
Proceedings oflSERME 2018 

Seismic Surveying to Improve the 
Subsurface Characteristic Interpretations 

Kothalawala K D D , Chathurani U L H , Loppas GJ, 
Wickrama M A D M G , Samaradivakara G V I and ^Jayawardena C L 

D e p a r t m e n t of E a r t h Resources E n g i n e e r i n g , U n i v e r s i t y of M o r a t u w a , Sr i L a n k a 

' C o r r e s p o n d i n g a u t h o r - c h u l a n t h a j @ u o m . l k 

Abstract 
Subsurface e x p l o r a t i o n de te rm i ne s the characteristics b e l o w the earth's surface, such 
as; s t ra t igraphic sequences a n d t h e i r thicknesses, d e p t h to the b e d r o c k a n d 
water tab le , etc. The n o n - d e s t r u c t i v e m e t h o d s p r o v i d e r a p i d e x p l o r a t i o n capabi l i t ies 
w i t h m i n i m a l c o n s u m p t i o n of t i m e a n d f i n a n c i a l resources, p r o v i d e d the resu l tant 
i n t e r p r e t a t i o n s are a p p r o p r i a t e l y v a l i d a t e d f o r accuracy. A c c o r d i n g l y , to evaluate 
the accuracy of seismic s u r v e y i n g , a t w e l v e - c h a n n e l seismic r e f r a c t i o n s u r v e y w a s 
c o n d u c t e d at the p l a y - g r o u n d premises of the U n i v e r s i t y of M o r a t u w a , a n d 
o b t a i n e d subsurface seismic p r o f i l e s for the p a r t i c u l a r l o c a t i o n . " P i c k W i n " a n d 
" P l o t r e f a " so f tware w e r e u s e d to p i c k the f i r s t breaks a n d p l o t the t ime-dis tance 
curves respect ive ly t o o b t a i n subsurface p r o f i l e s f o r each seismic s u r v e y i n g l ine . The 
resul tant pro f i l e s i n d i c a t e d t w o d i s t i n c t i v e layers w h i c h resembles a r e s i d u a l so i l 
layer a n d the c o m p l e t e l y w e a t h e r e d b e d r o c k . These seismic s u r v e y i n t e r p r e t a t i o n s 
c o m p l e m e n t the avai lable r e s i s t i v i t y s u r v e y i n g results a n d borehole i n f o r m a t i o n . 
A d d i t i o n a l l y , the d e p t h i n f o r m a t i o n o b t a i n e d f r o m seismic slices w e r e u s e d to 
generate a 3 D m o d e l t h r o u g h "ESRI A r c M a p " a n d " S u r f e r " s o f t w a r e b y r e n d e r i n g 
d e p t h i n f o r m a t i o n to express the contact layer u n d u l a t i o n s of the r e s i d u a l so i l a n d 
w e a t h e r e d bedrock . Hence , the s t u d y reveals, s t r e n g t h of u s i n g m u l t i p l e geophys ica l 
m e t h o d s to i m p r o v e the accuracy of subsurface i n t e r p r e t a t i o n s a n d m o d e l l i n g 
capabi l i t ies of subsurface layer contacts w i t h a greater accuracy. 

K e y w o r d s : G e o p h y s i c a l m e t h o d . Seismic m e t h o d s . Subsurface e x p l o r a t i o n 

1 . Introduction 
Seismic m e t h o d s are based o n the 
p r i n c i p l e s a n d b e h a v i o r s of elastic 
waves . Hence , mater ia l s h a v i n g 
d i f f e r e n t e las t ic i t i c i ty p r o p e r t i e s can 
have d i s s i m i l a r seismic w a v e t r a v e l 
veloci t ies . A n d these veloc i t ies are 
d e t e r m i n e d b y the Elastic M o d u l i a n d 
the densit ies of mater ia ls t h r o u g h 
w h i c h t h e y t r a v e l . Seismic s u r v e y i n g 
m a k e use of th i s characterist ic of the 
subterranean m a t e r i a l to d e t e r m i n e 

u n i q u e seismic v e l o c i t y values f o r each 
layer i n the subsurface [1] . The t r a v e l 
t i m e b e t w e e n a selected shot p o i n t a n d 
the a r r i v a l of re f lected or re fracted 
seismic w a v e s are i m p o r t a n t i n seismic 
s u r v e y i n g a n d a s e i s m o g r a p h is 
p r o d u c e d u s i n g a m p l i t u d e a n d t r a v e l 
t i m e of w a v e s r e c o r d e d b y the 
" g e o p h o n e s " . Seismic i n t e r p r e t a t i o n s 
d e p e n d o n the d e p t h s w h i c h the 
w a v e s t r a v e l l e d ( i n f l u e n c e d b y the 
distance b e t w e e n shot p o i n t a n d 
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geophone locations) i n a d d i t i o n to the 
densities of the strata. A m o n g several 
m e t h o d s , seismic r e f r a c t i o n is m o s t l y 
used to explore the s h a l l o w subsurface 
[2,3]. 

I n this s t u d y , a l o c a t i o n w h i c h has 
bore-hole data a n d r e s i s t i v i t y s u r v e y 
in terpre ta t ions [4,5] w e r e used to 
m o d e l the subsurface p r o f i l e u s i n g 
seismic m e t h o d . C o m p a r i s o n s 
be tween the avai lable data a n d seismic 
in terpre ta t ions reveal d i spar i t i es 
be tween the results a n d m ode s of 
accuracy i m p r o v e m e n t s f o r n o n ­
invas ive e x p l o r a t i o n m e t h o d s . 

2 . Methodology 

2.1 Seismic Refraction Survey 
The seismic r e f r a c t i o n s u r v e y w a s 
c o n d u c t e d b y c rea t ing a shock w a v e 
o n the g r o u n d surface w i t h a sledge 
h a m m e r (5 kg) a n d a m e t a l plate . The 
resul tant w a v e s w e r e r e c o r d e d b y a 
se i smograph (Geode - 12) w i t h 12 
geophones [6] . 

The 12 geophones of 14 H z f requency 
w a s ins ta l led a l o n g the s u r v e y l i n e 
w i t h a 5 m i n t e r v a l u s i n g a m e a s u r i n g 
tape. Then , the geophones, sledge 
h a m m e r d i s p l a y u n i t a n d the ba t te ry 
(12 V ) w e r e connected to the Geode. 
A f t e r s w i t c h i n g o n the ba t tery , 
se i smogram a n d the d i s p l a y u n i t 
respect ively, the geophone c o n n e c t i o n 
w a s checked. I n i t i a l i n s t r u c t i o n s w e r e 
g i v e n to "Seismic c o n t r o l l e r " s o f t w a r e 
w h i c h c o m m u n i c a t e s w i t h the 
se i smograph a n d the c o m p u t e r a n d 
the seismic w a v e s w e r e created closer 
to the geophones 1 a n d 12 as w e l l as 
m i d d l e of the s u r v e y l i n e a n d offset 
po in t s . Three shots per each l o c a t i o n 
w a s p e r f o r m e d to reduce the s ignal to 
noise ra t io . 

For each survey l ine , f i v e seismic 
shoot ings w e r e p e r f o r m e d as g i v e n i n 

Table 1 . Purpose of the f i r s t s h o o t i n g 
w a s to locate the energy source at the 
f i r s t ge ophone a n d to d e t e r m i n e the 
cross-over distance of layers i n the 
subsurface. 

T a b l e 1 - Locat ion of the energy 
source for 5 shootings 

Shot 
N o 

Place of the energy source 

1 N e a r g e o p h o n e 1 

2 
W i t h a n offset e q u a l to the 
cross over distance 

3 
A t the m i d d l e of the s u r v e y 
l ine ( i n b e t w e e n 6 a n d 7 
geophones) 

4 N e a r 12"^ geophone 

5 
A distance equal t o the cross 
over distance a w a y f r o m the 
1 2 * geophone . 

A to ta l of f o r t y seismic s h o o t i n g w e r e 
c o n d u c t e d f o r e ight s u r v e y l ines. 
A m o n g those 8 a n d 4 l ines w e r e 
o r i e n t e d N W - S E d i r e c t i o n i n the 
eastern p a r t of the u n i v e r s i t y g r o u n d , 
a n d the others i n N E - S W d i r e c t i o n . 
F i g u r e 1 s h o w s the p l a n v i e w of s u r v e y 
l ines of th i s s t u d y . 

Figure 1 - S u r v e y locations 

The data w a s a c q u i r e d u s i n g the 
" S i e s m o d u l e " so f tware . T h e n the f i r s t 
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a rr i va l s of each s h o o t i n g w e r e 
o b t a i n e d u s i n g " P i c k W i n " so f tware . 
M a n u a l correct ions w e r e d o n e f o r the 
f i r s t p icks w h e n e v e r necessary. 
" P l o t r e f a " so f tware w a s u s e d for the 
i n t e r p r e t a t i o n of each seismic l i n e . 

2.2 Data Interpretation 
D a t a o b t a i n e d f r o m the s u r v e y w a s 
op ened w i t h " P i c k W i n " s o f t w a r e to 
i d e n t i f y the 1^' p i c k . T h e n , the f i l e 
w h i c h has o n l y 1^' p i c k of w a v e 
( o u t p u t f i l e of P i c k W i n ) w a s o p e n e d 
w i t h " P l o t r e f a " s o f t w a r e a n d t i m e -
distance g r a p h is generated. The 
rec iproca l error w a s checked a n d 
corrected to m a i n t a i n i t less t h a n 5%. 
W i t h " t i m e - t e r m i n v e r s i o n m e t h o d " , 
subsurface p r o f i l e w a s i n t e r p r e t e d 
w i t h R M S error less t h a n 1.5 [6,7]. 

The prof i l es generated u s i n g 
" P i c k W i n " a n d " P l o t r e f a " s o f t w a r e 
presented the n u m b e r of subsurface 
layers. The interface of these layers 
w e r e t rans fer red i n t o " A r c M a p " 10.5 
s o f t w a r e to generate layer f i les . A 3 D 
v i e w of the interface w a s o b t a i n e d b y 
t a k i n g the above layer f i l e to 
"ArcScene" 10.5 so f tware . The same 
layer f i l e i n f o r m a t i o n w e r e t a k e n to 
" S u r f e r " s o f t w a r e to construct a 
w i r e f r a m e m o d e l of the layer interface. 

3. Results and Discussion 
The pro f i l e s generated f r o m 
" P i c k W i n " a n d " P l o t r e f a " s o f t w a r e 
d e m o n s t r a t e d t w o d i s t i n c t layers 
h a v i n g d i f f e r e n t seismic veloci t ies . 
A c c o r d i n g to the pro f i l e s , 1^' layer 
v e l o c i t y varies f r o m 0.6-0.7 k m / s 
w h i l e the 2""̂  layer v e l o c i t y varies f r o m 
1.6-2.1 k m / s [Table 2] . 
The seismic veloci t ies of subsurface 
layers can be used to i d e n t i f y the soi l 
or r o c k types [7,8,9]. A c c o r d i n g l y , the 
veloci t ies o b t a i n e d f r o m th is s t u d y 
corresponds to r e s i d u a l so i l layer a n d 
a h i g h l y w e a t h e r e d r o c k layer [Table3]. 

T a b l e 2 - S e i s m i c velocities of layers 

Survey 
L i n e 

V e l o c i t y 
L a y e r 1 
(km/s) 

Ve loc i ty 
Layer 2 
(km/s) 

A B 0.6 1.6 
EF 0.7 1.9 

IJ 0.7 1.9 
L K 0.7 2.1 
M T 0.7 2.1 
N O 0.7 1.7 
P Q 0.7 1.9 
RS 0.7 1.9 

T a b l e 3 - Geologica l classification of 
subsurface P-wave velocities [8] 

Geologica l 
Class i f i ca t ion 

P -wave 
v e l o c i t y 
(km/s) 

N 
v a l u e 

(%) 
Res idual Soils 0 .4 -1 .0 50 < 
C o m p l e t e l y 
w e a t h e r e d r o c k 

1 . 0 - 1 . 7 50-65 

H i g h l y 
w e a t h e r e d r o c k 

1 . 7 - 2 . 1 65-75 

M o d e r a t e l y 
w e a t h e r e d r o c k 

2.1 - 2.7 7 5 - 8 5 

Fresh r o c k 2.7 < 85 < 

A p p r o x i m a t e l y E - W di rec ted seismic 
pro f i l e s (RS, N O & A B ) o b t a i n e d f r o m 
the s o u t h e r n p a r t of the g r o u n d , 
demonstra tes i d e n t i c a l d e p t h v a r i a t i o n 
a l o n g the interface of the t w o layers. 
The thickness of the r e s i d u a l soi l layer 
increases a l o n g A to B a n d i t is 
d e t e r m i n e d as ~4.75 m at A a n d ~7 m 
t o w a r d s B [F igure 2a]. Seismic p r o f i l e 
o b t a i n e d o n the n o r t h e r n side of the 
g r o u n d (PQ) also revea led i d e n t i c a l 
d e p t h v a r i a t i o n s for the r e s i d u a l so i l 
layer [F igure 2b] w i t h its thickness 
s l i g h t l y i m p r o v i n g t o w a r d s the N E 
corner of the g r o u n d . 
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2a: 
Subsurface 

,» p r o f i l e of B A 
"• s u r v e y l ine 

tm 

^ 
f ^ i 1 1 i 

M 

2b: 
Subsurface 
p r o f i l e of Q P 
s u r v e y l i n e 

2c: 
Subsurface 
p r o f i l e of T M 
s u r v e y l i n e 

Figure 2 - Subsurface profiles generated for B A , Q P a n d T M s e i s m i c survey l ines 

Seismic pro f i l e s a p p r o x i m a t e l y 
o r i e n t e d N-S (EF, K L & M T ) a n d 
s u r v e y e d o n the eastern side of the 
g r o u n d d i s p l a y a r e l a t i v e l y h o r i z o n t a l 
b u t u n d u l a t i n g contact b e t w e e n the 
res idua l so i l layer a n d the h i g h l y 
w e a t h e r e d b e d r o c k [F igure 2c] . The 
thickness of the soi l layer var ies f r o m 
~7 m to a m a x i m u m of ~8.75 m w i t h i n 

the s u r v e y e d distance. The s u r v e y l ine 
IJ, w h i c h d iverges f r o m the N - S 
o r i e n t a t i o n • h a r m o n i z e s w i t h the 
general t r e n d of the N E corner of the 
l o c a t i o n . 
The s p o t - d e p t h i n f o r m a t i o n extracted 
f r o m each of the seismic s u r v e y l ines 
w e r e i m p o r t e d to "ESRI A r c M a p " 
s o f t w a r e t o m o d e l the contact layer at 

ISBTZfAB Q.0±2 
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the l o c a t i o n a n d the o b t a i n e d o u t p u t is 
presented i n F i g u r e 3. F u r t h e r , the 
same i n f o r m a t i o n w a s m o d e l e d u s i n g 
" S u r f e r " s o f t w a r e to o b t a i n a 
w i r e f r a m e m o d e l to better represent 
the layer contact [F igure 4 ] . 

Figure 3 - P l a n V i e w of the interface 
of the layers (Generated b y A r c M a p ) 

Figure 4 - Wireframe m o d e l of layer 
interface (Generated b y Surfer) 

The distance f r o m the closest p o i n t of 
the generated m o d e l to the e x i s t i n g 
e x p l o r a t o r y borehole [5] w a s -5 .9 m . 
A t tha t p o i n t , d e p t h t o the layer 
interface w a s c o m p u t e d as - 6 . 7 m . 

H o w e v e r , the borehole l o g reveals the 
contact d e p t h as -7 .5 m [Figure 5 ] , 
c rea t ing a n e r ror of 10.7% f o r the 
seismic m e t h o d . 

ts 
• I t w o 

9m 

* . 7 i n 

73 ail 
tmmK 

l l m i a H a l 

Figure 5 - C o m p a r i s o n of Bore-hole & 
Interpreted profile 

A n earl ier s t u d y c o n d u c t e d u s i n g 
r e s i s t i v i t y m e t h o d [4] at the same 
l o c a t i o n reveals a layer contact at the 
d e p t h of -6 .58 m . Hence , i t p r o v i d e s a 
v e r y close resemblance b e t w e e n the 
results o b t a i n e d f r o m t w o n o n ­
des t ruc t ive subsurface e x p l o r a t i o n 
m e t h o d s , f o r the p a r t i c u l a r loca t ion . 

E v e n t h o u g h , c o n t i n u o u s r e c o r d i n g of 
d e p t h of the w a t e r table i n the 
e x p l o r a t o r y borehole w a s p e r f o r m e d , 
the seismic s u r v e y d i d n o t p r o v i d e 
suf f i c ient detai ls to correlate the 
o b t a i n e d data . Hence , th i s s t u d y w a s 
l i m i t e d o n l y to the i d e n t i f i c a t i o n of 
subsurface strata. The later i t ic soi l 
w h i c h is separately i d e n t i f i e d i n the 
borehole l o g , w a s categorised as 
r e s i d u a l so i l i n the seismic m e t h o d . 
H o w e v e r , a n o v e r a l l p e r f o r m a n c e 
accuracy of 89.3% w a s achieved b y the 
seismic m e t h o d i n c o m p a r i s o n to the 
detai ls d e p i c t e d b y the boreho le l o g . 
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4. Conclusions 
I t was observed tha t m u l t i p l e d e p t h 
i n f o r m a t i o n i n t e r p r e t a t i o n s o b t a i n e d 
f r o m a seismic s u r v e y c o u l d be used to 
m o d e l the layer contact w i t h a h i g h e r 
degree of accuracy. F u r t h e r m o r e , 
results of th is s t u d y w a s c o m p a r e d 
w i t h a borehole l o g a n d r e s i s t i v i t y 
s u r v e y i n g in terpre ta t ions avai lable 
f r o m p r e v i o u s s tudies to f i n d 
considerable s imi lar i t i e s . 

The seismic m e t h o d c o u l d n o t p r o v i d e 
comprehens ive detai ls w h i c h the 
borehole p r o f i l e exposed. H o w e v e r , i t 
w a s successful to d e t e r m i n e the 
r e s i d u a l soi l layer a n d the h i g h l y 
w e a t h e r e d b e d r o c k contact accurately. 
A better energy source o n a g r i d w i t h 
closely spaced shot p o i n t s , are 
r e c o m m e n d e d to detect the l a y e r i n g 
w i t h i n the r e s i d u a l soils d u e to lack of 
v a r i a t i o n i n elastic proper t i es b e t w e e n 
the strata. 
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