Exercise 1 — Very Simple Refraction Velocities

In a seismic refraction survey, the following first arrival times are measured:

Distance ® (m) Time t (ms)
0 0

100 60

200 120

Assume that these arrivals are direct waves in the first layer (no refraction yet).
Tasks

1. Compute the seismic velocity of the first layer.

2. If another arrival appears later with an apparent velocity of 3000 m/s, which one is faster: direct wave or

refracted wave?

Solution

1. Use the formula v = %
Take O — 200 m:

* A =200m
 At=120ms=0.1205

200 200
T 0120 0.12

1

Compute carefully:

s« 20070412
— 2000 /1.2
— == 1666.7Tm /s

50, Ve = 1670 mys
2. The refracted wave has apparent velocity 3000 my/s, which is greater than 1670 m//s.

«# The refracted wave is faster than the direct wave.

Exercise 2 — Critical Angle

A weathered layer has P-wave velodty v; = 1500 m /s,
The underlying bedrock has velocity v2 = 3000 m /s.

Tasks

1. s refraction possible (i.e., is vz = wy)7?

2. Compute the critical angle i. (in degrees).



Solution 2

1. ‘es, refraction is possible if vz = w,.
Here, 3000 = 1500 — «" Yes, possible.

2. Critical angle formula:

L L 1500
sini. = — =
Ve 3000

= (0.5

i, = arcsin(0.5) = 30°

«" Critical angle = 30°

Exercise 3 — Seismic Refraction Travel-Time Diagram

A refraction survey shows the travel-time curve above.
Measured values:

* Slope of first segment — V; = 400 m /s

» Slope of second segment — V5 = 1800 m /s

* ntercept time - ¢; = 0.12 1

Question:
Compute the depth to the refractor using:

-
o

2hcosi, ..
f,?- - —_— and Sin '!,f =
- :
Vi

ot
[}

Slope=1/V2

time

X cric X cross OffsetX]

ha




Solution 4

+”" Corrected Answer:
Step 1 — Critical angle:
sini. =

M = .2222

i, = 12.84°

cosi, = 0.974

Step 2 — Sclve for depth:

= -
2cosi,
~0.12 x 400
T 2% 0.974
48
©1.048

h = 25m

== 24.6 m

Exercise 5

Givern:

-Head Wawe Trawvel Time

= o — 1600 m /s

= pa — 000 m /s

= h—100m

= Offset  — 2004 m

Step 1: Critical angle

15000 i
— — 05— i, — i
zoo00  O-® i, = 30

simi,. —

Step 2: Travel-time formula

_ 2hcosi.

cos 307 — L.866
Wertical legs:

- 2 = 100 = (LBG66 173.2
e —

1500 inon - -t1es
along refractor
20010
fe — 3000 0.66T =
Total:
t = 0115 + O.G6T — 0.TE2 =
Answer

Head-wawve arrival time = 0.78 s



Exercise 6 — Reflection Travel-Time Curve

A seismic reflection event has a zero-offset time To=1.2 s and velocity V=2200 m/s
Question:

1. Write the hyperbolic travel-time equation.
2. Compute travel time at offset x=800 m.

«w” Corrected Answer:
1. Equation:
f 2

" xT
T(z) =\ T¢ +

2. Plug in values:

800%
22007

T(800) = 1',-"III1.2"’ +

2007
22002
T = +4/1.44 + 0.1323 = +'1.5723

T =1.25s

= .1323

T(800) = 1.25 s

Exercise 7: Find dip, velocities & depths from travel-time data

-

SOICe « Y=Source-recenvers distance

'y

s ‘




Exercise 7: Find dip, velocities & depths from travel-time data

& seismic refraction survey is performed over a dipping two-layer system.

From the first-arrival travel-time curves, you obtain:

*  Direct wave velocity (surface layer):

Vi = 1800 m/s

= Apparent refractor velocity up-dip:

Ve =5000m/s
= Apparent refractor velocity down-dip:

Vi=23500m/s
s Intercept times for the refracted branches:

1”” — ﬂ.ﬂﬂ S, lch‘ — 'I.-.'.].'I.-.' 5

Assume a simple 2-layer model with a planar dipping interface and V5 = 1.

Required:
1. Critical angle .
Dip angle o
True refractor velocity Va
Depth to the refractor beneath the up-dip and down-dip shot peints (f,,, f4)

LA

Say which shot is located over the shallow end a. . which over the deeper end of the refractor.

Step 1 — Use apparent velocities to find . and «
For an inclined refractor
1 1

=1 _ vy=—1
sin(i, — )’ d sin(i. + )

Rearrange:

Compute the two angles.

1.1 Compute i, — x

i. —a = sin” (0.36) == 21.1°

1.2 Compute i, + o

Vv, 1800
1= ~ 0.5143
Vi 3500

i. + o = sin '(0.5143) =~ 31.0°



Mow solve the system:

i — e == 21.1°
i + rx == 310
Hdd them:

2§ == 52.1° =

Subtract them:

Z2ex == 9.9 = cx == 4,95
Answers (1 & 2):
= Critical angle:
i. == 26
= Dip angle:
o == O

Step 2 — Compute the true refractor velocity V%

From Snell’s law at critical angle:

sind. = :_’; = Va = sirllz'ﬁ
Compute:
« =min 267 = 0438
Son
LS00

0.438 = 4100 m /=
Answer [(3):
Vo == 4.1 kim /s
Step 2 — Depths from intercept times

For a 2-layer model (ewven with a dip). the intercept-tinme method gives:

PR 1 Epe Fry — 1 Eour
- 2 oos i, o 2 oS i,
First compute CxS £,
- oS 2060 == .8599
3.1 Depth beneath up-dip shot
AR == D06 10s
he = S5 0soB ~ 1.708 ~ °oO-1m
3.2 Depth beneath down-dip shot
L300 = .10 180
ha = —5 0.s00 1.7os  00.1xx

Answwer [(<1):

- Fr,, == G0 1
- .I’I.._._.' == 10D xm



