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INTRODUCTION

A Three-phase Research Project

1) acquisition of high-frequency broad band
ground roll

2) creation of efficient and accurate algorithms
to extract Rayleigh wave dispersion curves
from ground roll

3] development of stable and efficient inversion
algorithms to obtain near-surface S-wave
velocity profiles



INTRODUCTION ccontinuem

A combination of inverted S-wave velocity and
the standard GDP roli-along acquisition format
to yenerate a two-dimensional S-wave velocity
section



THE METHOD

o Acyuiring data in GDP acquisition format
o Extracting phase velocities of ground roll from
each shot gather

o Generating a 1-D S-wave profile for each shot

o Gontouring a 2-D section of S-wave velocity field



THE METHOD (continue
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THE METHOD (continue
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THE REAL WORLD EXAMPLES

1. Manping Bedrock (<30 ft) in Olathe, Kansas

Source: a12 Ih hammer and a1fthy 11t plate
Source spacing: 4t

Geophone: single, 4.5 Hz vertical component geophone
Geophone spacing: 2 ft

Nearest source-geophone offset: 8 ft



Traces per shot: 48

Length of four lines: 1400 ft

Manufacturing
Building
loading dock

Administrative
Offices

line 1




Geophones with spikes and  Geophones with baseplates
baseplates and baseplates with
sandbags



baseplates baseplates
with sandbags
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4.5 Hz geophone
with baseplate

12 1b hammer and
1 ft by 1 ft steel plate



MASW SwrTace Wave Survey Line

12 Th. Hammer Blows

4.5 Hz Vertical Componenti Geophones
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A ten-layer model
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Line 1, on asphalt parking lot
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A 2-D $-wave velocity map of line 1, Olathe, Kansas
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A 2-D $-wave velocity map of line 2, Olathe, Kansas




A 2-D $-wave velocity map of line 3, Olathe, Kansas




A 2-D S-wave velocity map of line 4, Olathe, Kansas







2.Imaging a Steam Tunnel (<20 ft), Lawrence, Kansas

source: an IVI minivib with a 10 second linear up-sweep
(10to 150 H2)

source spacing: 4 ft

Geophone: three 10 Hz vertical component geophones
wired in series

Geophone spacing: 4 ft
Nearest source-geophone ofiset: 80 ft



steam Tunnel Testing Site




Steam Tunnel tcontinued

Traces per shot: 30

] -
sampling Rayleigh waves:
4 “6 “ Soccer Field

Steam Tunnel

16 shots along a line 12m
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Steam Tunnel tcontinued

MASW Swmrface Wave Survey Line

IVI Minivib 1 2 3 30

@ ! ! ! 10 Hz Geophone !

e g0 ft ——>le 4 fi>
cafel
: 16t — =

Sweep: 10 to 150 Hz, lasting 10 seconds
Source spacing: 4 ft




Steam Tunnel (continued

A ten-layer model

The observed frequency
of Rayleigh waves:

10to 50 Hz

The observed wavelength
of Rayieigh waves:

410 65 ft

Thickness of the layers
First four layers: 3.3 ft each
Last five layers: 6.6 ft each




Steam Tunnel (continued
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Steam Tunnel (continued

Dispersion curves for imaging heginning of line and top of tunnel

The difference hetween the two
dispersion curves indicates the
existence of an anomalous D

ation 1060
subsurface.

Relatively lower phase velocity
(pink line) inlower frequencies
(<17 Hz) suggests low S-wave
velocity at a relatively deeper
depth. Relatively higher phase
velocityinarange (>20 H2
suggests very shallow materials
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Steam Tunnel tcontinued

S-wave velocity map, Steam Tunnel at KU




Steam Tunnel tcontinued

Resldual $-wave velocity, first-order trend removed,

Steam Tunnel, KU
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3. Mapping Bedrock Surface (<100 ft), Joplin, Missouri
(Two parallel lines total 364 shots)
Source: an IVI minivib with a 10 second linear down-
sweep (100 to 10 Hz)
Source spacing: 4t

Geophone: three 10 Hzvertical component geophones
wired in series

Geophone spacing: 4 ft
Nearest source-geophone ofiset: 40 ft



MASW Swrface Wave Survey Line

IVI Minivib 1 2 3 34

@ ! ! ! 10 Hz Geophone !

. 10 ft —— >l 4 ft—>]
|.¢—

-~ 132 ft é-i

Sweep: 100 to 10 Hz, lasting 10 seconds
Source spacing: 4 ft




A five-layer model
Traces per shot: 34

Sampling Rayleigh waves:
4101321
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Ohserved frequency of
Rayleigh waves: 10to 25 Hz
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Ohserved wavelength of
Rayleigh waves: 40to 100 ft




Shot for imaging station 1050 Shot for imaging station 1326




Dispersion curves for imaging stations 1090 and 1326

200 ft/s difference
between these two
dispersion curves:
station 1090 is at the
beginning of the line,
and station 1326 is at
the location of the - Station 1050

—=— Station 1326
second well.
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A 2-D S-wave velocity map of line 1 Joplin, Missouri




A 2-D $-wave velocity map of line 2, Joplin, Missouri




4. Mapping Dissolution Feature (<100 f), Damascus, Alabama
(2,500 shots acquired along thirteen lines)

Source spacing: 4 ft

Geophone: Single 4.5 Hz vertical component geophone
Geophone spacing: 4 ft

Nearest source-geophone ofiset: 40 ft






13 lines
2,900 shots
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MASW Swrface Wave Survey Line

K GS buili weight dropper

4.5 Hz Vertical Component Geophones

| 41t |

224 shots along line 1



Afourteen-layer model

Traces per shot: 48

Sampling Rayleigh waves:
410188 ft

Observed frequency of
Rayleigh: 3 to 22 Hz

2910 200 1t




A 2-D S-wave velocity map of line 1

Two distinguished S-wave velocity lows are around stations 1050 and 1270 from 40 to 100 ft
denth. The weathered limestone surface is interpreted along the 1200 ft/s contour line.



A 2-D S-wave velocity map of line 2
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9. Pit site location (< 40 f1), Raleigh, North Garolina
(250 shots acquired along two lines)

Source: one ground impacts from 8 Ih. hammer
Source spacing: 2 ft

Geophone: Single 4.5 Hz vertical component geophone
Geophone spacing: 2 ft

Nearest source-geophone offset: 24 ft



8-channel Geometrics Strataliew




8 Ib Hammer and 11t by 1t plate (DELRIN)




4.9 Hz vertical component geophone
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S-wave velocity section of line 1




S-wave velocity section of line 2




1. Shallower target investigation

High-frequency (> 2 Hz) ground roll
Investigation depth from 5 to 100 feet

2. Feasibility in noisy environments

Ground roll, high signal-to-noise ratio, allowing 2-D
images to be obtained in noisy environments

The standard GDP roll-along acquisition method
provides an efficient way to acquire large quantities of
broadbhand surface wave data along a line



4. Reliability

The redundancy of the GDP acquisition method provides
a reliable way to verify inverted S-wave velocities so that
itreduces the ambiguity of inverted S-wave velocities

J. Simplicity

A contouring software: from a 1-D S-wave velocity profile
to a 2-D S-wave velocity map

2-D data processing techniques can be applied to a 2-D
S-wave velocity section to enhance local anomalies
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