On Tides and Tidal Currents

Tides are the periodic rise and fall of ocean level. Tides cause tidal currents where, in coastal areas, especially estuaries, these currents "cleanse" the seawater if it has been impacted by the input of wastes (e.g., sewage) from human activities.  Sewage treatment plants are frequently placed at or near the shores of estuaries.   The sewage treatment designer is taking advantage of tidal currents that move sewage from an estuary to the ocean.  The tidal process (currents and mixing) dilute sewage wastes and over several tidal cycles the sewage/seawater mixture is transported in a seaward direction--to the ocean where even a greater dilution occurs.  The net seawater direction of the back and forth movement of estuarine water diluted with river water (plus sewage if a treatment plant is located on the shore) is called estuarine circulation.  We will come back to estuarine circulation after we have discussed tidal processes.

Tides: Effect of the Moon and Sun
We  know that the moon and sun are responsible for the tides.  But tidal processes are made complicated by the fact that the earth is a rotating body (one rotation every 24 hours), the moon is also a rotating body (circling earth every 28 days), and the earth-moon system rotates around the sun every 365 days.  Thus, when discussing factors leading to tides we really have an earth-moon-sun system to contend with.  


The fact that the moon is always an integral part of the earth-moon system rotating about the sun means that gravitational forces of these systems are balanced by the centrifugal force created by a  rotating bodies.  The well-known Sir Isaac Newton derived the mathematical laws that describe the forces that create tides.  What would happen if these forces were not in balance? Our earth-moon-sun system would have flown apart a long time ago.

While the earth-moon-sun system is often considered in "equilibrium", the liquid water portion of the earth is not in balance.  Any part of the ocean facing the moon will feel the effects of gravitational attraction--a pulling of the water--leading to a rise in water.  Since water is elevated it must "run down the hill" when the moon moves away, thus causing a current, we call a tidal current.  
In considering this example of an ocean facing the moon, what can be said about ocean tides, if any, on the opposite side of earth?  Will the opposite side of the ocean have a tide? Yes, a tide is found on the opposite side of the earth, caused the centrifugal force of the rotating earth-moon system.  The best example of this is shown in Figure 32 Willard Bascom's little book Waves and Beaches; I will show and demonstrate the figure in class.

Local Tides
Local tides can be obtained from the newspaper or using a tide predictor
Here is an example of the tides at Daytona Beach obtained from the tide predictor; the right side number is the reference height. For example at low tide the reference ht is 0.18; at high tide the reference ht is 3.89.  The change in ht between low and high is therefore 3.89-0.18=3.71 ft.
Note also the difference in time between low and high, shown as the as the last column
Daytona Beach, Florida, March 1998

Low Tide: Tue 1998-03-17 4:27 PM EST 0.18, 
High Tide: Tue 1998-03-17 10:46 PM EST 3.89, 6 hours 19 min (6.32) 
Low Tide: Wed 1998-03-18 5:02 AM EST 0.40,  6 hours 16 min (6.27)
High Tide: Wed 1998-03-18 11:00 AM EST 3.35, 5 hours 58 min (5.97)
Low Tide: Wed 1998-03-18 5:05 PM EST 0.27, 6 hours 5 min (6.08)
High Tide: Wed 1998-03-18 11:29 PM EST 3.84, 6 hours 24 min (6.40)
Low Tide: Tu 1998-03-19 5:48 AM EST 0.54, 6 hours 19 min (6.32)
High Tide: Thu 1998-03-19 11:43 AM EST 3.21, 5 hours 55 min (5.92)
Low Tide: Thu 1998-03-19 5:48 PM EST 0.34, 6 hours 5 min (6.08)
High Tide: Fri 1998-03-20 12:18 AM EST 3.81, 6 hours 30 min (6.5)

The average time between high and low over this period is 6.21 hours; therefore there are two highs and two lows.  So the lunar day is 6.21 x 4 =24.84 hours or 24 hours and 49 minutes.  The theoretical lunar day is 24 hours and 50 minutes. Had we averaged more differences, the precise precise lunar day of 24 hours and 50 minutes would be obtained.

Tides and Estuaries
Tides exist  throughout all marine environments, including in estuaries.  It is generally along the shoreline of an estuary that you see many effects of tidal processes.   The most important observation of course is the flood and ebb of the tide.  If you are in an area that experiences a semi-diurnal tide, then there will be two flood periods and two ebb periods during the 24 hour 50 minute period (one tidal day).  Flood tide occurs when ocean water flow, as a current, into an estuary; ebb is exactly  the reverse: a portion of the [flood] water in the estuary returns in the form of a current to the ocean.  In between the flood and ebb currents are slack periods: over a complete semidiurnal tidal cycle there are four "slack" periods.   Sometimes these slack periods are called "slack water"; at exactly slack the water is standing still.

Another important characteristics of an estuary is the amount of freshwater from a river or stream that flows into the estuary.  The freshwater of course dilutes the estuarine water; thus the salinity of an estuary is less than the seaward ocean salinity because of the dilution effects of the river or stream.   Return now to the results of the Crane Creek Sampling; see the salinity results, esp at stations 2 and 3.

Now if you combine the river flow with tidal currents you have a process called estuarine circulation.  An estuary circulates (an advective process) because of the presence of freshwater and the mixing forces/water flow caused by the tides.  The net overall effect of estuarine circulation is the transport of water from an estuary to the ocean.   Ideally over a complete tidal cycle, the amount of water transported is exactly one river flow, R across a hypothetical transect at the entrance to the estuary. The units of R are in cubic meters of water per day).  If R is a large, then the transport of water from the estuary is correspondingly large.  On the other hand if R is small, the transport of estuarine water to the ocean is small.

While the net transport is always R, a considerably larger amount of water will come into an estuary on flood tide; let's call that value F, the rate of water entering on the flood tide.  When the flood water returns to the ocean it is equally large; we can call this value E.  But to be entirely correct the amount of water returning to the sea on ebb is E+R.  So, over a tidal cycle (24 hour 50 minutes), E must equal F, with the net change given as R.  However at any given time within an estuary you will see that many times F and many times R have both accumulated within the estuary.   These large volumes of water, the R amounts and the F amounts could be considered either seawater diluted by the freshwater or freshwater containing seawater from the ocean.

Ideally, over many tidal cycles the deeper portions of an estuary will be saltier than the surface.  In a process called entrainment, which is brought about by the continuous action of tides mixing the water, the bottom water mixes with the surface and the surface water mixes with the bottom water.  The entrainment process, while active, usually never results in a uniform salinity distributions from surface to the bottom.  This is because the tides are "reversed" either  twice a day (semidirunal) or once a day (diurnal).  However, you can see that the net effect is movement of bottom water from the ocean into the estuary, and then entrainment leads to  the seaward transport of surface water.  This is estuarine circulation.  Note that for estuarine circulation you need: tides and a river (stream) flow.  Without one or another you will not have estuarine circulation.  An embayment without a river will not have have estuarine circulation. Likewise, an embayment with a river but with no tides will not have estuarine circulation.

Some time during the course II will describe the estuarine conditions of New York Harbor.   In the mid 1970s I conducted research on the transport of sewage discharged into New York Harbor.  New York Harbor is an estuary because it receives freshwater, mainly from the Hudson River, and experiences diurnal tides.  The combination of the tides and  Hudson River flow (and sewage input; sewage is likened to another source of freshwater) leads to the transport of sewage effluent to the ocean.  The sewage problem in New York Harbor is not an insignificant problem.  Roughly, 2 billion gallons of day of sewage is discharged into New York Harbor.  Fortunately, estuarine circulation is an active process and therefore the harbor does not feel the full brunt of this huge input of human wastes.  
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