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ABSTRACT

URS Australia is currently writing a document "Environmental Management Plan for
Australian Maritime Exercise Areas" for the ADF. To help URS, MOD has modelled the
expected sound pressure levels for a number of different environments and sonar frequencies
around Australia. This was used to calculate the mitigation range that could be used when
operating different sonars in Australian waters.
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Environmental Mitigation Ranges Around
Australia

Executive Summary

URS Australia is currently writing a document "Environmental Management Plan for
Australian Maritime Exercise Areas" for the ADF. To help URS, MOD has modelled the
expected received sound pressure levels for a number of different environments and
sonar frequencies around Australia. The maximum ranges the sound pressure levels
dropped below 182 and 160 dB were then calculated for a number of different sonars
operating at levels indicative of or over-estimating full power. Since these ranges
varied depending on the environment, the 5%, mean, and 95% probability ranges were
found for each sonar specified by URS. The probability ranges were found by
calculating the standard deviation and mean values, of each sonar, and assuming a
normal distribution. The 95% probability range gives an idea of the mitigation range
that could be used when operating different sonars in Australian waters.

DICASS, RASSPUTIN, ASSTASS, SeaBat 6012, MOAS, and Type 2093 sources all had
95% probability ranges less than 1 km for the 160 dB sound pressure level, except the
Type 2093 source in VLF mode at full power, which had a range of 1288 m. These
sources are expected to have little impact on the Australian marine life, but would still
require some environmental mitigation.

A slightly higher range of 2144 m, for 95% probability and 160 dB, was found with the
Spherion MFS sonar when operating in an omni directional mode. So this may require
a slightly higher mitigation procedure.

The higher powered, low to mid frequency sonars; SQS-56, Mulloka, Spherion B,
Spherion MFS (in directional mode), Scylla AA, and LFAS, all had ranges above 4 km
at 95% probability and 160 dB sound pressure level, so would require higher
mitigation. This could include running TESS II to check the sound pressure levels using
at sea data or reducing the source level in sensitive environmental areas. Reducing the
source level also reduces the detection range for any submarines, so this could put
valuable assets and people at risk. Sonars perform differently depending on the source
level, so operators also need to be well trained on how the sonar works at full power.
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1. Introduction

URS Australia is currently writing a document "Environmental Management Plan for
Australian Maritime Exercise Areas" to assist the Australian Defence Force (ADF)
protect the environment in these exercise areas. Part of this management plan includes
looking at the sound pressure levels and sonar frequencies generated by active sources
used by the Australian Defence Force (ADF), or possibly to be used in the future, what
maximum source levels they produce and what frequencies they use.

To help URS, the Maritime Operations Division (MOD), within DSTO (Defence Science
and Technology Organisation), have modelled a number of environments within the
Australian maritime exercise areas to determine the expected transmission losses
within these areas. Using these transmission loss (TL) curves and indicative maximum
source levels produced by these sonars, the expected sound pressure levels were
calculated against range from the source. The maximum ranges when the sound
pressure level dropped below the limits of 182 and 160 dB were then found, to show
what mitigation ranges might be required for the various sonars.

The active sonar frequencies and maximum source levels were supplied by URS and
used within TESS II (Tactical Environmental Support Systems) to produce the
transmission loss curves. TESS II is currently endorsed by the Navy as its sonar
performance prediction tool. RAVE was the numerical model used within TESSII to
calculate the transmission loss curves.
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2. Active Sonars Studied

The active sonars tested were supplied by URS, along with their source levels and
frequencies, table 1. :

Table 1: Active sonars tested

Indicative | Max. Nominal
System Centre Source Level
Y Frequency |(dBre 1 pyPaat
(kHz) 1m)
88Q-62
(DICASS) 8 202
RASSPUTIN 1.5 205
SQS-56 7.5 230
Mulloka 18 230
Spherion B 6 225
Spherion MFS 8.5 220
Omni
Spherion MFS
Directional 8.5 230
Scyila AA 10 230
LFAS 0.4 225
ASSTASS 1.6 212
Type 2093
VLF mode 30 220
Type 2093 LF 100 220
mode
Type 2093 HF 300 230
mode
Type 2093
VHF mode 500 230
MOAS 90 230
Scylla OA 100 220
SeaBat 6012 455 230
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3. Environments Used

To determine all the expected transmission losses within Australia's exercise areas

would be a massive task, so this was simplified to three representative sites; two within
the WAXA and one in the NAXA. The nominal locations were:

* Site 1. Shallow tropical (12°20'S 128°25'E), water depth of 100m

Site 2. Shallow temperate (33°S 115°E), water depth of 200m

Site 3. Deep temperate (32°S 112°30'E), water depth of 5000m

These three locations are only nominal to show the variation expected in transmission

loss between shallow/deep water and tropical/temperate climates. So the two
temperate sites could also be used to represent the EAXA.

The input parameters used in TESS II/RAVE are not from these exact sites. They have

been formed by looking at the environmental conditions around each site and showing
the variation possible within the general area.

3.1 Sound Speed Profiles

Both summer and winter sound speed profiles (SSP) were used at each site to show the
effect of seasons, figures 1 to 4. The sound speed profiles represent the extremes
expected, from a summer downward SSP with most of the energy sent towards the

seafloor, to a winter surface duct with energy propagating near the surface within the
duct and less interaction with the seafloor. The actual SSP values used in RAVE can be
seen in Appendix A.
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Figure 1: Sound Speed Profile for Site 1, Shallow Tropical
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Figure 2: Sound Speed Profile for Site 2, Shallow Temperate
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Figure 3: Sound Speed Profile for Site 3, Deep Temperate. Showing only the upper 200 m
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Figure 4: Sound Speed Profile for Site 3, Deep Temperate. The curves overlie for most of the
data shown

3.2 Seafloor types

For all sites, three different seafloor geoacoustic profiles were used, representing
absorptive, intermediate, and reflective bottom losses. The reflective seafloors should
produce the lowest transmission losses, but the others were included to show the
variability that could exist.

3.2.1 Reflective

Mean Grain Size = 0.92 phi

Porosity = 34.0 %

Density = p = 2077 kg/m3

Compressional sound speed ratio = cp/cw = 1.15
Compressional attenuation = a. = 0.519 dB/A

3.2.2 Intermediate

Mean Grain Size = 5.82 phi

Porosity = 61.3 %

Density = p = 1630 kg/m?3

Compressional sound speed ratio = c,/cw = 1.026
Compressional attenuation = o = 0.476 dB/ A




DSTO-GD-0395

3.2.3 Absorptive

Mean Grain Size = 11.0 phi

Porosity =91.9 %

Density = p = 1132 kg/m?

Compressional sound speed ratio = cp/cw = 0.963
Compressional attenuation = o. = 0.042 dB/A

3.3 Wind Speeds

The wind speeds used were 0.5, 2.0, 5.0, 9.0, and 19.0 knots. These correspond to sea
states of 0 to 4 and Beaufort winds of 0, 1, 2, 3, and 5. Above sea state four most active
sonar operations would cease, so this is the complete range of wind speeds expected
during operations.

3.4 Ranges

The transmission loss values were outputted from RAVE in 100 m steps, out to 20 km.
Only the first 10 km are displayed, since this is the area of interest.

Since transmission loss calculations were done in 100 m steps, no TL data exists closer
than 100 m from the source. DICASS, RASSPUTIN, and ASSTASS sources had a SPL
below 182 dB before the 100 m range, but have been marked with 100 m as safe
estimates. The spherical spreading estimates would be closer to reality, but since all
estimates are extremely close to the source any difference should have minimal effect
on any mitigation procedures.

There was no calculation of the sound pressure levels within any convergence zones
(CZ) at site 3. To test that no calculations were required, RAVE was run for a worst
case scenario; a reflective seafloor, zero sea state, low frequency of 300 Hz, and a
summer SSP that directs the energy into the CZ. The first CZ existed at around 60 to
65 km from the source and had a minimum TL of 76 dB. Considering the highest
source level tested was 230 dB, this gave a SPL of 154 dB for the worst case (see
figure 5), without considering the effect of water absorption, which would reduce the
SPL even more. The next CZ would exist around 120 km from the source and have an
even lower SPL. :
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Figure 5: Convergence Zone Sound Pressure Levels for a worst-case scenario. The colour bar on
the right shows the sound pressure levels for a 230 dB source level

3.5 Depths

The depth spacing used depended on the site. For sites 1 and 2, 200 depth points were
used giving a depth spacing of 0.5 m and 1 m, respectively. For site 3, 2500 depth
points were used giving a depth spacing of 2 m.

3.6 Source Depth

Most of the active sources considered were hull mounted and were given a nominal
depth of 7 m below the sea surface when modelling. The two exceptions were the
sonobuoys; the DICASS sonobuoy had the source at 27 m, while the RASSPUTIN
sonobuoy had the source at 23 m.

3.7 Remaining Environmental Inputs
The following inputs remained the same for each RAVE run.

Maximum range calculated= 20 km
Pulse length = 0.5 sec

Volume scattering parameter = -85.2 dB
Omni directional source and receiver
Range independent modelling
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4. Obtaining Sound Pressure Levels

The transmission losses produced by RAVE (see Appendix B) were then used to
calculate the sound pressure levels (see Appendix C) out to 20 km for each sonar
frequency and environmental condition. An energy average of the top 100 m of the
water column was used, instead of a single depth value, to give a better estimation of
the SPL any marine life would be experiencing. For site 1, this included the whole
water column.

Sound pressure levels were calculated using:
SPL=SL+TL1
where SPL = average sound pressure level in the top 100 m of water
SL = maximum source level of the sonar being tested
TL = average transmission loss calculated using RAVE

The maximum range any calculated SPL were above the SPL limits of 182 dB and 160
dB? were then found, with a linear curve fit done between the 100 m RAVE range steps
to find the actual range of each crossing.

For each sonar, the combinations of three sites, two seasons, three seafloor types, and
five wind speeds resulted in 90 range values for each SPL limit. The standard deviation
in range was then found for each sonar and a 95% probability limit calculated,
assuming a normal distribution. Where the 95% probability limit = 1.65 standard
deviations past the mean range. All the SPL curves are shown in Appendix C, along
with the 182 and 160 dB SPL limits.

1 Normally SPL=SL-TL but since RAVE outputs TL as a negative number this was changed to
SPL=SL+TL.
2 The 182 and 160 dB SPL limits were supplied by URS for this study.
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5. Range Predicted for Each Sonar

The ranges calculated, using RAVE, for each sonar are displayed in table 2. The mean,
95%, and 5% probability limits are shown. The 95% probability limit gives a good idea

- of what mitigation range should be used, while the mean and 5% give an idea of the
variations that could exist around Australia. The plots of SPL verse range used to
obtain these results can be seen in Appendix C.

Table 2: Ranges Calculated using RAVE for each sonar

l'gi;iiieve hél::;zo&i"rlea;l Distance from Source to|Distance from Source to
182 dB 160 dB
System Frequency | (dB re 1 pPa at (m) (m)
(kHz) 1 m) 5% | mean | 95%
SSQ-62
(DICASS) 8 202 278 | 286 | 295
RASSPUTIN 1.5 205 326 | 347 | 368
SQS-56 75 230 363 | 421 | 479
Mulloka 18 230 357 | 409 | 461 | 2003
Spherion B 6 225 287 | 302 | 316 | 1587
Spherion MFS| ¢ 220 24 | 235 | 246 | 897
Omni
Spherion MFS| ¢ 230 362 | 420 | 478 | 2308
Directional
Scylla AA 10 230 361 | 418 | 476 | 2299
LFAS 0.4 225 292 | 303 | 313 | 1847
ASSTASS 1.6 212 482 | 615 | 748
Type 2093
VIR e 30 220 220 | 231 | 242 | 762 | 1025 | 1288
Type 2093 LF| 4 220 201 | 214 | 228 | 462 | 487 | 513
mode
Type2093HE| 4, 230 237 | 249 | 261 | 376 | 394 | 412
mode
Type 2093
VHE mods 500 230 207 | 217 | 226 | 317 | 332 | 348
MOAS 90 230 311 | 328 | 346 | 695 | 750 | 805
Scylla OA 100 220 201 | 214 | 228 | 462 | 487 | 513
SeaBat 6012 455 230 215 | 224 | 233 | 328 | 345 | 361

The ranges calculated at a SPL of 182 dB for DICASS, RASSPUTIN, and ASSTASS
sources are all 100 m (shown in green), this was because RAVE only calculated the TL
values in 100 m steps, so the SPL was already below 182dB at 100 m for all
environmental conditions used. Spherical spreading + absorption gave a better
estimate of the ranges when the SPL dropped below 182 dB for these three cases (see
table 3), since the ranges were so small. This gave ranges of 10, 14, and 32 m for the
DICASS, RASSPUTIN, and ASSTASS sources, respectfully.
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The values shown in red are for ranges above 4 km, these are significant since it is
difficult to do visual mitigation of whales past 4km on surface ships. All
environmental conditions when any range was calculated above 4 km have been listed
in tables 4 to 9.

A comparison of the ranges found using spherical spreading (table 3), or spherical
spreading + absorption for the higher frequencies, with RAVE (table 2), showed that in
most circumstances spherical spreading was under estimating the ranges, so this
should not be used as a rough estimate, unless the ranges expected are very small.

Table 3: Ranges Calculated using spherical spreading for each sonar. Absorption values
obtained from Urick, Principals of Underwater Sound

Indicative | Max. Nominal Spherical Spherical +
System Centre | SourceLevel | ;100 ricon - Absorption| Absorption
yst Frequency |(dBre 1 yPaat (dB/km) comparison
(kHz) 1 m) 182 | 160 182 | 160
SSQ-62
(DICASS) 8 202 10 126 0.35 10 125
RASSPUTIN 1.5 205 14 178 0.07 14 178
8Q8-56 7.5 230 251 3162 0.34 249 2831
Mulloka 18 230 251 3162 1.2 243 2300
Spherion B 6 225 141 1778 0.27 141 1686
Spherion MFS
Omni 8.5 220 79 1000 39 76 721
Spherion MFS
Directional 8.5 230 251 3162 39 200 1560
Scylla AA 10 230 251 3162 0.44 248 2753
LFAS 0.4 225 141 1778 0.01 141 1774
ASSTASS 1.6 212 32 398 0.07 32 397
Type 2093
VLF mode 30 220 79 1000 3.1 77 764
Type2093LE| 449 220 79 | 1000 24 66 | 364
mode
Type 2093 HE| - 30, 230 251 | 3162 66 110 | 308
mode
Type 2093
VHF mode 500 230 251 3162 109 86 214
MOAS 90 230 251 3162 22 165 637
Scylla OA 100 220 79 1000 24 66 364
SeaBat 6012 455 230 251 3162 a3 93 241

5.1 Long Range Conditions

Environmental conditions where the ranges calculated using RAVE were above 4 km
at 160 dB are shown below (tables 4 to 9). These represent conditions where using

10
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visual sightings from ships to observe whale blows would be difficult. These also show
where more stringent mitigation procedures or reductions in source levels could be
used.

The sonars that have this long range are the high powered, 225 to 230 dB, sonars with a
frequency below 10 kHz. Above 10 kHz is normally used by minehunting sonars and
torpedos, where long range is not important and water absorption reduces the SPL at
longer ranges (see table 3 for absorption levels). Reducing the source level can have a
significant reduction in the SPL at long ranges (see Appendix C.1.), but this can also
reduce the detection range of enemy submarines by similar amounts.

Higher SPL at longer ranges occur with environmental conditions like low sea state,
reflective seafloors in shallow water, and surface ducts, with a combination of these

giving even higher values.

5.1.1 SQS-56

Table 4: Environmental conditions resulting in a range above 4 km at 160 dB for SSQ-56

Site Season Seafloor Sea
Reflectivity State
site1 summer abs Qto2
site1 summer int Oto4
site1 summer ref Qto4
site1 winter abs Oto3
site1 winter int Oto3
site1 winter ref Oto3
site2 summer int Oto3
site2 summer ref Oto4
site2 winter abs O0to3
site2 winter int Qto4
site2 winter ref Qto4
site3 winter abs Oto 3
site3 winter int Oto3
site3 winter ref Oto3
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5.1.2 Mulloka

Table 5: Environmental conditions resulting in a range above 4 km at 160 dB for Mulloka

5.1.3 Spherion B

Table 6: Environmental conditions resulting in a range above 4 km at 160 dB for Spherion B

Site Season Seafloor Sea
Reflectivity State
site1 summer int Qto2
site1 summer ref Oto2
site1 winter int Oto2
site1 winter ref Qto2
site2 summer ref Oto2
site2 winter ref Oto2

Site Season Seafloor Sea
Reflectivity State
site1 summer int Oto1
site1 summer ref Qto 3
site1 winter int Qto1
site1 winter ref Qto2
site2 summer ref Qto2
site2 winter ref Qto2

5.1.4 Spherion MFS Directional

Table 7: Environmental conditions resulting in a range above 4 km at 160 dB for Spherion MFS

12

Directional

Site Season Seafloor Sea
Reflectivity State
site1 summer abs 0
site1 summer int Qto4
site1 summer ref Oto4
site1 winter abs Qto3
site1 winter int Q0to3
site1 winter ref Oto 3
site2 summer int 0to3
site2 summer ref Oto4
site2 winter abs O0to3
site2 winter int Qto4
site2 winter ref Qto4d
site3 winter abs Qto3
site3 winter int Oto3
site3 winter ref Qto 3
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Table 8: Environmental conditions resulting in a range above 4 km at 160 dB for Scylla AA

Site Season Seafloor Sea
Reflectivity State
site1 summer int Oto4
site1 summer ref Oto4
site1 winter abs Oto3
site1 winter int Oto3
site1 winter ref Oto3
site2 summer int Oto3
site2 summer ref Oto4
site2 winter abs O0to3
site2 winter int Oto4
site2 winter ref Oto4
site3 winter abs Oto2
site3 winter int Oto2
site3 winter ref Oto2

5.1.6 LFAS

Table 9: Environmental conditions resulting in a range above 4 km at 160 dB for LFAS

Site Season | Seafloor Sea
Reflectivity State
site1 summer ref Oto4
site1 winter ref Oto3
site2 winter ref Oto4
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6. Conclusions

The sound pressure levels were calculated for 90 different environmental conditions
around Australia using TESS II, for each sonar type at maximum nominal source
power. The maximum ranges for sound pressure levels of 182 and 160 dB were then
calculated (see Appendix C). Since these ranges varied depending upon environmental
conditions, the 5%, mean, and 95% probability ranges were calculated, assuming a
normal distribution. These ranges are displayed in table 2.

Most of the sonars had a reasonable 95% range at the 160 dB sound pressure level, but
the high powered, 225 to 230 dB, low to mid frequency sonars had a significantly
greater range (shown in red on table 2). Higher mitigation procedures should be used
when operating these sonars, especially in low sea states and within surface ducts. This
could include running TESS II to check the sound pressure levels using at sea data or
reducing the source level (see Appendix C1) in sensitive environmental areas.

Reducing the source level also reduces the detection range for any submarines, since
this is the main purpose for operating these sonars, running them at a lower source
level for all non-combat exercises could put valuable assets and people at risk. The
sonars perform differently depending on the source level, so the operator needs to be
well trained on how the sonar will work at full power.
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Appendix A: Sound Speed Profiles

The following tables show the values used for each sound speed profile.

Table 10: Shallow Tropical, Summer SSP Table 12: Shallow Temperate, Summer SSP

Sound Sound

Speed, Speed,

Depth m m/s Depth, m  m/s

0 1543.64 0 1524.45
5 1543.58 10 1523.92
10 1543.55 20 1523.39
15 1543.52 30 1523.13
20 1543.4 40 1521.23
25 1543.3 50 1519.85
30 1543.14 60 1518.45
35 1543 70 1517.03
40 1542.87 80 1516.17
45 1542.74 90 1514.43
50 1542.39 100 1513.25
55 1541.81 110 1512.06
60 1541.68 120 1510.86
65 1541.32 130 1509.64
70 1541.18 140 1508.72
75 1541.04 150 1508.11
80 1540.91 160 1507.5
85 1540.77 170 1506.56
90 1540.39 180 1499.06
95 1540.25 190 1498.73
100 1540.24 200 1497.72

Table 11: Shallow Tropical, Winter SSP

Sound
Speed,
Depth, m m/s

0 1536.5
20 1537.2
40 1537.7
60 1537.9
80 1538.1

100 1538.3
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Table 13: Shallow Temperate, Winter Table 15: Deep Temperate, Winter
Sound Sound
Speed, Speed,
Depth, m m/s Depth, m m/s
0 152217 0 1525.6
30 152265 25 15261
40 15228 50 15264
50 152297 75 15267
75 152336 100 152638
100  1523.68 150 15205
125  1523.06 200 15156
150 152012 300 14933
175 151882 500 1485
200 1517.76 698 1481
896 14804
Table 14: Deep Temperate, Summer 1094 14817
Sound 1266 14832
Speed, 1463 14859
Depth m  m/s 1955 14917
0 1528 2448 14987
25 15275 2944 1506
50 1527 3442 15137
75 15265 3940 15216
100 15261 4440 15299
150 15205 4940 15386
200 15156 5000  1539.6
300 14933
500 1485
698 1481
896 14804
1094 14817
1266 14832
1463 14859
1955 14917
2448 14987
2944 1506
3442 15137
3940 15216
4440 15299
4940 15386
5000 15396

16
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Appendix B: Transmission Loss Plots

The following plots (figure 6 to 22) show the transmission loss results produced for the
90 different environmental conditions for each sonar. The plots vary depending on the
frequencies used by the sonars. The sound pressure levels produced by each sonar,
when operating at maximum nominal power, are shown in Appendix C. The ranges

were calculated to 20 km, but only the first 10 km are shown in the plots since this is
the area of interest.

DICASS
20 e

30

Transmission Loss (dB)

5
Range (km)

Figure 6: Transmission loss vs range for the DICASS source
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Figure 7: Transmission loss vs range for the RASSPUTIN source
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Figure 8: Transmission loss vs range for the SQS-56 source
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Mulloka

20

40~

Transmission Loss (dB)

Range (km)

Figure 9: Transmission loss vs range for the Mulloka source

Spherion B
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Figure 10: Transmission loss vs range for the Spherion B source
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Figure 11: Transmission loss vs range for the Spherion MFS Ommni source
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Figure 12: Transmission loss vs range for the Spherion MFS Directional source
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Scylla AA
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Figure 13: Transmission loss vs range for the Scylla AA source
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Figure 14: Transmission loss vs range for the LFAS source
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ASSTASS
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Figure 15: Transmission loss vs range for the ASSTASS source
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Figure 16: Transmission loss vs range for the 2093 VLF source
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Figure 17: Transmission loss vs range for the 2093 LF source
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Figure 18: Transmission loss vs range for the 2093 HF source
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Figure 19: Transmission loss vs range for the 2093 VHF source
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Figure 20: Transmission loss vs range for the MOAS source
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Figure 21: Transmission loss vs range for the Scylla OA source
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Figure 22: Transmission loss vs range for the SeaBat 6012 source
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Appendix C: Sound Pressure Plots

The following plots (figure 23 to 39) show the sound pressure levels calculated for each
sonar, operating at maximum nominal source level, with all the different
environmental conditions. The plots vary depending on the frequencies and maximum
source levels used by the sonars. The ranges were calculated to 20 km, but only the first
10 km are shown in the plots since this is the area of interest. The 182 and 160 dB SPL
levels have been highlighted since these are the sound pressure limits used in tables 2
and 3.
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Figure 23: Sound pressure level vs range for the DICASS source
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Figure 24: Sound pressure level vs range for the RASSPUTIN source
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Figure 25: Sound pressure level vs range for the SQS-56 source
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Figure 26: Sound pressure level vs range for the Mulloka source
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Figure 27: Sound pressure level vs range for the Spherion B source
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Figure 28: Sound pressure level vs range for the Spherion MFS Omni source
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Figure 29: Sound pressure level vs range for the Spherion MFS Directional source
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Figure 30: Sound pressure level vs range for the Scylla AA source
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Figure 31: Sound pressure level vs range for the LFAS source
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Figure 32: Sound pressure level vs range for the ASSTASS source
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Figure 33: Sound pressure level vs range for the 2093 VLF source
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Figure 34: Sound pressure level vs range for the 2093 LF source
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Figure 35: Sound pressure level vs range for the 2093 HF source
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Figure 36: Sound pressure level vs range for the 2093 VHF source
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Figure 37: Sound pressure level vs range for the MOAS source
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Figure 38: Sound pressure level vs range for the Scylla OA source
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Figure 39: Sound pressure level vs range for the SeaBat 6012 source
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Reducing the source level of a sonar can have a significant reduction in the SPL
received at long ranges. This is due to the SPL reducing at a slower rate from spreading
losses at long range, similar to cylindrical spreading, compared to spherical spreading
at close ranges. The higher frequency sonars would have less range variation since
water absorption is causing the attenuation. Also, lower powered sonars would have
less benefit since their mitigation ranges are around the spherical spreading region, so
spreading losses are still significant.

The reduction in source level does have a major drawback; the detection range of any
enemy submarine is also reduced by a similar amount putting valuable assets and
people at risk. So reducing the source level should only be used when the maximum
source level is not required or in sensitive environmental areas.

The effect of reducing the source level can be seen using figures 23 to 39. For a 5 dB
reduction in the source level, the received sound pressure curves will also drop by 5 dB
reducing the range a 160 dB SPL is heard.

As an example, consider the Spherion B sonar, which had a long range before the SPL
dropped below 160 dB. For a 5 dB reduction in source level the 95% range has reduced
from 4.3 km to 2.2 km (see figures 27 and 40) at the 160 dB level.

Spherion B at SL 220

200
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Figure 40: Sound pressure level vs range for the Spherion B source, with the source level
changed from 225 dB to 220 dB
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A different example would be ASSTASS. This has a lower powered source, so a 5dB
reduction in source level changed the 95% range from 748 m to 436 m at 160 dB (see
figures 32 and 41), which is only 312 m compared to Spherion with 2100 m.
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Figure 41: Sound pressure level vs range for the ASSTASS source, with the source level
changed from 212 dB to 207 dB
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