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REFLECTION VERSUS REFRACTION SEISMICS

Refraction with increasing
incidence angle 6i < 6i,

Critical incidence angle

v B, Va
=» Incidence angle where refraction = 90° i
— a wavefront will propagate horizontally
— onthe interface of the 2 media
— with the velocity of the 2" medium (')
Total reflection beyond critical angle 01 = 0,

— all energy will be totally reflected

— no refraction to lower medium
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REFLECTION VERSUS REFRACTION SEISMICS

Analysis of all reflected waves and of the complete signal to achieve a 2D or 3D image

Seismic Reflection Geometry
Geophones Shot Point Geophones

— Continuous profiles X% —% % Y Y Y ‘ 7 Iy i
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REFLECTION VERSUS REFRACTION SEISMICS

Timing of the first arrival of the quickest refracted wave

Seismic Refraction Geometry

Overburden

Bedrock

_ o _ Shot Point Geophones
— Uniquely velocity information , . Y . ¥. —F-
IS Riret Wave and Gro ‘d,R‘oit Raypath /.
— Large geophone array TR S i
IAEL \c.\}(“ e : - .. .,
=> 4-5 times depth f 1 \\ R 5o ", o}-}'
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— High energy sources needed ‘P‘N&i} W I 2o
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— Practically limited R \g T ) A
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— Predominantly land seismics \ N Tooas
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REFRACTION SEISMIC SURVEYING

Horizontally propagating wave (6t = 90°)

— “excites” all passed points on the interface
— points will act as sources (Huyghens)

_ - E E(x) - fuwncen /
— energy is sent to upper medium as a |

"head wave” —////
; |
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— the angle related to the head wave ray

equals the critical incidence angle!
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REFRACTION SEISMIC SURVEYING

Ray paths Head wave
. ] ] generated
The head wave Is a perturbation in the upper layer, >\/ Rl e
eC
travelling with higher velocities of layer 2! s ! // Py :
V> Vg
— Obligue passage through upper layer P
Wavefront
— Any associated ray is inclined at critical angle el
. Kearey ef al (2002)
— Direct wave also propagates trough the \'
Air wave
slower upper layer at velocity of upper layer b USSR e
— Head wave will be “ahead” of the direct wave '
. v
over a large distance
@ e
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REFRACTION SEISMIC SURVEYING

At point D, the crossover point, the refracted ray arrives before the direct ray

i

’ Directray | | ray

Refracted ray
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REFRACTION SEISMIC SURVEYING

The crossover point will occur at a large distance, resulting into a long geophone array

Distance in feet or meters —>
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REFRACTION SEISMIC SURVEYING
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Seismic wave behavior across a single boundary
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REFRACTION SEISMIC SURVEYING

Direct wave expression
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Time (ms) —>»

Horizontal distance from shot point —>»
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REFRACTION SEISMIC SURVEYING

_~

a)

Direct wave + 1 refracted wave expression T F
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REFRACTION SEISMIC SURVEYING

No refraction
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REFRACTION SEISMIC SURVEYING

/7
4 Y24
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i /
Time /7
7/
Wide-angle /5/
reflection arrivals 7/
17 Critically refracted
Critical // amvals
reflection £ i Secondary
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(Slope = 1/V2)
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REFRACTION SEISMIC SURVEYING

Starting from basic goniometric relationships:

Se®cccccccccncncrcccccccsaa R e et » G
(x —AB) ; 7
tCII’IicZ ii° i‘i
Z | |
7 z i . |
COSlc =—— l ;
SA E : . :
.. V1 : | h v
sinlc=— (Snell’s Law) . v
\/, (V> V)
A V. B
2; 25 _
— coS“lc+ sin“le =1 Direct wave versus refracted wave
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REFRACTION SEISMIC SURVEYING

AB 2SA
Tsc=—+

Vo2 V1

X—2z.tan Ic 27 "
Tsc = + :

V2 V1.COS Ic

X 27 27.51N Ic
Tsec =—+ — — :

V2 Vi.coSlc V2.COSlIc .

X 27 2V 1.2.51N Ic
Tse =—+ — — :

V2 Vi.coSle ViV2.cosle

Tsezi—l— 2 _ 1—Esinic (V> V)
V2 Vi1.COSIc Vo

i X 2Z.COSlc
HENT Tso =—+
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REFRACTION SEISMIC SURVEYING

The final equation fits withy =ax + b

] S¢-cccccccccnnccccccnaa- R i e e »>G
Where a = gradient v
&
. . . l l
b = Interception on Y axis T P
s s
Otherwise put: . v i
i :
. I I
gradient = — ' / ' |
V2 :h Ay
| o 22.CoSic s i i
Interception time = e A 8
V1 “
Py X 2Z.COSlc
T X - —
= =>[sc =—+1i Tso \/ i \/
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REFRACTION SEISMIC SURVEYING

Calculation of the interception time t; and depth z

B V£ Bl e e it PV . .
(1) sinlc=— —
V2 .
lC
(2) sin“ic + cos®ic = 1 :
- v
|
|
|
As a consequence : | i
I
I 1 " vy N e
cos“ic=1- sin“ic — v
(V> V)
A V.
i V17 |
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REFRACTION SEISMIC SURVEYING

Calculation of the interception time t; and depth z

_ 5 i o e e X ~cccccccmcccccnccccccena > G
27.COS e : v
ti = y | '
1 A I |
| |
| |
27 V 12 | |
ti —_ 1 : z i Vi i
V1 V 22 i E
22 ' I i |
ti:VV \/V22—V12 :h ﬁ: ;
1V 2 Y 3 :
and it . . B
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REFRACTION SEISMIC SURVEYING

Calculation of the crossover distance X, ..

Se®cccccccccncncrcccccccsaa R e et » G
. . v
Travel time direct ray @ Xcross 1 |
| i I |
Xcross : |
— | |
V1 z i . i
. | I
Travel timerefracted ray @ Xcross : i
| ] /
| I
X | I V.
Tsc =— +1i - > "
V2 (V;> V) 3 : i
— X  2Z.COSlIc
AT Tsc =—+
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REFRACTION SEISMIC SURVEYING

Xcross Xcross 97 \/ V 22 -V 12

Vi1 Vo ViV S PN S S o s 5
V2-Vi W2-V2 T
Xcross. =21 ¥ :
ViV ViV E
WV 22—V 72 - ‘
Xcross= 27 |
V2-V1 E i f;
o 22\/(v2—v1)(v2+v1) | 1 ] oy
JV2VifVe-Vi)  wew o B
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REFRACTION SEISMIC SURVEYING

S G
Tsc=Tsa+Tag+Tec+Tceo+ Toc W ¥
71 NS
TSA - TDG — l A : - D (V>V)
V1cos 01 ]
/2 | .
Tae=Tcp = J : v: c
V2cos Oc ' (V> %)
1 B G
Tec = —(X — 2z1tan61— 2z2tanOc)
V3
. Vl Time
sinbo.=— ’ Siope = 11y
V2 ]r-“ —————— Slope=1/v2
V2 Sy
Sin ec = —
V3 "T
@ Sii’l 91 . Sin eC . 1 i Slope = 1/,
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REFRACTION SEISMIC SURVEYING

<]O

T X 2zZitan©:1 2z2tan0c 271 272
SG = | |

Vs Vs Vs VicosO1 V2c0s0:c

X  221c0801 2Z2c050c

Tsc = |

V3 V1 V2

(A) S

Tsc = s + 12 >

V3
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REFRACTION SEISMIC SURVEYING

B 2721c0s01 2Z2c0S50c

{2=
V1 \V§
t1ViV2

2JV22-Vi2  m

Whereas zi1=Di1=

G
V
Thus, inreplacing cos9:and cosO. e
toV2V3 21V2\/ V3% - V1% ool oy 7 v
{2= T A il D (V,>V)
2JV3iZ=V22 Vi Va2 = V22
! X V; e
— i (V,> V)
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GHENT B c

UNIVERSITY 23



REFRACTION SEISMIC SURVEYING
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— — Located in between 2 higher velocity layers: no display on t(x) diagram
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REFRACTION SEISMIC SURVEYING
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— There will always be the formation of a head wave

GHENT  — But the head wave of layer 2 will be passed by a deeper one
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REFRACTION SEISMIC SURVEYING

(a)
a) Horizontal interface at a depth of 20 m 20’“\

with velocities above and below the

Interface of 500 m/s and 1500 m/s

b) Dipping interface with identical depth

to that in (a) at the site of the hammer

Impact and identical velocities

c) Travel time plot

N
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REFRACTION SEISMIC SURVEYING
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Reverse
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Distance (m) Burger et al (2006)
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REFRACTION SEISMIC SURVEYING
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Reverse

Time (ms)
S
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Reciprocal times
/ must be equal

1F: 2F: |2R MR
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20 40 60 80 100 120

Distance (m) Burger ef al (2006)
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