lerigth and po i
he data for the dir




268 ' , SURENDRA SINGH

T
2
= _—
-
-
g /\/- |
e 2 * SLOPE
x v
<< ) ¥ |
& /V = srope
2 ‘
& ,
DISTANCE —

~ Geophone

Source  Ground

First
Layer

Refracting’ horizen

Second
) Layer

A3

Fig. 1. Time-distance curve for two horizontal layers

uneven surface, and the arc length distances
should be used, therefore, rather than straight
horizontal distances. Eqn. (3) is correct if the
refraction horizon is reasonably flat, so that its
- length is about the same as the horizontal dis-
tance X. ‘

Let u (Xar) be the arc length along the smooth
uneven refracting horizon, at a horizontal dis-
tance X, from a fixed geophone Gi (Fig. 3) for
the direct profile. Let Zy be the normal depth
at this distance. Then Xyr1=Xa+1, where [ is
the incremental horizontal distance between two
consecutive positions of the movable source on the
surface. It will be assumed here that the points
‘which are vertically under the source are situated on
practically ‘horizontal parts of the uneven boun-
dary. The implication is that the boundary should
be horizontal for about Z,,. tana length on each
side under the source position. The assumption is
similar to the one made in the conventional delay-
time method.  This would allow us to take the
delay times at a particular position of the source
to be equal for direct and reverse profiles, both.
Let the incremental differences in depths be

AZyy1=Zms1—Zy. Then, approximating the
uneven boundary by straight line segments as
done in Fig. 3.

ug(Xnrs1) = ug(Xnr) + [12 + (AZp+ 1)
subscript d denotes the direct profile, etc.

a N—M 5
ug(Xn) = ug(Xnr) 'i'_ff; (12 + (AZpmy1)24)*

)]

Using the delay time concept (Deobrin 1960),

1739

]

b N

-

1| Reverse Direct

<2I Profile Profile

x

&

<

5 &

14

o
- DISTANCE = _ ‘

KTy e * ;

Geophone Source S Ground G€ophone w*

Gl 7 G2 .

Refracting
horizon 2 Layer

Fig. 2. Direct & reverse profiles for an uneven refracting
boundary

Refraction starts after 0-76 meters.

Source
6 2 3 4 5 6 7 8 9 10 H 1213 14 15 16 17 18 19 20 21 22 G2
L e e e i e i i s i i i ek e e i g

v < 300 m/sec.
Depths34 4 455 4 4 4 4 5 5 5552 5 4 4 45 4 488555 5 45 4
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3 Refmc(iinq

> e borizor.
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" &
Vp #1600 m/sec.
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@
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14

19476,
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12226
22-514

i
4650
~}14-660
17896
23632
; 3

13:246

Number indicates the &
arc length in meters.
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A hypothetical configuration for a two-layer
case

Fig, 3.

the refraction times can be expressed as
Ty = Dy + Ds + ug(Xy )V, for the direct
-1 profile (5)
T, = Dg,+ Ds + u,( H—Xy)/Vy for the
reverse profile (6)

where Dg, is the delay time at geophone G1 , etc.
Also the total time T; taken from Gi to Gyis

Ty =Dy +Dg, + M5 ™

Substracting Eqn. (6) from Eqn. (5), we get
Ty —Ty) = (DG'1 — DGQ) +

CwgXn) — u,(H— Xn 1/V2 ®) ~

The first term on the right hand side in Eqn. (8)
is constant as geophones are fixed. The above
equation shows that if there are no lateral variations
in the velocity V,, a plot of the difference in arc
lengths versus the difference in refraction times for -
the direct and reverse profiles would be a straight
line and the reciprocal slope of this line will be
the velocity of the second layer. N



W REFRACTION WORK 5'2‘69 o
‘ "~"‘:~the factor is 306 Thus a varxatlon of 50 psr cent .
in thi ~in the value of Vg would cause a variation of

in this paper warges ~ 2.54 per cent only in the va the multiplying
n;ggent seismograph - ‘Hence a rough estimate by ‘graphlcal i

~ cribed by Gough (1952 rious versmns of thls,‘k o
. instrument are manufact ; ;
 names. All of them have the common feature of
- enhancing the signal by electronically stacking the
- successively received signals from the same one
~ location of the source. A ten pound ‘hammer

~ with a trigger switch mounted on it is the energy

. source. The operator may enhance the signal from
~ the hammer by repeating the impact at the same
' hammer station and adding these two or more

 signals. In this fashion, successive _measurements
~ ofthefirst arrival-times can be madeas we increase
 the distance of the hammer from the geophonei‘ i j
o ilalong the traverse ine.. : Lo

- approximated arc.
=X vill bo g

7 ~;_4 Procedure .

al (1) Choose a traverse length such that ﬁrst
~ arrivals from any third layer (if any there) do not ¥y
- reach the geophones So thls becomes a two layer =Nt

= ‘»pmblem = Bl et UL WhereH (J——1)I

o ~(2) Next, take the data of refracuon tnnes for as d X (H

many equally spaced source posmons ‘between an u"( M ) = X
L _~two fixed geophones as posmble : T

(3) Plot the results on, a graph paper and see 1f i
there are enough over lapping points where both
. the geohpones receive refraction arrivals from the
- second layer. If not, “phantom” the direct and  res]

- _reverse profiles (Redpath 1973) to get more of such  al

 overlapping points. The phantoming for the direct A
~ profile can be done by offsetting the geophone
- G along the line by a distance approximately
. more than the critical distance and then hammering.
~ at the same old set of locations of the source,
- starting at the previous geophone location G

~ While plotting the results for the phantom curv
 distances are measured from the old: geophone

- location and not from the offset location. The

.+ reverse proﬁle is phantomlsed in the same way.

3 _The ‘phantom curve should be parallel to the pre-

~ vious curve when ge: phones were at Gi ai e
'The phantom data can thus be used to o
e the refraction times at dlstances smaller . pa

: ‘ S =0 dlrec profile. H ever, if it is diff-

- (4) Determme thedelaynmes D,g (T %
- where T; is the time taken from Gi mdex i Eqn” 10) should,

Gy to Gy. Normal depths to the refractir ‘

- dary can'then be. determmed by multiplyit

tor which is _V3/cos *

> USe re is very rougl

, an cg,a be obtained graph1 ally

. plotc f the time-distance data. Error in the

o Id not influence the computed

‘ deypt’hs appreciably. In most field cases
pose we take V,/V, =0,3, V; =
nd. ¥V, n-leOOm/sec ‘The above

ou]d haVe a Va]ue equal to 314, If ‘t

first part henght Qhand suie of Eqn: o
is a constant. whose value need not be known
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5. Discussion of results E J

(1) A hypothetical case is shown in Fig. 3,

-with an uneven refracting boundary. Depths from
the surface (around 4 metres) velocity of the
top layer and second layer (300 and 1600 m/sec)
are  representative values found in field
survey that will be discussed later in the fol-
lowing paragraphs. The actual boundary (solid
line) is approximated, as required in the theory,
by horizontal and sloping flat straight line seg-
~ments (dashed line). If the source positions are
closely spaced, this would give a very good ap-
proximation to the real length of the boundary.
However, the sources should not be located
closed to each other, otherwise the assumption
of spot horizontality of the boundary may not
be valid at all of these locations. A compromise
has to be made. For example, in this case the
boundary should be practically horizontal .= for
about 0.76m on each side under the source
location. Thus, the sources should be spaced
from each other much more than 1.5 m apart.
‘Refraction signal will start arriving in this case

after 4. tan (Sin—! 300/1600) =0.76 metre. Re-

fraction arrivals will not be always the first arri-
vals. But it is not any problem since computation
can be done on a computer and direct arrivals
‘through the top layer need not be considered.

‘ Results of the hypothetical configuration in

T+
) L 2 .
§ -20 - Vo = STOBE = 1628 m/sec ‘
§° o+
7]
W
o y N i
zd 0 : 2
gf 3 20 .
ws . 2
i 10 10 ‘ Vo = ng’e = 1647 m/sec
(]
= .20+ 1 L 1 i I
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240 - ‘L-20
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i Va = 1587 m/sec
gzo Vi £555m/sec
=
2V4. "
1, Vp cvu%—\\;f = 1600 m /sec
@
g
-
2 207730 40 50
e DISTANCE IN METERS —

Fig. 5. velocity determination from refraction data for the
Hockey field o
Fig. 3 are listed in Table 1 and plotted in Fig. 4.
As can be seen, one cannot graphically deter-
mine the velocity accurately. Numerical methods
~have to be applied. A plot of horizontal distance
in column 1 versus time difference in column 4
of Table 1, according to Eqn. (3), is shown by
the line CD, the slope of it being 2/V, and it
- gives a value of V,= 1413 m/sec. This value is
in error by about 12 per cent. If we plot, (see
Eqns. 10, 11 and 12) the difference in arc
lengths in column 11 versus time difference in
column 4, line AB is obtained. The reciprocal
slop of AB is the velocity ¥, which is 1606
m/sec whereas the true velocity is 1600 m/sec.
This demonstrates the significant improvement
in the estimate of the velocity if arc lengths are
used instead of the horizontal distances.

. (2) Fig. 5 shows the results of a refrac-
-tion traverse in the Hokey field of the University
~of Science of Malaysia. This location had been ex-
tensively surveyed previously since students run
their - geophysical experiments in seismics and
resistivity here every year. The refracting horizon
Is a pretty flat horizontal boundary over Iengths

of hundreds of feet. The velocity estimate by the
- usual graphical method is 1600m/sec, the nume-
rical method using horizontal distances (line AB)
gives a value of 1628m/sec and the numerical
method using are lengths (line CD) gives a value
of 1647m/sec. As expected, all three different
estimates are close to each other. '
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 Fig. 6. Velocity determination from refraction data for the Balik Pulau area

(3) Need for a numerical routine as presented -

- in this paper was felt while running a refraction
- survey in the coastal area of Balik Pulau on the
- Penang Island where the University of Science

of Malaysia is situated. Coastal area of Balik

~ Pulau is flat Holocene and Pleistocene sediments
- between the abruptly rising hills and the Indian
Ocean, about one and a half mile away. Streams

must have flown over the granite bedrock to

~ make it an uneven boundary for the depositing
- sediments. In such a case, it was felt that if an
~accurate  determination of velocity could be

- made, then we would not need to worry about
~ the velocity values at every location of the
. traverse in the area since the area is pretty much

- homogeneous, geologically.

The results of a refraction traverse in  the

Balik Pulau area are plotted in Fig: 6. Many
~such traverses were taken in this area, but only
~a typical traverse is presented here. Again, gra-

phical method cannot reliably estimate the velo-
city since there is too much uncertainty involved

- in fitting a straight line to the field data. Plots of

direct and reverse profiles shows clearly that the

- refracting horizon is not a flat one. When time
- differences are plotted against the horizontal
distances, there is still some uncertainty as shown

by two possible lines (CD and C'D). velocity

~ V,=1823 m/sec using line CD and 1600m/sec
_ using line C'DY, However, if arc lengths are used

‘(line AB), the velocity can be determined moré o

reliably and it is 1632m/sec. .

6. Conclusion’ : ' ‘ £ -
The velocity of the second layer in a two layer

case can be determined more accurately by us-

~ ing arc lengths of an uneven refracting horizon

instead of horizontal distances. The added accu-
racy of the method suggested herein is due to the

~ fact that it uses a better approximation to the real

ength of the refracting boundary. A good
ilppgrtcximaticn of arc lengths can be obtained
by straight line segments. Results presented
indicate that arc length method of the velocity
determination can estimate @he‘ velociy more
reliably for an uneven refracting boundary bet-
~ween two layers. In a geologically homogeneous
area, an accurate estimate of the velocity can bq, ,
representatively used in the whole area. One

~ situation where considerably accurate velocities

“must be known is the shallow-reflection problem.
In the absence of any drill-hole data, large
errors can accur in the computations of depths it
rough values of velocities are used. Arc length

method -involves more computation and relative-

ly more time. However, considering that it has
be done only once, the extra effort is worth it.
The velocity of the top layer can, in all practical
cases, be determined reliably. Once the velo-
city of the second layer also is estimated reliably,
. the velocity of the third layer, depths to thq
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TABLE 1

Determination of the velocity of the second layer for the hypothetical configuration fn Fig. 3

x T, = T Ar Dy z, rZ, W, Ag A, (4,4,
(m) (msec.). (msec.) (msec.) (msec.) (m) (m) (m) (=Fi) (=F) (m)
)] ) 3) ) ®) ©) @ 8) ® = a0 11
1 26.8 28.5 —14.2 13.1 4.0
2 29.1 30.8 —12.8 14.7 4.49 0.49 1.114 1.114  21.512  —20.4
3 31.5 33.2 —11.4 16.4 5.0 0.51 1.122° 2.236 20.389 -—18.1
4 29.1 33.8 —9.6 13.1 4.0 —1.0 1.414 3.650 18,975 —15.3
5 29.7 32.2 . —8.4 13.1 4.0 0.0 1.0 4.650 17.975 —13.3
6 30.3 304 7.2 13.1 4.0 0.0 1.0 5.650 16.975 —11.3
7 30.9 32.8 —6.0 13.1 4.0 0.0 1.0 6.650  15.975 —9.3
8 35.1 31.9 —d.2 16.4 5.0 - 1.0 1.414 8.064 14.561 —6.5
9 35.7 . 32.5 —2.9 16.35 4.99 —0.01 1.0 9.064 13.561 —4.5
10 38.1 36.6 —1.4 18.0 5.49 0.5 1.118 10.182 12.443 —2.3
11 37.7 37.9 —0.2 17.0 5.19 —0.3 1.044 11.226 11.399 —0.2
12 37.7 39.5 1.1 16.35 4.99 —0.2 1.019  12.246  10.379 1.9
13 35.3 38.6 2.8 13.1 4.0 —0.99 1.407 13.653 8.972 4.7
14 35,9 . 39.3 4.0 13.1 4.0 " 0.0 1.0 14.653 7.972 6.7
15 38.3 36.9 5.5 14.75 4.5 0.5 1.118 15.771 6.854 8.9
16 37.4  37.5 7.0 13.1 4.0 —0.5 1.118 16.889 5.736 11.1
17 40.8 38.1 8.6 15.7 4.79 0.79 1.274 18.164 4.461 13.7
18 43.8 38.7 10.0 18.0 5.49 0.70 1.221 19.384 3.241 ‘16.1
19 44.5 = 42.9 11.3 18.05 5.51 0.02 1.0  20.385 2.241 18.1
20 43.5 41.9 12.7 16.35 4.99 —0.52 1.127 21.512 1.114 20.4
21 42.6 41.0 14.1 14.75 45 —0.49 1.114  22.625
2 41.6  41.6=T;
Explanation of Table 1
X is the horizontal distance in metres of the hammer from geophone G,,
T, is the time of arrival of head waves for the direct profle,
T, is the time of arrival of head waves for the reverse profile, where 7; and 7, both were computed using arc
]e’ngths, . ’
AT is the time difference ( T, — T, ) in arrivals at geophones G, for the direct profile, and G, for the reverse profile
from the same location of the hammer, ‘
D, is the delay time at the location of the hammer and is equal to Ty + T, - T, )5 where T, is the total time
. taken by the head wave from G, to G,, . . ‘ . .
Z,;  is the normal depth at the location of the hammer and is euqal to Ds. ¥, /cos (sin—'¥,/V,). Values of ¥, and V,

are known in this hypothetical case,

AZyy isthe incremental depth, ie., AZp= Zpr— Zy, o,

W

Ag

Ay

is the incremental arc length which is equal to [( AZy)-}-12] ,

where 1 is the incremental horizontal distance between two successive locations of the hammer,
k

> is-the arc length u p to K hammer location and is equal to 2 Ws

1=
K=3,4,5,...... , 22 in Table 1, and is equal to F; in Eqn. (12).  j : '
is the arc length from K% to the last hammer location, and is equal to %' W, , and J==22 in Table 1.
i=K-1
A7 is equal to Fr in Eqn. (12).
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