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The law of reflection using
Huygens wavelets

The angle of reflection is equal to the angle of incidence.

ay A Lowrie, 1997 B

» During the time that wavefront AC travels from intersecting
at A to intersecting at B, secondary waves travel from A to D.
« AD = CB, so angles are also equal.
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Fig. 4.34 Principle of the seismic refraction method. Travel-time curves for direct waves,
critically refracted waves (head waves), late refracted arrivals, and reflected waves are shown
by numbers 1-4, respectively. Note that critically refracted waves start arriving after a
critical distance x_, but they overtake the direct waves at a crossover distance .
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Horizontal interface

Crossover distance, x_,

Where the direct and head
wave cross. Their travel
times are equal:

b o == == = -\ -4 Critical reflection

Head wave refraction slope = 1JV2
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Fig. 4.34 Principle of the seismic refraction method. Travel-time curves for direct waves,
critically refracted waves (head waves), late refracted arrivals, and reflected waves are shown
by numbers 1-4, respectively. Note that critically refracted waves start arriving after a
critical distance x, but they overtake the direct waves at a crossover distance x,_.
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Multiple-layered models

For multiple layered models we
can apply the same process to
determine layer thickness and
velocity sequentially from the top
layer to the bottom

Head wave from top of layer 2:

~

[yr2 72
X ZIII‘V'I—_’ _Il

S A7 . TIrrre
Head wave from top of layer 3: Y Vy= V=V,
‘ r)] : II;_\' . I;i q; ] II/.'I R Ir 2
X FALURN, 3 e ?\. f 3 >)
= =¥ Y 4 iy 2y 8 2
Vs Vin ViV,
7 " N ) A
Head wave from = «if 2h V' =V ,
top of layer n: Fe ¥ - 3
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[OpU3OHTasIbHLIM U BEPTUKANbHbLIW KOHTPACT CKOpOCTen

KpnBusHa eanHNYHOIO
rogorpadha ronoBHbIX BOSH
MOXeET ObITb OnucaHa Kak
TPEexXcrnouHou cpeaoun Tak un
OBYXCITOMHOWN, C
Bapuaumen cKkopocTu BO
BTOPOM CJIIOe€.
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[OpU3OHTasIbHLIM U BEPTUKANbHbLIW KOHTPACT CKOpOCTen

CpaBHeHMe 1
pasnnyune BIINAHNA Ha
rogorpad
npenomMmneHHoun
BOJTHbI BEPTUKanbHOM
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Fig. 4.36 Identical travel-time curves arising from a single shot S over (a) a horizontal three-
layer earth, and (b) a two-layer earth with lateral velocity change in the second layer. The
ambiguity can be resolved by an additional long offset shot, S,. Dashed lines on long offset
travel-time curves are segments of the travel-time curves that would be observed if
geophones were placed between S and S,. The three-layer case (a) can be distinguished from
the two-layer case (b) by noting a lateral shift in the crossover point in the first case and a
vertical shift in the crossover point in the second case. (Modified from Lankston, 1990.)
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Mapping vertical contacts

Small offsets

T VV) ‘'
A vertical step causes an offset //
on the traveltime curve ) ,//
* The relation of velocity to the e %]
slope remains unchanged Kv'v/
2
» The offset can be calculated from
the time offset, A7 My,
B ATVLV,
;" - f= Jiey ,-vr S B C D X
vV =17, s
e Diffractions link the two head i /4‘/"'?
Wave curves it FITrITTrrrT

e Depth, z1, is calculated from the
intercept in the usual way
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Limitations

Low velocity layers

e They are completely invisible to the
refraction method

* They will cause miss-interpretation
of the depth of lower lying layers

The intercept of the refraction
from layer 3 will be dependent
on the thickness and velocity in
layer 2

* Lower layers appear deeper than
they are

4
yva
1‘,‘/1 _
Vi
A
, 7
Vo< V< Vjg
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Real Earth “flat” layers

Although the interfaces between

real Earth layers are not perfectly
flat, head waves still travel along 3 P AT,
them : e lt

Analysis methods:

Best-fit straight line through %

the points provides some kind of V;\
average layer thickness and VN
velocity though the error may be 8 o .

unacceptable

Special analysis techniques: P
Phantom arrivals
Delay time
Plus-minus
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Phantom arrivals

Undulating surface

e Cannot extrapolate the head
wave arrival time curve back to
the intercept

*» How do we determine layer
thickness beneath the shot, S?
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Phantom arrivals

1. Shoot a long-offset shot, 5,

2. The head wave traveltime
curves for both shots will be
parallel, offset by time AT

3. Subtract AT from the S;
arrivals to generate fictitious
2n¢ layer arrivals close to S
— the phantom arrivals

4. The intercept point at S can
then be determined: T,

5. Use the usual formula to
determine perpendicular
layer thickness beneath S

2hVE V2

'2'.
4 > ¥
vV,

Construtted l-cl'n»cvsl_

rolracted impulses

o

Refracted impulses from
long offset shot S,
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Separation of delay times

Delay time is the difference between
the slant path traveltime (AB) and the
traveltime along the refractor beneath
(A'B)

Delay time below shotpoint S:

AB A'B
AT = -
' V V,
» h, h, tani
Al g=— N Likewise, beneath D:

Az, 2 oVE =7
A7

The delay time is related to the perpendicular depth beneath the geophone.
If we know the delay time, V, and V, then we can calculate the depth.
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Separation of delay times

Determining the delay time
beneath a geophone, ATp:

Total traveltime ABFG:
, L . -
1= 7+A15 +A15.

~

Total traveltime ABCD:
” B ot . o
/5D :F+A/5 +A/D

Total traveltime GFED:

B=mn
I R W 3

S'D -

2

]
0‘9 Adding the equations for Tqp and Tsp
~‘Q\ and using the equation for T, we obtain
an equation for AT, :
Tp +15p =1,

; L =>» determine AT, from a reversed refraction line

Applied Geophysics — Refraction II




Separation of delay times

Determining velocity, V, V,:

Direct arrival slope = 1/V,

'\
&2
’\(\ Subtracting the equations for T¢p and
<> Tsp we obtain the equation:
2% I
TS'D —TS"/_) - N _—7‘4‘/\7—% —/\T§,
_ j v, ¥, ‘ .
y=ax +b

» Plotting (Tsp - Tgp) against x the
slope is 2/V,

» Variations in the slope reflect lateral
variations in velocity
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The plus-minus method

Given the delay time AT, (from the “plus”)
and the velocities V; (from direct arrival)
and V, (from the "minus)

We can calculate the perpendicular depth: 7 L.

-~

V2 -V, g
A7 | s

AT,

Note: we need to see refracted arrivals
from both forward and reverse shots L
(three geophones only in figure)

Use long offset shots to caollect
necessary data for all geophones
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The plus-minus method

Assumptions and approximations

1. The relief on the refractor must be
small compared to the depth

2. Geometric relations assume a small
refractor dip (dip < 10 deg)

3. Refractor assumed to be planar
between the two points of
emergence to a given geophone
(ie between C and E)

So that AT, is equal when shooting
from both sides
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Limitations

Hidden layers

« If a layer is thin it may never
produce a first arrival

Either the direct or refraction
from a lower (much higher
velocity layer) is always first

e Lower layers always appear too
shallow as a layer has been missed
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