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Estimating the Depth, Dip and Velocity from Refracted Arrivals for a Dipping Refractor
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Abstract

Calculating depth thickness, dip and velocity cae kery tedious when involving a
dipping refractor. Properly programmed computersmaof course, relieve much of
this, but the calculations still requires a lot ohput. This paper however shows the
complete derivation of the depth thickness, dip anelocity, and how the knowledge
of the derivation will assist the geophysicist mimize the interpretational ambiguities
and cumbersome computations associated with seigefiaction data.
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1.0 Introduction

In practice, the refracting earth interface is ofteot horizontal. The assumption of flat layerseofieads to errors in
estimating the velocity and depth. From the refosctheory [1, 2], the inverse of the slope of time associated with the
refracted wave arrivals is equal to the bedrockaig} V;. Also note that the inverse of the slope of the lssociated with
the direct wave arrivals is equal to the velocityhe weathering layer / However when the refractor is dipping, it turng o
that the inverse of the slope of the refractedvalris no longer equal to the bedrock velocity (Figure 1). An extra
parameter — dip of the refractor, needs to be estid[3].

This paper presents a stepwise approach to estignédue refractor did, the bedrock velocity Yand finally the depth to the
bedrock at shot/receiver stations.

2.0 Theory

Seismic refraction data is always represented B#Keplot. The vertical scale of the plot is corrdtrefraction time, and the
horizontal scale is the distance between the shttlae receiver corresponding to the trace fronchvhihe time was read.
For each distance, there will be two times corradpw to refraction times from down-dip and up-dipections [4,5].In the
case of a flat refractor, the straight line in Fyd have slopes that are reciprocal of the réémaactelocities. However in a
situation where the refractors are not flat bupdig, relationship between the dip angleapparent velocities (W and \ig)
would be required to estimate the actual velochietsveen the layers [6].
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Figure 1: T-X plot for head-wave arrivals from a dipping @edftor in the forward and reverse directions alongfeaction
profile line
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3.0 Methodology

Figure 2: Earth Model for a single dipping layéiere Vo= weathering velocity, V.= bedrock velocity, h<= depth to bedrock
at source station, hg= depth to bedrock at receiver station, Z<=layer thickness at source station, Zz= layer thickness at
receiver station, 6.= critical angle, @= dip angle x= offset distance

Figure 2 shows an earth model for a single dippérygr and the annotation used in the following \dions. As shown in
the T-X plot of Figure 1, when the refractor dipg trefraction velocity in the up-dip direction appeto be different from
that in the down-dip direction [7]. Using this mbdee derived the expression for the refraction timha single dipping layer
in which V;>V,,.

From Figure 2, the refraction time from A to B is:

_AD (D  BC

T = — — F— — - ————— — — — — 1
1 V0+V1+V0 &y

From trigonometrical . ratios

Zs Zr
AD = cos6,’ = cos0,’ and CD = xcos® — (Zs + Zg)tanb,
Substituting this into the starting equation (iyeg
_— Zs N Zyp xcos® — (Zs + Zg)tanb,
1T VocosO,  VycosO, 4
_ xcosd + 2tz )( 1 tan@c)
A s R \V,cos8, Vi

xcos® 4 Zs+Zy (1 Vosinec)
Vi Vocos6, Vi

V
provided V; > V,,sinf, = 70 (Snell's Law) and from trig.identities sin*6 + cos?0 = 1

1
xcos® (Zs+ Zp)coso,
1= +
Vi Vo
Shooting up-dip (from A to B), substitute&Z, = Z; — xsin® into equation (2) to get
_ xcos® 4 (2Z; — xsin® )cosO, (Cos<D sin® COSHC) N 2Z cosb,
S o A7 o o

Recall thaking, = ? rewrite V; in terms of \§
1

sinf.cos® sin®cosl, 2Zscos06, sinf.cos® — sin®cosb, 2Z;cos0,
Ty = x ( - ) + = x( ) +

Vo Vo Vo Vo Vo
from trigonometrical identities sin(A — B) = sinAcosB — sinBcosA
_ xsin(6, — @) 4 2Z.cos6,

=~ ¢ s 3
1u VO VO ( )
LetZ; = hycos®. Substituting this into equation (3) gives
T xsin(6, — @) N 2hgscos0.cosd @
1lu — VO VO
Equation (4) is analogous to the equation of agitdiney = mx + c. Hence
X
Tyy = vt Tory ——————————~— (5)
1u

With the inverse slope (V) defined as
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v, Yo 6
™ sin(6, — @) (6)
And the intercept time (L, given by
2hgcos6,.cos®
= — )
0

Shooting down-dip (from B to A), substituteZs = Z; + xsin® into equation (2) to get
xcos® N (2Zz + xsin® )cos6, (cos(D sin® cos@c) N 2Zg cos6,
— —x

= +
Ty Vo 2 Vo Vo
Recall thaking, = ? rewrite V; in terms of \§

1
sinB.cos® sin®cos6, 2Zxcos0, sinB.cos® + sin®cos6, 2Zxcos0,
Tia=x ( + ) + =x ( ) +
Vo Vo Vo Vo Vo
from trigonometrical identities sin(A + B) = sinAcosB + sinBcosA
xsin(0, + ®)  2ZgcosH,
1a = 7 + v
0 0
LetZp = hizcos®. Substituting this into equation (8) gives
xsin(6, + ®)  2hzcosf.cosd

Tiq = t— - 9
In a similar manner equation (9) is analogous ¢odtjuation of a straight line= mx + c. Hence

X
Tiq = vt Togg——————=—————~ (10)

. 1d .
With the inverse slope (V) defined as
Vo
Vg=—"7"——"—"""""""""—"——-— 11
7 sin(0, + D) an

And the intercept time @iy given by

2hgcos6.cos®
Towg= —— ——=———=—==—-- (12)

0

4.0 Results

From equations (6) and (11), we note that diffesgmarent velocities are obtained when shootindip@nd down-dip. To
compute the refractor dip and the bedrock veldgity, rewrite equations (6) and (11)

.1 VO
0, — @ =sin 70 (13)
lu
.1 VO
0.+ ® =sin 7t (14)

1d
Subtracting equation (13) from (14), we obtainekpression for the refractor dip

o= %[sin‘1 (%) —sin™! (%)] ————— (15)

To obtain the bedrock velocity,Vrewrite slopes from equations (6) and (11) as
1 sinB.cos® — sindcosb,

—_——_—— ———— — — — = — = (16)
Vlu VO
1 sinB.cos® + sindcos6,
—————————— 17
Via Vo
Addmg equations (16) and (17), we have
1.1 1 2sinB.cosd (18)
Vlu Via VoV .
P ) — 0
Recall thaking, = " Vv, = pory (29)
From equation (18)
nd, = —° (1 + 1) 20
St = 5 cosd Viw Viag 20

Substitute equation (20) into (19) to get
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Vo

V1=V01—1=2cos(1) SR
oot (7 + 72)
V..,V
Vi = 2cos® <1u—1d) ___________ (21)
Viu + Via

Finally, we compute the depth to the bedrock at-sbeeiver stations gand k) by substituting the relationing, = ?into
1

equations (7) and (12).
From equation (7),
V0T01u

hhy=r—"—"—7—————————— — — — 22
s 2c056.cos® (22)
V
rom trigonometrical identities sin?6 + cos?0 = 1,cos8, = /1 — sin20, and sinf, = =2
g v,
1
. he = V0T01u _ V0T01u
o s VZ - VZ_VZ
2 - V—Oz cos® 2 1V—2° cos®
1 1
Vi VoT,
g=— (23)
2c0osD\VE — V¢
In a similar manner, from equation (12)
V0T01d
E——————————— ——— — = 24
R 2c0s0,cos® 24
V
rom trigonometrical identities sin?6 + cos?0 = 1,cos8, = /1 — sin20, and sinf, = =2
g v,
1
B = VoTo1a _ VoTo1a
’ R VZ - VZ_VZ
2 |1 =2 cos® 2| |52 cos®
Vi vE
ViVoT,
" i¥o*0dd (25)

" 2c0s® VZ-V¢

5.0 Conclusion

In a dipping refractor, the depth to bedrock estiomaat shot-receiver station requires the knowdedfjweathering velocity
(Vo), bedrock velocity (Y), refractor dipDd and the intercept time {f, or To1g. They can be computed by way of equations
(15), (21), (23) and (25).

Conclusively, the stepwise approach to deriving¢hgarameters will provide the geophysicist thenkedge of the required
input needed to maximise the use of the properbgmmmmed computer to interpret and minimise therpretational
ambiguities associated with seismic refraction data
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