events tab as shown in Figure 9-8. Here the user can
choose what type of symbol is displayed in the visualiser.

The following options are available for 'Symbol Type':
* Sphere
* Error Ellipsoid

* Component Symbol - events are plotted according to the symbol selected for the component in the Data Visualiser
(Component List Menu)

* Event Type Symbol — events are plotted according to the type (Event, Shot, Noise, or User defined) in the
Event type (Setting the Event Type).

* DFN Plane — Events that have MSDFN (MSDFN) calculated and stored in the ESF file can be displayed as square
planes. The size of the plane is proportional to the source radius.

* DFN Disk — Events that have MSDFN (MSDFN) calculated and stored in the ESF file can be displayed as ellipsis.
The short axis of the ellipsis is proportional to the source radius. The long axis is in parallel to the rake diction.

* Beach Ball — Events that have MSDFN (MSDFN) calculated and stored in the ESF file or have momenttensor
solution calculated (Source Mechanism Tool) can be displayed in 3D beach balls. When both the MSDFN and
moment tensor solution are calculated, the fracture plan from the MSDFN result is used to rend the beach

ball. The moment tensor solution beach ball shall be viewed in the mechanism view (button F in Table 5.1).
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Size Scale
Signal to MNoise Ratio j
Constant Size -

Lacation Magnitude

Instrument Magnitude

Moment Magnitude
— g Seismic Moment

Source Radius

SiP Ratio
|_|Number of P-waves picked

Mumber of S5-waves picked
—qNumber of arrivals used in the locatic
MNumber of independent sensors usec
RMS residual time
RMS location error
Radiated Eneray
Apparent Stress
__|Static Stress Drop
Cluster Index
Cluster Label
Mumber of Neighbours
Signal ko Moise Ratio
Symbol Type: RS Noise
Angular Residual
Confidence
P SMR
S ShR
Uncertainty Morth
Uncertainty East
Uncertainty Down
Mean PJSH i
. Mean PISY ~|
Figure 9-8: (left) Event Symbol Type. (right) Event Size Scale dropdown menu. The same parameters can also be

used to define the symbol colour.

When DFN Plane or DFN Disk is selected, and when there are multiple fault planes from the moment tensor
decomposition, user can select either one fault plane for display to manually adjust the general orientation of all DFN
planes or DFN disks see Figure 9-9 below. Note that MSDFN only provides a single set of DFN and thus after MSDFN
calculation this option of switching between two fault planes become unavailable.




9. 3D Visualiser 265

Properties
Wiew Waveforms

Wiew Mechanism
Delete Location
Disable Event
1807 Relocation
Set Active

Select as Centroid

Select as User 30 Position
Fault Flane 2

Mark to Show Distance

S Disbance

Mark To Show Veckar
St Wechor

Show Ray Traces k
Show Source Yeckors 3
Set as COh

Shiow Error Space Plane. ..
Show Uncertainky Analysis. ..

Ewvent Tyvpe ... 3

Figure 9-9: Right click on any DFN plane or DFN disk, when a second fault plane is available, the option Fault

Plane 2’ in the menu will be available.

The colour of the events can also be varied in the 'Colour Scale' drop-down box:

Location Magnitude

Instrument Magnitude

Constant Colour - all events are shaded in red.

Time - events are shaded by time according to the range specified in the 'Time Tab'.

Component Colour - events are shaded according to the colour selected for the component in the Data Visualiser
(Component List Menu).

Defined in Frac Manager Stage - for Frac Manager tool
Moment Magnitude

Seismic Moment

Source Radius

S:P Ratio

Number of P-wave picks

Number of S-wave picks

Number of arrivals used in the location

Number of independent sensors used (in the location)
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RMS residual time

RMS locationerror

Event radiated energy

Apparent stress

Static stress drop

Cluster index

Cluster label

Number of neighbours

Signal-to-Noise Ratio

RMS noise

Angular residual

Confidence number

P signal to noise ratio

Ssignal to noiseratio

Uncertainty North

Uncertainty East

Uncertainty Down

Mean P/SH: averaged amplitude ratio of P and SH.

Mean P/SV: averaged amplitude ratio of P and SV.

Mean SH/SV: averaged amplitude ratio of SH and SV.

[Data name] in Pumping Chart: Only visible when pumping chart is created and parameters have been selected in
the pumping chart Dialog (see example of "Treating pressure in Pumping Chart" in Pumping Data).

The user can also select the relative size of the events in the visualiser and the limits of the magnitude shading. The
magnitude shading can also be deactivated from this window. When using the RMS residual time and RMS location error
options for colour scale, the user also has the option to 'Reverse scale' using the check box. Selecting "User defined limit"
locks the minimum and maximum limit values and deselecting it reverts to the auto limits.

The symbol radius can be adjusted to control the size of objects (events, sensors, shots etc.) in relation to the whole
scene. It is important to choose a larger value if the events are too small to be seen or to choose a much smaller value if
the events are so large, they cannot be distinguished from each other.

The symbol quality governs how accurately the objects are represented in the scene. If there are a very large number
of events it is advisable to select a lower symbol quality otherwise the scene may take a significant length of time to appear
on the screen.

The symbol type drop-down box works in the same way as on the existing Events Dialog page. The user should select
'Filled Circle' or 'Open Circle' to show all the events as spheres. To display the events as error ellipsoids, select either

'Wireframe Error Ellipsoid' or 'Shaded Error Ellipsoid'. The size of error ellipsoids can be controlled using the Ellipsoid Display
Multiplier control. Todisplay the events according to the component symbol, select '‘Component Symbol'.

Note that events are drawn as shown for each component symbol:
* Square -

+ Disk or Circle ¢«

* Cross '+'

» Diamond ‘
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Options for varying properties associated with time are located in the 'Time' tab. This gives the user the option of what
events to display; showing all the events or limiting to the User-set minimum and maximum ranges displayed below. See
Time Functions in the Visualiser for further details.

When first entering the 3D Visualiser window, the default camera view is from directly above the plane representing
the Earth's surface down onto the data set. This represents the 'default' camera position. As well as moving the camera
around the scene using the mouse functions, the user can manually select the Camera's position and orientation from
the scene properties in Figure 9-11. This is useful if an exact view of the scene is required. The amount of perspective
applied to the scene can also be changed from here. A lower perspective decreases the feeling of depth applied to
scene objects.

The 'Colours' tab identifies the default colours used for shading the 'Borehole-Types' used in InSite. Further
information about this can be found in Boreholes and Wells. The colours tab also provides controls for the colour of the
scene background, the 3D grid, the text and the grid search box for users that have permission for the Advanced 3D
Visualiser mode.

Scene Properties !‘ i Iﬁ

| Events | Time | camera| Colours | 3D Grid|

Borehole Types

’ Exploration Colour ]

’ Instrumentation Colour ]

’ Water Injector Colour ]

5
a ’ Gas Injector Colour ]
|
H

’ Producer Colour ]

O | Background Colour | O ’ Grid Colour ]
| [ Text Colour ] | ’ Grid Search Box Colour ]
[ oK ] l Cancel ] Apply

A

Figure 9-10: The Colours tab in the Scene Properties sheet.
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9.5 Scene Properties

The '3D-Grid' tab shown in Figure 9-12 is used to set the parameters for a grid displayed in the 3D visualiser.
This can be turned on or off using a check box. The size of the box is set up using the 'Limits' and 'Grid Increment'.

r

Scene Properties !‘ re [ﬁ

| Events | Time | Camera | Coloursl 3D Grid|

Perspective on view: U i]% (FOV = 10 deqg.)

0% 100%

Manually Set the Camera

COA (NED) = ( 95.033 ., -111.664 . 3963.63 )

NOTE: The Centre of Attention (COA) is the point in space
that the camera looks towards.

Distance of Camera to COA = 2411.17

Camera View (Azimuth, Plunge) = 148.212 , 18.461 )
r

Maovement Sensitivity D

Low Medium High

[ oK ] l Cancel Apply

Figure 9-11: The Camera Properties tab in the Scene Properties sheet.
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| Events I Time | Camera | Colours| 3D Grid |

Scene Properties -4;
il

Limits
Horthing minimum =
Easting minimum = -300

Depth minimum = 3300

Grid increment 100

Show 3D Grid

Show Grid Labels

Northing maximum = 500
Easting maximum = 300

Depth maximum = 4500

Grid Orientation =
Distance Units =

|| show Grid Search Box

oK ] l Cancel

Apply

Figure 9-12: The 3D Grid Properties tab in the Scene Properties sheet.
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The 'Objects' tab shown in Figure 9-13 contains options for scene objects.

ﬁScene Properties .
[ Events I Time I Camera | Colours[ 3D Gridl Objects \Collapsing I Clustering

Borehole
Well Radius 2
Log Radius 3

[ [o]'¢ ] l Cancel Apply

Figure 9-13: The Objects tab in the Scene Properties sheet

The 'Collapsing' tab (Figure 9-14) shows the input parameters for the collapsing events algorithm.
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-

Scene Properties [ )

IEventsITime ICameraIColoursIBD GridIObjectsI Collapsing | Clustering

Location Uncertainty Multiplier = 1
Movement Factor = 0.61803
Min Movement per Iteration = 0.1 m

Maximum Tterations = 10

Show the collapsing results information dialog

OK ] [ Cancel Apply

Figure 9-14: The Collapsing tab in the scene properties sheet

The 'Clustering' tab (Figure 9-15) shows the input parameters for the event clustering algorithm.
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Scene Properties @

| Events | Time | Camera | Colours | 3D Grid | Objects [ Collapsing| Clustering |

Source radius multiplier 0.5}

Centroid Selection RANDOM v
Number of Clusters 5 K-means residual 0.01
[‘ Regroup Min.Neighbours = 50

Min. Cluster Separation 0

[o]'¢ ] l Cancel Apply

Figure 9-15: The Clustering tab in the scene properties sheet

9.6 Toolbar

Hot Planes

Play Events Mode Reset Volume

Remember Camera Position Reset CameraView List Collapse Events
Manipulating the View in the Visualiser Pressure Graphs

Plan Views Display Legend

Toggle Object Labels Insert Event Position Show Events

Show Receivers/Shots Show Hidden

OpenGL Mode Insert Ellipsoid Insert Cylinder Insert Cuboid Fit All Objects Fit All Events
Show Density Plane

Set Orthographic Projection

Stimulated Volume Launch Array Analysis Cluster Index

Cluster ID

Cancel Cluster ID Toggle Pulsate Active AutoProcessor

Filter Events

MSDFN microseismic discrete fracture network




9. 3D Visualiser 273

9.6.1 Hot Planes

S
> & 0l €
_L\\§
“ P Insert HotPlane }‘
Insert a plane into the scene

The InSite package allows the user to define and view other screen objects, not just events. These objects can be given
'start' and 'end' times so that they become active and passive in the playback mode.

Hot Planes can be used to indicate where fractures are occurring within a cluster of events.

Toadd a hot plane, select the = button from the toolbar and then "draw" a hot plane by left-clicking within the 3D
scene and dragging the mouse before releasing it. By subsequently right-clicking on the new hot plane created, it is possible
to perform a series of different operations via the pop-up menu which appears. For instance, selecting the 'Properties'
option allows the colour of the plane to be altered while selecting 'transparent' allows the plane to be made to appear
realistically transparent with respect to the other objects in the scene (Error! Reference source not found.). Note that t
hese operations can also be performed by selecting the hot plane within the Drawing Objects Legend.

-750

Figure 9-16: Transparent Hot Plane

1.1.1 Adjust Hot Plane Position Size and Orientation

Adjusting the position, size and orientation of a hot plane can be performed using the pop-up menu option "Adjust",
which launches a Dialog (Figure 9-17).
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Adjust Sample planet X

Azimuth 85.3524
[l
Dip 27.3627
]
Marthing 6.21175e+ m
]
Easting 640710 m
]
Depth 263844 m
]
Height 174299 m
]
Width 1797.04 m
]
Reset Close

Figure 9-17: Adjust Hot Plane Dialog box.

The slider controls can be used to adjust the azimuth and dip of the hot plane. Also, the hot plane can be moved using
the Northing, Easting and Depth slider controls. Finally, the hot plane's size can be changed using the height and width
slider controls. Updates will take effect immediately within the 3D scene. The 'Reset' button can be used to centre the
slider controls again.

9.6.2 Play Events Mode

O

The Play Events Mode allows the user to visualise the events in time.

Clicking on this button resets the horizon to be horizontal in the current view. This is useful after the user has employed
'fly' mode and may have left the view at a skewed angle. Effectively this resets the 'wing-tips' on the camera orientation
marker to be horizontal.

9.6.3 Reset Volume

S

This is useful in situations where the user becomes disorientated and perhaps all the events or other screen objects are
out of the viewing window. This function will reset the viewing reference frame back to a default setting around the events.
The camera orientation will be such that the user sees a plan view of the volume.

9.6.4 Remember Camera Position

This option is useful if the user wishes to store a particular view of the data. On clicking this function, the user
is prompted to enter a name for the particular view. The view position and camera settings for this view are then stored so
that the user can instantly jump to the particular view by selecting from the view list of the 'Reset camera' option described
below. A maximum of 10 views can be stored in this way.
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The 'Edit user cameras' option on the Scene Menu allows the user to edit or delete the different views that have been
stored.

9.6.5 Reset CameraView List

H -
Clicking on this function resets the current view to the top view in the 'view list'. The user can access any of
the saved views by clicking on the arrow and selecting from the drop-down menu.

9.6.6 Collapse Events

.3

This function collapses the events within their error ellipsoids. This is useful for interpreting finer-scale structures
within the data as scatter in the locations is reduced. The catalogue of the collapsed events is saved as a different
component in the PCF project. After collapsing, clicking this icon can switch between the original and collapsed
locations. Any modification of the parameters or event locations would require another calculation of collapsed
events. The procedure used in the collapsing algorithm is described in the Technical Appendices Section 3.7. Settings
are configured from the 'Collapsing' tab on the Scene Properties Dialog box.

9.6.7 Manipulating the View in the Visualiser
There are 4 modes that allow the user to manipulate the current view of the data. These can be accessed from the
'Mode' option on the function toolbar or from the icons on the mode selector toolbar. Once selected, the user can use the
mouse or keys or a combination of the two to manipulate the scene. The main Modes of operation are:

9.6.7.1 Rotate Scene

¢é

This rotates the camera with respect to the centre of attention. This opens up a slider bar for rotating the scene,
alternatively while holding down the left-hand mouse button drag the pointer in the direction you wish the scene to move.
Note that the camera position and current direction of the view will change, but the distance to the CoA will remain
constant, as will the viewing volume. This mode is useful when changing the orientation of the view for the scene. In this
mode the horizontal orientation is always maintained as the scene is rotated.

9.6.7.2 Pan

This mode moves the camera position across the scene but maintains the current viewing direction with
respect to the CoA. This has the effect of moving the CoA relative to the scene. Chose this mode and then, while holding
down the left mouse button, move the pointer in the direction you wish the camera to move. Note that in this mode the
camera position (and CoA) will change, but the current View parameters and viewing volume will remain the same. This
mode is useful for changing the position of the CoA with respect to the events.

Q

This mode is used to provide an increased or reduced view of the scene. Choose this option and, while holding down
the left-hand mouse button, move the pointer up (to zoom out) or down (to zoom in). In this mode the CoA remains
constant and the camera moves towards the CoA along a vector defined by the current view orientation. The distance
between the camera and the CoA and the distance to the front and rear of the viewing volume is altered in this mode. This
mode is useful for changing the size of the field of view on the screen.

9.6.7.3 Magnify

9.6.7.4 Fly
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4

This mode is provided to allow the user to 'fly' through the data volume. In this mode, movement is controlled by both
the mouse and the keyboard. Select this mode from the toolbar as before and then:

» The mouse rotates the CoA with respect to the camera position. Click and hold on the left-hand mouse button and
drag the pointer in the direction you wish the CoA to rotate around the camera. This can be considered equivalent
to a 'vaw' (change in azimuth) or 'Pitch' (change in climb/dive angle) when flying an aircraft.

¢ Keys Q/W - using these keys the operator can rotate the scene around a vector joining the camera position with
the CoA. The camera position, CoA and viewing volume remain the same, the horizon simply changes with respect
to the horizontal. This can be considered equivalent to a 'roll' when flying an aircraft.

¢ Keys S/X - using these keys the user can fly in and out of the scene, and even 'through' the scene if required. In
this operation the relative position of the CoA and the camera remains the same. The user effectively 'flies'
along a vector defined by the line connecting the camera and the CoA.

+ Keys A/D - using these keys the user is able to pan left and right across the view (this behaves in the same way
as moving the mouse pointer left and right in PAN mode).

Keys F/V - using these keys the user is able to pan up and down across the view (this behaves in the same way as
moving the mouse pointer up and down in PAN mode).

9.6.7.5 AutoRotate Scene

SF

This function sets the scene rotating, by moving the camera around the COA in a horizontal plane.

9.6.8 Pressure Graphs

£

For pumping data visualization. See Frac Manager.

9.6.9 Plan Views
o

ol
.
-

Clicking on this function launches the two-dimensional cross-section plots.

9.6.10 Display Legend

o
+
This button toggles the display of the Stages object legend.

9.6.11 Toggle Object Labels
LAREL

Toggles the labels of objects in the 3D Visualiser on and off.

9.6.12 Insert Event Position
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.@.

This button allows the user to add a theoretical event position in the 3D Visualiser (User Specified Event Location).

9.6.13 Show Events

Toggles on and off the display of events in the 3D Visualiser.

9.6.14 Show Receivers/Shots

4444
4444

Toggles on and off the display of receiver and shot objects in the 3D Visualiser.

9.6.15 Show Hidden

=1

Causes any objects that have been 'hidden' to be displayed in the 3D Visualiser.

9.6.16 OpenGL Mode

Launches the Advanced 3D Visualiser Module (figure).
9.6.17 Insert Ellipsoid

O

Active only in Advanced 3D Visualiser Tool (Figure 9-2) this button inserts a fracture ellipsoid (). The ellipsoid properties
can be manipulated from the legend.

9.6.18 Insert Cylinder

.

Active only in Advanced 3D Visualiser Tool (Figure 9-2) this button inserts a cylinder (figure). The cylinder properties can
be manipulated from the legend.
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9.6.19 Insert Cuboid

Active only in Advanced 3D Visualiser Tool (figure) this button inserts a cuboid (figure). The cuboid properties can be
manipulated from the legend.

9.6.20  Fit All Objects

%

"4000(1
+
e

This function will reset the viewing reference frame back to a default setting around all objects in the scene. The COA
is set to the vertical centre of the objects and the view orientation is set to horizontal, though the azimuth remains
unchanged.

9.6.21 Fit All Events

This function will reset the viewing reference frame back to a default setting around all events in the scene. The COA is
set to the vertical centre of the events and the view orientation is set to horizontal, though the azimuth remains unchanged.

9.6.22 Show Density Plane

Z

Active only in Advanced 3D Visualiser Tool (figure) this button launches the event density plane (figure).

9.6.23  Set Orthographic Projection

Active only in Advanced 3D Visualiser Tool (figure) this button sets the visualiser to an orthographic projection of the
scene.

9.6.24  Uncertainty

€

Launch the dialog to configure the visualisation of location uncertainty for located events.

9.6.25 Stimulated Volume

Active only in Advanced 3D Visualiser Tool (figure) this button launches the stimulated volume Dialog.
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9.6.26  Launch Array Analysis

. | e

This button launches the Array Analysis Dialog.

9.6.27 Cluster Index

Calculate the cluster index for all located events.

9.6.28 Cluster ID

W

Define the cluster ID.

9.6.29 Cancel Cluster ID

W

Cancel the cluster ID.

9.6.30 Toggle Pulsate Active

!Ill

When an event is set as active, either by relocating or right-clicking on the event and selecting 'Set Active', this button
causes the event to pulsate.

9.6.31 AutoProcessor
\C’A\
T
Open the auto-processor dialog.

9.6.32 Filter Events

Opens the event filter dialog.




280 9.6 Toolbar

9.6.33 MSDFN microseismic discrete fractur_e netwo.rk
Ol @ed% Ol € iy VA

& . MS-DFN
Create microseismic
based DFN

Opens the dialog to calculate discrete fracture network. The details are shown in Stimulated Volumes. The fracture
network planes can be displayed as squares or ellipses, the size of which corresponds to the fracture radius. When
displayed as ellipsis the orientation of the long axis represents the rake.

9.7 Drawing Objects Browser

The drawing objects browser is a dockable pane (Figure 9-18) that shows all the objects in the 3D visualiser. It can
be shown and hidden by using "View -> Drawing Object Browser" menu option. Right clicking on any object in the
browser retains the full menu options as right-clicking on the actual object in the scene and serves as a way of selected
objects that are small on the screen (e.g. grid search box).

The browser lists the objects displayed in the scene (excluding events) in the form of a tree structure. Each object
is categorised as either:

» Complex Object
* Borehole

* HotPlane

* Sensor

¢ Ellipsoid

» Cylinder

¢+ Cuboid

¢+ Distance Marker
» Vector Marker

¢ Direction Indicators
+ Well Object

¢+ Grid Plane (array analysis grid)

+ Component

* Fracture Box

» Stimulated Reservoir Volume

+ Ray Paths
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Drawing Objects Browser ax

=-Complex Objects
- Cylinder59

- Bareholes
=-HotPlanes
. {268D664C-0E88-46BE-95F
- ImagePlanes
[+-Sensors
[+-Ellipsoids
- Cylinders
- Cuboids
- Distance Markers
- Vector Markers
- Direction Indicators
- Well Objects
- Grid Planes
#-Components
- Fracture Box
- Stimulated Reservoir Volume
- Density Plane Isosurfaces
- Ray Paths

< >

Global B... Drawing ..| Scene Pr... |

Figure 9-18: 3D Visualiser Drawing Objects Browser tab.
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The mouse can be used to launch a pop-up menu (Error! Reference source not found.), appropriate to the type of o
bject, by right-clicking on the object in the tree. This menu is the same one as described earlier, available when an object
is selected from the scene itself using the mouse. If an object has previously been hidden, then selecting it within the tree
enables it to be shown again in the scene. For example, in the example scene shown in Figure 9-19 a Hot Plane object is
currently shown but by using the pop-up menu indicated it is possible to hide, move or delete the object in the
scene. The menu also allows the properties Dialog to be launched.

Drawing Objects Browser ax

=-Complex Objects
- Cylinder59
Rock

- Boreholes
=-HotPlanes

{268D664C-0E il

- ImagePlanes Properties
[ Sensors Adjust
[+-Ellipsoids Hide

- Cylinders Transparent

- Cuboids Delete

- Distance Markers Move

-~ Vector Markers Copy
[+-Direction Indicato

- Well Objects Srzosk

- Grid Planes

F-Components
- Fracture Box

. Ttirmnilatad Pacanmir Waliimea

Figure 9-19:3D Visualiser Drawing Object Pop-Up Menu.
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9.8 Scene Properties Dockable Pane

The scene properties dockable pane provides a quick way to adjust the appearance of certain objects in the scene
without having to open the scene properties. It can be shown and hidden by using "View -> Scene Properties" menu
option. Using any of the combo boxes or sliders will adjust the corresponding objects in the scene. Affected objects
include:

* Event symboltype
* Event colour scale
* Event size scale

* Event radius

o Sensor radius

* Perf radius

* Borehole radius

* Borehole log radius

b e pe r'esq [

Event Symbol

Sphere v’
Event Colour

P SNR v|
Event Size

Constant Size v]

Event Radius

]

Sensor Radius

J
Perf Radius

J

Borehole Radius

J

Borehole Log Radius

J

Figure 9-20: Scene properties dockable pane
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9.9 Scene Objects in the Visualiser

The Scene Object Editor Boreholes and Wells Hot Planes
Complex Screen Objects Menu to Edit Drawing Objects
Importing and Exporting Screen and Drawing Objects Exporting HotPlane Drawing Objects

9.9.1 The Scene Object Editor

The Scene Object Editor (Figure 9-21) allows the user to manage 3D objects that appear within the Scene.

Click on the 'Add' button to import a new scene object. There are three types of object that can be imported.

9.9.2 Boreholes and Wells

A useful feature is the ability to display wells and boreholes in the plot. This is important for understanding the
relationship between injection and production wells and the pattern of seismicity. Well data is imported from the ‘Scene -
Edit scene objects' menu (see diagram below). Choose 'Add' and select the scene object type as 'borehole'. The user is then
prompted for a file containing the well data in ascii format ( .dat).

X

The ascii well files are in a standard spread-sheet format. The files consist of 5, space delineated columns. Each
line specifies a point on the well/borehole. Some well files may contain a large number of data points. A fewlines from
an example file are shown below:

a. 13 4.9 =72.70230
50.0000000 1 4.9 -72.70230
50.0000000 127 4.9 -72.70230
75.0000000 125 4.9 -72.70230
100.000000 122 4.9 -72.70230
125.000000 120 4. -72.70229
150.000000 1177 4, -72.70229
175.000000 1152 4. -72.70229

The program only reads in the last 3 columns. These are height (depth) measured in feet, positive is upwards. The
fourth and fifth columns are latitude and longitude respectively.

Boreholes and Borehole Logs can also be imported using the DOF format explained in Importing and Exporting
Drawing and Screen Objects (Exporting 'HotPlane' Drawing Objects).

On plotting, the well is shown as a line extending from a triangle (the top of the well). Once imported, the way the
borehole is plotted can be changed from the 'properties' menu. This includes whether or not a label is plotted and the
start and end date for the operation of the well. The well can also be hidden in the same way as a plane by right-
clicking with the mouse and choosing 'hide'. This is returned using 'scene-camera-show hidden' as before. The
well/borehole is also colour-coded to indicate its current use. The default colours are given in Table 9.1. If log data has
been imported, you can also right-click on the borehole use log display mode to choose whether to display the data
as disks or a wave. The log properties show which log data is represented by the disks/wave and which by the colour.

Well objects can also be added from the Frac Manager (Well Objects). Times for these well objects can be adjusted by
right-clicking on them and selecting properties.

Table 9.1: Default colours used for the different types

TYPE | COLOUR
Exploration black
Instrumentation brown
Gas Injection green
Water Injection blue
Production red
Inactive (all types) grey




9. 3D Visualiser

285

The user can change these default colours by selecting 'scene-properties' from the function toolbar and selecting the
‘colours' tab. The red:green:blue colour mix of each borehole type can then be altered to meet the user's requirements.

Scene Object Editor X

List of Scene Objects:

MName

Boreholel
Borehole 2
Lineation

Type

Borehaole Add

Borehole

HotPlane Properties
Delete

CLOSE

Figure 9-21: The Scene Object Editor Dialog Box. -

9.9.3 Hot Planes

Hot Planes, and their manipulation, are discussed further in Hot Planes. In this function a default plane is inserted with
a vertical orientation through the centre of the 'view-box' volume.

9.9.4 Images

Images can be imported into the 3D Visualiser to aid in the interpretation of the spatial distribution of seismic events.
Images are imported by clicking on Scene->Import image File... (Figure 9-22). Images saved as bitmap files (.bmp) are
projected onto a plane that can be oriented, translated and sized using a dialog launched by right-clicking on the imported

image (Figure 9-23).

m InSite Seismic Processor (x64) - bitmap_sample.pcf

File View Scene Mode Help

i = Properties W 1‘

i = ) } |

w Edit Scene Objects —_—
o

Playback
Camera ... »
Edit User Cameras

E‘ Drawing Object File ... *
Import Grid File...
Import Stimulated Reservoir Violume...

e

Collapse Events
_&_ Direction Indicator >
Import Tomography File ...
Hide COA
Show All Sensor Axes
|"’ﬂﬂnﬂ Screen Capture ...
Import DXF File...
Import STL File...
Import DFN File...

% w  Importimage File..

s, -
)

Figure 9-22: Import of .bmp image files into the 3D visualiser.
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5208500

6208000

\ 5207500
oo \

648500 6207000
ool /

46000 5206500 {

\ 648500 G {

Figure 9-23: Imported .bmp image and image properties and display dialog menu. Bitmap image from Google Maps
(2021)[Shrewsbury, UK][Satellite map] (https://www.google.co.uk/maps/@52.7077231,-
2.7542356,2018m/data=!3m1!1e3) accessed 20.01.2021.

Adjust {0DOF5D33-3381-4E4A-9114-2C... XI
—_— Azimuth
HotPlane Properties X L l
Dip
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Azimuth = 0.00 deg E of N Northing seetlm
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commigomnshm [55] 5] )
- ‘s Easting -
gy Oweroon o-morny [ ][] -
-
Hide Date. day - month - year = [l - @ - Depth

3

R |
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Al
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Figure 9-24: Display editing for imported bimap images.
9.9.5 Complex Scene Objects

The program has the ability to add complex screen objects from an stereolithography CAD files (.stl) or an Autocad
drawing exchange file (.dxf). In this way, digital topography or geological structures can be imported if these are
available in STL or DXF formats. The user is asked to locate the appropriate STL or DXF file and this is then automatically
imported. After selecting an STL or DXF file to import, the import options dialog (Figure 9-25) will open. The X, Y,and
Z axis options provide a way to align the STL/DXF XYZ coordinate system with the project NED coordinate system,
similarly with the distance units parameter, converting between STL/ DXF distance units to project units. All entities
within the STL /DXF will, by default, be added to a single complex object within InSite. If the 'Split by Layer' option is
checked, a complex object will be created for each layer within the file. If the align to point option is checked, the centre
point of the imported complex object will be translated to the specified point.

Right-clicking on the object opens a dialog that allows editing the display properties of the object (Figure 9-26). This
allows changing the position of the object, colour, transparency and temporal properties of the object.
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| DXF Import Options

In InSite the co-ordinate system (X, Y, Z) is (N, E, D)
such that the X-axis is +ve North,the Y-axis is +ve
East, and the Z-axis is +ve Down. To read the DXF
file correctly the orientation system in the file must be
known.

A (N, E, D) system is assumed. Please check this
here. Also, change the distance units as appropriate.

X-axis = [Positive '] [North v]

Y-axis = [Positive VI ’East v]

Z-axis = [Positive VJ [Down V]

Distance Units (x1.0) = 1

e.g. to use km or kft units then insert

=

1000

Layers

] Split by layer
Alignment

[ ] Align to point

North O

East 0

Down |0

[ (63 ] [ Cancel J

STL Data Mapping >

In InSite the co-ordinate system (X, ¥, Z) is (N, E, D)
such that the X-axds is +ve North the Y-auds is +ve
East, and the Z-axs is +ve Down. To read the STL
file correctly the orientation system in the file must be
known.

A (N, E, D) system is assumed. Please check this
here. Also, change the distance units as appropriate,

¥-axis = FPositive | North w
Y-axis = Positive ~  East ~
I-axis = Positive | Down by

Distance Units (x1.0) = | 1

.0. to use km or kft units then insert

1000
Layers
Split by layer

Alignment

[ align to point

North o

East 0

Down 0

e

Figure 9-25: DXF and STL Import Options dialog
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Figure 9-26: Visualisation editing options dialog for STL Complex objects opened by right-clicking on the Complex

object

iﬂm

600?

6001




288 9.9 Scene Objects in the Visualiser

9.9.6 Menu to Edit Drawing Objects

Right-clicking on any object in the 3D Visualiser scene will open a menu with different options depending upon the
object. Typical menu items (Figure 9-27) allow the user to access object properties, hide the object, calculate and show
relative distances and set the object as the Centre of Attention (COA) of the scene.

-

Properties
Adjust

Hide
Transparent
Delete

Move

Copy

Set as COA

-_—

Figure 9-27: Right-click Menu to Edit Scene Objects

The distance between two drawing objects can be shown in the 3D Visualiser scene (NOT the Advanced 3D
visualisation). Right-click on each object and select 'Mark to Show Distance', then right-click on the first object again and
select 'Show Distance'. A line connecting the two objects will then be plotted along with the distance between them in
the 3D Visualiser scene (Figure 9-28). Right-clicking on the new distance marker generates a menu allowing the user to
hide or delete the marker or to reveal further properties. The distance markers are shown in the 3D Visualiser legend and
can also be manipulated through the legend interface.

.

121.2449

UP

Figure 9-28: Example of object distances shown in 3D Visualiser scene
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9.9.7 Importing and Exporting Screen and Drawing Objects

In order to allow the user to save sets of screen objects for inclusion in other data sets, the program is able to import
and export its own file that specifies screen objects. This is a Drawing Object File (DOF) format.

The user can create their own DOF files using a standard editor and thus import combinations of planes, sensors,
boreholes and complex objects into any InSite scene.

9.9.8 Exporting HotPlane Drawing Objects

Selecting "Export HotPlanes" will save all the HotPlane drawing objects to a Drawing Object File (DOF), using the
format described above. These can then be easily imported into another InSite Project through the "Import" function.

9.10 Time Functions in the Visualiser

The 'Playback' mode allows the user to view temporal trends in a data-base of seismic events. This mode can be
selected from theiconin the 'mode selection toolbar' or from 'Playback' in the Scene menu in the function toolbar. This
will open the Playback toolbar from which the user can control how the data is displayed. This is shown in the diagram
below (Figure 9-29). In general use, the events associated with a particular time bin are displayed and then replaced by
the events in the next time bin and so on.

“Wi« > Pi R

123456738

1. Set position to start
2. Step back

. Play backwards

. Play forwards

. otep forwards

. et position to end

. Pause
8. dtop

~] 0 N o L0

Figure 9-29: Playback controls.

These controls can be thought of as working in the same way as a Media Player and the user is able to play
continually or step through the events (frame-by-frame) as desired. The events are distributed into bins. The user can
define the number of events in these bins and the way in which the bins of data are displayed in 'Playback' mode from
the 'scene properties' menu. This is accessed by selecting 'Scene' and then properties from the function toolbar and
selecting the 'time' tab. Within this window the user can select which events from the enabled components to display
and to window these events with a minimum and maximum time. To change the way the events are displayed in the
'Playback' mode the user can alter the 'Histogram/Playback Parameters' as follows:

Number of Time Bins the time period defined by the minimum and maximum time limits is divided into this number
of bins. The corresponding time interval is displayed under this box. In other words, each time bin then represents that

amount of time.

Playback Rates this definesthe number of bins thatare displayedinany 1 second. Increasing thisnumberincreases
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the speed with which the events are displayed. Time Bins Behind this allows the user to define a number of bins before
the current one that are left displayed as the playback steps forward. Time Bins in Front this allows the user to define a
number of bins ahead of the current one that are displayed as the playback steps forward.

The event histogram bar displays the number of events in each bin for the full period of time specified by data in the
currently active components as a series of blue bars. The events that are currently displayed on the screen (the 'active bins')
are highlighted in the grey region and the bins themselves turn red. During playback mode, or when 'paused' the user can
quickly scan through the data by clicking with the mouse on this highlighted region and dragging back or forward through
the dataset. This can be enlarged by extending Information Bar pane.

658 Events for 05-09-1993 15:57:44 to 06-09-1993 13:14:25
27-08-1993 | ||| |1 0-09-1993
05:38:27 . 02:21:09

Figure 9-30: Event histogram. Red bars indicate the time period displayed.

9.11 Two-Dimensional Cross Section Plots

The toolbar button L’ in the 3D Visualiser is used to launch one of five possible cross section plots. The user is
required to select from one of the view orientations (Figure 9-31). The Auto Set Frac Orientation button is checked on the
first occasion that this Dialog appears. It is used to specify that the best-fit frac ellipsoid is calculated by the system rather
than being selected manually by the user. This takes the form of a horizontal ellipsoid which can be manipulated on two
separate plots. An example cross section view (East-North orientation) is shown in Figure 9-32.

A cross section plot shows a 2D representation of the same objects that are visible in the 3D visualiser, these being the
well track, well log, calibration shots, geophones and events. In addition, the distance between the well head positions is
shown along with an ellipse which can be manipulated using the mouse to select the fracture plane. The ellipse dimensions
are shown in the top left-hand corner (if appropriate) and in the bottom right hand corner a legend is shown specifying the
colour associated with Frac Manager stages. The ellipse appears on the East-North and View onto Fracture Plane plots.

Please select the type of the view

IEast-North L]
EastNorth |
North-Depth
East-Depth

[V Auto {View Onto Fracture Plane OK
View Along Fracture Plane

Figure 9-31: Cross-section View Selection Dialog
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Event Locations
East-North

301 802 N -252 806 £, 10031 8 Dopth
167105 ; ;

Figure 9-32: Example East-North Plot (includes ellipse, well-head distances and labels).
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9.11.1 Properties Dialog

On selection of the Properties menu (Figure 9-33) option it is possible to change the size and layout of the plot. The Fit
axes by combo box allows the user to select the size of the plot such that either: a) all objects are visible, b) all the eve nts
are visible or c) user-defined limits are applied.

The Y->X button is used to update the X minimum or X maximum values based on edits made to the Y minimum

and Y maximum values, whilst the X->Y button is used to update the Y minimum or Y maximum values based on
edits made to the X minimum and X maximum values.

The checkboxes at the bottom can be used to turn on/off various items in the cross-section plot which may or may not
be required for display. Note these options are also available on the toolbar.

The cross-section view after the Dialog box selections have been applied is shown in Figure 9-34.

F

Fracture Viewer properties

Fit axes by : | user-defined j Ellipse Morthing : | 0.00000

X min -100 Elipse Easting : | 0.00000

¥ min -100 Ellipse Width 200.000

ERE

¥ —-=X |
X max 100 Elipse Length : | 200.000
X--=Y |

LRLLERT

Y max : 100 Elipse Azimuth : |0.00000

v Show Labels

Iv Show Legend

v Show Ellipse

v Show Well Head Distances

¥ Show Maximum Viewing Distance Radius ; ’W

Figure 9-33: Fracture Viewer Properties Dialog.
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Figure 9-34: Modified Cross-section View (does not include ellipse, well-head distances or labels).

9.11.2 Manual Selection of the Fracture Plane Ellipsoid on the East-North Plot

Manual selection of the horizontal position, length, width and azimuth of the fracture plane ellipsoid can be performed
using the ellipse which appears on the East-North plot.

Toreposition the ellipse, use the mouse to select the filled black circle at the centre of the ellipse then drag it with the
left button pressed down as shown in this Figure 9-35.

To rotate the ellipse, select one of the two filled black circles on the edge of the ellipse then drag it in the tangential
direction.

To increase or decrease the size of the major or minor axis of the ellipse, select one of the two filled black circles on the
edge of the ellipse then drag it along that axis.

r
'
1
1
'
'
'
1
'
'
1
1
'
'
1
1
'

e [ N |

Figure 9-35: Ellipse and filled black circles used to select the fracture plané with the mouse on the East-North plot.
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9.11.3 Manual Selection of the Fracture Plane Ellipsoid on the View onto

Fracture Plane Plot
Manual selection of the depth and height of the fracture plane ellipsoid can be performed using the ellipse which
appears on the View onto Fracture Plane plot.

To reposition the ellipse, use the mouse to select the filled black circle at the centre of the ellipse then drag it up or
down with the left button pressed down as shown in Figure 9-36.

Toincrease or decrease the vertical size of the ellipse, select the filled black circle on the edge of the ellipse then drag
it up or down.

Figure 9-36: Ellipse and filled black circles used to select the fracture.p/ane Wl'th. the mouse on the View on to
Fracture Plane plot.

9.11.4 Auto Refresh

By selecting File->Start Timer on the cross-section view, the plot will automatically refresh every five seconds so that
new events can be automatically displayed. This auto refresh mode is cancelled by selecting File->Kill Timer. Note: The
fracture plane should not be adjusted if any of the plots are in auto refresh mode.

9.11.5 Toolbar Options

The toolbar contains the following buttons:

Insert Text Box

Toggle Object Labels

<]

‘ne
T
ECw

Toggle Legend

Toggle Ellipse

Toggle Well Head Distances

L-lle

The Insert Text Box button allows the user to annotate the cross plot with text (Figure 9-38) and connecting lines.
Buttons are also provided to easily enable or disable items on the cross plot such as the object labels and the legend.

9.11.6 Insert Text Box

In order to insert a text box, the Insert Text Box button can be selected from the toolbar and the mouse positioned at
an appropriate item on the plot that requires additional explanation via a text box. The left button should be held down
and repositioned to where the text box is required. A line is then drawn between the current mouse position and the new
position. When the mouse button is released a Dialog (Figure 9-37) appears allowing the user to enter some text. On
pressing the OK button, the text box appears on the cross plot as shown in Figure 9-38.
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Figure 9-38:East-North Plot with Text Box.
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9.11.7 Edit Text Box

It is possible to edit, delete and move the text box that has previously been inserted. To do this the mouse must be
placed within the text box rectangle and the right mouse button clicked; a pop-up menu then appears (Figure 9-39).

Edit Text
Delete
Move

| Monitor VWell |

-
:
E Maovwve (Translate)
;

Figure 9-39: Text Box Pop-Up Menu.

By selecting Edit Text a Dialog appears (Figure 9-37), allowing the user to modify the text. By selecting Delete the
text box is removed from the plot, subject to user confirmation. By selecting Move the text box can be subsequently
moved in conjunction with a move of the mouse. The left mouse button should be pressed when the new position has been
reached. Note that the point at the opposite end of the connecting line from the text box rectangle remains fixed in a Move
operation. If, however, it is desired that the text box and the connecting line are both moved together then the Move
(Translate) option should be selected instead.

9.12 Scene Construction in the Visualiser

9.12.1 The Camera Model

InSite uses a camera model that allows the user to view the scene from any orientation and to control the amount of
information and its relative position, within the event viewing window. In order to control the appearance of the current
view, it is helpful for the user to have an understanding of how the view is controlled by InSite.

Figure 9-40 provides a schematic overview of the main components of a particular view. The key positions are the
camera and Centre of Attention (CoA). The camera position corresponds to the point from which the observer is viewing
the scene. The centre of attention sits at the centre of the current view. It is represented by a small black dot in the centre
of the viewing window. The viewing direction is defined as the line joining the current camera position and the CoA.

The viewing volume is defined from the camera position, CoA and the current perspective. The distance between
the camera and the CoA (labelled d) defines the depth-of-field of the current view. This extends from the 'front view
plane' (defined as d/100) to the 'rear view plane' (defined as d x 100). The width of the current view is controlled by
the perspective setting (set from the 'camera’ Dialog box in the scene-properties sub-menu). This canrange from 10
(narrow) to 130 degrees (wide angle).

The user is provided with information relating to the current view from a list of parameters within the info bar at the
bottom of the viewing window (examples are shown in Figure 9-41).




9. 3D Visualiser 297

5\ Wiew Azimuth

W

Cameara
Position

z (ME.D) £

Rear Wiew
Flarne

Figure 9-40: Overview of the InSite camera model showing the key components
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¢ POS - the current position of the 'camera' in terms of the Cartesian co-ordinate system, (North, East and Down).
NOTE: the co-ordinate system has a positive sense in the North, East and Down directions, i.e. increasing depth
translates to a more +ve value in the down coordinate.

* VIEW - the current direction in which the observer is viewing the scene with respect to the CoA. The values are
azimuth (the direction in which the user is looking), plunge (the angle down from the observer to the CoA) and
distance (the distance between the viewer's position and the CoA.

* VIS - this defines the front and back planes of the viewing volumes. The first number is the distance to the front
plane of the viewing volume and the second number is the distance to the back plane of the viewing volume. Only
events and scene objects that lie between the front and back viewing planes are displayed in the event window.

A camera orientation marker shows the current orientation and view relative to the horizon (this operates much like
the 'artificial horizon' in an aircraft). The horizon is horizontal when the 'wings' are level. If the view is inverted, then the
marker turns red. A description of these features is given in the diagram below.

Marker towards the top
ndicates the view s
dowrwards (horizan

"~ POS.=(508.8,-7.27, -312.2) sbove
Position of the camera VIEW=( 0.818, 31.5,597.0) W E Marker near the battom
(M E. V|3.=[ 5_9?, 5_9?e+m4] — indicat;sl:t:e view is
Upwards OrNZon
belowve)

View onentabion
(azimuth, plunge,

R
dtanoe t COA] | POS.=(59.9, 290, 679) ) @E S | Lotk indcete e

VIEW=(0.279, 0.844, 597.0)
VIS.=( 5.97, 5.97e+004)

Angle on the marker
Visible space: indicates the "winghp”
cst:!‘lcezta the front _\‘1 / punge
st o | 1055683, 3300, 101
— Ews=( 0.0370, -9.79, 597.0) 87 267
‘\',|S=[ 53?, 59?&""104] Marker turms red whean

the camera (and hence
wew) 1S upside-donn

Figure 9-41: 3D Visualiser Viewing Parameters: Examples of the viewing parameters specified in lower information
bar.

The user can control the 'perspective’ of the view by selecting 'scene -> properties' from the menu toolbar and clicking
the 'camera' tab. The slider bar can be used to alter the perspective. Effectively this alters the cameras Field of View (FOV).
A wider FOV (higher viewing angle) gives greater perspective. The user can also manually set the Centre of Attention (COA),
distance from camera to COA and camera view from this Dialog box. Used in conjunction with the 'remember camera'
option below, the user can set and save any desired view.

9.12.2 The Camera Sub-Menu

The camera sub-menu contains various functions that change how the user views the Scene or what objects appear
within the Scene.
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File View |Scene | Mode Help
c} 4.{.. ‘ Properties <O Ié‘ ( ; 1
M Edit Scene Objects - \ :
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Figure 9-42: The Camera sub-menu.

* Remember Camera - remembers the current view settings.

* Reset Camera - resets the view back to the user's top view.

* Reset Volume - resets the volume settings to a volume defined by the events.
* Reset Horizon - resets the current view's horizon.

¢ Show Events - switches the display of events on or off

» Show Receivers/Shots - switches the receivers and shot locations on or off

* Show Labels - switches text labels displayed on the scene on or off

* Show hidden - redisplays all hidden scene objects

* Auto-rotate scene - rotates the scene around its centre of attention.

9.12.3 The Drawing Object File Sub-Menu

InSite Seismic Processor (Win32) - Tian Test_bl01 test Junel5 hem01.pcf
File View |Scene| Mode Help

c; + Properties O 1y ( } ]!_ hﬂm
Edit Scene Objects
ne Prope

Playback
Event Sy Camera .. »
Sphere Edit User Cameras
Drawing Object File ... 4 Import

Event Co o
Import Grid File... Export HotPlanes

[@ Import Stimulated Reservoir Volume... I
Event Siz Collapse Events

Constan Direction Indicator 4
Event Ra Import Tomography File ...

3 v Hide COA

Show All Sensor Axes

Screen Capture ...

Sensor R
a2

Figure 9-43: The Drawing Object File sub-menu.

* Import - imports a Drawing Object File (DOF).

* Export - exports HotPlanes to a DOF formatted file.




300 9.13 Density Plane

9.13 Density Plane

The 3D Visualiser includes colour density plane display for a variety of source parameters including Event Density,
Radiated Energy, Cluster Index, Seismic Moment, S:P ratio, Source Radius, Signal-to-Noise Ration, Confidence level,
RMS Residual Time, Fault Plane orientations (strike, dip, rake). In the example shown (Figure 9-44) the 3D volume of
signal-to-noise ratio is shown as a colour coded map across a particular plane in 3D space. A clipping box is defined in
order to specify a volume of interest and within this it is possible to display a plane in one of three possible orientations.
The plane can be moved (in a N/S direction in this example) within the clipping box by the user to show a variation in
the density map with position. This is performed using a 'play' toolbar within the Plane Colour Scale legend as shown.
Note that the arrow keys can also be used to move the plane when the user has set the focus on the 3D scene. The
colour density map is created by dividing the plane in to a grid. At each grid point a cell whose volume is configurable
is used to perform the calculation. If multiple events are found in a given cell volume, the average is used as the value

at this cell grid point.

1200
[

) | Right click Menu |

Properties
Adust
Export
| Set Focus
Delete
Show Isosuface

13X0

Chck o1 aher postion using the snow baws
b l B SiaraltoNose Rato
B 10 250 500 750 100 e

DOWN

Figure 9-44: The example of the Density Plane ana Right Click Menu

9.13.1  Configuration

To configure the Density Plane it is necessary to launch the scene properties Dialog, using the 3D Visualiser toolbar

button (2 , the density plane properties dialog is then launched (Figure 9-45).
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Figure 9-45: Density Plane properties tab in the Scene Properties Dialog

The clipping box limits are initialised to the same limits used for the view box. They can be altered here as well on the
plot itself (see later). The orientation specifies how the plane is oriented within the clipping box and can be "North-East",
"North-Down" or "East-Down". Up to three orthogonal density planes can be simultaneously included in the scene.

The 'Density Type' selection allows the method used to generate the density map to be altered. By default, the
density type is set to "Event density", this means the density is calculated to be the number of events per cubic metre
(if the scene units are set to metres) for each cell. The other options specify particular event parameters which are
used to weight the calculation accordingly.

When the density map is created a pixel map is generated using an interpolation algorithm which is subsequently
shown on the plane. This pixel map resolution can be altered to vary the quality of the density map image. Note that
higher resolution images take longer to generate.

The cell volume itself is defined using the cell north, cell east and cell down entry fields. The cell dimension
determines the size of meshes used to discretize the clipping box volume, and thus the number of grid points used in
calculating the density map, e.g. if the clipping box is 100x100x100 metres in size then a cell dimension of 5 in north,
east and down directions will give rise a grid with dimensions 20X20X20. The cell dimension affects how many events
are included in the cell volume. Select a larger cell depth to include more events within the vicinity of the plane and
patterns are smooth.

The Min. and Max. Density entry fields are used in the generation of the colour map. Default values are filled in for
these fields when the density type is changed. The colour map varies from dark blue for values at or near the min. density
to red for values at or near the max. density via the colours of the spectrum. Note that a log scale can be selected by clicking
the checkbox where indicated.

The colour scheme is determined by the colour-map chosen on the Advanced tab of the scene properties (figure). The
density plane can be exported to a bitmap file by right-clicking on the density plane and selecting 'Export' from the menu.

9.13.2  Adjust Clipping Box Dimensions

As well as specifying the clipping box limits within the scene properties Dialog, it is possible to adjust them using the
mouse in the visualiser view. Todo this it is necessary to right-click on the density plane or the outline of the clipping
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box and select the 'Properties' option on the pop-up menu that appears; a Dialog appears (Figure 9-46).

Adjust Clipping Box Dimensions EJ

Marthing Minimum -33.6
|
L
Morthing Maximum 135.5
[
L
Easting Minirmurm -205.9
: |
|
Easting Maximum 26.6
[
L
Depth Minimum 37942
I
L
Depth Maximum 4026.3
[
L
Reset | Close |

Figure 9-46: Advanced 3D Visualiser Density Plane Clipping Box Dimension Adjuster

The slider controls can be used to adjust the dimensions of the clipping box and changes will immediately take effect
within the 3D scene. The 'Reset' button can be used to centre the slider controls again.

9.13.3  Density Plane Right-Click Menu

Right-click on any one of the density planes, a drop-down menu appears (Figure 9-47).

Right click Menu

Properties
Adjust
Export
Set Focus
Delete
Show Isosurface

Figure 9-47: Density plane right-click dropdown menu

+ Property - open the property dialog for parameter adjusting.

¢+ Adjust - adjust the clipping box dimension. The 3D volume of the density field will be different after adjustment.




9. 3D Visualiser 303

* EXxport - export the density plane as bitmap
+ Set Focus - set one plane at focus such that the plane can be shifted by click arrows on the keyboard.

+ Delete - delete the current density plane. Note that the 3D volume of the density field will be deleted as well.
The 3D volume is used to generate iso-surface.

+ Show Isosurface - render an iso-surface at the medium value of the density field. The iso-surface value can be
adjusted after generation (Figure 9-48). Note that the iso-surface cannot be adjusted after deleting or adjusting
the density plane.

Iso-Surface Properties 5]

Volume: 9.55093e+006 ft3
Surface Area: 600477 ft2

Properties

Hide v Alpha: |0.3
Delete

g 150 Level
Display Mode » & L ( J
. |2.5 ]

| OK I Cancel

Figure 9-48: Isosurface right-click dropdown menu. The surface colour is consistent with the colourbar by default
and can be overwritten by the user

9.14 Grid Search Box

The Grid Search Box is normally configured from within the Locater tab of the Processing Properties Dialog. However,
its limits can also be adjusted using the mouse from the 3D Scene. Ensure that the "Show Grid Search Box" checkbox has
been selected from the View Box page within scene properties, then right-click on the outline of the grid search box to
bring up a pop-up menu (Figure 9-49). Select 'Adjust' to bring up a Dialog (Figure 9-50) to adjust the grid search dimensions.
Select 'Properties' to launch the Location Algorithm Properties Dialog where the user can adjust the cell dimension,
resolution and collapsing buffer as well as the grid search dimensions.
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Figure 9-49: Advanced 3D Visualiser Grid Search Box
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Reset Close

Figure 9-50: Adjust Advanced 3D Visualiser Grid Search Box

The slider controls can be used to adjust the dimensions of the grid search box and changes will immediately take effect
within the 3D scene. The 'Reset' button can be used to centre the slider controls again.
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9.15 Frac Orientation Ellipsoid, Cylinders and Cuboids

The user can insert ellipsoids, cylinders and cuboids into the 3D scene to aid interpretation and analysis. Their position
and properties can be updated using Dialogs launched from the legend or right-clicking on the object.

The volume of the shape is given on the Properties Dialog.

Figure 9-51: Frac Orientation Ellipsoid

F P
Ellipsoid Properties ﬁ

Scene Object Name = I Fhapel

Azimuth = 0.00 deg. EofM
Dip = 0.00 Down
Volume = 744563.7 m?

Color {red, green, blug) = ( I 224 I 224 229
r r
Display Date, day - month - year = I 1 - I 1 (f= I 100
Hide Date, day - month - year = I 1 (f= I 1 (f= I 3000

oK I Cancel |

Figure 9-52: Shape properties Dialog.
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9.16 Spatial Markers

The 3D Visualiser provides a way of displaying markers showing the relationship between two objects or vector
information for a single object. The markers displayed include distance between two objects, vector between two objects,
instrument orientation, event source vectors, and event ray paths.

9.16.1 Distance Markers

To add a distance marker right-click on an object and select ‘Mark to Show Distance’, then right-click on the next
object and select Show Distance. The distance will be shown above a line joining the two objects and listed in the
legend.

upP

Properties

View Waveforms
Delete Location
Disable Event
180° Relocation
Set Active
Select as Centroid 'WN
Select as User 3D Position

30231 Mark to Show Distance

distance

(\] Mark To Show Vector

Set as COA

Show Error Space Plane

Event Type ... »

Figure 9-53: Distance Marker.
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9.16.2 Vector Marker

A vector marker can be used in two ways; a vector between two objects or as the axes of a receive