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PRESENTATION							         METHOD: Lecture/Discussion



Oceanography



	a.	Determine the effects of geological oceanography on naval operations.



		(1)	Bottom topography - for the purpose of studying bottom topography, the ocean is divided into two main areas: continental margin and deep ocean basin.



			(a)	The continental margin - all features within the margin exhibit continental crust.  The margin extends from the intertidal zone to the continental rise.



				1	Features



					a	Continental shelf.



						1	Average depth is usually less than 75 fathoms (450 feet).



						2	Gently slopes seaward with a ratio: 1:500.



					b	Shelfbreak.



						1	Rapid increase in slope which separates the continental shelf from the continental slope.



						2	Varies in distance from coast worldwide.



					c	Continental slope.



						1	Steep sloping region averages 1:40 but may be nearly vertical.



						2	Very irregular surfaces that can easily be identified on bottom contour/topography charts.



					d	Continental rise.



						1	Lies at the base of the slope.



						2	Slopes from 1:40 to 1:1000.



					e	Submarine canyons.



						1	Disruptions of shelf and slope.



						2	Inhibits sound propagation.



					f	Continental borderlands.



						1	Defining shelf break is difficult in these areas.



						2	Gives false indication of actual shelf break.



						3	The Blake Plateau is one such area.



					g	Coral reefs.



						1	Confuse the identification of the shelfbreak.



						2	Limited primarily to tropical climates.



				2	Slope Effect Phenomena �  situations exist where the slope of the bottom can increase acoustic signals through energy concentration and phase addition.  This is referred to as upslope or downslope signal enhancement.



					a	The potential for exploitation of shallow water slope areas depends on several factors:



						1	Location and depth of both source and receiver in relation to the sloping bottom.



						2	Sound�speed field.



						3	Slope between the source and receiver



						4	Type of sediment (reflectivity, thickness, etc.).



					b	Downslope enhancement (DSE) � may occur when the source is operating over or near a region with a sloping bottom. (Sound propagates from shallow to deep water) sound striking the downsloping bottom will tend to be turned by the bottom out into deeper water rather than be absorbed.  As the energy propagates downslope, ray paths can change from bottom bounce to DSC propagation, which may allow a receiver in the dsc to detect a target operating over or near a slope.













						1	Downslope enhancement is most likely to occur when the following conditions are met:



							a	Steeply sloping bottoms ( greater than 3( slope) along the edges of shoals/banks, the continental margins, and seamounts



							b	A highly reflective (low loss) bottom exists



							c	Where deep water is immediately adjacent to shoals/banks, etc.



						2	The ability to detect a target depends on:



							a	Noise level (at the receiver)



							b	Receiver depth



							c	Bottom loss (low is desired)



							d	Sound speed profile



					c	UpSlope Enhancement (USE) � In upslope enhancement, both signal and noise propagate from deep water into shallow water (slope area only, closer to shore will be discussed later).



						1	This effect can be used to enhance search of deep water areas adjacent to shallow areas containing slope transitions.



						2	Propagated sound from the deep ocean basin interacts with the bottom as it proceeds upslope.



						3	The enhancement effect is increased as target depth approaches the DSCA, where maximum effect occurs.



						4	Upslope enhancement is highly frequency dependent, with an optimum frequency range between 50 and 400 Hz.



						5	No operational method for accurately predicting the 								strength and extent of upslope enhancement exists, 									however, the following general conditions are necessary 								for this enhancement:











							a	Vertical relief of the slope should be about 6,000 feet, or about 1,000 fathoms differential from top to bottom.



							b	Slope inclination should be between 1 and 4( (about 1,000 fathom change of depth within 15�60 nm).



							c	Signal and noise source must be separated (ideally, the target should be below the layer since most noise sources are surface related).



							d	The sound velocity profile must be such that there is a higher speed for the noise source than for the target signal.



							e	When half�channels or positive gradients exist, slope enhancement is not possible.



						6	The strength, location, and duration of signal enhancement will be realized as a marked improvement to the signal to noise ratio and varies according to environmental and bathymetric conditions.



					d	Topographic Noise Stripping (TNS) is a type of upslope enhancement that occurs in shallow waters vice over the slope area.  TNS relies on noise loss exceeding signal loss (due to lower grazing angles).  This will cause off�shore noise levels to be reduced, and the below layer target signal will be less affected, resulting in lower ambient noise inshore, improved FOMs, and greater detection ranges.



						1	Maximum TNS effect occurs when the ray path for surface acoustic energy (noise) is bottom limited, while the ray path for the submerged target is not.  The bottom interaction of the noise ray path reduces its intensity, while the target signal (not bottom-limited) is refracted (and often channeled).



						2	Environmental and operational factors that are required to create TNS are similar to upslope enhancement:



							a	A strong thermocline.







							b	Relatively shallow water or shoaling water adjacent to the deeper area being searched.



							c	Target and noise separation.



							d	A receiver placed on or near the shelf in a region of low ambient noise.



							e	Sound speed at the noise source must be greater than that at the target. (TNS will not occur in waters that have a positive sound speed gradient).



						3	TNS is an environmental factor that is the combination of acoustic propagation from near�surface noise with acoustic bottom interaction near the receiver. This allows TNS to be exploited by different passive sonar systems employing sonobuoys, towed arrays, and receivers fixed to the bottom.



						4	TNS gains may be so great in some cases that receiver locations far from the target are superior to those close to the target.



				3	Effects on naval operations.



					b	Anti�submarine warfare.



						1	Submarines operating over the shelf could be restricted  to the shallow depths, limit maneuverability, and may enhance the possibility of visual detection and identification.



						2	Passive range predictions are much more complex in shallower waters.



						3	Active ASW may be reverberation limited in shallow water and near slopes.



						4	A submarine canyon can make locating a submarine difficult by giving false bearings from multi-path sound propagation from the changing bottom.



						5	Submarines operating in the arctic region may have limit�ed maneuverability when operating under the ice canopy in shallow shelf water.



					c	Mine warfare.



						1	Gradual slope and depths of the continental shelf may be conducive to laying bottom mines.  Mine laying is limited to water depths less than 1,000 fathoms.



						2	Inclination of continental slope could make mine laying difficult or impossible.



						3	Any irregularities in bottom topography (reefs, canyons, slopes, etc.) Effect the placement and performance of mines.



			(b)	The ocean basin - the global ocean has been divided and subdivided into as many as 46 basins; however, for school purposes only the major features will be discussed.



				1	Features of ocean basins.



					a	Abyssal plain.



						1	Flat, smooth region found at average depths of about 2,187 fathoms (13,123 feet) to 3214 fathoms (19,685 feet).



						2	Sediments consisting of sand, silt, and clay.



					b	Abyssal hills/knolls.



						1	Hills that rise from the abyssal plains to about 328 fathoms (1,969 feet).



						2	When the feature is a singular occurrence, the feature is known as a knoll.



					c	Mid�oceanic ridges/rises (submarine ridges).



						1	Mid-oceanic ridges are mountainous features that have steep irregular slopes and are the largest continuous topographical feature on the earth.



						2	Mid�atlantic ridge separating the deep waters of the Atlantic into an eastern and western basin.  The height of this ridge ranges from 6,000 to 10,000 feet from the sea floor.  Due to these heights the deep sound channel is disrupted.





						3	The Indian Ocean ridge system is shaped as an inverted "y".



						4	The Pacific Ocean ridge system is the widest of all the mid�oceanic ridges.



					d	Trenches/deeps.



						1	Trenches are long, narrow, steep�sided depressions in the ocean bottom formed by the process of plate tectonics when one plate moves underneath another plate.



						2	Deeps are the deepest portion of a trench, provided the depth is greater than 750 fathoms (4,500 feet).



						3	Arctic Ocean trench.



						4	Atlantic Ocean trenches.



						5	Indian Ocean trench.



						6	Pacific Ocean trenches.



					e	Rift valleys.



						1	Also known as faults.



						2	Caused by plates moving away from each other which allows molten rock to seep up, cool, then increase in density and slowly subside leaving a trough or valley.

 

						3	This continuous heating and cooling, contracting and compressing leaves magnetic growth strips on the ocean floor.



						4	One well-known rift valley is the mid�atlantic (which is twice as wide, twice as deep, and much longer than the Grand Canyon).



					f	Fracture zones.



						1	Area of irregular topography on the ocean floor characterized by seamounts, steep ridges or steep slopes.



						2	Formed by contracting move�ment of conventional faults.





						3	Found perpendicular to mid-oceanic ridges and rises.



					g	Seamounts.



						1	Large singular hills or peaks that rise to a considerable height above the sea floor.



						2	Generally volcanic in na�ture they most often have smaller bases in proportion to their height.



						3	Due to the small base, the concentration of mass causes them to sink (over a long period of time) leaving an atoll.



						4	More common in the pacific.



						5	May exist alone, in chains or in groups, but not in a line.



					h	Guyots/tablemounts - A seamount with a flat, smooth top.



				2	Effects on naval operations (ASW).



					a	Anti�submarine warfare.



						1	Ocean features affect sound propagation which may be used to the benefit of both the hunter and the hunted. Guyots, seamounts, islands, and the mid-oceanic ridges can disrupt Deep Sound Channel and Convergence Zone propagation.



						2	Seismic activity contributes to an increase in ambient noise at low frequencies that may hinder attempts to locate a submarine.



						3	Magnetic strips near rift valleys may significantly reduce Magnet Anomaly Detection (MAD).



					b	Mine warfare � in basins, the ocean bottom is much deeper than the effective depth of mines. Laying is restricted to 6000 feet or less.



		(2)	Bottom sediments/composition.



			(a)	Bottom types and average reflective values.



				1	Pebbles - 70%





				2	Sand    - 60%



				3	Mud     - 40 to 50%



				4	Silt    - 30%



				5	Clay    - 20%



			(b)	Descriptive terms and origin.



				1	Lithogenous - mineral grains that originate from land (rocks and soil).



				2	Biogenous - organism's skeletal remains�.



				3	Hydrogenous - inorganic chemical reactions� in the seawater itself.



			(c)	Descriptive method of classification.



				1	Commonly used in naval applications.



				2	Sediments are generally mixtures of various sized particles.



				3	When minor amounts of sediment increase to greater than 10%, then descriptive terms are used to classify them.



					Example:	An area may have a predominately mud bottom. If the sand content is considered significant, it will be categorized as a mud/sand bottom. The first term is the predominant portion of the composition.



			(d)	Effects on naval operations.



				1	Anti�submarine warfare.



					a	Bottom composition and roughness will affect bottom reflection of sound rays. Rock and sand are good reflectors. Mud and silt are poor reflectors and absorb the signal.



					b	In shallow water, reverberation may degrade the signal from an active sonar (active modes may not be usable in water depths less than 1,000 fathoms/6,000 feet).



				2	Mine warfare.



					a	Smooth rock, bottom mines may roll away from the designated area.



					b	Soft sand or mud, mines may sink, limiting their effectiveness, or preventing their use.



		(3)	Bathymetric charts (maps of ocean bottom topography).



			(a)	Ocean topographical features can be determined by close examination of bathymetric charts.



				1	Contour lines, representing areas of equal depth in meters or fathoms, outline the ocean features.



				2	The numerical values indicate depth from the sea surface.



				3	Small dots on the charts indicate seamounts.



				4	Tight contour spacing indicate steep slopes. Wider spacing shallower slopes.



				5	Hatched contours represent areas where colder water may pool.  However, the same markings are also used to indicate the highest areas of a ridge.



			(b)	Trenches, valleys, ridges, guyots and other features can be determined from contour shape and depth.





APPLICATION:	Have the students complete 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 Oceanography.
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