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DISCLAIMER. This report is provided on an “as is” basis, without warranty of any kind. The usage of the procedures
described in this report is intended for qualified personnel only, capable to understand the meaning of input and output
data. The code developers and distributors disclaim all warranties, express or implied and will not be liable for any direct,
indirect or consequential damages or costs of any type arising out of any action taken by you or others related to this
report and the codes/procedures described in it.
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Introduction

The H/V curves acquired along 2D (or 3D) profiles can be synthetically reproduced as contour plots, where
the same color shades indicate the same H/V amplitude or as isoline plots, where the isolines have the same
meaning (Figure 1). Since high amplitude values of the H/V ratios (the so-called peaks) indicate high
impedance contrasts in the subsoil (reflectors), a contour plot imaging can help identifying the lateral
continuity of the seismic reflectors.

In this type of plots, the horizontal axis usually indicates the distance between the measurement points while
the vertical axis indicates 1) frequency or 2) depth.

In the first case, the H/V curve is represented exactly as processed from the spectral analysis. In the second
case, the shift from the H/V-frequency domain to the H/V-depth domain is achieved on the basis of the user’s
defined assumptions about the Vs profile with depth.

In the simplest cases, the Vs profiles with depth have the shape illustrated in Figure 6, that is an exponential
law with different Vs gradients (a exponent). This is clearly a simplification but still useful to get a clearer
ensemble view of a set of H/V curves.

A Remind that the seismic stratigraphy obtained from the procedure described in this report

depends on the user’s Vg assumptions. Large deviations from reality can occur in presence of deep
reflectors, since the deviation of the real from the assumed Vs can sum up over the layers with the same sign.
Results in absolute terms are a function of the specific Vs assumptions performed by the user.
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Figure 1. Example of synthetic visualization of H/V curves along a section. The color shades are proportional to the
amplitude of the H/V ratio according to the color scale to the right. The red band marks the frequency shift of the H/V
peak along the section. Frequency was converted to depth according to the specific Vg assumptions performed by the
operator.
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Preliminary procedures

In the field:
= Perform the recordings along the desired direction (Figure 2). The distance between the
measurement points determines the horizontal resolution of the final contour plot: the model
between two measurement points is interpolated and therefore not necessarily real,
= Keep the same sampling rate for each acquisition. Should this not be the case, use the File >
Desampling function of Grillato reset the traces to the same sampling rate.

In the office:
= Download the recordings from Tromino® and name them with progressive numbers (e.g., TR_01,

TR_02, TR_03, TR_04, as in Figure 4).
The file names can be modified also from Grilla.

Figure 2. Example of alignment of recordings (left) and progressive numbering (right).
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H/V data analysis

e In Grilla, analyze the data individually or in batch mode. Keep the same analysis parameters for all
the recordings. Enable the SAVE OUTPUT IN ASCIl option as shown in Figure 3 and assign the file
name and destination path (e.g. C:\ASCII).

Note: all the files to be used to produce the 2D-3D contour plots must be identified by a unique
number, progressive along the alignment (e.g., TR_01, TR_02, TR_03 etc.).

Note: in the batch mode analysis, a box to set the file name and initial number will appear (Figure 4).
In this case the files will be numbered in the same order in which they appear in the Grillz database.
Should this be not the desired order, modify it directly in the Grilla database before proceeding.

It is very important that after the analysis each H/V curve has a narrow standard deviation around the mean.
To this aim, it should be cleaned by removing transients. Do not proceed until the H/V curves have a good
quality.

e Press Ok and proceed with the analysis of all the recordings.

¥~ Spectral and H/V analysis settings X
Set

Analyze: Analyze hetween D - [Hz]

@& iwhole trace;

& f [j D I~ Directional H/V analysis

& Angular step 10

" automatically selected windows — )l

-

Window size: [s]

Smoothing:  10% v Save output (in ASCII)
— ] [T Setthese as defaultvalues
/
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-
Ok Cancel

Figure 3. H/V analysis window. Enable the SAVE OUTPUT IN ASCII option.
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¢ Select file names X
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Figure 4. Assign a name and the initial number to the files to be analyzed in batch mode.

Generation of the contour plot files

From the Grilla menu, select Analysis tools >> H/V >> Contouring.
The software converts the processed H/V curves from the frequency domain to the depth domain by using a
V; model selected by the user. The files resulting from this operation can be input in software like Matlab®

or Surfer® (Figure 5) or similar.

1)

In the box Path to .asc file write the path of the folder containing the ASCII files. The path must
include also the file name, excluding the progressive number (if you followed the example provided
so far, type C:\ASCII\TR_).

In the box Number of files, type the number of the files of the section.

4) Insert the coordinates (progressive distance, elevation) of each measurement point. This
operation can be done:
a. Manually (typing the values for each point or copying them from other files)
b. Loading the coordinates from a text file (Browse button in the box Load from file) formatted
with 2 columns:

progressive distance [m] elevation a.s.l. [m]
00 210
30 250
68 222
85 180

The elevation can be left O if the study area is flat or if the altimetric profile is not relevant.

o n

Note: the decimal separator is the point

Note: Distance can be written in any preferred measurement unit. The contour plot will be produced
with the same unit.

5) To convert the H/V data from the frequency to the depth domain, it is mandatory to assume:

a. anear surface Vg value (200 m/s in the example of Figure 5),
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b. aV;s gradient with depth. For a detailed discussion on the gradient, refer to Ibs Von Seht and
Woholenberg (Bull. Seism. Soc. Am., 89, 250-259, 1999).
Some possible gradients are illustrated in Figure 6. At sites characterized by a slow Vs
increase with depth (e.g., fine grained alluvial plains), use low a values (0.05, 0.1). At sites
characterized by a large Vs increase with depth (e.g., coarse grained alluvial plains), use large
a values (0.2, 0.3).

6) Select H/V amplitude orlog,, H/V. The logarithmic scale tends to smooth the amplitude differences
but usually provides plots easier to be read in terms of lateral extension of the seismic reflectors.

7) Click Go.

The software generates 4 files (x.dat, height.dat, logHV.dat e FileSurfer.dat) to be used to plot the contour
maps.

5 Path to .asc file - O X

Path to .ascfiles
\C:\ASCII'\,TR_

=

Number of files:
|

Coordinates (iﬁseff manua‘lrly)“ 11 Eoord'.“(’lodc‘i‘f'rom fiviéj‘

x [m]: |0 3068 85 ‘

Elevation [m]: ) Browse ‘

|21u 250222 180 | A

Fead 4x-coordinates. Read 4 elevation values.

Top Vs [m/s]: Exponent (alpha in lbs V. S. Wholenberg 1399):
|2nn | |0.25 |

Figure 5. Parameter window of the H/V contouring tool.
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Figure 6. Vg function with depth for different values of the a parameter. The gradients for the fine alluvial plains are
better represented by small & values. The initial Vg for all the illustrated case is 200 m/s on the surface. This assumption
must be tuned according to the site under study.

Contour plots

Let us now describe how to create contour plots with 2 common software.

In Matlab®

To create a contour map in Matlab®, move to the folder where the output data are saved and type the
following commands:

load x.dat

load height.dat

load loghv.dat

contourf (x, height, loghv)

A contour plot as Figure 7 will be displayed. Since the H/V curves span a range from a few cm (100 Hz) to
hundred meters (0.1 Hz), it might be recommended to limit the scale view to the upper tens of meters.
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Figure 7. Example of contour map created with Matlab®.

In Surfer®

A free version od Surfer® can be downloaded from this link.

Grid creation

Let us start by creating a grid with the software tool Grid Data (Figure 8). Select the file FileSurfer.dat
containing the data to contour (e.g., C:\ASCII\FileSurfer.dat).

Surfer® reads automatically the three data columns of the FileSurfer.dat file: the first contains the x
coordinates (horizontal), the second the y coordinates (vertical), the third the H/V (or log;¢ H/V) amplitude

for each couple of points (x, y).

Surfer - [Plot1]

‘ Home Layout Features Grids Map Tools

View Q Search commands and Help...
L LT| Copy & Undo Rename ’ ) o N\ E Z_ + &
00 | o ||, B EAEOCEE S A&
#% Cut ¥ Redo T 4 Transform ) =
Paste : Select | Select Grid Map Base Contour Post 3D Color Specialty Layer Text Polyline Polygon
v K Delete All~ Data | || Wizard v v Maps~ Relief - - (ONG)]
Clipboard Undo | Selection Grid Data|| Wizard | New Map ‘Add to Map\ Insert ‘
= - S S NS
el BT N (N
Contents Grid Data b1 x|
EEE Create a grid from irregularly i - - yl k]

spaced XYZ data

Press F1 for help.

E

Figure 8. Click the Grid Data icon to create the grid.
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We shortly describe the main settings of the Grid Data menu (Figure 9).
1) Select the interpolation model (kriging is a common choice, further details in the related manual),

2) Choose the maximum depth to be displayed in the contour plot. A 0.1 Hz peak in a H/V curve may
indicate a seismic reflector at depth larger than 1000 m. If the target of the survey is the shallow
subsoil, it is convenient to set the maximum desired depth at this stage. Depths are negative numbers
(Y Direction: Minimum).

3) Set the spacing parameter that is the distance between two isolines. Even though this value can be
as low as desired, note that this can become just a graphical effect and does not correspond to an
increase of information at will. Do not confuse chromatic details with the real resolution of the
investigation technique.

4) Do not tick the box marked with number 4 in Figure 9. If the topography is not flat, follow the
instruction in the next section.

Press OK. Surfer® saves the output files in the same folder as the input files.

Grid Data - C\ASCINFileSurfer.dat ? X

Data Columns (49080 data points)
X: | Column A N, Filter Data...
Y: Column B v View Data Sl
Z:  Column C v 1 Statistics [C] Grid Report
Gridding Method

Kriging w | | Advanced Options... Cross Validate...
Qutput Grid Geometry 3

Minimum Maximum Spadng Nodes

X Direction: | 0 | [115 | EL [ 151 2
¥ Direction: | -50 B [} 0.1 | || 551 &

Grid Z Limits 2 A ZTransform: | Linear X
v

Minimum: | None
[[IBlank grid outside convex hull of data

Maximum: | None v o
Output Grid
C:\ASCII\FileSurfer.grd ‘ =

Figure 9. Parameters to be set to create a grid in Surfer®.
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Figure 10. Contour with large spacing values. Figure 11. Contour with narrow spacing values.

Contour plot

Click the Contour icon (Figure 14) and open the .grd file created previously.

The H/V isoline plot will be created and this can be customized by using the menu that appears by clicking
the image.

The Fill contours option and the chromatic scale set to Gravity usually provide good graphical results (Figure
14, Figure 15).

) Surfer - [Plot1]
‘ Home | Llayout Features Grids Map Tools View Q Search commands and Help...
. [ copy | ¥ undo Rename [ m E f N [z — A + W
i 4 & Bl i @ 2 A &
&% Cut # Redo Transform \ ®
Paste Select | Select Grid Map Base | Contour | Post 3D Color Specialty Layer Text Polyline Polygon
v & Delete All~ Data | Wizard > v  Maps~ Relief - - © @
Clipboard | Undo | Selection | Grid Data‘ Wizard New Map ‘ Add to Map| Insert |
N =P N E
Contents New Contour Map h
Create a new contour map - - - gl 1
Press F1 for help.
Figure 12. Select Contour to create the H/V color map.
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Figure 13. Menu to customize the contour plot.

Propel Shtours-FileSurfer.grd T X
Gene ayer  Coordinate System Info
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Level method Simple Ej
Minimum contour -0.7
Maximum contour 045
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Figure 14. Menu Levels.
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Non-flat topography
In case of non-flat topography, operate as it follows:

1) Create a grid as described on page 9. In absence of alternative information, Surfer® creates a
rectangular grid. In case of a non-flat topography, the ground profile must be included in a polygon,
so that the part outside the polygon can be deleted.

2) From the main menu of Surfer® select File > New > Worksheet and insert the coordinates of the
points of the surface (the same coordinated inserted on item 2 and 3 of Figure 5).
Cell Al: type the number of the vertices that compose the polygon.
Cell B1: type zero.
Cell C1: give a name to the polygon.
In column A, type the x coordinates. In column B, type the y coordinates. In column C, type all zeroes
(Figure 17).
Complete the procedure by clicking File > Save As, and save the file with the extension .bln, (Save as
type: BLN Golden Software Blanking (*.bIn)).

3) Select Grids from the main menu and click Blank.
A window opens. Select:
a. the .grd file created in the previous step
b. the.bln file
c. the layer type to export (e.g., Contour).

Press Ok and move to the Home window where the contour map can be created with the New
Contour Map option (Figure 12).

m Haome Layout Features Grids Map Tools View

% @"@ @ Grid from Contours IEI E% % 11“:?\'

[# Function
Grid  Grid from ) Blank Filter Convert Spline Assigr
Data Sernver Eﬁ‘-{armgram - smooth 1
Mew Grid Edit

Figure 16. The Blank command can be entered from the Grids menu.
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Figure 17. Example of polygon coordinates.
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Figure 18. Grid blank window.
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