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PS- Inversion of Dispersion Curves

1. Overview

This module generates sheafwave velocity (Vs) profile {Q or 2D) from input dispersion curve(s). It

will be a 1D (depth) profile if only one dispersiamrve file (*.DC) is imported, whereas ®2depth

and surface distance) Vs cross section will be produced if muilgseare imported. Each dispersion
curve will be analyzed (i.e., inverted) to find-® s profile whose "theoretical" (or "modeled")
fundamentaimode (MO) dispersion curve fits the input "measured” curve most closely through a
generic searching algtihim. In this sense, all input dispersion curves to produce tBe\& cross

section are inverted "almost" independently to produce individud} ¥s profiles that will then be used

to construct the final Vs cross section through an appropriate spatedgotation scheme (e.qg., bilinear
scheme). The reasame say'almost” is due to a slight interaction between adjacent dispersion curves
during the initial velocity (Vs) model creation that is executed at the beginnitigedfiversion process.
This inteaction occurs if the option "Detect Bedrock" is selected (default) that will first analyze all input
dispersion curves only to find the simplest velocity model consisting of overburden/bedrock-{ager2
model). Then, based on thisl2velocity modelpreliminary bedrock topography is constructed with a
proper lateral continuity applied, and the corresponding velocities are assigned for the overburden and
bedrock. Thi2-D information willthen serveas a global initial model to whicht the beginnig of the
searching process, thaversion of each dispersion curve will refgrthe corresponding surface location
for the starting (nitial) (1-D) velocity model.

The searching algorithm is based on the sensitivity matrix (call@dcobian" matrix) tht depictsthe

relative change in phase velocity of the theoretical (modeled) dispersion curve for a unit change in
velocity of a particular layer in the model. Although this fundamental philosophy seems straightforward,
there area significant number oémpirical parameters introduced in the algorithm that are necessary to
make the searching process more accurate, stable, and faster. Some of these parameters are included
in the "Options..." section in the main dialog so that they can be adjusted whenecessary.

Otherwise, the program will automatically assifge most optimum values based on the examination
results of input dispersion curve(s) in some key acquisition and processing attributes such as offset
range used during data acquisition, frequgr(wavelength) range in msared dispersion curve(s), etc.

P-wave velocity (Vp) of each layer is determined by the Poisson's ratio (POS) during the inversion

process. The POS is dynamically assigned based on the searched value of Vs; for example, POS = 0.45 for
Vs = 150 m/sec, and POS = 0.33 for Vs = 1500 misthough the influence of POS is usually minimal,

this dynamic estimation of POS has been proven more effective through extensive modeling

experiments. The default value of densgy2.0 gram/cc for all layers.

Demonstration of the complete procedure lising a sample data set is provided in the PS User Guide
"Generating 2D Cross Section (Working with Sample Data)



Generating%202-D%20Cross%20Section%20(Working%20with%20Sample%20Data).pdf
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2. Importing Input Data

To generate a-D(depth) sheaw S @St 20A0G& 6+xa0 LINBFAESY 32 (2 blL
Dispersion Curve" and select one dispersionve file (*.DC).

S PS - Version 1.0

2 Process & S-Velocity (Vs) . Dispersion (I} Inversion @@ Display Setup Source/Receiver (SR) &% Modeling & Utility H Settings 7 Info *7 Exit
&d Make 2D Vs Cross Section from Dispersion Curves (*.dc)
ﬁf Make 1D Vs Profile from Dispersion Curve (*.dc)

o Open One Dispersion Curve File (*DC)

Look in: | . Vs1D ZI & £ B

Name Date

{ _ | VsIDMASW(SR)(ActiveOT)(VStack)(1) 8/12/2014 ...

< >
Flename:  [VsTDMASW(SR)ACtiveO THVStack)1)
Fies of type: [Dispersion curve (*.0C) - Cancel

[~ Open as read-only

To generate a-b (depth and surface distance) shaeaive velocity (Vs) cross section, go to "lrsien”
M bal 1S H5 +*a /NRaa {SOdlAz2y FNRBY 5 icunraNXHiRs / dzNBS
at the same time that were previously prepared by analyzing a data set from the same (one) survey line.

pS PS - Version 1.0

2 Process & S-Velocity (Vs) . Dispersion (¥ |Inversion & Display Setup Source/Receiver (SR)  #¥ Modeling ﬁ Utility ﬁ Settings 7 Info *% Exit
[~"1| Make 2D Vs Cross Section from Dispersion Curves (*.dc)
iﬁ Make 1D Vs Profile from Dispersion Curve (*.dc)

ot Open Dispersion Curve Files (*.DC)

Look in: I , Vs2D ZI L &f Eav
Name ’ Date modified )

| DippingBedrock(SR) (ActiveOT)(16) 8/5/2014 11:35 AM

_ | DippingBedrock(SR)(ActiveOT)(17) 8/5/2014 11:36 AM

| DippingBedrock(SR)(ActiveOT)(18) 8/5/2014 11:36 AM

_ | DippingBedrock(SR)(ActiveOT)(19) 8/5/2014 11:36 AM

. DippingBedrock(SR)(ActiveOT)(20] 8/5/201411:36 AM

< >
File name: I”Dipplng Bedrock (SR)ActiveOT)20).DC" " Dippit Open I
Files of type: IDwspersuon curve (*.DC) l] Cancel

™ Open as read-only
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3. Main Dialog

<Inversion Analysis for 1D/2D S-Velocity (Vs) Map> “
- X Options...

Inversion of Dispersion Curve(s)

If multiple curves are imported. a 2-D shear-wave velocity (Vs)
map will be generated from this process. If only one curve is
chosen, then a 1-D Vs profile will be generated at the end

Control parameters such as initial velocity and depth models. and
searching integrity can be accessed by clicking "Options.."
Otherwise. process will proceed with default parameters set by
the pragram after evaluating some attributes of input dispersion
curves and original seismic data

Click "RUN" to start the process

@ RUN ‘

<Inversion Analysis for 1D/2D S-Velocity (Vs) Map>
- x Options...

Inversion of Dispersion Curve(s)

If multiple curves are imported. a 2-D shear-wave velocity (Vs)
map will be generated from this process. If only one curve is
chosen, then a 1-D Vs profile will be generated at the end

Control parameters such as initial velocity and depth models, and
searching integrity can be accessed by clicking "Options.."
Qtherwise, process will proceed with default parameters set by
the program after evaluating some attributes of input dispersion
curves and original seismic data.

Click "RUN" to start the process

@ RUN ‘

<Inversion Analysis for 1D/2D S-Velocity (Vs) Map>

=] %]

2} Inversion Controls

& Layer Model

& Approx. Inversion
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4. Inversion Controls

<Inversion Analysis for 1D/2D S-Velocity (Vs) Map> n

=] %]

?{} Inversion Controls

i Layer Model

& Approx. Inversion

4.1 Input Files

Inthe "Dispersion Curves and S/N" tab, all input dispersion curves are displayed in tochikmv for
visual inspection. A specific curve can be marked by selecting the corresponding item in the file name
listbox. Any curve can be "unchecked" to be excluded from the inversion analysis.

<Inversion Analysis for 1D/2D S-Velocity (Vs) Map>

Back To Main

Dispersion Curves and S/N | Erequency Range ‘

Files sorted by suface coordinate (uncheck to exclude from inversion) (Total 20 files)

e Development (PS\Sample Data\Mode! Data\ys 2l
LC\Proj Develop (PSASample Data\Mode! Data\Vs2l
¥ CAP. LLC\Proy D t (P5\Sample D. Data\Vs2l
| C:\ParkSeismicLLC\Projects\S oftware Development (PS\Sample Data\Model Data\Vs2l o
ERC S P WS- St satlod 2y St Mot Vo

DiopinaBedrockISRIActive0TITLDC Excellent

Phase blocity

SIN (%)

50 100 150 Selected File
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Inthe "Frequency Range" tab, the frequency of input dispersion curves used for inversion can be
redefined (if necessary) to a narrower range by entering {pem) valies in the "MIN" and "MAX"
boxes.

<Inversion Analysis for 1D/2D S-Velocity (Vs) Map> n

j ﬂ Back To Main

Input Files ‘_\nvelsmn Parameters ‘ Output Files (2-D Vs) |

Dispersion Curves and S/N  Erequency Range ‘

MIN MAX

Overall frequency range (Hz) 6539 185.673
Lowest frequency range (Hz) 6539 25.742
Highest frequency range (Hz) 105.179 185.673
Redefined common frequency range (Hz)* |0 0

Erequency range for inversion

@ Use as they are " Redfine common range*

“O=default vaiue (i &, original valus)

4.2 Inversion Parameters

<Inversion Analysis for 1D/2D S-Velocity (Vs) Map> n

Back To Main

[ Output Files (2-D Vs) |

InputEiles {Inversion Parameters

Search |I=ayev(Eanh) Model | Secondary Qutputs |
Searching Integrity (Number of Iteration) 3 _:_}
Number of Testing Phase Velocity for Each lteration 30 3)‘
Min. Match To Stop (%) (0=open): 0 g
Depth/Wavelength ratio for initial model. [r
Account for phase-velocity bounds on detecting interface v
Account for mode jump in inverse dispersion m
4.2.1 Search

Search Integrity (Number of Iteration)fhisspecifieghe total number of searching process each of
which will use the output from the previous search as the initial (starting) model.

Number of Testing Phase Velocity for Each Iteratidimisis related tothe total number of examining
velocities (Vs's) at a certain stage of the searcpmgess. This is directly related to the resolution
in testing velocities.

Min. Match To Stop (%) (O=operni)hiscriterion will stop the searching process if met before the
number of iteratiorsis reached

Depth/Wavelength ratio for initial model:Thisisthe ratio used during initial velocity model creation.

6
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Account for phasevelocity bounds on detecting interfacdf checked, thisvill account forthe
minimum and maximum phase velocities in the input dispersion curve to estimate initial velocities
of overburden and bedrock during the "Detect Bedrock" proceshigfoption is also checked).
Account for mode jump in inverse dispersioli:checked, thisvill generate apparent dispersion curves
instead of the fundamentainode (MO)curvesby accounting fortie mode jump during the
theoretical dispersion curve generation. This samificantly prolonghe process time

<Inversion Analysis for 1D/2D S-Velocity (Vs) Map> n

= X ‘ Back To Main

Input Eil sion Parameters [Ogtpu( Files (2-D Vs) ‘
Search [ Layer (Earth) Model | Secondary Qutputs |

Searching Integrity (Number of lteration) ‘3 |

Number of Testing Phase Velocity for Each Iteration ‘30 =

Min. Match To Stop (%) (0=open) [U

Depth/Wavelength ratio for initial model ’VDB

Account for phase-velocity bounds on detecting interface v

Account for mode jump in inverse dispersion |

4.2.2 Layer (Earth) Model

Number of LayerTotal number of layers (including the last half space) used in the velocity model.

Max. depth(Zmax)*:Depth to top of the deepest (last) layer (i.e., half space) in the velocity model.

Zmax Bound*A nonzero value will limit Zmax smaller than this value. This option will be active only
when the "Variable max. depths" has been checked.

Variablemax. depths:If checked, Zmax will become another searching variable during the inversion.
The initial velocity model will be scaled according to the new examining Zmax for each inversion for
a given maximum depth (Zmax). The "Depths Model" tab on g side will be enabled only
when this option is checked.

No. of different depths:Total number of different Zmax that will be examined at each iteration.

Min. depth (%):Minimum Zmax considered as percaitthe specified maximum depth (Zmax).

Max. depth(%):Maximum Zmax considered as percaiithe specified maximum depth (Zmax).

Only to Initial Model: The "Variable max. depths" will be applied only during the initial model creation.

*A zero value (0) indicates aptimum value will be determined by éhprogram.
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<Inversion Analysis for 1D/2D S-Velocity (Vs) Map> n

;, ﬂ Back To Main

InputFiles Inversion Paramet; dputFiles (2-D Vs) |

Layer (Earth) Model

Search Secondary Qutputs |

Specify Layer Madel ‘ DEpthSMudewﬁedm‘?”

Number Of Layer 10 2 Variable Max. Depths
Max. depth (Zmax)* 15.600 No. of different depths |10 g
Zmax Bound* 0 Min. depth (%): 50 2

Yariable max depths r Max. depth (%) 150 g
*0 = ta be dtermined by input data Only to Initial Model r

Detect Bedrock:If checked, the initial model creation will search for the simplest velocity model of
overburden/bedrock first. Then, the actual mutiyered (e.g., 1dayer) initial model will be created
basedon results from this process.

Detect intensity (%)This determineshe number of different depthshat will besearched; the higher
this number the more depthghat will be examined.

Min. Depth (Zmin)*:Minimum Zmax to be examined.

Max. Depth (Zmax)*Maximum Zmax to be examined.

Lateral continuity (810): If a nonzero value is enteredhts will applythe lateral averaging (smoothing)
of the created 2D overburden/bedrock model in velocity and bedrock topography.

*A zero value (0) indicates the optimuvalue wil be determined by the program.

<Inversion Analysis for 1D/2D S-Velocity (Vs) Map> n

;’ L’ Back To Main

Input Files [[TVersion Parameters | Output Files (2-0 V)|

Search Layer (Earth) Model ‘ Secondary Qutputs |

(5] Specify Layer Model Depths Model Eadrockl

Number Of Layer 10 3 Detect Bedrock W

Max depth (Zmax)™ 15.600 Detectintensity (%) |50 %]
Zmax Bound* ,U— Min. Depth (Zmin)* ’U—

Variable max depths r Max. Depth (Zmax)* 0

|

*0 = to be dtermined by input data Lateral continuity (0-10) 3 3]

If the "Specify Layer Modélbutton is clicked, then the following table will be displaystwing
numerical values of all parameters in the velocity (or "layezadh™) model. Individual values can be
viewed and manually edited. (Note Q values, Qs and Qp, are not used during the inydfdiois
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display is closed by clickitige "OK" button, then this layer model will become the initial velocity model
common to all input dispersion curves.

Then, the following two options will be available. Thisé specified layer for initial modeéwill use, if
checked, all parameters specified in tlhgédr model [i.e., Vs, Vp (or POS), depths, and density], whereas
the "Use only depth model in the specified layewill useonly the depth model (i.e., a series of

different thicknesses) during the initial model creation. To go backdmtlyinal defauloptions for the
"Layer (Earth) Model" tab, uncheck "Use specified layer for initial model" option.
















