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Crustal studies
(ex: Moho)

Geotechnical and engineering studies
(ex: depth to bedrock,
survey at dam sites,
weathered rocks investigation,
site investigation for waste disposal [also toxic waste],
Presence of faults in the bedrock,

rippabllity)

Seismic exploration
(ex: refraction statics computation)
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Source is excited in x=0. The receivers record:

1) direct waves

2) reflected waves from the interface

3) if V2> V; and for angles 6_.>= arcsin(Vi/V2) the head waves
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The angle 6 _ at which the head wave Is generated is called the
and Is given by the Snell law when the incident angle 6. is such

that 6, =90°
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x=offset
Xeritical G Refracted ray path: SABG
I B m m X

Time Tsass can be divided in
/ three components:
Vi
J

Tsase= Tsa+ Tag + Tge

///k///p///A///////////g/////ﬁ(//
1/2)(critical V2

(T,,=Sw/V,=hcos$% [V,
Tsa= Tsw+ Twa ==>< T, ,=kAsin% /V,=kA(V,IV,)IV,=kAIV,=T,,

 Analogously: Tig = Tem
Time-offset curve:

Teg= Tsw+ Tic + —> TSG:TReﬁ,ZZhCOS 9(,,/Vl+X/V2

V1 N.B.: Only for x > x

critical
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T pen = L b _2 \/(5) R ) T§+X—
V,cos} V, |2 Vi Vi %

X
Hyperbola of reflected arrivals with asymptote: T (X ) _V
1
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1/2 Xeritical .
S Xcritical G X
At the critical distance, the hyperbola e e
of the reflected arrivals Is tangent to 0,
the line representing the refracted h 6.6, Vi
arrivals
JTTT T T T T T TETT
2
2 X2 ; é:O - - Eritical - - - X
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— Reflected wave
to
1) TRefr |xc — TReﬂ |xc t
X, h sind,
2) dTreﬂ| _ 2 ) _ 1 cos 3, _ sin$g, _ 1 dT
dx = V, |2 V., h V, V, dx
c 2
2 Z+h cos 9,



Time-offset curves
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X, cross-over distance

Depth



***** OITINTRIS
. Refr
X 2 h cosd, X I

S S

X :2h\/V2+V1 =) 2h<x, <o
S Vz_V1

1+sin 9,

CoS 9,

sin g,
Because X, = 2 9 — _
Cos
c

Multiplying by V,+V, and gathering the factor V; ) X, =
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20m 400 m/s weathered layer

1200 m/s bedrock
sin$ =V /V,=1/3 = 9 =195°

tan3, =035 = X, =2htan$_,~ 14 m

V2+V1
x,=2h—*— ~56.5m

S —
2 1

For offsets > 56.5 m, head waves are recorded before the direct waves
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Refraction from a 3 layer model @ITINERIS

3 layer model

V,<V,<V,

Depth

Arrival time
[ms]

Intercept time

Time-distance plots

Intercept time |-
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Time-distance graphs from head-waves generated from closely spaced
shots are parallel

S1 S2

time ,

t (S2)

t (S1) - t (S2) = constant

I I I I I I I I I >
0 X1 X2 X3 X4 X5 X6 X7 X8 X9 X




from a shot
further to the left
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from a shot further

/ to the right




Time [ms] 4

D ITINERIS

Vwea = 500 m/s R
o= Ve = 1600 m/s
751 '
- 2hcos 9,

V... 50F
25—

| | | | | | | | | -

0 10 20 30 40 50 60 70 80 90 Offset [m]
Procedure:

s Vwea = from direct arrivals line

a Ve = from refracted arrivals line ¢

a i = from linear regression of refracted arrivals
[ h . ti Vwea

2 cos 3.
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h,' cosSC+h2' COS9C+xcosoc
Vi Vi £

t=

h,'=xsinoa+h,

2h," cos$, xsino cos$, xcosa sing,
= + +

t Vl Vl Vl

_2h," cos9, xsin(9 _+o)
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Horizontal interface Dipping interface
X X
______________________ ) oL
vV, vV,

Time-distance graph for Time-distance graph for
forward and reverse shooting forward and reverse shooting
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[ms] 400
=i tas = 300 A
A/
200 / te
1000, N
Shot A Shot
pointA  _100 point B
-200
MINUS
-300
-400
-
Procedure: V1 = from direct arrivals or other measures
V2 = from MINUS curve
PLUS V,
cos ¢, = through V1 and V2 —>D =
2  CoSI,

Depth to refractor = from PLUS curve ——
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* Xe13 Xer2 _
: X
h, : Vi
h, | \ v, /
Vs
where V,<V, and h,<h
2" Example
* Xc13 Xe12 _
X

3 B

V, where V,<V <V,
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In these situations, the seismic refraction method is not effective since the two upper
layers are misinterpreted as a single layer with velocity V1 and thickness h # h1 + h2
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15 m
24 channels
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Source: sledge hammer, drop-weight, shot gun, land air-gun,
explosives.

Aim: determine thickness and velocity of the weathered layer
as well as of shallow layers.

Applications:

- civil engineering

- water prospecting

- determine static corrections for seismic reflection method
- mineral research
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Example of one layer refractor mog |
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Refraction tomography (3-layer model)
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Refraction tomography (1-layer model with vertical velocity gradient)
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