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Marine Multichannel Seismic Reflection Profile Line 13 Reprocessed,

Cape Hatteras to Georges Bank

By R.A. Wise

ABSTRACT

Marine multichannel seismic reflection profiles in their final 
presentation (stacked profiles) can present problems of concern to the 
scientist working with the data. Some of these problems are related to 
the acquisition and processing information labels that accompany the 
stacked profiles. The labels are supposed to contain the correct 
information as to how the data were collected and how the data were 
processed. It is necessary to be able to determine with some degree of 
certainty whether the labels are correct or not. Marine multichannel 
reflection profile Line 13 is an example of finding wrong information in 
the information labels of the original processed data and finding errors 
in the original processing of the data itself.

INTRODUCTION

U.S. Geological Survey marine multichannel seismic reflection profile 
Line 13 was collected in 1975 as part of a project to give the U.S.G.S. 
its first deep look at the arrangement of sedimentary rock layers in the 
mid to North Atlantic basins (fig. 1). Seismic reflection profile Line 13 
is a regional strike profile that tracks from Cape Hatteras in the 
southwest to Georges Bank in the northeast along the continental slope in 
water depths greater than 2,500 meters. The data were collected by 
Digicon Inc. using their vessel, the Gulf Seal. The data were recorded 
using a DPS III system and 48-channel, 3,500 meter, nonlinear streamer. 
The streamer was divided into two parts. The nearest section of 24 
hydrophones was spaced at 100-meter intervals. The second 24-channels 
were spaced at 50-meter intervals. These two different groupings were 
separated between channel 24 and 25 with a 75-meter interval. The final 
geometric configuration of the streamer and the source interval was 
designed for 36-fold processing. Data were recorded to 10 seconds using a 
system delay for a total length of up to 14 seconds, where necessary. 
Recording was done using a 2-millisecond sampling rate.

Reprocessing was done for the following reasons:
1. To eliminate multiples and data ringing that dominated the 

original profile causing unreliable primary reflections.
2. To reveal and enhance primary reflections that were not seen in 

the original processed profile or were highly contaminated by multiples, 
ringing or random noise.

3. To provide accurate velocity information along the profile.
4. To accurately tie intersection profiles.
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OPERATIONAL PROBLEMS

The demultiplexing of marine seismic multichannel reflection profile 
Line 13 revealed several operational problems. These problems relate 
entirely to the original field tapes. The major problem with these field 
tapes is the problem of tape skew. This condition occurred during 
original recording of the data. Previously, experience with this problem 
(Open File Report 88-51) allowed us to improve on the number of shots 
lost, and to cut the amount of time necessary to complete the 
demultiplexing process. In this case, 25-30 percent of the time 
previously used was saved.

REPROCESSING

Reprocessing of marine seismic multichannel reflection profile Line 
13 was done on a VAX-11-780 computer, using "Disco" (seismic software 
package provided by Digicon Geophysical Inc.). A standard processing 
sequence was used in reprocessing the data (table 1). After completing 
the reprocessing, the stacked profiles were compared with the original 
stacked profiles to determine the differences in quality and processing 
accuracy. Table 2 is the information label from the original processing. 
Several errors were found in the original information label. The most 
difficult error to correct relates to the filtering information. The 
original input parameters (Table 2) listed a first filter of 15 to 55 
Hertz; however, it is doubtful that frequencies greater than 38 Hertz 
appear in the records. Figure 2 is a spectral analysis of a segment of 
original stacked data. The strongest frequencies seen are 13 to 30 Hertz 
followed by 31 through 38 Hertz. Table 1 shows the reprocessing filter 
parameters. Figure 3 is a spectral analysis of the same segment of the 
filtered reprocessed stack. Frequencies from 7 through 48 Hertz are well 
balanced and less than 12 db down in signal strength.

Figure 4 is the exact spectrum without deconvolution. Deconvolution 
is an important process that was not used during the original processing. 
This process not only attentuates multiples and data ring but also 
balances and enhances the frequency spectrum. Original stacked data have 
a low frequency appearance due to lack of deconvolution prior to the 
stacking. Errors in velocity information used in the original stacked 
data are the most serious of the errors found. Figure 5A is a common 
depth point (CDP) record without normal move-out (NMO) velocity 
correction. Figure 5B has the original NMO correction applied. The 
flatter the data, the more accurate the stack. Figures 6A through 6C are 
another set of CDP's from another part of the seismic profile showing 
again the NMO velocity analysis generated during reprocessing. The 
water-bottom sediment interface is at a time of 4.45 seconds with a 
velocity of 1,485 meters per second. Two velocity curves are shown (left 
side of figure 7), The curve connected by dots is the original velocity 
pick; the circles to the right show the stacking response to the original 
velocities input. Table 3 gives the velocities shown in figure 7 
converted to depth. Errors in the original velocities exist throughout 
the entire profile. Figures 8 through 17 are examples of original stacked 
segments compared to reprocessed segments. Improvements result from 
deconvolution before stack, better filter choices, and accurate velocity 
information.
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DECIBEL SPECTRUM
NORhflLIZRTION - RELRTIVE 1 UNIT = 0.100000E+01 OB

0.00 10.00 20.00 30.00
FREQUENCY(HZ)

40.00 50.00

Figure 2. Frequency spectrum of original data. Note how information label 

lists the first filter 15 to 55 hertz. It is doubtful that frequencies 

greater than 38 hertz will visually exist.



DECIBEL SPECTRUM
NORMflLIZRTION - RELRTIVE 1 UNIT - 0.100000E+01 OB

0.00 10.00 20.00 30.00
FREQUENCY(HZ)

40.00 50. (

Figure 3. Frequency spectrum of reprocessed data. Note how well balanced 

the spectrum is. Frequencies from 7 hertz through 47 hertz will be 

visually seen. This figure is taken at the same data location as 

figure 2.



DECIBEL SPECTRUM
MORWl.IZnTlON - RELFNTIVE 1 UNII = 0.100330E-01 08

0.23 10.00 20.00 30.00
FREQUENCY(HZ)

50.00

Figure 4. This figure is exactly the same as figure 3 with the exception of 

no deconvolution applied. Note the difference in the balance of the 

spectrum.
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VELOCITY
M/SEC

POST-NMO STRCKS OF 
CDPS 175- 183 WITH 
DIFFERENT VELOCITY FUNCTIONS

1 2345678

U-01

Figure 7A, B. 7A is the velocity analysis showing curve of original velocities (dotted
line) versus correct picks octogons. 7B are stacked traces of the velocity functions 
from figure 7A. Circles are where the original velocities will fall and the stacking 
response.
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Table 3. A comparison of the velocities from figure 7A converted to depth

Original 
processing 
velocities

5.1 1400

5.5 1500

6.3 1610

6.95 1700

7.85 1900

Original 
Reprocessed velocities 
velocities converted 

to depth 
(m)

WB 4.45 1480 3570

5.00 1530

5.50 1575 4058

6.3 1690 4947

6.95 1855 5728

7.85 2030 7091

Reprocessed 
velocities Difference 
converted in depths 
to depth 

(m) (m)

3304 +266

     

3814 -124

5244 -267

6225 -497

7602 -511

The true vaterbottom interface is at 4.45 seconds. Reprocessed velocities 
are very accurate. Original velocities for the entire profile are in 
error.
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Figure 8. Segment of original stacked data line 13EF
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Figure 9. Same as figure 8 after reprocessing.-Overall quality is excellent due to 
deconvolution before stack, and improved velocity analysis.
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Figure 11. Same as figure 10. Excellent improvement due to deconvolution before 
stack and improved velocity analysis.
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8u re 12. Original stacked segment from 13A, the most southern part of the profile.

17



00

Fi
gu

re
 
1
3
.
 
S
a
m
e
 
as
 
fi
gu
re
 
12
 
af

te
r 

re
pr
oc
es
si
ng
. 

Ov
er

al
l 

im
pr

ov
em

en
t 

is
 
du
e 

to
 

de
co

nv
ol

ut
io

n 
be
fo
re
 
st

ac
k 

an
d 

ac
cu
ra
te
 
re
ge
ne
ra
te
d 

ve
lo
ci
ty
 
an
al
ys
is
.



W»*«p'*«itat>iWlK5P?^ *?>'r*^!B^^«i3<'fc*^

ifflSW^^ " ^^ " "rtji *""  ' A>.« t**/^ I J**.«/"«tr»i>*fc.  . . . . _« ^^ .1^ . ~  

^
ffi*^^ 
^ ^rfjjttt^w^'W^V^.^^^Tiaai^-^iiGd^

^S8Bt5EBSfltf«^l^^ 
SSS3ISUai««^^^J^^l !!^TwM^::±:^S^^m^ ai^ig^^^A

gBtfnvai<pS5S»Wl»>'' O'i*^^ ' Li'-1 '->L?PWg JiL^>t^^ ̂ ^^Sftlt^Sfgy^^'Mri.^'f JL& T?.V/:;>YYg&MA.r-SA

Figure 14. Original stacked segment from middle of profile Line 13A.
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CONCLUSIONS

Multichannel seismic reflection profile Line 13 was substantially 
improved through reprocessing. Errors found in the original processing 
were corrected during the reprocessing. Accurate velocity information was 
applied to the reprocessed data. The original velocity work was 
inaccurate throughout the profile. As depth conversion is based on 
accurate velocity information, it is extremely important to obtain the 
best possible velocity information. Deconvolution before stack, a very 
important pre-stack process, was not used during the original processing. 
By not using this process, the original data were affected in several 
ways. Original data lacked high frequencies. If the original data had 
been deconvolved before stack (spiked and whitened), the higher 
frequencies would have been balanced and preserved. More structure is 
visible in the reprocessed data due to the process of weighting the stack 
(giving more power to the farther traces in the CDP). With bad velocity 
input (see figure 5), the far traces can cause timing errors and create 
false structure. Tremendous improvements were realized during 
reprocessing resulting in increased information and accuracy in the 
seismic profile.

It is suggested that data processed prior to 1980 be thoroughly 
checked for accurate velocity analysis and proper processing procedure. 
Seismic profile Line 13 is a prime example of the types of problems that 
develop when seismic data are processed incorrectly.
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