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High-Resolution Marine Reflection Surveys
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Through a computer model study, optimum system configﬁration and field parameters
were determined for high-resolution marine reflection surveys. Characteristics of far-

field signatures were analysed in both time and frequency domains for the six individual
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airguns and the cluster comprising two airguns installed on the R/V Onnuri. The analy-

sis shows that the cluster fired at the depth of 2m below the sea surface generates the

most ideal far-field signatures among the above seismic sources. Compared with the 96-

channel streamer on the R/V Onnuri, the 12-channel streamer is suitable for shallow

reflection profiling due to its high resolution both in the vertical and horizontal direc-

tions despite its lower signal-to-noise ratio. Considering factors including target depth,

frequency range, airgun volume, number of recording channels, and capacity of com-

pressors, optimum values for record length, sample period, and shot interval are believed

to be 1s, 1ms, and 3.125m or 6.25m, respectively,
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Fig.1 Computer-simulated near-field sig-

natures for (a) 0.16 ¢, (b) 0.33¢,
(c) 066 ¢, (d) 1.15 2, (e) 1642,
and (f) 2.46 £ sleeve-guns, respec-
tively. The signature (g) is for the
cluster -comprising two 2.46¢
sleeve-guns separated by 0.46m.
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Fig.2 Computer-simulated far-field signa-
tures for (a) 0.16 ¢, (b) 0.33 ¢, (c)
0662, (d) 1.15¢2, (e) 1.64¢, and
(f) 2.46 ¢ sleeve-guns, respectively.
The signature (g) is for the cluster
comprising two 2.46 ¢ sleeve-guns
separated by 0.46m. For the simula-
tion using the corresponding near-
field signatures in Figure 1, source
depth and reflectivity at the sea sur-
face in water are assumed to be 2m
and —0.8, respectively,
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Fig.3 (a) Peak-to-peak amplitude P, (b)

primary-to-bubble ratio P,/P, and
(c) bubble period T, of the far-field
signatures as a function of source
depth for the range of 1-bm at Tm
interval. The gun volumes for the
numbers (1) through (6) indicated
on the right of each curve are 0.16
g, 0334, 0664, 1154, 1644,

~and 2.46 ¢, respectively. The curve

(7) is for the cluster comprising two
2.46 ¢ sleeve-guns separated by 0.
46m. Reflectivity at the sea surface
in water is assumed to be —-0.8 to
synﬂwesiie the far-field signatures
for a normal sea surface.
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Fig.d (a) Peak-to-pesk amplitude P., (b)

primary-to-bubble ratio P,/P,, and
(c) bubble period T, of the far-field .
signatures as a function of source
depth for the range of 1-bm at 1m
interval. The gun volumes for the
numbers (1) through (6) indicated
on the right of each curve are 0.16
g, 033¢, 066¢, 1.15¢, 1644,
and 2.46 £, respectively., The curve
(7) is for the cluster comprising two
2.46 ¢ sleeve-guns separated by 0.
46m, Reflectivity at the sea surface
in water is assumed to be —1.0 to
synthesize the far-field signatures
for an ideal sea surface.
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- synthesize the far-field signatures

for a rough sea surface.
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Table 1. Characteristics of source signatures in the time domain.

B714, #¥d, FF=, FAT

Rap=—0.6 Rape=—0.8 R.,=—1.0
v 4 P, Pmp T, P, P/ T P, P/P T
(£) (m)(MPa-m) (ms) (MPa-m) (ms) (MPa-m) (ms)
016 1 .1870 2479 39.0 1938 4.125 38.0 2271 7.066 38.0
016 2 .3346 3.275 39.0 3745 3.920 38.0 4143 4.611 38.0
016 3 .3198 2.660 39.0 3697 2.952 38.0 3996 3.252 38.0
016 4 3171  2.277 39.0 3532 2,500 39.0 3893 2.614 38.0
0.16 5 .3688 2.090 39.0 4086 2.202 39.0 4485  2.324 39.0
033 1 .2306 2457 49.0 2436  4.465 48.0 2841 8.642 47.0
033 2 4145 3538 49.0 4651 4615 © 48.0 - 5166  5.331 47.0
033 3 .3877 2.882 49.0 4382 3.447 48.0 4887  3.982 48.0
033 4 3734 2422 49.0 4194 2,738 48.0  .4655 © 3.003 48.0
033 b5 4362 2.269 49.0 4867  2.484 49.0 b373 2.628 49.0
0.66 "1 2859 2474 62.0 3062 4.787 61.0 . .3558 11.100 60.0
066 2 5163 3741 61.0 5798  5.566 61.0 --.6433 6.795 60.0
066 3 4745  3.091 61.0 5380 4.134 61.0. 6015 4.781 60.0
066 4 4425 2591 61.0 5003 3.201 61.0 .58l  3.542 60.0
066 &5 .b177 2635 62.0 .5812  2.830 61.0 6446  3.084 61.0
1.15 1 .3439  2.560 75.0 3709 5.053 73.0 4276 13.569 72.0
115 2 .6225 4.070 74.0 6981  6.307 73.0 7737 8281 720
1.15 3 .5660  3.409 74.0 6415 4.790 73.0 7171 5.782 72.0
1.15 4 5148 2.841 74.0 5830  3.653 73.0 6612 4.196 720
115 5 .6033 2.791 74.0 6789 3.208 74.0 7545  3.581 73.0
1.64 1 .3909 2.548 84.0 4210 5.111 82.0 4837 15.694 81.0
164 2 .7063 4.145 83.0 7909 6.815 82.0 8756  9.567 81.0
1.64 3 6391 3511 83.0 7237  5.188 82.0 8084  6.648 81.0
164 4 5739 2920 83.0 6496  3.971 82.0 7269 4.773 81.0
164 5 .6738 2.935 83.0 7584 3.629 83.0 8431  4.061 82.0
246 1 5384 3.219 95.0 b752  6.557 94.0 .6535 21.678 92.0
246 2 .9652 5,305 94,0 1.0763 9.036 93.0 1.1876 13.376 92.0
246 3 8663 4.496 94.0 9775 6.913 93.0 1.0886 9.148 92.0
246 4 7604  3.697 94.0 .8608  5.310 94.0 09719 6.676 93.0
246 5 .8978  3.840 95.0 1.0090 4.794 94.0 1.1201 5.552 93.0
492 1 8626 6.893 117.0 9033 13998 1160 1.0318 56.965 115.0
492 2 15407 11.640 1160 17041 21.003 1160 1.8674 33.898 114.0
492 3 13665 9.906 1160 1.5299 16.202 116.0 -1.6932 23.396 115.0
492 4 11737 8143 1170 1.3370 12.348 1160 15004 16,572 115.0
492 5 1.3862 8548 117.0 15496 11.247 116.0 1.7130 13.923 116.0
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Fig.6 Amplitude spectra for the far-field

*signatures in Figure 2. The corre-

spondng gun volumes for (a)

through (f) are 0.16 ¢, 0.33 ¢, 0.66

¢, 1.15¢, 1644, and 246¢,

respectively. The spectrum (g) is for

the cluster comprising two 2.46 ¢
sleeve-guns separated by 0.46m.
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Fig.7 (a) Peak amplitude A, and (b) domi-
nant frequency F, as a function of
source depth for the range of 1-5m
at 1m interval. The gun volumes for
the numbers (1) through (6) indicat-
ed on the right of each curve are 0.
16¢,033¢,066¢, 1.15¢, 1.64¢,
and 2.46 ¢, respectively. The curve
(7) is for the cluster comprising two
2.46 ¢, respectively. The curve (7) is
for the cluster cormprising two 2.46 £
sleeve-guns
Reflectivity at the sea surface in
water is assumed to be —0.8 to
synthesize the far-field signatures
for a normal sea surface.
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Table 2. Characteristics of source signatures in the frequency domain.

R,,,=—0.6 R,,= 0.8 R, —1.0

Vv d A F, F, A, F, F, A, F, F,
(4) (m) (dBref (Hz) (Hz) (dBref (Hz) (Hz) (dBref (Hz) (Hz)

1Pa-m/Hz) . LPam/Ha) 1Parm/1L)

016 1 1856 25 - 1810 %5 - 1772 35 -

016 2 1878 25 332 186 25 334 1867 25 333
016 3 18901 25 255 1886 25 252 1891 25 250
016 4 1903 25 201 1903 25 201 1909 25 200
016 5 1S24 25 143 1929 25 143 1936 25 143
033 1 1893 20 - 1842 20 - 1788 20 -

033 2 1908 20 332 1887 20 333 1883 20 333
033 3 1918 20 255 1906 20 252 1907 20 250
033 4 1928 20 201 1922 20 201 1926 20 200
033 5 1946 20 143 1947 20 144 1954 20 143
066 1 1934 16 - 1880 16 - 1811 16 -

066 2 1945 16 332 1916 16 334 1906 16 333
0663 1952 16 255 1933 16 252 1930 16 250
0.66 4 1960 16 200 1948 16 201 1950 16 200
066 5 1976 16 143 1973 16 143 1978 16 143
115 1 1965 13 - 1909 13 - 1823 13 -

115 2 1972 13 333 1936 13 333 1918 13 334
115 3 1978 13 255 1951 13 252 1943 13 250
115 4 1984 13 200 1965 13 200 1962 13 200
115 5 1997 13 144 1988 13 143 1991 13 143
164 1 1990 12 - 1934 12 - 1842 12 -

164 2 1997 12 33 1959 12 334 1937 12 332
164 3 2002 12 255 1973 12 252 1962 12 250
164 4 2007 12 201 1986 12 201 1981 12 200
164 5 2019 12 143 2008 12 143 2010 12 143
246 1 2009 10 - 1951 10 - 1845 10 -

246 2 2013 10 334 1970 10 334 1940 10 332
246 3 2017 10 255 1982 10 252 1965 10 250
246 4 2021 10 201 1994 10 200 1984 10 200
946 5 2031 10 143 2014 10 144 2013 10 143
492 1 2004 8 - 1946 8 - 1821 8 -

492 2 2007 8 333 1959 8 333 1917 8 332
492 3 2010 8 255 1968 8 252 1942 & 250
492 4 2013 8 200 1978 8 200 1961 8 200
492 5 2020 8 144 1996 8 144 1990 8 143

200
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Fig.8 Array response curves for (a) the 96
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