I. RECOVERY

“The American ship Glomar Explorer (Fig. 5.23) has conducted operations with purely military objectives in very deep seas, using the dynamic positioning technique. This 60,000 deadweight vessel is equipped with acoustic (short and long baseline), inertial and satellite position reference systems. For station-keeping, it has 1750 hp tunnel thrusters (three at the bow and two at the stern) and two 6600 hp main propellers [5.34]. In 6000 m water depth, 8 m waves, and 40 knot winds its dynamic positioning system enables it to remain within a 30 m radius circle. Its lifting capacity of 7000 t and its large moonpool (65 x 23 m) enabled it in 1974 to recover a Soviet G class missile-launching submarine in a water depth of 5000 m.”
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Figure 5-12 Absorption loss 6-dB boundary as a function of frequency.
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They did not recover the complete sub, but a substantial part of it, about 2.000 to in one go.
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Underwater Acoustic Positioning Systems

…characteristics. Frequency selection has to be considered with other factors such as the cost, size, accuracy and application.

In general, the higher the frequency the better the overall accuracy of the system (Sternberger and Le Blanc, 1976), as shown in Fig. 2.6. However, the higher the frequency, the lower will be the range of the system, as also shown in Fig. 2.6. For example, a frequency of 10-20 kHz will give a range of about 10 km, whereas a frequency of 300 kHz will only give a range of 400 m.

Although the higher-frequency systems give a better accuracy, they require highfrequency generators and large power supplies with consequent increases in size and cost. Greater power is necessary at high frequencies due to the increase in attenuation of the acoustic pulse in water due to absorption (Williams, 1971), as shown in Fig. 2.7. The acoustic wave propagating in seawater therefore loses energy in two ways. First of all there is the attenuation with distance from the source of the spherical wave system because of the spreading of the energy. Secondly there is absorption of the energy by the water due to three factors - viscous loss, thermal conduction, and relaxation effects. Figure 2.7
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Fig.2.6 Theoretical accuracy and resolution with a gate of 1.0 sand a + 1 count metre accuracy. The plotted

accuracy and resolution indicate values that one can expect for given ranges. (After Sternberger and Le Blanc,
1976.)
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Fig. 2.7 Increase in attenuation of sound in seawater and fresh water at higher frequencies. (After Williams,
1971.)
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5.4 ABSORPTION OF SOUND IN THE OCEAN

Up to this point, the water medium has been assumed lossless. That is, the integral of acoustic intensity over any closed surface including the source has been assumed constant regardless of distance from the source. Actually, as each volume element of the medium is subjected to the compression and rarefaction caused by an acoustic wave, some of the acoustic energy is lost to the volume element in the form of heat.

If the energy lost per unit volume in the medium is a constant fraction of the incident energy, it is easy to show that the intensity loss caused by the effect is an exponential function of range. Assuming a lossy homogenous medium, the intensity of a spherical wave expanding about a point source has the form

[image: image4.png]I(r) = Iyr~*exp(—br) (5-4)

where I is the intensity at unit range for a lossless medium and b is the
exponential loss factor. The transmission loss, TL, is the ratio, Io/I(r), con-
verted to decibels. Thus

Iy
TL = 10 lo;
¢ [1( )
This is the usual spherical spreading loss, 20 log r, plus the exponential absorp-
tion loss term. The absorption loss is usually written in the following form:
10 log[exp(br)] = a,r1073 (5-5)

absorption loss in dB/km = (b 107%)10 log;o(€)
range in meters
base of natural logarithms
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Some of the causes of absorption loss are well known. In fresh water, the measured losses are adequately explained by consideration of viscous effects. In seawater, the measured loss at frequencies below 100 kHz is considerably in excess of that anticipated from viscous effects alone. An ionic relaxation process involving magnesium sulfate has been identified as a significant contributor to absorption loss below 100 kHz. This involves the disassociation-reassociation of the magnesium sulfate ion under the influence of acoustic pressure.

A similar effect occurs at frequencies below 5 kHz with the boric acid ion. At frequencies below 100 Hz, the absorption loss exceeds that predicted from viscosity and known relaxation effects. The reasons for this discrepancy are not well understood. Figure 5-11 gives the absorption loss as a function of frequency as derived by Thorp [10], using data measured by a number of different investigators.

The nature of absorption loss is such that once it becomes appreciable it soon dominates the transmission loss equation. For instance, assume that at range r the absorption loss is 6 dB. At range 10r the absorption loss would be 60 dB. In this same range interval, the loss caused by spherical spreading increases by only 20 dB. Figure 5-12 gives the 6-dB absorption loss range contour as a function of frequency. This figure provides some guidance in the selection of operating frequency for various applications. Although the boundary indicated in Figure 5-12 should not be considered as a hard limit, it is evident that applications requiring very long range (hundreds of miles) must use very low frequencies. Conversely, the frequency range above 30 khz should not be considered unless the required range is in the order of 1 km or less.
[image: image1.png]Fig. 5.23. Glomar Explorer, ship with 60,000 t deadweight.
(After Ocean Industry, April 1981.)
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Figure 5-11 Absorption loss in the ocean. (After Thorp [10].)
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The DUKANE pingers have a nominal transmission freq. of 37.5 khz; lines in RED mine.
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