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Forr the proposeed survey offf New Jerseey, a smallerr energy souurce than thee full airgun array
available on the R/V Langseth
L
would be sufficcient to collecct the desiredd geophysicall data. Previiously
d calibration studies of th
he Langseth’ss airgun arrayys, however, can still infform the moddeling
conducted
process ussed to develop
p mitigation radii
r
for the currently
c
propposed survey.

Acoustic Source Description
D
Thiis 3-D seism
mic data acqu
uisition projecct would usee two airgun subarrays thhat would be fired
alternately
y as the ship progresses
p
along track (on
ne subarray w
would be toweed on the portt side and the other
on the staarboard side). Each airgun
n subarray would consist of four airguuns (total voluume 700 in3).. The
subarrays would use subsets of the
t linear arrrays or “strinngs” compossed of Bolt 1500LL andd Bolt
X airguns that are carried by
b the R/V La
angseth (Figuure A1): four airguns in onne string wouuld be
1900LLX
fired simu
ultaneously, and
a the other six airguns on
o the string would be inaactive. The ssubarray tow depth
would be either 4.5 m (desired tow
w depth) or 6 m (in case off weather deggradation). T
The subarray w
would
be fired ro
oughly every 5.4 s. At eacch shot, a briief (~0.1 s) puulse of soundd would be em
mitted, with siilence
in the inttervening perriods. This signal attenu
uates as it m
moves away ffrom the souurce, decreasiing in
amplitudee and increasing in signal duration.
d

FIGURE A1
1. Four-airgu
un subset of one
o string tha
at would be u
used as a 700
0-in3 subarray for the prop
posed
survey (in
ndividual volum
mes are indic
cated).

Fo
our-Airgun Subarray
S
Speecifications
Energy Source
1950--psi Bolt airgguns with vollumes 120–2220 in3, arrangged in
on
ne string of foour operating airguns
Towiing depth of energy
e
sourcee
4.5 m or 6 m
Source output (do
ownward), 4.5
5m
0-pk is 240.4 dB rre 1 μPa · m; ppk-pk is 246.33 dB re 1 μPaa · m
ownward), 6 m
0-pk is 240.4 dB rre 1 μPa · m; ppk-pk is 246.77 dB re 1 μPaa · m
Source output (do
d
volu
ume
~700 in3
Air discharge
Dom
minant frequen
ncy componen
nts
0–188 Hz
Beccause the actu
ual source orriginates from
m 4 airguns raather than a ssingle point ssource, the hiighest
sound lev
vels measurable at any locaation in the water is less thhan the nominnal source leveel. In additioon, the
effective source level for sound prropagating in near-horizonntal directionns would be ssubstantially lower
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than the nominal source level applicable to downward propagation because of the directional nature of the
sound from the airgun array.

Modeling and Scaling Factors
Propagation measurements were obtained in shallow water for the Langseth’s 18-gun, 3300-in3 (2string) array towed at 6 m depth, in both crossline (athwartship) and inline (fore and aft) directions.
Results were presented in Diebold et al. (2010), and part of their Figures 5 and 8 are reproduced here
(Figure A2). The crossline measurements, which were obtained at ranges ~2 km to ~14.5 km, are shown
along with the 95th percentile fit (Figure A1, top panel). This allows extrapolation for ranges <2 km and
>14.5 km, providing 150 dB SEL, 170 dB SEL and 180 dB SEL distances of 15.28 km, 1097 m, and
294 m, respectively. Note that the short ranges were better sampled in inline direction including by the
6-km long MCS streamer (Figure A2, bottom panel). The measured 170-dB SEL level is at 370-m
distance in inline direction, well under the extrapolated value of 1097 m in crossline direction, and the
measured 180-dB SEL level is at 140-m distance in inline direction, also less than the extrapolated value
of 294 m in crossline direction. Overall, received levels are ~5 dB lower inline than they are crossline,
which results from the directivity of the array (the 2-string array being spatially more extended in fore and
aft than athwartship directions). Mitigation radii based on the crossline measurements are thus the more
conservative ones and are therefore proposed to be used as the basis for the mitigation zone for the
proposed activity.
The empirically derived crossline measurements obtained for the 18-gun, 3300-in3 array in shallow
water in the Gulf of Mexico, described above, are used to derive the mitigation radii for the proposed
New Jersey margin 3-D survey that would take place in June–August 2015 (Figure A3). The entire
survey area would be located in shallow water (<100 m). The source for this survey would be a 4-gun,
700-in3 subset of 1 string at 4.5- or 6-m tow depth. The differences in array volumes, airgun
configuration and tow depth are accounted for by scaling factors calculated based on the deep-water
L-DEO model results (shown in Figures A4 to A6).
The scaling procedure uses radii obtained from L-DEO models. Specifically, from L-DEO modeling,
150-, 170-, and 180-dB SEL isopleths for the 18-gun, 3300-in3 array towed at 6-m depth have radii of
4500, 450, and 142 m, respectively, in deep water (Figure A3). Similarly, the 150-, 170-, and 180-dB
SEL isopleths for the 4-gun, 700-in3 subset of 2 strings array towed at 4.5 m depth have radii of 1544,
155, and 49 m, respectively, in deep water (Figure A4). Taking the ratios between both sets of deepwater radii yields scaling factors of 0.3431–0.3451. These scaling factors are then applied to the
empirically derived shallow water radii for the 3300-in3 array at 6-m tow depth, to derive radii for the
suite of proposed airgun subsets. For example, when applying the scaling ratios for the 4-gun, 700-in3
array at 4.5-m tow depth, the distances obtained are 5.24 km for 150 dB SEL (proxy for SPL 160 dB
rms), 378 m for 170 dB SEL (SPL 180 dB rms), and 101 m for 180 dB SEL (SPL 190 dB rms).
The same procedure is applied for the suite of arrays:
(1) 4-gun 700 in3 array, subset of 1 string at 4.5 m tow depth (Figure A4)
(2) 4-gun 700 in3 array, subset of 1 string at 6 m tow depth (Figure A5)
(3) Single 40 in3 mitigation gun at 6 m tow depth (Figure A6)
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FIGURE A2. R/V Langseth Gulf of Mexico calibration results for the 18-gun, 3300-in3, 2-string array at 6-m
depth obtained at the shallow site (Diebold et al. 2010).
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FIGURE A3. Deep-water model results for the 18-gun, 3300-in3, 2-string array at 6-m tow depth, the
configuration that was used to collect calibration measurements presented in Figure 2. The 150-dB SEL,
170-dB SEL, and 180-dB SEL (proxies for SPLs of 160, 180, and 190 dB rms2) distances can be read at
4500 m, 450 m, and 142 m.
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Sound sources are primarily described in sound pressure level (SPL) units. SPL is often referred to as rms or “root
mean square” pressure, averaged over the pulse duration. Sound exposure level (SEL) is a measure of the received
energy in a pulse and represents the SPL that would be measured if the pulse energy were spread evenly across a
1-s period.
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FIGURE A4. Deep-water model results for the 4-gun, 700-in3 subset of 1-string array at 4.5-m tow depth
that could be used for the NJ margin 3D survey. The 150-dB SEL, 170-dB SEL, and 180-dB SEL
distances can be read at 1544 m, 155 m, and 49 m, respectively.
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FIGURE A5. Deep-water model results for the 4-gun, 700-in3 subset of 1-string array at 6m tow depth that
could be used for the NJ margin 3-D survey. The 150-dB SEL, 170-dB SEL, and 180-dB SEL distances
can be read at 1797 m, 180 m, and 57 m, respectively.
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FIGURE A6. Deep-water model results for the single 40-in3 Bolt airgun at 6-m tow depth. The 150-dB
SEL, 170-dB SEL, and 180-dB SEL distances can be read at 293 m, 30 m, and 10 m, respectively.
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The derived shallow water radii are presented in Table A1. The final values are reported in Table
A2.
TABLE A1. Table summarizing scaling procedure applied to empirically derived shallow-water radii to derive
shallow-water radii for various array subsets that could be used during the New Jersey margin 3D survey.
Calibration
Study:
18-gun, 3300in3 @ 6-m
depth

Deep water radii (m)
(from L-DEO model results)

Shallow Water Radii (m)
(Based on empirically-derived
crossline Measurements)

150 dB SEL:

4500

15280

170 dB SEL:

450

1097

180 dB SEL:

142

294

Proposed
Airgun
sources

Deep water radii
(from L-DEO model results)

Source #1:
3
4-gun, 700-in
@ 4.5-m depth

150 dB SEL:

1544 m

0.3431

5240

170 dB SEL:

155 m

0.3444

378

180 dB SEL:

49 m

0.3451

101

150 dB SEL:

1797 m

0.3993

6100

170 dB SEL:

180 m

0.4000

439

180 dB SEL:

57 m

0.4014

118

150 dB SEL:

293 m

0.0651

995

170 dB SEL:

30 m

0.0667

73

180 dB SEL:

10 m

0.0704

21

Source #2:
3
4-gun, 700-in
@ 6-m depth

Source #3:
3
Single 40-in
@ 6-m depth

Scaling factor
[Deep-water radii
for 18-gun 3300-in3
array @ 6 m depth]

Shallow water radii (m)
[Scaling factor x shallow
water radii for 18-gun 3300
in3 array @ 6 m depth]

TABLE A2. Predicted distances in meters to which sound levels ≥ 180 and 160 dB re 1 μParms would be
received during the proposed 3-D survey off New Jersey, using a 4-gun, 700-in3 subset of 1 string at 4.5or 6-m tow depth and the 40-in3 airgun during power-downs. Radii are based on Figures A2 to A6 and
scaling described in the text and Table A1, assuming that received levels on an rms basis are,
numerically, 10 dB higher than the SEL values.
Source and Volume
4-airgun subarray
(700 in3) @ 4.5 m
4-airgun subarray
(700 in3) @ 6 m
Single Bolt airgun (40
in3) @ 6 m

Water Depth

Predicted RMS Radii (m)
180 dB
160 dB

<100 m

378

5240

<100 m

439

6100

<100 m

73

995

