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Seismic Refraction

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,
rippability)

Seismic exploration
(ex: refraction statics computation) 



  

Source is excited in x=0. The receivers record:

1) direct waves

2) reflected waves from the interface

3) if  V2 > V1 and for angles θc >= arcsin(V1/V2)  the head waves
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The angle θc at which the head wave is generated is called the critical 
angle and is given by the Snell law when the incident angle θi is such 
that θt =90°
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Analogously: TjB = TBm
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Refracted ray path: SABG
Time TSABG can be divided in 
three components:

Computation of the refraction time-offset curve

½ xcritical

T SG=T Refr=2hcosϑc /V 1+x /V 2

Time-offset curve:

TwA=kA sinϑc /V 1=kA (V 1/V 2)/V 1=kA /V 2=T kA

TSw=Sw /V 1=hcosϑc /V 1

N.B.: Only for x > xcritical 



  

Computation of the reflection time-offset curve
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Time-offset curves at critical distance

At the critical distance, the hyperbola 
of the reflected arrivals is tangent to 
the line representing the refracted 
arrivals
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Cross-over distance
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Example

20 m 400 m/s

1200 m/s

weathered layer

bedrock

sinϑc = V 1/V 2 = 1 /3 ⇒ ϑc = 19.5 ̊

tan ϑc = 0.35 ⇒ xc = 2h tanϑc ≃ 14m

xs = 2h√ V 2+V 1

V 2−V 1

≃ 56.5m

For offsets > 56.5 m, head waves are recorded before the direct waves



  

V≈1450 m/s

V≈2300 m/s

Δx = 25 m

Example of refraction – marine data
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Example of refraction – land data



  

Example of refraction – land data
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Picking the first arrival

Signal 
generated by 
an impulsive 
source

Signal generated 
by a Vibroseis 
after cross-
correlation

First arrival

First arrival



  

Parallelism of travel time curves
Time-distance graphs from head-waves generated from closely spaced 
shots are parallel
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First arrival quality control
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Intercept time method
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Time [ms] Vwea = 500 m/s

Offset [m]
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t i=
2hcosϑc
V wea

 Vwea  from direct arrivals line⇒
 Vc  from refracted arrivals line⇒
 ti  from linear regression of refracted arrivals⇒
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ϑc

h=
t i
2

V wea

cosϑc



  

Dipping interface time-distance curve
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Dipping-layer case

Horizontal interface Dipping interface
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Reciprocal methods: Plus-Minus
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Reciprocal methods: Plus-Minus
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Procedure: V1  from direct arrivals or other measures⇒

V2  from MINUS curve⇒

      ⇒ through V1 and V2cosϑc
Depth to refractor  from PLUS curve⇒
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Example

Model

Travel times 
curves

(Palmer, 1986)

0 20 40 60 680 100 120

10

20
5000 m/s

2000 m/s

Distance [m]

D
ep

th
 [

m
]

Distance [m]

10

5
0 20 60 80 100 12040

15

20

25

30

A
rr

iv
al

 t
im

es
 [

m
s]



  

Example
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Refractor 
model

(Palmer, 1986)
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Hidden-layer problems

V 1
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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



  

Design of a refraction survey: Example

Source

15 m

Source

2 m

24 channels

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



  

Example of one layer refractor model 
estimation: shot of the Ancona survey



  

Example of one layer refractor model:
First Break Picks

LandSea

Dg = 5m

Railways 
and Road



  

  VV00 Weathered  = 850 m/s Weathered  = 850 m/s

  VV00 Sea  = 1450 m/s Sea  = 1450 m/s

TopographyTopography

Refractor Refractor elevationelevation

Refractor Velocity  m/sRefractor Velocity  m/s

200 m200 m

50 m50 m

Weathered Weathered 
LayerLayer

MontagnoloMontagnolo

Upper Upper 
TrenchTrench

Lower Lower 
TrenchTrench

Coast Coast 
LineLine

Example of one layer refractor model 
estimation: Ancona landslide



  

Refraction tomography (3-layer model)

Refraction tomography (1-layer model with vertical velocity gradient)

Refraction tomography on a landslide



THANKS!


