PRESENTATION:



1.	Oceanography



	d.	Determine the effects of biological/oceanographic noise on naval operations.



		(1)	Biological zones � divided into two zones, pelagic and benthic.



			(a)	Pelagic � entire water mass of the ocean.



				1	Within the shallow water mass of the ocean (to 100 fms) there is a region that is illuminated by sunlight.  This is the photic zone and it is divided into two subregions.



					a	Euphotic (well-lighted) Zone � photosynthesis is limited to this depth; surface to an average of 40 fms.



					b	Disphotic (poorly-lighted) Zone � light penetrates this zone in significant intensity, but not enough to permit active photosynthetic activity from an average of 40 to 100 fms.



				2	Within the deep water mass of the ocean (below 100 fms) there is a region where only biologically insignificant light penetrates.  This is referred to as the aphotic zone (lightless).



			(b)	Benthic � ocean floor (bottom).



				1	Tidal zones � high water to 100 fms.



					a	Supratidal � the shore zone immediately above the high tide level; commonly kept moist by waves and spray.



					b	Intertidal � located between the high and low water marks.



					c	Subtidal � located between the low water mark and a depth of about 100 fms (the continental shelf break).



				2	Bathyal Zone � to 2,000 fms.  May be identical to the continental slope environment.



				3	Abyssal Zone � 2,000 to 2,500 fms.



				4	Hadal Zone � 2,500 fms to the bottom of the deepest trench.









		(2)	Marine life.



			(a)	Within the Pelagic Zone there are countless varieties of plants and animals which affect ASW and mine warfare operations.



				1	Deep scattering layer (DSL).



					a	Colonies primarily made of delicate, light-sensitive floating or free-swimming animals, larvae, and eggs.  May also include squid or fish which feed on these colonies.



					b	Location varies in depth from 100 to 400 fathoms in the day, to near the surface at night (depth also varies with cloud cover).  This response to sunlight is a form of defense.



					c	During the time of early echo recordings, what was thought to be a shallow bottom depth or seamount was sometimes actually the deep scattering layer.



					d	Because of the structure of the DSL, a submarine may use DSL to its benefit to help avoid detection.



				2	Bioluminescence - the emission of light by living organisms.



					a	Causes.



						1	Triggered by internal or external actions such as surface or internal waves, ship or fish movement or upwelling.



						2	Over 240 genera of organisms have been identified as bioluminescent with many more expected to be identified.



					b	Types.



						1	Sheet.



							a	Most common.



							b	Found in temperate waters.



							c	Created by one�celled animals.



						2	Spark.



							a	Normally found in colder waters.



							b	Created by crustaceans.



						3	Glowing ball.



							a	Found in warmer waters.



							b	Caused by organisms such as jellyfish.



					c	Submarine detection.



						1	May be detected if bow waves and wakes become bioluminescent.



						2	Periscope wakes and torpedo tracts may also appear luminescent.



						3	Submarines have been observed to depths of 40 fathoms when outlined by bioluminescence.



				3	Fouling of sonar equipment.



					a	Fouling is the encrustation of all marine surfaces by marine organisms.



					b	Encrustation of sonar domes by fouling organisms reduces the amount of sound that can be emitted (or received) into the water, and reduces its range capabilities.



					c	Fouling organisms are many and varied, and include both plants and animals which will cling to a new surface immediately.



					d	Fouling organisms which most affect sonar operations are:



						1	Tubeworms.



						2	Barnacles.



						3	Mollusks.



						4	Other hard�shelled organisms.



					e	Fouling of marine surfaces is dependent on the following:



						1	Temperature of the water.










							a	Temperature determines the worldwide distribution of individual types of organisms.




							b	
Example:
  Mussels dominate the organisms found in arctic and cold temperate regions.  Barnacles often grow in warm temperate and subtropical regions.  Tubeworms dominate in tropical waters.



						2	Salinity.



							a	Most fouling organisms have a limited tolerance to changes in salinity.



							b	Most fouling organisms are prolific between normal salinity ranges of 30 to 35 o/oo.



						3	Geographical region.



							a	Most severe near shore.



							b	Greatest accumulation for shortest time of exposure is expected to occur in the tropics.



							c	Fouling at other latitudes may be considerable but requires the longest time of exposure.



						4	Depth.



							a	On suspended or floating surfaces, fouling organisms decrease in variety and abundance with increased depth to about 17 fathoms.



							b	In waters deeper than 17 fathoms, fouling is often denser on objects lying on or near the bottom more than those suspended above the bottom.



			(b)	Biological animals within the Pelagic Zone may also affect mine warfare operations.



				1	Bioacoustic animals - acoustic mines can be affected by ambient noise from bioacoustic organisms, making it difficult for the mine to acquire the signature of its intended target.



				2	Fouling organisms.










					a	Encrustation of acoustic mines can change the acoustic signature or may prohibit the mine from  receiving a target's signature.



					b	Encrustation of floating and moored mines changes  dip angles and buoyancy.



					c	Encrustation of bottom mines can provide camouflage.



		(3)	Background noise � all unwanted sounds other than those caused by reverberation, received by a hydrophone.  This includes self noise and ambient noise.



			(a)	Self noise � the noise generated by the motion of the platform or sonar.  There are three major classes of self noise.



				1	Machinery noise � noise produced by a ship's main propulsion plant, reduction gears, propeller shafts and auxiliary machinery.  Machinery noise is of greatest importance at low frequencies.



				2	Propeller noise � noise produced by a ship's propeller.  This is mainly caused by cavitation, which occurs when bubbles form on the low pressure side of the propeller blade, grow to full size very quickly, then collapse.  Cavitation noise is speed related, that is, cavitation is greater at higher speeds, and dominates the higher frequency range.



				3	Hydrodynamic noise � noise that results from the flow of water past the hydrophones of the hull�mounted sonar its supports, as well as the hull structure of the platform itself.  In surface ships, hydrodynamic noise is sea state and speed dependent; the higher the sea state or the greater the speed, the greater the noise.



			(b)	Ambient noise � sounds in the ocean due to biologics, shipping, ice motion and formation/dissipation, precipitation, winds, terrestrial movement (seismic activity), and human activity.



				1	Ambient noise tends to mask the intended signal; therefore, it is not a propagation loss parameter.



				2	Ambient noise pressure levels must be overcome by the source's sound pressure level if the signal is to be heard.



				3	Ambient noise levels are always reduced to a 1 Hz bandwidth and are then referred to as ambient noise spectrum levels.



				4	Ambient noise exists at, and must be referenced to, a discreet (specific) frequency (ambient noise at 1000 Hz would not mask a signal at 50 Hz).



			(c)	Sources



				1	Biologics



					a	Biological noise may contribute significantly to noise in certain ocean areas.



					b	Certain forms are more dominant and represent the key for predicting unwanted noise (ambient noise) levels when conducting ASW operations.



					c	In order to predict biologic ambient noise in a particular location, one of two techniques can be used. 



						1	Observations of actual noise can be made over a period of time sufficient to determine cyclic variations.



						2	A general study of noise�producing animals can be correlated with a knowledge of the environment to give a reasonable conclusion as to the type and variation of the sounds.



					d	All important sonic marine animals are members of one of three groups:  crustaceans, fishes, or mammals.



						1	Crustaceans � important in bays, reefs and coastal waters (shallow water ASW).



							a	The principle contributing crustacean is the snapping shrimp.



							b	Ambient noise levels range from 86 dB (normal) to 146 dB (extreme).



						2	Fishes � important in the bays, reefs and coastal waters (shallow water ASW).



							a	Fish are the most prevalent form producing biological noise, therefore, the most important contributor.



							b	Fish sounds cover a wide range of frequencies from about 50 to 8,000 Hz, with maximum intensity between 75 to 150 Hz.  Producing noise levels up to 120 dB (approximately the same level as a clap of thunder).



							c	Increased periods of sound production also occur at dawn and dusk associated with feeding habits.



							d	The croaker is the greatest contributor of fish sounds.




						3	Mammals � important in oceanic waters.



							a	Mammal sounds include a much greater range of frequencies more than crustaceans or fishes (from 19 Hz to 196,000 Hz).



							b	Porpoises and whales are the principle contributors, producing sounds ranging from 20 Hz to 36,000 Hz and noise levels up to 189 dB.



							c	In the arctic, seals contribute to the ambient noise year round, while whales contribute most in May and during the summer months.



				2	Ship traffic



					a	At lower frequencies (especially in high�traffic areas), the dominant source of ambient noise are ships that are too distant to be identifiable as individual contacts.



					b	The level of ship�generated noise depends on both the ship concentration within approximately 500 nm and the long�range propagation loss.  The greater the number of ships and the better the propagation, the higher the ambient noise.



					c	Distant shipping traffic is the principal source of noise from 50 to 500 Hz; with this noise traveling 1,000 nm or more from their source.  This is attributed to the deep sound channel during months of low sea surface temperature.



					d	The modified Wentz Curve can be used to forecast average noise levels for ship traffic.



				3	Wind/wave activity



					a	Sea�state noise generated by surface waves is dominant from 300 to 5 kHz.



IR:	For frequencies between 300 to 500 Hz noise levels are affected by shipping and sea state, therefore power summing must occur.  Show example.



					b	Sea�state noise can't be accurately measured; therefore, it is often correlated with wind speed, which can be measured and predicted.  (Sea�state noise is wind speed dependent.)



					c	Sea�state noise creates a sea�state limited situation for active sonobuoy detection when waves are 6 feet or greater.



					d	Affects on individual shipboard sonar systems is dependent on the location of the sonar dome, ship speed, and course (relative to the waves).



					e	The percentage of sonobuoy washover can also be determined from a chart.  This provides the impact from seas on buoy transmission.



				4	Precipitation



					a	Rain and hail increase noise levels at some frequencies between 500 and 15 kHz.



					b	Large storms can generate noise at frequencies as low as 100 Hz and significantly affect sonars at considerable distances from the storm.



				5	Ice



					a	In the polar regions ambient noise levels are dependent on the state of the sea ice (whether it's forming, covers the surface, or is breaking up).



					b	Ice noise decreases during growth phase of the ice, with the exception that extreme noise conditions can occur during deformation and temporary break�up while the ice is growing.



				6	Other sources � ambient noise is also produced by the following sources: 



					a	Seismic activity (low frequencies).



					b	Molecular agitation (thermal noise).



					c	Tides.



					d	Oceanic turbulence.



					e	Industrial activity (shallow waters/shelfs).



			(d)	Variability.



				1	Ambient noise is highly variable with respect to time  and space.



				2	Sources of variability include the following:



					a	Transient biologics.



					b	Changing sound transmission conditions.



						1	Average noise levels have been measured to be 7 dB greater in winter than in summer.



						2	Frequencies between 20 to 100 Hz reveal recurring periods of 12 and 24 hours with the maximum at midnight and noon local time (1.5 To 5 dB).  The reason is still unresolved.



					c	Industrial and human activity, especially in or near busy harbors.



						1	Up to 12 dB difference between day and night activity have been measured as far as 150 miles from the coast.



						2	Up to 10 dB difference between weekdays and weekends have been measured.



					d	Intermittent nature of precipitation may increase noise by as much as 30 dB in the 5 to 10 kHz frequency range.



					e	Habits, distribution and sonic characteristics of the sources cause certain ocean areas to experience greater ambient noise levels than others.



					f	Ambient noise levels are more pronounced in shallow coastal waters than in deeper, open water.



					g	Ambient noise is also more pronounced in the tropics and temperate regions than in colder water.



			(e)	Wentz curves � ambient noise in the ocean can be graphically depicted on a Wentz Curve (see as reference).  Wentz curves provide a means of comparing ambient noise levels, and are particularly useful in an operational sense when actual noise measurements from a towed array or sonobuoys are not available.













IR:	Here is an example of how the Wentz Curve works � � determine the shipping noise level (spectrum level) for a frequency of 350 Hz, using an average traffic density in deep water, follow the 350 Hz line upward to the point where it intersects the appropriate curve.  Then, take that point horizontally to the left and read the spectrum level.  Determine sea�state noise in the same manner.



APPLICATION:	Have the students take the appraisal and emphasize to them that they will be held responsible for this information during the warfare support briefs.



EVALUATION:	Interspersed throughout the lesson and the written measurement at the end of the oceanography unit. 
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