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Investigating Regional Hydrogeology of the Mid-Atlantic Coastal Plain

Part 1: General Hydrostratigraphy of Coastal Plain Aquifers
In the figures, “aquifer” refers to rocks that hold and transmit water, whereas the term “confining unit” refers to rocks that do not carry water, but restrict its movement.

Figure 1-1 shows a map of the Coastal Plain from North Carolina to New Jersey.  Note that the width of the land portion of Cretaceous and younger sediments decreases as you go north.

Keep in mind that the dip and strike sections (Figs 1-2 and 1-3) are like looking at the side of a deep trench in the Earth.  Note also that these sections have considerable vertical exaggeration, which means the vertical scale is more detailed than the horizontal scale.  This allows more to be seen, but distorts angular relationships by increasing them.

Which compass direction do the Coastal Plain sediments dip?

What happens to the thickness of the Coastal Plain rocks as you move toward the Atlantic Ocean?

What process or processes could create this effect from continent to ocean?

The rocks on these figures have been grouped into general aquifers with confining units shown in brown.  Figure 1-4 shows the vertical succession of hydrogeologic units in New Jersey and Maryland and their ages on the relative geologic timescale 

Now look at Figure 1-3 (the strike section B-B(on Figure 1-1).  Using Figure 1-4, make an informal correlation of the general aquifer units of North Carolina to those in New Jersey/Maryland.

What thickness trends do you see for each aquifer unit in Figure 1-3?  How do these trends relate to the depth to crystalline rocks (igneous or metamorphic rocks are composed of mineral crystals, so they can be collectively referred to as crystalline; such rocks are also called “basement,” in this case, the pre-Mesozoic basement)?  

Why didn’t  the geologists use the same name for the Upper Cretaceous aquifer units in North Carolina that was used from Maryland to New Jersey? After all, the same name is used for all the others.

The depth to basement shows that the east coast of the U.S. has a series of arches (high spots) and embayments (low spots).  In North Carolina, there is the Cape Fear Arch and the Albemarle Embayment. 

The Cape Fear Arch has been high intermittently since the Cretaceous.  When an arch is high, we would expect sediments to thin on it.  For which general aquifer packages is that true for the Cape Fear Arch?

How do these changes affect the availability of each aquifer to users on the surface from place to place?

Part 2: Groundwater Effects
Water enters the aquifer in a process called recharge.  Water also discharges naturally from aquifers into other aquifers, rivers, bays, or the ocean.  Discharge can occur sideways, down, or even up depending on the hydraulic gradient (that is, if water pressure is high enough, water can flow uphill).  Figure 2-1 shows a generic aquifer in a coastal area and the ways its water can discharge.   

Aquifers don(t terminate at the current coastline, but can continue offshore.  Over time, sea level fluctuates.  When sea level is lower than at present, freshwater can easily flow farther east than the present shoreline.  If pressure in the aquifer is sufficiently great, then freshwater can remain in aquifers far offshore today.  As an example, fresh water was found in an aquifer penetrated by an oil well drilled 55 miles offshore from the Georgia coast (Barlow, 2003).

Human Impact(Saltwater Intrusion
For aquifers on the Atlantic Coastal Plain, a discharge area commonly occurs where the aquifer sediments intersect the bottom of the ocean on the continental shelf.  This means that the aquifer is connected to the ocean.  Saltwater can be drawn into the aquifer by such factors as seasonal or annual changes in groundwater flow and ocean tides.  There will be a transition zone between saltwater and freshwater because they are different densities and don(t mix well.  Figure 2-2 shows how the fresh-salt water boundary occurs in coastal aquifers. Figure 2-3 shows how the fresh-salt water boundary can be moved landward by pumping of freshwater out of wells near the coast.  The boundary of fresh and saltwater can be pulled by well pumping far enough inland that coastal wells will go salty; this is a serious problem known as saltwater intrusion.  The effect of this is illustrated in Figure 2-4.

Human Impact(Depletion
The potentiometric surface represents the elevation to which water would rise above the aquifer in a well.  Another way of looking at this is that it is a water-pressure surface. 

Another effect of pumping water from aquifers is that the water can be reduced or depleted over time.  One way to recognize this is that pumping will reduce the water pressure in the aquifer.  This will reduce the elevation of the potentiometric surface.  If the pressure is reduced enough, the aquifer itself will be dewatered.

Groundwater Flow
Within the aquifer, water will flow down the water-pressure gradient.  That means we can interpret how the water would move by drawing flow lines (that is, arrows at right angles to the potentiometric contours leading from high to low values).

You will investigate water flow in the Cretaceous confined aquifers of the Atlantic Coastal Plain. We will start with flow as reconstructed before humans started pumping water and then consider flow after pumping.  This exercise uses figures modifed from Trapp and Horn (1997).

Part 3: Regional Flow and Effects of Aquifer Pumping
We will start by investigating regional flow in the Cretaceous  Pee Dee-upper Cape Fear aquifer that you considered in Part 1.  

Figure 3-1 shows a reconstruction of the potentiometric surface in the Pee Dee-upper Cape Fear aquifer in North Carolina before water well production began.

Does the Pee Dee-upper Cape Fear aquifer occur everywhere on the Coastal Plain in North Carolina (that is, in all areas from the Fall Line to the coast)?

Why is there an embayment (bending of the contour line) of the 100' line in Bladen and Cumberland Counties (just southeast of 35( N latitude, 79( W longitude)?

Draw arrows to show the flow lines of water on the potentiometric surface.

Figure 3-2 shows the potentiometric surface in 1980 after withdrawals from wells.  Draw flow lines on this potentiometric surface.

What differences do you see in the pre-pumping vs. the 1980 surface?  Consider particularly geographic changes and changes in the elevation of the potentiometric surface.

Are there any cones of depression? Where are they?

Figure 3-3 shows detail from the Black Creek aquifer in the region from Jacksonville (Onslow County) to Greenville, North Carolina.  The Black Creek aquifer is a subdivision in the middle of the general Pee Dee- upper Cape Fear aquifer system.  

How does the potentiometric surface of the Black Creek aquifer in Figure 3-3 differ from the surface of the regional aquifer in the same area you can see in Figure 3-2?

Draw flow lines on Figure 3-3.  

How do your flow lines on Figure 3-3 suggest that sources of the Black Creek water in the Kinston area have changed since pumping started?

Explain why saltwater intrusion might be a consequence of this changed source of water.

Figure 3-4 shows withdrawal rates in 1979-1980.  In what areas does most production occur (assuming that areas shown as no data have no production)?  

How does the withdrawal rate information compare with the cone of depression in the Black Creek aquifer you examined in Figure 3-3?

By 2003, the potentiometric surface for Cretaceous aquifers in central North Carolina had fallen so that the depression between Kinston and New Bern was more than 100 feet below sea level (North Carolina Division of Water Resources, August 2004, Fig. 6).  In the North Carolina central coastal plain (all the counties of Figure 3-3 and several adjoining counties), a capacity use area has now been established for the Cretaceous aquifers that restricts production for any user producing more than 100,000 gallons per day on any one day in the year.  Identified serious impacts include both dewatering and saltwater encroachment (North Carolina Division of Water Resources, August 2004, Fig. 2).  The intent of the capacity use area is to force a reduction in all groundwater withdrawals (ultimately to 70% reduction over 16 years) and pursuit of alternate water sources.  

What information from these maps supports this level of restriction?
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