Seismic methods: Refraction |

Refraction reading: Sharma p158 - 186
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Pre-Critical incidence

Reflection and refraction

Snell’s Law:

sini, _sinR, _sinr,

Ve, Ve Ve,

where pis the ray parameter and is
constant along each ray.
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Critical incidence
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e transverse

Reflection and transmission
coefficients for a specific
impedance contrast

When r, = 90° i, = i the critical angle

P1

sini. =
P2

The critically refracted energy travels

along the velocity interface at V,

continually refracting energy back into

the upper medium at an angle ic

= a head wave
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Post-Critical incidence

m— |ONgitudinal
mimmn transverse

Reflection and transmission
coefficients for a specific
impedance contrast
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The angle of incidence > i,

=> No transmission, just reflection
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Horizontal interface

Traveltime equations

Direct wave:
T=—
V,

1

Head wave:

T=Tg+Top +Tep

2h, N x—2h, tani,

~V, cosi, v,
7o X AN
V2 V2V1

T=ax+b
slope: 1/V,

intercept: gives h;

T Head wave refraction slope = 1,'1{2
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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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Horlzo ntal I nte rface T Head wave refraction slope = 1/,

Crossover distance, X,

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

V1 Vz V2V1
VY, +V,
Xco = 2h1 NT2 DL
Vz _Vl

Another approach to
obtaining layer thickness

Wide-angle reflection \
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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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Horizontal interface

Reflections

The critical reflection is the

closest head wave arrival.

At shorter offsets there are
low amplitude reflections
(used in reflection
seismology).

At greater offsets there are
wide-angle reflections.

T Head wave refraction slope = 1,'1{2

Wide-angle reflection \

~+— Critical reflection

Y
vz

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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Three-layer model - —
Traveltime I e ‘
SA AB BC CD DG I
Tg=—"rt+—"+—+—+— 1A
Vl V2 V3 V2 Vl J -
27 2z, N X—2z,tanf, -2z, tan 6,
*° "V, cosé, V,cosd, V,
A)
With some manipulation ko E g
roox, 2 1 °
SG T A % 3
V, VAA o ’ | D (V> ¥)
22,\VZ -V, 5
+ —
VoV, [ % i
(V> V)

1. Determine Vy, V,, V5 from slopes
2. Determine z, from 15t intercept
3. Determine z, from 2"¢ intercept

L
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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:

Lox by
VZ V2V1
Head wave from top of layer 3: Ys VsVl
X, 2h JVZ -V ) 2h, V2 -V,
V3 V3Vl V3V2
Head wave from o1f 2h V-V
layer n: T=2 v I*o
top of : ~ vV, v,
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Horizontal vs. vertical velocity contrasts

i /v /v

A three-horizontal 3 20
layer model can £ 2
produce the same ¢ 1, z 1NV,,
traveltime curve as a
single horizontal v, v,
layer over a vertical e e
velocity contact Offsat ctnce b4 ;. Offsetcistance )

ny v, \ / ln. vy

hy Ve V?.]Vzn

Va
(a) (b)
Head wave

continues into 2b
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Horizontal vs. vertical velocity contrasts

Use a long-offset shot

* Leave the geophones
fixed and move shot to
greater offset

In horizontal layers case
the shape of the traveltime
curve is unchanged, just
shifted in space.

In vertical velocity contrast
case the crossover distance
remains fixed but is time
shifted.
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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, . 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

A vertical step causes an offset

on the traveltime curve

* The relation of velocity to the
slope remains unchanged

e The offset can be calculated from

the time offset, AT

« Diffractions link the two head

wave curves

* Depth, z1, is calculated from the

intercept in the usual way
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Mapping vertical contacts

Infinite/large offsets

For infinite/large vertical offsets
there is no secondary head wave
Three segments

» Direct wave

* Head wave

» Diffracted wave

Will have the velocity
close to the direct wave

Reverse the line

» Shooting to the same string of
geophones from the other end

* Two traveltime segments:
direct and head wave
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Head wave generated from energy entering the
high velocity layer at the vertical interface
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Dipping layers
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20m T yi
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Dipping layers still produce head ¢ ¢ Horional
waves but the traveltimes are ol e t::::
affected by the dip 120 - ﬂﬁ
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Figure 3-15 (a) Horizontal interface at a depth of 20 m with velocities above and below

the interface of 500 mfs and 1500 mfs, respectively. (b) A dipping interface with identical
depth 10 that in () at the site of the hammer impact and with identical velocities 1o (a). (c)
Travel-time curves for () and (b).
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Reversing lines

For horizontal layers the traveltime
curves are symmetrical
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Figare 3.16 Correlation of 3 travel-time curve with wave paihs 1o geophones at cqual
source fora raverse,

...shooting to a line of geophones from both ends

For dipping layers layer velocities appear

different for each end — the dip and true

velocity can be determined from the up-
dip and down-dip velocities
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Figure 317 Correlation of a tsavel-imne curve with geophone positions above a single
dipping intexface. The purpose of this diagram is o demonsirate the diffevent path dis-
tances and arrival times for geaphanes located st identical offsets for a forward and reverse
raverse
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Dipping layer traveltime

Down-dip
SC CD DS
Td =—+—+—
ViV, Vi

_hothy x—[(h, +h,)tani_]
V, cosi, V,

d

With trigonometric transformations,
an exercise for the class:

Down-dip traveltime
_xsin(i, +¢) N 2h, cosi,
Vi Vi

Ty

Up-dip traveltime
xsin(i, —¢) N 2h, cosi,
Vl Vl

T, =

Time|

Slope= 4
e Yy

Bown dip

Intercept=
Z’!Dcas ic
4}

Intercept=

2h cosje
"

v
Down-dip apparent velocity ?
¢ sini, + ¢)
Up-dip apparent velocity
V.
V, = —_— ...where is V,
sin(i; —¢) dependence?
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Time|

1
P Slope = /Vu

Dipping layer traveltime

Down di
P ey

Intercept=
2 cosig
4}

Given oy
vy Vi :
- ~

sini, +4) ° sin(i, —4)

We can solve for:

-1V, -1V
¢:%[sm1%j—sml/vj
: -1V, -1V
|C:%[sm 1/\/d+s'n 1/%}

Y/
V, then obtained from:  sini, =—%
2

Finally, the intercept times can be used to determine the perpendicular

distance to the reflector:
T

id

_ 2h, cosi, ~ 2h, cosi,
V1 u V1
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Di p pl n g Iaye r Tuperssuarta profile

Travel-time sections

Example T(ms)
i

Direct arrivals

Velocities from slopes: 1780 m/s and 2250 m/s
=> average: 2015 m/s

Head waves

Up-dip velocity, V,,= 3200 m/s
Down-dip velocity, I/, = 2870 m/s

(ms)

Using
_1 H —1V1 i —1V1
p=tsinVg) —sn |
i _1]eintVi iV O
.= 2|:Sln Aj +SIin Aj:‘
we obtain:
p=2.8°
i,=42°
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Dipping layer

Example

Now obtain V,from
sini, =—*%
VZ
V,= 3000 m/s

To determine the perpendicular depths,

h,and A, use

_ 2h, cosi,
Vl

h,=155mand ;=95 m

Tid

iu

Tuperssuarta profile
Travel-time sections
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