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Presenter
Presentation Notes
Purpose – to introduce the concepts of groundwater, and the relationship between groundwater and surface water that is typical in mid-Atlantic states such as Delaware



At an Eco-Station, consider the following:

 Where is the water & where is it going?
 How does the water fit into the eco-system? 
 “Read the land” - what does the topography tell you?
 Be ready to interpret air photos, topo maps, or sets of water 

quality data (surface or groundwater) 
 What may influence the flow of the water?
 What may affect the water quality, and key parameters (D.O., 

temperature, etc.)
 How have (or could) humans affect the water quality?

Presenter
Presentation Notes
At an eco-station, get yourselves oriented to the water conditions. Take a few moments to look at the surroundings. Think of the groundwater (despite not seeing it). Be ready to interpret data from that location, or other locations, provided in the test.



Key Online Resources
Groundwater & Surface Water

 USGS – http://education.usgs.gov/ -
 USGS Circular 1139 “Groundwater and Surface Water”
 USGS – “Groundwater & the Rural Homeowner”
 DE GS – www.dgs.udel.edu

 Water Resources & Water Conditions tabs
 DE Environmental Observing System –

www.deos.udel.edu/geobrowser.html “DEOS Geobrowser”
 National Estuarine Research Reserve System -
 http://cdmo.baruch.sc.edu/ – Research & Monitoring data

 CDMO – Get Data – Data Export

 Google Earth & Air Photos

Presenter
Presentation Notes
“Groundwater” is a very broad topic. So, if you concentrate on the on-line resources listed, you will know plenty for the competition. The US Geological Survey (USGS) has great educational materials, broken down by age group. A lot of the material get a little more technical than needed for the competition. If you focus on being able to picture how the groundwater and surface water interact when investigating a location (such as Eco Station) you will gain much. The “Circular 1139” is very good; the resource for the “Rural Homeowner” covers the concept of wells and how they work. They are the means for getting groundwater for our use, and the main means for collecting samples. The DE Geologic Survey has some good educational materials also. The DEOS, and National Estuarine Reserve web sites have lots of data, much of it live, from surface and groundwater monitoring stations. Become familiar with how the data is presented, and what the data may be telling you about an ecosystem.

http://www.dgs.udel.edu/


Agencies, Laws, Regulations, Guidance…

 Too many? Not enough?
 Be aware of, but don’t get bogged down the details.
 It starts with Laws, Statutes, Codes.
 Federal (these are just a few):

 Environmental Protection Agency
 Often delegate authority to states, territories, tribes

 US Geological Survey – science and research
 US Army Corps Engineers
 Dept. of Interior

 State of Delaware (these are just a few):
 Dept. of Natural Resources and Environmental Control
 Dept. of Agriculture
 DE Geological Survey – science and research
 Counties, cities, towns

Presenter
Presentation Notes
This slide is mainly to encourage awareness of the wide range of laws and agencies that are involved with environmental protection and management of natural resources. Take some time to browse through agency websites to get a feel for the scope. Regulations are developed based on federal or state laws or statutes, and published in a Code of Regulations. Guidance documents are used to implement in an efficient and uniform manner.



Watersheds
• An area of  land where all 

the streams and rainfall 
go to a common outlet 
(St. Jones River).

• Includes the lakes, 
streams, wetlands and the 
underlying groundwater.

• Land use in a watershed 
impacts water quality and 
health—agriculture, 
urban, wetland.

Source: www.delawarewatersheds.org

Presenter
Presentation Notes
This is the St. Jones river watershed. Be familiar with the concept of watersheds, from a local scale in your immediate vicinity, to very large-scale such as the Delaware or Chesapeake watersheds (or basins).



Stream Orders
• Hierarchy of  streams
• 1st Order-headwaters of  a 

stream
• When two streams of  same 

order meet, the downstream 
segment gets the next 
highest numbered order

• When two streams meet 
and they are not the same 
order, then the highest 
numbered order is 
maintained on the 
downstream segment.



Groundwater -
Part of the Hydrologic Cycle

Presenter
Presentation Notes
This demonstrates the part of the hydrologic cycle involving groundwater. Note how the water flows within the pore spaces in soil (or sediments).



Aquifer

 Geologic formation, either sediment or rock, capable of 
bearing water and supplying water to wells

 Coastal Plain aquifers consist of sediment
 Piedmont aquifers are generally bedrock

Presenter
Presentation Notes
Aquifer – one of the few key terms to know.



Groundwater Flow:  Where? And How Fast?

 Porosity
 Void spaces within 

sediment or rock
 Between sediment grains
 Fractures in rock
 Interconnected

 Permeability
 Hydraulic Conductivity
 Ability of material to 

transmit a fluid
 Sand & Gravel – High
 Clay - Low

Presenter
Presentation Notes
Some more key terms – the properties of an aquifer that allow water to flow.



Groundwater Flow:  Why and Where?

 From high to low elevation – even a few inches
 From high to low pressure – pumping wells
 In humid regions, like the mid-Atlantic, flow is 

generally toward a surface water body
 Wells and recharge will influence flow

Presenter
Presentation Notes
The main general concepts that govern the flow of groundwater. IF YOU REMEMBER ONE THING – groundwater, especially shallow groundwater, flows generally in a direction following the topography. That is even in relatively flat areas like much of our state, it flows “downhill” from higher elevations to lower elevations. Look for a surface water body – either on a map, air photo, or in the field; chances are the groundwater near it is flowing toward it.



Common Scenarios in Delaware:
Surface & Groundwater Connection

Presenter
Presentation Notes
Figure on left shows groundwater flow into a stream; top is a cross-section and bottom is a map view. Note that groundwater is flowing from higher elevation to lower elevation, like the stream, and it also flows toward the stream starting at about elevation 40. Figure on right depicts common wetland configurations. Can you picture what would happen if, in either figure, the water table were to drastically lower?



Groundwater seepage along Indian River Bay

Presenter
Presentation Notes
A few photos showing the interface of groundwater and surface water bodies



Areas free of ice that result from 
warm ground water (15 degrees 
C) discharging into cold surface 
water (5 degrees C) in the Inland 
Bays

Presenter
Presentation Notes
The connection between groundwater and surface water may be subtle, and not usually easily observed.



Presenter
Presentation Notes
How deep do you think groundwater is at a location like this – at the mouth of a tidal river? 



Presenter
Presentation Notes
In the Piedmont area of Delaware, there are some higher, steeper hills; at this location groundwater is seeping out of the pavement, causing an iron staining – basically a “spring”



Groundwater Flow 
Direction

• Lines of equal elevation of 
water table

• Much like on a topographic 
map

• Flow from higher elevation to 
lower elevation



WELLS

Presenter
Presentation Notes
Understand how wells work. They are the means for getting groundwater as a water supply, and for performing groundwater studies.



TYPICAL WELL

Presenter
Presentation Notes
Wells are pretty simple – some sort of “tube” installed into the ground; with slots at the bottom to permit water to flow in. The pump carries the water up and out of the well casing, to a pressurized holding tank. NOTE in this example, the screen (intake) is in the gravel layer, with much higher permeability than the overlying clay layer. The pump is within the well casing and draws the water inward and upward from the gravel aquifer.
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Presentation Notes
A cross-section figure. Note the elevation in feet at the left. The figure is vertically exaggerated – meaning the horizontal scale has been “squeezed” together. It shows some of the commonly used aquifers in the state – note that the shallowest, the Columbia, is the most commonly used aquifer.



Columbia Aquifer

Columbia Aquifer

Soil Layer

•Most susceptible to contamination
•Most adversely affected

•Most heavily used aquifer
•Irrigation
•Public water supply
•Domestic water supply
•75% of stream flow

Delaware Geological Survey

Presenter
Presentation Notes
Because of its shallow nature, the Columbia Aquifer is also heavily used, and stressed.



When the Columbia 
Aquifer is Contaminated -

• Several locations in town 
have shallow well 
contamination

• Not all contaminant 
sources determined

• How to protect new 
drinking water supply 
wells?

• “Institutional Controls” 
by regulatory agency

• Groundwater 
Management Zone

• The wells with known 
contamination are 
replaced.

Presenter
Presentation Notes
This illustrates a Groundwater Management Zone established by DNREC. It is a form of “institutional control” where policy, regulation, etc. is used to protect a resource. Proposed wells within the zone, and even near it, undergo extra scrutiny to determine if the proposed well would be threatened by contamination. If yes, then the well may be required to be screened in a deeper, confined aquifer, separated from the locally contaminated Columbia Aquifer. This occurs during the permit review and approval process of DNREC.



Making the Connection

 Remember the 
groundwater-surface 
water connection

 and the GROUND 
SURFACE -
groundwater 
connection…

Presenter
Presentation Notes
A common source of groundwater pollution – just below the ground surface. Remember that what we do on, or near, the ground surface can drastically affect groundwater resources.



Geographic Information Systems
and Databases

 DNREC 
maintains layers of 
well locations, well 
head protection 
area, recharge 
areas, and 
contaminated 
sites.  It is valuable 
for determining 
risk to points of 
exposure and 
critical resources.

 Many agencies 
maintain 
databases.

Presenter
Presentation Notes
Additionally, locations of cultural features, etc. are also in the GIS system. It is used in day-to-day environmental protection work, and is an efficient and powerful tool for storing data, organizing data, and developing reports, too. Many databases are on-line and accessible; often provide real-time data and are interactive.



Where Are You?
Interpreting air photos, topo maps, and the land surface

Presenter
Presentation Notes
Area of St. Jones Reserve. Be able to interpret from air photos (and also from the field) things such as: at a given location what directions may groundwater be flowing? Possible sources of pollution; reason for the patterns of vegetation; possible eco-systems, etc.



Presenter
Presentation Notes
Closer view of St. Jones Reserve; be able to answer same questions as in notes for previous slide.



Presenter
Presentation Notes
Screen shot from DE Geological Survey’s web page. Two years of measurements to the water table (depth to water in a well). They have a wealth of data, groundwater and surface water, in digital and graphic form. You should be able to understand, from this slide:  depth range to water table, seasonal effect on water table depths, what may have caused the pronounced rise in levels in early 2010?



Presenter
Presentation Notes
Example of surface water data available through the Centralized Data Management Office of the National Estuarine Research Reserve (NERR) system. This is from Scotton Landing near Dover. Be able to interpret things such as: time period of lowest/highest D.O.? Why is D.O. higher at end of the graph? What may cause the extreme rise and fall pattern? TAKE TIME to explore the data that is available and ways to interpret it.
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