PRESENTATION:	

	

1.	Oceanography



	b.	Determine the effects of physical oceanography on naval operations.



		(1)	Properties of water.



			(a)	The structure of water gives it the following:



				1	Solvent properties � the ability to dissolve other substances.



				2	Surface tension � the ability to support heavier objects.



				3	Specific heat � the ability to absorb great amounts of heat.



			(b)  Density.



				1	Density increases with increasing pressure and salinity.



				2	Density increases with decreasing temperature.



				3	An increase in depth will cause density to increase due to the combined effects of increasing salinity and pressure, and decreasing temperature.



			(c)	Compressibility.



				1	The ability of water to be compacted under pressure.



				2	Sea water is not as compressible as pure water, due to salinity and increased specific heat generated during the compression process.



			(d)	Elasticity.



				1	The property that enables a substance to change its length, volume or shape in direct response to a force, and recover its original form upon removal of that force.



				2	Directly proportional to sound speed and inversely proportional to compressibility.



IR: 	An easily compressible substance has little elasticity and is therefore a poor conductor of sound. Seawater is very elastic and nearly incompressible, resulting in good conductivity of sound.




			(e)	Relationships of properties.



				1	When density increases, compressibility decreases.



				2	When compressibility decreases, elasticity increases.



				3	When elasticity increases, disturbances in the medium are conducted faster.  As sound travels it disturbs the medium.  Due to an increase in elasticity with depth sound travels faster.  This is because with each passing wave of sound the medium returns to the state it was in before the disturbance and allows the next wave to travel in the same manner.



IR:	Increasing sound speeds at depth are related to increases in pressure because no measurement exists for the amount of compressibility or elasticity.



		(2)	Physical properties of seawater



			(a)	Temperature.



				1	Changes in both the vertical and horizontal planes.



				2	Vertical temperature distribution.



					a	Surface zone/mixed layer - usually isothermal due to the mixing. The thickness of the zone is controlled by two factors:



						1	Mechanical mixing - primary factor affecting depth.  Wind driven (an increase in wind will increase depth).



						2	Convective mixing - thermohaline (thermo = heat; haline = salt) this mixing is driven by differences in density, which is controlled by temperature and salinity variations.



					b	Sonic layer depth - maximum near surface sound speed, usually associated with the bottom of the mixed layer (MLD).



						1	The MLD/SLD acts as a boundary that will duct certain frequencies within the layer.



							a	Negative heat exchange - heat loss in the mixed layer deepens the MLD/SLD.



							b	Positive heat exchange - heat gain in the mixed layer causes the MLD/SLD to become shallower.




							c	Convergence - in areas of oceanic convergence (i.e. the center of a semi-permanent anticyclone) the MLD/SLD is deeper due to sinking.



							d	Divergence - in areas of oceanic divergence (i.e. the center of a cyclone) the MLD/SLD is shallower due to upwelling.



						2	Affects on sound propagation within the mixed layer:



							a	Deeper MLD/SLDs duct longer wave lengths which may result in to longer ranges.



							b	Shallower MLD/SLDs duct shorter wave lengths which may result in shorter ranges.



							c	Upward refraction always takes place within the mixed layer due to its positive gradient.



					c	Thermocline - the area below the MLD/SLD where temperature decreases rapidly with depth producing a negative gradient, downward refraction.



						1	Permanent (main) thermocline.



							a	Generally between 1
,
000 ft and 3
,
000 ft.



							b	No significant changes occur from season to season.



						2	Seasonal thermocline.



							a	Forms in spring when near surface layers are heated.



							b	Becomes deeper and more marked as the summer progresses.



							c	Becomes slightly deeper in the fall, but weaker, and fades away in winter (reflecting only the permanent thermocline).



							d	Averages 150 to 300 feet in depth and may represent a 5 to 10Co dif
ference from the permanent thermocline.






						3	Transient (diurnal) thermocline



							a	A small decrease in vertical temperature observed above the permanent thermocline in the mixed layer � occurs mostly during spring, summer and fall months.



							b	Typically 30 feet deep and 1 to 2 Co magnitude.



							c	The stronger the wind/wave action the deeper the transient thermocline � the tradeoff is a reduction in magnitude since the absorbed heat is spread over a larger area in the mixing process.



							d	Transient thermoclines result in downward refraction of sound rays and reduce near surface ranges.  Shallow sound channels may develop, resulting in extended ranges (depending on source/receiver depths).



							e	The "afternoon effect" is a short term phenomenon caused by solar insolation (heating) which results in shallow negative temperature gradients (and shallow sound channels) to form.



							f	Transient thermoclines deeper than 25 feet, with gradients of -0.3Co per 30 meters or -0.6Fo per 100 feet are considered significant for hull mounted systems.



							g	If SLD fluctuations are pronounced (greater than 35 feet), there may be considerable fluctuations in the convergence zone field. (Due to changes in Depth Excess.)

							

						4	Pycnocline - (pycno = density; cline = slope) commonly associated with the thermocline. A layer of water in which a high rate of change in density in the vertical dimension is present.



							a	The rapid increase in density is directly related to the decrease in temperature and increase in pressure.



							b	Water in the pycnocline zone is very stable, acting as a barrier against vertical water movement.


							c	The stronger the pycnocline, the more stable the water mass, resulting in decreased convective mixing.



							d	A strong pycnocline can also inhibit upwelling.



					c	Deep zone - the coldest and most dense zone.



						1	Primarily very deep, about 1 nm below the surface, except near the polar regions where it contacts the surface.



						2	Large volumes of water move through the deep zone as discrete water masses, all having their own properties and depths.



						3	Each water mass has its own level or equilibrium depth due to the different densities which are determined by the temperature and salinity characteristics of the water mass.



				3    	Effects on naval operations.



					a	ASW operations.



						1 	Temperature has its greatest change within the thermoclines and is generally the primary controlling factor from the surface to the deep sound channel axis.



						2 	Refraction of sound results in increase/decrease of sound propagation ranges.



IR: 	Changes in temperature gradients through a water column cause variances in sound velocity that directly relates to bending or refraction of sound within that column.



						3 	MLD/SLD acts as a boundary for sound, splitting the sound ray and leaving a "shadow zone" below the layer, in which targets can hide.



						4 	Thermocline refracts sound waves downward, decreasing ranges and leaving large areas for targets to pass through or hide.



						5	Seasonal and transient thermoclines refract sound waves downward unexpectedly, which can alter propagation paths.




					
b
	Other operations.



						1 	SST can greatly influence the survivability of a downed pilot or a man overboard.



						2 	Warmer temperatures can shorten battery life of a mine.



			(b)	Salinity.



				1	Definition - the measure of all dissolved material suspended in seawater, determined by grams of dissolved material (sea salts) per kilogram of sea water and expressed as parts per thousand (o/oo).



				2	Variations of salinity 



					a	Decreases in salinity may be caused by:



						1	Increased precipitation over evaporation.



						2	River discharge.



						3	Ice melt (summer).



						4	Mixing of less saline bottom water.



						5	Biological processes (plant growth, etc.).



						6	Chemical reactions.



					b	Salinity increases may be produced by:



						1	Increased evaporation over precipitation .



						2	Ice formation (winter).



						3	Mass transport of water vapor (trade winds).



						4	Mixing of higher salinity bottom water.



						5	Erosion of rocks.



						6	Volcanic eruptions.



					c	Maximum salinity occurs between 20 and 30o North and South (subtropical regions) due to:


						1	Prevailing winds, mass transport of water vapor away from the area.



						2	Evaporation greatly exceeds precipitation due to abundant solar radiation and strong subsidence associated with subtropical high.



						3	Ice formation at high latitudes in winter.



					d	Minimum salinity occurs at the equator and the poles due to:



						1	Excess addition of water (precipitation in tropics, ice melting in polar regions) over evaporation.



						2	Small horizontal movement of water vapor.



					e	About 99.5% of the world's oceans have a salinity between 33 and 37o/oo, average 35o/oo.



						1	Lower values occur near the coast, caused by fresh water run�off from rivers or in the polar regions (29o/oo) where ice melts.



						2	Higher values occur in regions of high evaporation such as the Eastern Mediterranean (39o/oo) and the Red Sea (41o/oo).



				3	Effects on naval operations.



					a	In the open oceans, salinity is normally considered to be a constant.



					b	Sound velocity is affected by salinity and must be taken into account for ASW operations (4 ft/sec per 1o/oo change).



					c	The arctic and coastal regions experi�ence an input of large quantities of fresh water in the spring when ice melt or river runoff reduce the salinity of the surface layer.  This becomes a transition layer, creating a "salinity front" which has a profound effect on sound propagation.



			(c)	Pressure � force acting on a unit area.



				1	In the ocean for every 32.8 feet (10 meters) increase in depth there is an equivalent increase of one atmosphere of pressure.


				2	This may also be expressed as a one bar increase for every 10 meter increase in depth.



				3	Effects on naval operations.



					a	Sound velocity is affected by pressure (2 ft/sec per 100 ft change).  This must be taken into account for ASW operations.



					b	Pressure has the greatest effect on sound propagation below the deep sound channel axis.  This is not to say pressure has no effect above that depth, rather, the effect is not as great as temperature.



		(3)	Propagation Loss � As sound travels through the ocean, the pressure associated with the wave front diminishes.  This decrease in pressure is referred to as propagation or transmission loss and occurs primarily due to spreading and attenuation.



			(a)	Spreading loss � is a geometrical effect representing the weakening of sound energy as it moves outward from the source, caused by the ever�increasing area the energy must cover.



				1	Spherical spreading.



					a	Occurs whenever acoustic energy spreads unbounded in all three dimensions and reflection does not affect the ray path (associated with direct path propagation).  When refraction occurs, loss may be either greater or less than that given by the equations provided.



					b	Spherical spreading is governed by the inverse square law:



						1	The decrease in intensity is directly proportional to the increase in surface area of the sphere.



						2	Since the surface area of a sphere is 4pr2, the decrease in intensity is proportional to the square of the radius.



						3	With the radius considered to be the range, the loss in dB due to spherical spreading becomes:



							loss (dB) = 10 log r2 = 20 log r



							where: r is the range in yards between a point one yard from the source and the receiver.



						4	Sound intensity decreases as the square of the distance increases, or 6 dB per distance doubled.



				2	Cylindrical spreading



					a	Occurs whenever acoustic energy spreads and is bounded above and below by the surface, SLD or ocean bottom (associated with surface ducts and sound channels).



					b	Cylindrical spreading is governed by the inverse first power.



						1	The decrease in intensity is proportional to the increase in the surface area of the cylinder.



						2	Since the surface area of a cylinder is 2(rh), the intensity decreases proportional to the inverse power of the distance.



						3	Cylindrical spreading loss is expressed as:



							loss (dB) = 10 log r



							where: r is the range in yards between a point one yard from the source and the receiver.



						4	Sound intensity decreases as the inverse first power of the distance increases, or 3 dB per distance doubled.



				3	Dipolar spreading



					a	Dipolar spreading occurs where ray paths are diverging.



					b	The divergence of the rays causes the area of the wave front between them to increase at a very rapid rate.  This results in high energy loss and creates a "shadow zone" (a region where little or no acoustic energy penetrates).



					c	Expressed as:  loss (dB) = 40 log r

						where:  r is the range in yards between a point one yard from the source and the receiver.



					d	The sound intensity decreases as the inverse fourth power of the distance increases, or 12 dB per distance doubled.







			(b)	Attenuation � is the reduction of sound energy caused by the absorption and scattering of sound in water.




				1	Absorption.



					a	The process of converting acoustic energy into heat energy during the compression and rarefaction process.



					b	Amount of absorption loss which occurs depends primarily on the following factors:



						1	Viscosity � as viscosity increases, absorption increases.



						2	Temperature � the colder the average temperature, the greater the absorption.



						3	Frequency � the greater the frequency, the greater the absorption.



						4	Pressure, salinity, boric acid and pH factors play minor roles in the absorption process.



					c	It is a proven theory that absorption is proportional to the square of the frequency. This means that if higher sonar frequencies are used for greater target definition, the price is greater attenuation and decreased detection ranges.



				2	Scattering/reverberation



					a	Scattering occurs when sound rays encounter boundaries or foreign bodies and are reflected or reradiated away from the direction in which the major portion of the sound field is traveling.



					b	Reverberation occurs when sound energy is reflected back to the source (back�scattering).



					c	Surface scattering/reverberation is scattering from the surface due to surface wave action (increased seas cause increased scattering).  This is also frequency dependent, lower frequencies (longer wavelengths) scatter less.



					d	Bottom scattering occurs when sound energy is reflected off a solid bottom.



						1	
Bottom composition - the harder the bottom, the better it reflects sound energy.  Mud absorbs sound energy; sand is a good reflector; and smooth rock is the best reflector.





						
2
	Bottom roughness - this affects reverberation and scattering. In general, with smoother and flatter bottom conditions, less scattering will occur.





					e	Volume scattering/reverberation occurs when sound energy is reflected within the medium.



						1	A major reflector is the deep�scattering layer.



						2	Other reflectors include bubbles, suspended solids, or water masses of markedly different temperatures/densities.



					f	Scattering/reverberation is dependent upon:



						1	Distribution, density, size, shape, and reflectivity of the reflectors.  The greater the parameter of the reflector, the greater the scattering.



						2	Frequency.  The higher the frequency, the greater the scattering.



					g	Effects of scattering/reverberation.



						1	The amount of sound energy lost at the lower frequency ranges (6.4 kHz or less), regardless of wind speed is considered to be 0.



						2	At higher frequencies, the propagation loss can be significant, � 3 dB per reflection.



						3	Reverberation becomes an important factor in active sonar operations because it tends to mask the echo of interest.



IR:	Rough approximations of back�scattering may be determined from available graphs.



			(c)	Combined prop loss effects



				1	Near sound field (source to about 10,000 yards)












					a	At the lower frequencies (6.4 kHz or less), nearly all propagation loss can be attributed to spreading.



					b	At the higher frequencies (greater than 6.4 kHz), absorption, along with spreading, can be significant.



				2	Far sound field (beyond 10,000 yards)



					a	At lower frequencies, both spreading and absorption are significant with spreading becoming less significant as the distance increases.



					b	At the higher frequencies, the majority of the loss is attributed to absorption with spreading becoming less significant as the distance increases.



				3	Bottom loss is a decrease in sound intensity caused by the absorption and scattering that occurs when sound rays encounter the ocean bottom.  Amount of loss is dependent upon bottom roughness, sediment density, frequency and grazing angle of the ray.



		(4)	Water masses/types.



			(a)	Definitions.



				1	Water type:  defined� by a single point on a temperature � salinity (t�s) diagram.



				2	Water mass:  normally consisting of two or more water types.



			(b)	Classification.



				1	Water masses gain their temperature and salinity characteristics at the surface and seek their own density level.



				2	Water masses are categorized by two factors.



					a	Equilibrium depths



						1	Surface � from the surface to 50-100 fathoms (300 � 600 feet).



						2	Central � from the bottom of the surface to the base of the main thermocline.



						3	Intermediate � from below the central waters to 500-1,000 fathoms (3,000-6,000 feet).



						4	Deep and bottom � lower portions of the oceans.



					b	Geographical source regions.



						1	Antarctica.



						2	North/South Atlantic Ocean.



						3	North/South Pacific Ocean.



						4	Pacific equatorial water.



						5	Arctic Ocean.



						6	Indian Ocean.



						7	Red Sea.



						8	Mediterranean Sea.



						9	Arabian Sea.



			(c)	Effects on naval operations.



				1	Ocean variability can cause scattering or reflec�tion creating false targets and can adversely affect the prosecution of a target.



				2	Effects on mine warfare will vary depend�ing on depth and type of mine used.



		(5)	Oceanic circulations.



			(a)	Horizontal circulations (gyre systems).



				1	Major open ocean currents form nearly closed systems called gyres.



					a	Subtropical gyres



						1	Develop as a result of the winds in the subtropical high pressure system.







						2	The equatorial current is the backbone of the gyre system.



							a	Equatorial currents are set in motion by the trade winds.



IR: 	Although the relationships work well for either hemi�sphere, the North Atlantic / North Pacific subtropical gyres will be used for simplicity.



							b	As the westward set equatorial currents approach the proximity of a continental barrier, the currents, (aided by coriolis) are deflected poleward.



							c	Coriolis parameter becomes greater, poleward.



							d	The Ekman transport (caused by coriolis) creates a piling up of water on the western boundaries of the gyres.



							e	Western sides of the gyre have a steeper slope; the western boundary currents tends to be stronger than those on the eastern side.



					b	Subpolar gyres - smaller gyres exist in the subpolar regions (approx. 50(N and 50(S) under semi-permanent low pressure systems.



						1	Subpolar gyres are a direct results of the Icelandic and Aleutian lows.



						2	South Pacific/Atlantic subpolar gyres develop the west and east wind drift currents.



					c	Equatorial gyres - equatorial gyres develop from the equatorial currents and countercurrents.



				2	Each gyre consists of four currents.



					a	The northern and southern portions have latitudinal (east-west or west-east) oriented currents.



					b	The latitudinal currents are joined by longitudinal currents which are nearly parallel to continental margins in a north-south or south-north orientation.






					c	Gyre rotations differ with hemisphere and location:



						1	Northern Hemisphere.



							a	Subtropical gyres = clockwise.



							b	Subpolar gyres = counterclockwise.



							c	Equatorial gyres = counterclockwise.



						2	Southern Hemisphere is reversed.



			(b)	Ocean currents.



				1	Currents are referred to by their:



					a	Set - direction toward which the current is flowing (to-ey).



					b	Drift - speed (in knots).



				2	Usually strongest near the surface and may attain speeds in excess of 5 knots.



				3	At depths, currents are generally slow with speeds less than 0.5 knots.



				4	Currents are classified as warm or cold, based on the sea water temperatures being advecting into a region.



				5	Dynamic propagation - An ocean thermal front is a boundary between two different water masses.  Ocean currents often mark this thermal boundary.



					a	Gulf Stream system (cold water side)



						1	Shallower DSCA than on the warm side of the front.



						2	Less vertical extent to the DSC.



						3	Shallower critical depths.



						4	CZ propagation in cold water has shorter ranges, a narrower annulus, and a more intense reswept zone.



					b	Gulf Stream system (warm water side)



						1	Deeper DSCA than on the cold side of the front.



						2	Greater vertical extent to the DSC.



						3	Deeper critical depths.



						4	CZ propagation in warm water has longer ranges, a wider annulus, and a less intense reswept zone.




				6	Eddy formation - satellites have observed dynamic changes or meanders in all western boundary currents.  Occasionally, the meanders are so drastic, that water is cut-off from normal current flow and an eddy is formed.



					a	An eddy is a circular movement of water formed



						1	Where a current passes an obstruction.



						2	Between two adjacent currents flowing counter to each other.



						3	Along the edge of a permanent current.



					b	Eddies are thermal fronts around a rotating parcel of water.



						1	Range between 60 to 200 nm in diameter.



						2	Warm core eddies.



							a	Lens of warmer water in colder water.



							b	Spawned by a poleward intrusion of warmer waters as a current meanders. Becomes a warm eddy when it is cutoff on the poleward side of the current.



							c	Circulation - clockwise.



							d	Diameter - 55 to 110 nm is average.



							e	Movement - 2 to 4 nm/day to the southwest along the oceanic front.



							f	Depth - 1,000 to 1,500 feet.



							g	Lifespan - seldom longer than 6 to 8 months.


							h	SLD deeper than surrounding water.



							i	DSCA is deeper and may produce bottom limited CZ conditions.



							j	Highest sound speeds within the eddy.



							k	Maximum sound speed is deep.




							l	Noise generated outside the eddy has a tendency to remain outside due to higher sound speed within the eddy.



						3	Cold core eddies.



							a	Plug of colder slope water in warmer water.



							b	Located on the equatorward side of currents.



							c	Circulation - counterclockwise.



							d	Diameter - average 80 to 135 nm.



							e	Movement - southwesterly along the oceanic front.



							f	Depth - 3,500 to 5,000 ft.



							g	Lifespan - 1 1/2 to 3 years.



							h	SLD shoals with respect to surrounding water, particularly in winter. Very little change in the SLD during summer.



							i	Slowly sinks and become unrecognizable on the surface.



							j	DSCA is shallower than surrounding water.



							k	Can make CZ propagation path available in the eddy by increasing depth excess.



							l	Low sound speeds within the eddy. 



							m	Maximum sound speed is near surface.



							n	DSC inside and outside of the eddy are coupled allowing sound energy/noise to travel through the eddy.



			(c)	Vertical circulations � vertical circulations in the ocean can be either wind�induced or thermohaline in nature.



				1	Wind�induced circulations.



					a	When surface currents carry water away from an area, upwelling occurs.



					b	When surface currents carry water into an area, sinking occurs.



					c	Langmuir circulations.



						1	Near the center of gyres, steady winds blowing across the ocean surface create convective cells in the upper water mass.  Straight lines of seaweed can be seen trapped in zones of convergence between cells.



						2	Most noticeable in the Sargasso Sea.  Here organic debris accumulates in these sinking zones of convergence and provides nourishment for the sargassum weed (grows parallel to the wind direction for great distances).



				2	Thermohaline circulations.



					a	Density controls the depth at which a particular classification of seawater is found.



					b	The major vertical circulations in the ocean result from changes in density due to processes occurring at the surface.



					c	Rising or sinking water resulting from surface heating or cooling are called convective currents.



					d	The effect of convective currents is lessened below the pycnocline due to the surface heating and cooling.



					e	The relatively strong density stratifi�cation in lower latitudes precludes effective mixing.










					f	Although the highest salinity water is found in the subtropics, there is no sinking due to the high temperatures which maintain low density surface waters.



				3	Effects on naval operations.



					a	Areas of upwelling may offer a good environment for a submarine to remained concealed.



					b	MLD/SLD shoals, developing cool surface temperatures, a shallow mixed layer depth and cold underlying waters.



					c	Sound rays bend downward in the negative gradient below the surface or shallow SLD.



					d	Ambient noise increases with increased animal noise due to the nutrient rich water.



			(d)	Types of currents.



				1	Wind-driven currents



					a	Currents initiated and sustained by the force of the wind exerting stress on the sea surface.



					b	Moving surface water transmits stress to the underlying water to a depth dependent on the speed and duration of the wind.



					c	Ekman spiral



						1	Wind driven currents do not flow in exactly the same direction as the wind.



						2	Due to coriolis, the surface current moves in direction 45 degrees or less to the right of the wind (in the Northern Hemisphere).



						3	The surface mass of water moves as a thin lamina, or sheet, which sets another layer beneath it in motion.



						4	The energy of the wind is passed through the water column from the surface down.  A resulting surface current will flow at 1% to 2% of the speed of the wind that set it in motion.



						5	Each successive layer of water moves with a lower speed and in a direction to the right of the one that set it in motion.



						6	The momentum imparted by the wind will gradually be lost, resulting in water at some depth (usually approx. 300 ft) moving slowly in a direction opposite the surface current.



						7	In general, it can be stated that:



							a	The surface current moves at an angle of 45( or less to the right of the wind direction (amount of deflection depends on the coriolis parameter at a given latitude).



							b	The mass transport of water is at an angle 90( or less to the right of the wind direction, especially in shallow coastal waters.



				2	Density currents.



					a	A density current retains its unmixed identity because its density differs from that of the surrounding water.



					b	A turbidity current (dense sediment-laden waters flowing along the sea floor) is the best example of a density current.



						1	Best example is the earthquake that occurred off the Grand Banks of Newfoundland creating a turbidity current that broke transatlantic cable down slope 300 miles away from the epicenter.



						2	The estimated speed of the flow reached 50 to 60 miles per hour and lasted for 13 hours.



				3	Hydraulic currents



					a	Currents caused by differences in sea level between two water bodies.



					b	Commonly found in straits separating water bodies.







					c	The best example of a hydraulic current is the current which sets up in the Straight of Gibraltar.



						1	The water level in the Eastern Mediterranean Sea is 15 cm lower than in the Strait of Gibraltar, due to the excessive evaporation in the Mediterranean Basin.



						2	The evaporation cools the water and it sinks as it becomes denser.



						3	This cold dense water then leaves through the Strait of Gibraltar as an opposite flowing current.



						4	This process is typical of all closed, restricted basins where evaporation exceeds precipitation.



				4	Tidal currents.



					a	The horizontal expression of the tidal forces.



					b	Especially significant in shallow water where they become the predominant flow.



					c	Tides are waves with lengths measured in hundreds of miles and heights ranging from zero to more than 50 feet.



					d	Tides are caused by the gravitational attraction between the earth, moon, and sun.



					e	Although the gravitational attraction between the earth and sun is over 177 times greater than that of the earth and moon, the moon dominates the tides.



					f	This is because of the distance factor.  Since the sun is 390 times farther from the earth than the moon, its tide generating force is reduced by 390 cubed, or about 59 million times compared to that of the moon.



				5	Effects on naval operations.



					a	ASW.



						1	Currents of different densities may cause the formation of a front which will influence the path of sound propagation.



						2	Currents can effect submarine steering.  This is especially important for diesel submarines.



						3	Currents can dictate the pattern of sonobuoys.



					b	Mine warfare.



						1	Currents may cause moored mines to dip.



						2	They may cause bottom mines to roll.



					c	Navigation.



						1	Currents can cause course deviations resulting in collisions and groundings.



						2	Currents can cause anchored ships to drag anchor.



						3	Icebergs are carried by currents and can hazard transiting surface and subsurface vessels.



APPLICATION:	Have the students take the appraisal and emphasize 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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