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	What is Groundwater?
When rain falls to the ground, the water does not stop moving. Some of it flows along the surface in streams or lakes, some of it is used by plants, some evaporates and returns to the atmosphere, and some sinks into the ground. Imagine pouring a glass of water onto a pile of sand. Where does the water go? The water moves into the spaces between the particles of sand.
Groundwater is water that is found underground in cracks and spaces in soil, sand and rocks. The area where water fills these spaces is called the saturated zone. The top of this zone is called the water table...just remember the top of the water is the table. The water table may be only a foot below the ground’s surface or it may be hundreds of feet down.
Groundwater can be found almost everywhere. The water table may be deep or shallow; and may rise or fall depending on many factors. Heavy rains or melting snow may cause the water table to rise, or an extended period of dry weather may cause the water table to fall.
Groundwater is stored in--and moves slowly through--layers of soil, sand and rocks called aquifers. The speed at which groundwater flows depends on the size of the spaces in the soil or rock and how well the spaces are connected.
Aquifers typically consist of gravel, sand, sandstone, or fractured rock, like limestone. These materials are permeable because they have large connected spaces that allow water to flow through.
Water in aquifers is brought to the surface naturally through a spring or can be discharged into lakes and streams. This water can also be extracted through a well drilled into the aquifer. A well is a pipe in the ground that fills with groundwater. This water then can be brought to the surface by a pump. Shallow wells may go dry if the water table falls below the bottom of the well. Some wells, called artesian wells, do not need a pump because of natural pressures that force the water up and out of the well.
Groundwater supplies are replenished, or recharged, by rain and snow melt. In some areas of the world, people face serious water shortages because groundwater is used faster than it is naturally replenished. In other areas groundwater is polluted by human activities.
In areas where material above the aquifer is permeable, pollutants can sink into the groundwater. Groundwater can be polluted by landfills, septic tanks, leaky underground gas tanks, and from overuse of fertilizers and pesticides. If groundwater becomes polluted, it will no longer be safe to drink.
Groundwater is used for drinking water by more than 50% of the people in the United States, including almost everyone who lives in rural areas. The largest use for groundwater is to irrigate crops.
It is important for all of us to learn to protect our groundwater.

How Much Do We Depend On Groundwater?

According to United States Geological Survey (USGS) figures, groundwater provides an estimated: 

22% of all freshwater withdrawals

37% of agricultural use (mostly for irrigation)

37% of the public water supply withdrawals

51% of all drinking water for the total population

99% of drinking water for the rural population
Groundwater Protection 

Unfortunately, contaminated groundwater is very difficult and expensive to clean up. Solutions can be found after groundwater has been contaminated but this isn't always easy. The best thing to do is adopt pollution prevention and conservation practices in order to protect important groundwater supplies from being contaminated in the first place.
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Pollution Prevention
Many steps are being taken to keep pollutants from reaching groundwater supplies. Manufacturers are using fewer toxic raw materials. Consumers have switched to phosphate-free detergents and other less polluting household products. Pollution control measures such as the Clean Water Act have also been a big part of the protection of drinking water supplies.

Groundwater Conservation
Groundwater is available in limited quantities. Since groundwater is an important resource for so many people, it is important to protect it. Protecting the quantity of groundwater is easy. By simply reducing the amount of water that we use, our water supply will last longer.  

Groundwater Guardian
You can protect groundwater on a local level in your own home town. Click here to meet and join a network of communities full of people who care about the future of this most important natural resource, groundwater.
  

Hydrologic Cycle 
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From the time the earth was formed, water has been endlessly circulating. This circulation is known as the hydrologic cycle. Groundwater is part of this continuous cycle as water evaporates, forms clouds, and returns to earth as precipitation.

The Process
Surface water is evaporated from the earth by the energy of the sun. The water vapor forms clouds in the sky. Depending on the temperature and weather conditions, the water vapor condenses and falls to the earth as different types of precipitation. Some precipitation runs from high areas to low areas on the earth's surface. This is known as surface runoff. Other precipitation seeps into the ground and is stored as groundwater.

Defining Groundwater
Think of groundwater as water that fills the spaces between rocks and soil particles underground, in much the same way as water fills a sponge. Groundwater begins as precipitation and soaks into the ground where it is stored in underground geological water systems called aquifers. Sometimes groundwater feeds springs, lakes, and other surface waters or is drawn out of the ground by humans. The water then can
evaporate, form clouds, and return to the earth to begin the cycle over again.
Contamination and Concerns

Fifty percent of the United States population depends daily on groundwater for their drinking water. Groundwater is also one of our most important sources of irrigation water. Unfortunately, groundwater is susceptible to pollutants. Groundwater is generally a safe source of drinking water, however, there are concerns that contamination may increase as toxins dumped on the ground in the past make their way into groundwater supplies.
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Pollutants that contaminate groundwater may be some of the same pollutants that contaminate surface water. Compounds from the surface can move through the soil and end up in the groundwater. For example, pesticides and fertilizers can find their way into groundwater supplies over time. Road salt, toxic substances from mining sites, and used motor oil also may seep into groundwater. In addition, it is possible for untreated waste from septic tanks and toxic chemicals from underground storage tanks to contaminate groundwater. To read about other ways groundwater can become contaminated, click here.

Dangers of Contaminated Groundwater 
Drinking contaminated groundwater can have serious health effects. Diseases such as hepatitis and dysentery may be caused by contamination from septic tank waste. Poisoning may be caused by toxins that have leached into well water supplies. And it is important not to forget that wildlife, too, can be harmed by contaminated groundwater. 

How can you help?
To find out what you and your community can do to protect groundwater, join the Groundwater Foundation or become Groundwater Guardian Community, Affiliate, or National Partner.
Sources of Contamination
Groundwater contamination occurs when man-made products such as gasoline, oil, road salts and chemicals get into the groundwater and cause it to become unsafe and unfit for human use. Some of the major sources of these products, called contaminants, are storage tanks, septic systems, hazardous waste sites, landfills, and the widespread use of road salts and chemicals.

Drinking Water Source
Assessment and Protection 

Storage tanks may contain gasoline, oil, chemicals, or other types of liquids and they can either be above or below ground. There are estimated to be over 10 million storage tanks that are buried in the United States and over time the tanks can corrode and crack and leaks can develop. If the contaminants leak out and get into the groundwater, serious contamination can occur.
Septic systems can be another serious contamination source. Septic systems are for homes, offices or other buildings that are not connected to a city sewer system. Septic systems are designed to slowly drain away human waste underground at a slow, harmless rate. An improperly designed, located, constructed, or maintained septic system can leak bacteria, viruses, household chemicals, and other contaminants into the groundwater causing serious problems.
In the United States today, there are thought to be over 20,000 known abandoned and uncontrolled hazardous waste sites and the numbers grow every year. Hazardous waste sites can lead to groundwater contamination if there are barrels or other containers laying around that are full of hazardous materials. If there is a leak, these contaminants can eventually make their way down through the soil and into the groundwater.
Landfills are another major source of contamination. Landfills are the places that our garbage is taken to be buried. Landfills are supposed to have a protective bottom layer to prevent contaminants from getting into the water. However, if there is no layer or it is cracked, contaminants from the landfill (car battery acid, paint, household cleaners, etc.) can make their way down into the groundwater.
Finally, the widespread use of road salts and chemicals can also lead to groundwater contamination. Road salts are used in the wintertime to put melt ice on roads to keep cars from sliding around. When the ice melts, the salt gets washed off the roads and eventually ends up in the water. Chemicals include products used on lawns and farm fields to kill weeds and insects and to fertilize the plants. When the rain comes, these chemicals get washed into the ground and eventually into the water.
We have to remember that since groundwater is part of the hydrologic cycle, what can contaminate other parts of the cycle, such as the air or surface water, can eventually get into the groundwater.
So now that you know the risks to groundwater, what can we do about it? Click here to meet and join a network of communities full of people who can help you and your community protect its groundwater.
Wells and How They Work 

In most cases, groundwater is not found in large underground rivers or lakes. Rather, groundwater is stored in geological formations called aquifers. It takes a lot of energy to get water out of the ground and into cities, homes, and farms. Wells are used to extract water from aquifers.
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What is a Well?
Basically, a well is a hole drilled into an aquifer. A pipe and a pump are used to pull water out of the ground, and a screen filters out unwanted particles that could clog the pipe. Wells come in different shapes and sizes, depending on the type of material the well is drilled into and how much water is being pumped out.

Well Contamination
A well can be easily contaminated if it is not properly constructed or if toxic materials are released into the well. Toxic material spilled or dumped near a well can leach into the aquifer and contaminate the groundwater drawn from that well. Contaminated wells used for drinking water are especially dangerous. Wells can be tested to see what chemicals may be in the well and if they are present in dangerous quantities.

Top 10  
Tips on Protecting and Conserving Groundwater

1. Dispose of chemicals properly.

2. Take used motor oil to a recycling center.

3. Limit the amount of fertilizer used on plants.

4. Take short showers.

5. Shut water off while brushing teeth.

6. Run full loads of dishes and laundry.

7. Check for leaky faucets and have them fixed.

8. Water plants only when necessary.

9. Keep a pitcher of drinking water in the refrigerator.

10. Get involved in water education.

Groundwater ABCs 

Aeration zone: (also known as the unsaturated zone) The zone above the water table is known as the aeration zone. 

Artesian aquifer: See confined aquifer

Aquifer: An underground geological formation able to store and yield water.

Capillary water: Just above the water table, in the aeration zone, is capillary water that moves upward from the water table by capillary action. This water can move slowly and in any direction. While most plants rely upon moisture from
precipitation that is present in the unsaturated zone, their roots may also tap into capillary water or into the underlying saturated zone.

Collection site: A stream, lake, reservoir, or other body of water fed by water drained from a watershed.

Condensation: The process in the hydrologic cycle by which a vapor becomes a liquid; the opposite of evaporation.

Confined Aquifer: (also known as artesian or pressure aquifers) exist where the groundwater is bounded between layers of impermeable substances like clay or dense rock. When tapped by a well, water in confined aquifers is forced up, sometimes above the soil surface. This is how a flowing artesian well is formed.

Conservation: The use of water-saving methods to reduce the amount of water needed for homes, lawns, farming, and industry, and thus increasing water supplies for optimum long-term economic and social benefits.

Consumptive use: The use of a resource that reduces the supply (removing water from a source like a river or lake without returning an equal amount). Examples include the intake of water by plants, humans, and other animals and the incorporation of water into the products of industrial or food processing.

Contaminant: Any substance that when added to water (or another substance) makes it impure and unfit for consumption or use.

Depletion: The loss of water from surface water reservoirs or groundwater aquifers at a rate greater than that of recharge.

Diffusion: The movement of a substance from an area of high concentration to an area of low concentration.

Discharge: An outflow of water from a stream, pipe, groundwater aquifer, or watershed; the opposite of recharge.

Drought: An extended period with little or no precipitation; often affects crop production and availability of water supplies.

Erosion: The wearing down or washing away of the soil and land surface by the action of water, wind, or ice.

Evaporation: The conversion of a liquid (water) into a vapor (a gaseous state) usually through the application of heat energy during the hydrologic cycle; the opposite of condensation.

Evapotranspiration: The loss water from the soil through both evaporation and transpiration from plants.

Fresh water: Water with less than 0.5 parts per thousand dissolved salts.

Gas (gaseous): See vapor

Groundwater: Water found in the spaces between soil particles and cracks in rocks underground (located in the saturation zone). Groundwater is a natural resource that is used for drinking, recreation, industry, and growing crops.

Hydrologic cycle: (also known as the water cycle) The paths water takes through its various states--vapor, liquid, solid--as it moves throughout the ocean,
atmosphere, groundwater, streams, etc. 

Impermeable layer: A layer of material (clay) in an aquifer through which water does not pass.

Irrigation: The controlled application of water to cropland, hay fields, and/or pasture to supplement that supplied by nature.

Liquid: The part of the hydrologic cycle in which molecules move freely among themselves but do not separate like those in a vapor/gaseous state.

Municipal water system: A network of pipes, pumps, and storage and treatment facilities designed to deliver potable water to homes, schools, businesses, and other users in a city or town and to remove and treat waste materials.

Nonpoint source pollution: Wide-spread overland runoff containing pollutants; the contamination does not originate from one specific location, and pollution discharges over a wide land area.

Permeable: Capable of transmitting water (porous rock, sediment, or soil).

Permeable layer: A layer of porous material (rock, soil, unconsolidated sediment); in an aquifer, the layer through which water freely passes as it moves through the ground.

Plume: A continuous emission from a point source of contamination that has a starting point and a noticeable pathway.

Point source pollution: Pollutants discharged from any identifiable point, including pipes, ditches, channels, sewers, tunnels, and containers of various types.

Pollution: An alteration in the character or quality of the environment, or any of its components, that renders it less suited for certain uses. The alteration of the physical, chemical, or biological properties of water by the introduction of any substance that renders the water harmful to use.

Precipitation: The part of the hydrologic cycle when water falls, in a liquid or solid state, from the atmosphere to Earth (rain, snow, sleet).

Recharge: Groundwater supplies are replenished, or recharged, when water enters the saturation zone by actions like rain or snow melt.

Ridge lines: Points of higher ground that separate two adjacent streams or watersheds; also known as divides.

Runoff: Precipitation that flows over land to surface streams, rivers, and lakes.

Salinization: The condition in which the salt content of soil accumulates over time to above normal levels; occurs in some parts of the world where water containing high salt concentration evaporates from fields irrigated with standing water.

Salt marsh: A low coastal grassland frequently inundated by the tide.

Salt water: Water that contains a relatively high percentage (over 0.5 parts per thousand) of salt minerals.

Saturation zone: The portion below the earth's surface that is saturated with water is called the zone of saturation. The upper surface of this zone, open to atmospheric pressure, is known as the water table.

Soil: The top layer of the Earth's surface, containing unconsolidated rock and mineral particles mixed with organic material.

Storm drain: Constructed opening in a road system through which runoff from the road surface flows into an underground system.

Sublimation: The transition of a substance from the solid phase directly to the vapor phase, or vice versa, without passing through an intermediate liquid phase.

Substrate: A layer of material beneath the surface soil.

Surface water: Water above the surface of the land, including lakes, rivers, streams, ponds, floodwater, and runoff.

Temporary wetland: A type of wetland in which water is present for only part of the year, usually during the wet or rainy seasons; also known as vernal pools.

Transpiration: The process by which water absorbed by plants (usually through the roots) is evaporated into the atmosphere from the plant surface (principally from the leaves).

Unconfined aquifers: An aquifer in which the upper boundary is the water table. 

Vapor: The state of water in the hydrologic cycle in which individual molecules are highly energized and move about freely; also known as gas/gaseous.

Wastewater: Water that contains unwanted materials from homes, businesses, and industries; a mixture of water and dissolved or suspended substances.

Wastewater treatment: Any of the mechanical or chemical processes used to modify the quality of wastewater in order to make it more compatible or acceptable to humans and the environment.

Water (H2O): An odorless, tasteless, colorless liquid made up of a combination of hydrogen and oxygen. Water forms streams, lakes, and seas, and is a major constituent of all living matter. 

Water-bearing rocks: Several types of rocks can hold water, including: sedimentary deposits (sand and gravel), channels in carbonate rocks (limestone), lava tubes or cooling fractures in igneous rocks, and fractures in hard rocks.

Water cycle: See hydrologic cycle.

Water quality: The chemical, physical, and biological characteristics of water with respect to its suitability for a particular use.

Water quality standard: Recommended or enforceable maximum contaminant levels of chemicals or materials (such as chlorobenzene, nitrate, iron, arsenic) in water. These levels are established for water used by municipalities, industries, agriculture, and recreationists.

Watershed: The land area from which surface runoff drains into a stream, channel, lake, reservoir, or other body of water; also called a drainage basin.

Water table: The top of an unconfined aquifer; indicates the level below which soil and rock are saturated with water.

Water treatment plants: Facilities that treat water to remove contaminants so that it can be safely used.

Well field: An area in which productive wells are drilled (similar to an oil field).

Wetlands: Lands where water saturation is the dominant factor in determining the nature of soil development and the types of plant and animal communities. Other common names for wetlands are sloughs, ponds, and marshes.

Xeriscaping: An environmentally friendly form of landscaping that uses a variety of indigenous and drought-tolerant plants, shrubs, and ground cover.
 Out of Sight, Out of Mind:
An Introduction To On-site Wastewater Treatment 

More than 25 million homes, or 25 percent of the U.S. population, use on-site wastewater treatment systems to meet their wastewater treatment and disposal needs. 

Residents in towns and cities are typically served by centralized drinking water systems and wastewater treatment facilities. Homeowners living in rural areas without access to municipal water treatment systems must rely on private wells to meet drinking water needs, and their own "mini treatment plant" to meet wastewater disposal needs. 

When properly constructed and maintained, both private wells and on-site wastewater treatment systems can provide years of safe, reliable service for rural homeowners. 

[image: image10.png]sznlc. TREATMENT

TANK v
SOIL i

GROUNDWATER

Image courtesy of the US EPA
ww.epa. govisalewateridwalelectroniciswp.septc pdf




The most common type of on-site wastewater treatment is the septic system. A septic system consists of four main components. The first component is a home’s indoor plumbing. This is simply the system of drains and pipes located inside a home that transports wastewater outside to the next major component, the septic tank. The septic tank is an underground, watertight container, made of concrete, fiberglass, or other durable material that resists corrosion. 

The septic tank serves as the primary place of treatment for wastewater. Here, solids settle to the bottom of the tank and partially decompose with help from naturally occurring bacteria. A layer of soaps, greases and scum float on top of the liquid wastewater. Over time, the floating scum and submerged solids accumulate and must be removed by a qualified septic contractor. 

The liquid wastewater contained in the septic tank is called effluent. The effluent exits the septic tank and enters the next major component of a septic system, the drainfield. Made of a series of parallel, underground, perforated pipes, the drainfield allows wastewater to percolate into the surrounding soil. 

The soil is the final and most important component of a septic system. This is where the majority of wastewater treatment actually occurs. Through various physical and biological processes, most bacteria and viruses in wastewater, as well as some nutrients, are consumed as the wastewater effluent travels down through the soil layers. 

Properly constructed and maintained septic systems pose little threat to the environment and human health. However, improperly functioning systems pose a contamination risk to groundwater and surface water supplies. The issue of septic systems and water quality is especially significant to residents living near lakes. 

There are many items for lakeside property owners to deal with in order to protect the quality of their lake and the health of their family. During high water periods, a septic system may be more likely to contribute poorly treated sewage to a body of water. In addition, as shoreline erosion occurs the distance between the septic system and the lake shore decreases, resulting in an increased chance of wastewater entering the lake. 

Lakes contaminated by wastewater pose a health threat. Disease-causing organisms present in wastewater can cause dysentery, cholera, typhoid and Hepatitis A. Nitrates can contaminate drinking water and lead to illness in humans, including blue baby syndrome, which affects an infant’s ability to carry oxygen in their blood. Other nutrients, primarily phosphorous, can promote algae and weed growth in lakes which depletes oxygen levels and causes fish kills. 

There are numerous ways for homeowners with septic systems to minimize the potential impacts that on-site wastewater treatment systems may have on the environment. These include:

· Regular Inspection – One of the most important ways to care for your septic system is to have it inspected on a regular basis. This extends the life of a septic system and helps the homeowner avoid unnecessary and expensive repair and replacement costs. It is generally recommended to have a septic system inspected every 2-3 years. 

· Conserve Water – Hydraulic overload is a major cause of septic system failure. Low flow plumbing fixtures, faucets, and showerheads will minimize the amount of water entering a septic system. 

· Care of the Drainfield – Trees and shrubs with deep penetrating roots should not be planted near the drainfield because the roots can plug the perforated pipe structure. Heavy vehicles and equipment should not be driven or parked over the drainfield because their weight can compact the soils and damage drainfield components. 

· Household Waste Disposal – Limit the types and amounts of wastes poured down the drain. Garbage disposals can nearly double the amount of solids added to the septic tank and should be used sparingly, or not at all. Cooking oils and fats harden after disposal and block the septic tank inlet, or outlet, and even clog the soil pores surrounding the drainfield, reducing its effectiveness for filtrating wastewater. In addition, chemicals like paints, solvents, and pesticides should not be dumped down the drain. These items may kill microorganisms living in the soil that help purify wastewater and can potentially enter into groundwater and contaminate drinking water supplies. 

Homeowners who have a septic system that is properly designed and installed, and correctly operated and maintained should receive years of reliable service with minimum risks to human and environmental health. 

For more information about wastewater treatment or to learn more about The Groundwater Foundation’s septic system education project held at Lake McConaughy in Nebraska, contact Clancy Dempsey at 1-800-858-4844 or clancy@groundwater.org.
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