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CHAPTER 1: INTRODUCTION TO GROUNDWATER HYDROLOGY 

 

Hydrologic cycle and processes 

The hydrologic cycle is a conceptual model that describes the storage and movement of 

water between the biosphere, atmosphere, lithosphere, and the hydrosphere (Fig. 1).  

 

Figure 1. The Four Environmental spheres 

The atmosphere is best envisioned as a transport-conveyer compartment that moves 

substances from atmospheric sources to receptors. Its storage capacity for matter is small 

http://www.eoearth.org/article/Biosphere
http://www.eoearth.org/article/Atmospheric_composition
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compared to the other spheres, but it has an immense capability for spatially redistributing 

matter.  

The hydrosphere may be visualized as two compartments: a conveyor, a river system that 

collects the substances within the water shed and delivers them to the second hydrologic 

compartment, oceans.  

The lithosphere is the solid shell of inorganic materials at the surface of the Earth. It is 

composed of soil particles and the underlying rocks down to a depth of 31 miles. The soil layer is 

also referred to as the pedosphere, which is a mixture of inorganic and organic solid matter, air, 

water and microorganisms. Within the soil, biochemical reactions by microorganisms are 

responsible for most of the chemical changes of matter. However, soil and rock are mainly 

storage compartments for deposited matter.  

The biosphere is the thin shell of organic matter on the Earth's surface. It occupies the 

least volume of all of the spheres but it is the heart, or the chemical pump, of much of the flow of 

matter through nature. Weathering through the hydrological cycle, blowing wind, and volcanic 

releases are the other mobilizing agents. The biosphere is responsible for the grand scale 

recycling of energy and matter on Earth. The mobilization of matter by biota is by no means 

restricted to small geographic regions. The periodic burning of forests and savannas, for 

example, not only change the chemical form of matter, but also result in long-range atmospheric 

transport and deposition. Some of the biologically released chemicals, including carbon, 

nitrogen, and sulfur have long atmospheric residence times, resulting in continental and global-

scale redistribution. 
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Biosphere Parts  

The interaction of plants and animals comprise a particular ecosystem. An ecosystem is a 

part of a biome. The definition of an ecosystem is a community of living parts (biotic i.e. plants, 

animals) together with the non living parts (abiotic i.e. rocks, weather) of the environment. On 

earth there are two main ecosystems; terrestrial (land) and aquatic (water). These two ecosystems 

are then subdivided into much smaller areas depending on the type of plants, animals and habitat. 

Whereas a biome’s boundary is defined by the regional climate, an ecosystems’ boundary is 

defined by physical features such as river banks, a meadow or a tidal pool.  

 

 

Fig 1. The Hydrologic cycle (USGS 2011) 

Evaporation 

Evaporation is the process by which water is converted from its liquid form to its vapor 

form and thus transferred from land and water masses to the atmosphere. Evaporation from the 

oceans accounts for 80% of the water delivered as precipitation, with the balance occurring on 

land, inland waters and plant surfaces. The rate of evaporation depends upon wind speed, 
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temperature, and humidity. Evaporation is higher in high speed wind and high temperatures, 

whereas high humidity decreases the rate of evaporation.  

Transpiration 

Transpiration is the process where water contained in liquid form in plants is converted to 

vapor and released to the atmosphere. Much of the water taken up by plants is released through 

transpiration. It is difficult to separate the processes of evaporation and transpiration, so this 

transfer of water is sometimes simply called evapotranspiration. The U.S. EPA estimates that an 

acre of corn transpires 4000 gallons of water each day. 

Runoff 

Water that does not infiltrate the soil runs off across the surface of the watershed. Runoff 

begins as a sheet of water and then turns into small trickles and then streams. Runoff may 

contribute water directly to lakes or it may flow first to steams (stream flow) and then to lakes or 

the ocean. Runoff can erode the land surface, leading to pollution of lakes and rivers. If 

precipitation is intense and/or the soil is saturated, flooding can occur. Watershed managers try 

to reduce erosion and flooding by using good land use practices and by building control 

structures. 

Groundwater Flow  

Water which seeps into the ground passes through a zone of aeration where the open 

spaces between soil particles are filled with both air and water. We cannot pump water from this 

zone. Below the zone of aeration lies the zone of saturation where all of the spaces between soil 

http://techalive.mtu.edu/meec/module01/Glossary.htm#sat
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particles are filled with water. The water in this zone is called groundwater and is available for 

pumping. An aquifer is made up of all the soil, rock and water in the zone of saturation. The 

dividing line between the two zones is called the water table. Groundwater moves through the 

subsurface supplying streams and lakes. 

Infiltration  

Some of the precipitation that falls on land seeps into the ground where it is stored in 

aquifers and is transported to streams and lakes by subsurface flow. The amount of infiltration is 

influenced by the permeability and moisture content of the soil, the presence of vegetation and 

the volume and intensity of precipitation. 

Percolation 

Percolation is the movement of water though the soil, and its layers by gravity and 

capillary forces. The prime moving force of groundwater is gravity. Water that is in the zone of 

aeration where air exists is called vadose water. Water that is in the zone of saturation is called 

groundwater. For all practical purposes, all groundwater originates as surface water. Once 

underground, the water is moved by gravity. The boundary that separates the vadose and the 

saturation zones is called the water table. Usually the direction of water movement is changed 

from downward and a horizontal component to the movement is added that is based on the 

geologic boundary conditions. 

 

 

http://techalive.mtu.edu/meec/module01/Glossary.htm#aquifer
http://techalive.mtu.edu/meec/module01/Glossary.htm#perm
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Distribution of water on earth 

Water on our planet can be stored in any one of the following major reservoirs: 

atmosphere, oceans, lakes, rivers, soils, glaciers, snowfields, and groundwater. Water moves 

from one reservoir to another by way of processes like evaporation, condensation, precipitation, 

deposition, runoff, infiltration, sublimation, transpiration, melting, and groundwater flow. The 

oceans supply most of the evaporated water found in the atmosphere. Of this evaporated water, 

only 91% of it is returned to the ocean basins by way of precipitation. The remaining 9% is 

transported to areas over landmasses where climatic factors induce the formation of 

precipitation. The resulting imbalance between rates of evaporation and precipitation over land 

and ocean is corrected by runoff and groundwater flow to the oceans. 

The main bulk of earth’s water, approximately 97 percent, is found in the ocean as salt 

water. The remaining 3 percent is available as freshwater, of which 0.9 percent is comprised of 

surface water. Surface water refers to water occurring in lakes, rivers, streams, or other fresh 

water sources used for drinking water supplies. Only 0.3 percent of earth’s water is available in 

rivers and lakes, yet these are sources not only what most people are familiar with, but also 

where most of the water we use everyday exists. As the main source of water for peoples use, 

water from the river comprise of only 0.007 percent of earths water (USGS, 2011). Of the total 

freshwater, over 68 percent is locked up in ice and glaciers. Another 30 percent of freshwater is 

in the ground. Groundwater refers to any subsurface water that occurs beneath the water table in 

soil and other geologic forms (Rail, 2000). Scientists estimate that groundwater makes up 95% of 

all freshwater available for drinking.  

http://www.eoearth.org/article/Groundwater
http://www.eoearth.org/article/Evaporation
http://www.eoearth.org/article/Precipitation_and_fog
http://www.eoearth.org/article/Surface_runoff_of_water
http://www.eoearth.org/article/Infiltration_and_soil_water_storage
http://www.eoearth.org/article/Transpiration
http://www.eoearth.org/article/Seas_of_the_world
http://www.eoearth.org/article/Physiography_of_the_ocean_basins
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Fig 2. Distribution of earth’s water Source: USGS 

Water shed: the connection between ground water and surface water 

Water shed is the area of land where all of the water that is under it or drains off of it 

goes into the same place (EPA, 2011) (Fig. 3). According to a geographer John Wesley Powell, it 

is "that area of land, a bounded hydrologic system, within which all living things are inextricably 

linked by their common water course and where, as humans settled, simple logic demanded that 

they become part of a community.  Watersheds can be any size and shape, depending on the 

outlet (or pour point) selected and land topography. A large river typically will have a large 

watershed and a small stream usually will have a smaller watershed. Every large watershed can 

be divided up into smaller watersheds, and the smaller watersheds are said to be nested within 

larger watersheds. The boundaries and areas of many watersheds for major rivers and streams 

have been established by the US Geological Survey and other governmental agencies.  A simple 

approximation of the watershed boundaries (the location of the watershed divides) can be 

generated from a map that includes stream channels. Watershed boundaries will often be located 

half way between the stream of interest and all the neighboring streams. So a rough (and 

http://upload.wikimedia.org/wikipedia/commons/5/58/Earth's_water_distribution.svg
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sometimes reasonable) approximation of watershed boundaries can be developed by sketching 

lines halfway between the stream channels.  

More precise boundaries of a watershed can be determined from topographic maps (i.e., a 

map that shows lines of equal elevation, or elevation contours). These maps will typically show 

small, ephemeral streams as well as large water bodies. As water flows down hill, it will flow 

perpendicular to the contour lines. Lines that are perpendicular to the contour lines are called 

flow lines. An infinite number of flow lines can be drawn on a watershed surface, with most of 

them converging into stream channels. The watershed boundaries are essentially the outer limits 

of the flow lines that lead to the watershed outlet.  

 

Fig 3.  The Mobile Bay Watershed encompasses 65% of the land area for the state of Alabama: 

Mobile Bay National Estuary Program 
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Components of groundwater 

Groundwater is the water that saturates the tiny spaces between alluvial material (sand, 

gravel, silt, clay) or the crevices of fractures in rocks. 

 

 

 

Aeration zone: The zone above the water table is known as the zone of aeration (unsaturated or 

vadose zone). Water in the soil (in the ground but above the water table) is referred to as soil 

moisture. Spaces between soil, gravel and rock are filled with water (suspended) and air. 

 

Aquifer: Most groundwater is found in aquifers—underground layers of porous rock saturated 

from above or from structures sloping toward it. Aquifer capacity is determined by the porosity 

of subsurface material and its area. Under most of the United States, there are two major types of 

aquifers: confined and unconfined. 
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Confined aquifers: (also known as artesian or pressure aquifers) exist where the groundwater 

system is between layers of clay, dense rock, or other materials with very low permeability. 

Water in confined aquifers may be very old, even millions of years old. This water is under 

more pressure than water in unconfined aquifers. Thus, when tapped by a well, water is 

forced up, sometimes above the soil surface. This is how a flowing artesian well is formed. 

 

Unconfined aquifers: More common than confined aquifers, unconfined aquifers have a 

permeable deposit that leads into the aquifer. Water may have arrived by percolating through 

the land surface. This is why water in an unconfined aquifer is often very young, in geologic 

time. The top layer of the aquifer is also the water table. Thus, it’s affected by atmospheric 

pressure and changing hydrologic conditions. 
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CHAPTER 2: GROUNDWATER CONTAMINANTS 

Introduction 

Approximately one-half of the U.S. population depends on groundwater for its drinking 

water supply. Furthermore 95% of all rural populations draw potable water from groundwater 

resources (Water quality book). Alabama’s supply of ground water is so abundant that it could, 

with proper management, provide clean drinking water for its citizens indefinitely. However, the 

advancement of technology, such as more effective pesticides, threatens our groundwater source 

with sever contamination. Groundwater contamination occurs when man-made products such as 

gasoline, oil, and other chemicals, seep into underground water sources in levels that are unsafe 

for human consumption. The sources of contamination are as numerous and diverse, as the 

human activities that contribute to them. Some of the most common sources of groundwater 

contamination include underground storage tanks, septic systems, pesticides, and nitrates. Other 

sources of contamination include old landfills and dumps, and unauthorized hazardous waste 

disposal sites, and abandoned wells.  

Underground storage tanks (UST) 

Underground storage tanks (UST) are commonly used at service stations, refineries, and 

other industrial sites where gasoline, oil and fuel are used. The average life expectancy of a steel 

tank is 30 to 50 years depending on the rate of corrosion of the steel.  Since the early 1980s, 

corrosion of steel tanks, along with faulty installation and operation, has resulted in groundwater 

contamination by gasoline. ADEM considers underground storage tanks one of the more serious 

threats to our groundwater because they are so numerous. ADEM reports that there are between 

5 million and 6 million underground storage tanks nationwide. Alabama alone has about 17,000 
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inventoried UST’s.  To date, soil or ground water has been contaminated by leaking UST’s at 

about 9,000 sites in Alabama. Because most UST’s are used for gasoline, the constituents of 

gasoline are the typical contaminants of concern. The most common hazards of gasoline leaks 

are Benezene, Toluene, Ethylbenzene, and Xylene. 

 

http://deq.mt.gov/recovery/remediation/employment.mcpx 

 

 

 

 

 

http://deq.mt.gov/recovery/remediation/employment.mcpx
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Septic Tanks 

 

Septic tanks are the most 

common on-site domestic waste 

disposal system in use. There are 

about 22 million septic tank sites 

in the U.S.. Alabama has about 

670,000 active septic tanks, 

along with an unknown number 

of abandoned systems. More 

than 20,000 new systems are 

permitted annually. When septic 

tanks are properly installed and 

maintained, they can last 

between 20 to 30 years. When 

septic tanks are not properly 

maintained or inspected, system failure and groundwater contamination will eventually follow. 

An EPA study of chemicals in septic tanks found toluene, methylene chloride, benzene, 

chloroform, and other volatile synthetic organic compounds related to home chemical use, many 

of them cancer-causing. Therefore, septic system owners should continuously monitor the drain 

field area for signs of failure, including odors, surfacing sewage, and lush vegetation.  
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Pesticides 

 

Pesticides are another common ground water 

contaminants. The term pesticide generally 

includes herbicides, insecticides, fungicides, 

and other chemicals which are used to 

combat pests and disease in agricultural 

areas where crops are being cultivated.  

About 3.8 million pounds of solid pesticides 

and 450,000 gallons of liquid pesticides are applied in Alabama each year to kill insects, rodents, 

mold, and weeds.  

Most modern pesticides are designed to naturally degrade over time, which will prevent 

any contamination problems. Thus, contamination caused by pesticides percolating through soil 

layers to aquifers is unlikely. Instead, pesticide contamination of shallow aquifers through direct 

runoff and infiltration, and contamination through abandoned or improperly sealed wells and 

sinkholes are more likely. The presence of trace quantities of pesticides in drinking water is 

common, but elevated concentrations that exceed permitted levels are rare. A study of wells 

across the U.S., found that less than 2% contained pesticide concentrations above the established 

Maximum Contaminant Level (MCL). Due to frequent discovery of various pesticides in U.S. 

wells, the U.S. EPA recently proposed a State Management Program (SMP), which would 

control or ban pesticides with the greatest potential to contaminate groundwater. Five pesticides 

were initially selected due to the frequency of their occurrence: alachlor, atrazine, cyanazine, 

metolachlor, and simazine. According to the EPA they all have been detected in many states, and 

http://extoxnet.orst.edu/faqs/safedrink/mcl.htm
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have the potential to reach levels which exceed health based standards. They are all associated 

with serious health effects including cancer.  

Nitrates 

Nitrates, chemical compounds commonly used as fertilizer, can be a significant threat to 

ground water quality. On-site residential septic tanks can also be a source of nitrates. Nitrates, 

unlike most agricultural and lawn chemicals, do not chemically degrade with time. If more 

nitrate compounds are applied than can be absorbed by plant root systems, they are likely to 

contaminate shallow ground water.  

Nitrate in drinking water can cause health problems in small children, notably a type of 

anemia called methemoglobinemia, or blue baby disease. About 1 percent of public drinking 

water wells in the United States exceed established levels of nitrates for public drinking water 

supplies. Nitrate contamination has caused the abandonment of more ground water supplies 

nationwide than toxic wastes. More than 42 billion pounds of fertilizer is used annually in the 

United States. Unsafe levels of nitrates have been found in some private wells in Alabama, 

although the extent of the problem is difficult to determine. Agricultural areas characterized by 

large amounts of rainfall and permeable soils, such as the southern part of Alabama Coastal 

Plain, tend to be more vulnerable to nitrate contamination. 
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How contaminants move in groundwater 

As discussed above, there are many sources of groundwater contamination, including 

septic tank systems, industrial waste, fertilizers, pesticides, and oil spills from leaking 

underground storage tanks. These contaminants are able to pollute our groundwater via the 

consistent exchange of ground and surface waters. Ground- and surface water are interconnected 

by the recharge of 

surface water, the 

discharge of ground 

water into surface 

systems and the 

hydrologic cycle.  

The hydrological 

cycle has no 

beginning and no 

end, but we can 

understand it best by 

tracing it from precipitation. 

Precipitation occurs in several forms, including rain, snow, and hail. Rain, for example, wets the 

ground surface. As more rain falls, water begins to filter into the ground. How fast water soaks 

into, or infiltrates the soil depends on soil type, land use, and the intensity and length of the 

storm. Rain that cannot be absorbed into the ground collects on the surface, forming runoff 

streams. When the soil is completely saturated, additional water moves slowly down through the 

unsaturated zone to the saturated zone, replenishing or recharging the groundwater. Water then 

http://www.isgs.uiuc.edu/sections/hydro/hydrocycle.shtml 
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moves through the saturated zone to groundwater discharge areas. Therefore, an excess of 

fertilizers, pesticides of waste from septic systems will runoff and contaminate groundwater.  

Contaminated groundwater can then affect the quality of surface water at the discharge areas. 

Groundwater can also become contaminated when liquid hazardous substances soak down 

through the soil into groundwater. Contaminants that can dissolve in groundwater will move 

along with the water, potentially to wells used for drinking water. A combination of moving 

groundwater and a continuous source of contamination can, therefore, pollute very large volumes 

and areas of groundwater.  

 There are two main 

avenues that 

contaminants take to 

enter into our 

environment: point 

source and nonpoint 

source. Nonpoint 

source pollution is 

because it does not 

come from one 

specific source. Instead, it comes from many places or from a widespread area. All of us create 

nonpoint source pollution. Nonpoint pollutants are like fertilizers, pesticides, grease, oils, and 

animal wastes. As previously stated, these pollutants are carried through ditches to the nearest 

body of water when it rains. Because every single person creates some nonpoint source pollution, 

it is a difficult contamination source to control. Point source pollution can usually be traced to a 

http://www.caes.uga.edu/Publications/pubDetail.cfm?pk_id=7173 

http://www.caes.uga.edu/Publications/pubDetail.cfm?pk_id=7173
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single source. For example, some industrial and sewage treatment plants connect directly to a 

water body and create point source pollution. Because it always comes from one easily identified 

place, point source pollution is easier to control. Point source and nonpoint source pollution 

come in many forms. By learning to recognize the different sources of water pollution, we can 

decrease the contaminants added to the environment. 
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CHAPTER 3: SEPTIC TANKS AND THEIR MANAGEMENT 

 

Introduction 

A septic system, or an onsite 

sewage treatment and disposal 

system, consists primarily of a 

septic tank, which is a set of 

underground perforated pipes 

called field lines, and the 

various connections to the 

residence and to each other.  

The tank itself is designed and 

manufactured to regulated specifications for strength and safety.  Your household wastewater 

flows from your residence to the septic tank where the solids sink to the bottom and the oils and 

lighter materials float to the top.  Only the wastewater in the middle layer is allowed to exit the 

tank through a filtered pipe.  The wastewater that leaves the tank, or effluent, as it is called, is 

allowed to pass into the perforated pipes, or field lines, that are buried under your lawn where 

your wastewater is disposed of safely.  This set of field lines and the lawn area around it is called 

your drain field, or disposal field.  All of the components of your septic system are underground 

and should not be readily accessible. 

The simplest of septic systems runs by the force of gravity without any machinery or 

above ground structures.  However, depending on the soil, terrain, and your household layout, 

much more equipment—pumps, tubing, mounds, etc.—may be needed to insure the adequate 
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treatment and disposal of your household wastewater.  The size of your septic tank and the 

amount of field lines needed is determined by the size of your household according to the State 

of Alabama regulations.  Over time, the solids and floating materials stored in your tank will 

accumulate to the point where there is no more storage space for them available.  At that point, 

all of the contents of your tank will need to be removed. 

 

Septic systems in the State of Alabama are regulated according to the “Rules of State Board of 

Health Bureau of Environmental Services, Division of Community Environmental Protection, 

Onsite Sewage Treatment and Disposal, Administrative Code (Chapter 420-3-1)”.  These 

research-based regulations are also known as the Onsite Rules. 
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Septic Tank Additives 

 

A septic system additive is a commercial product sold under a claim that its use will 

improve the performance or aesthetics of an on-site sewage treatment system. There are over one 

hundred additive products on the market today, such as Bio Blast, Septic Helper 2000 and Ultra 

Green 3 Enzyme Cleaner.  These products can be purchased through septic tank pumpers, 

discount stores, and chemical companies. Many of these products contain bacteria and enzymes 

that claim to either regenerate the bacteria that have been lost due to your household cleaning 

solvents, or accelerate waste digestion to extend the life of the septic system. Although some of 

these additives may prove to be of short-term help, they can cause problems that are even more 

expensive, inconvenient and time consuming to fix. For example, some types of septic tank 

additives that contain inorganic compounds, or alkalis, are promoted for their ability to clear 

clogged drains. However, these products contain strong acids that can cause structural damage to 

your pipes and to the septic tank itself.   

Your household septic system is a perfectly efficient way to treat your wastewater. By 

definition, the treatment of wastewater is the removal of waste materials from the water that can 

be harmful to the environment. These pollutants are removed in the septic system by the different 

kinds of microorganisms that are already present in the wastewater. 

In general, the wastewater coming out of your home is treated the by septic system by 

directing the different wastes to the places where they can be treated or at the top, bottom, or 

liquid layer of the tank. The septic tank allows the materials that float to rise to the surface, 

forming a scum layer, and the heavier solids to sink to the bottom, creating a layer of sludge. The 

floating materials, the oils, the papers, plastics, etc., are not easily removed by any 
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microorganisms and must eventually be removed by pumping. The pollutants that are in solid 

wastes are digested by a microorganism that needs to be kept in a saturated or anaerobic 

environment like that at the bottom of your septic tank. The wastewater then exits your septic 

tank and is discharged into the soil absorption or disposal field. 

 The remaining wastes in the wastewater are removed by microorganisms in the soil of 

your disposal field.  Septic tank wastewater flows to the disposal field, where it soaks into the 

soil, where harmful bacteria, viruses, and nutrients are removed. Therefore, any of the remaining 

contaminants in the wastewater will be digested before it reaches groundwater. 

The Washington State Legislature, which banned the use, sale and distribution of septic 

tank additives the year before even stated that “Chemical additives do, and other types may, 

contribute to septic system failure and groundwater contamination.” Furthermore, The 

Environmental Protection Agency says that “the use of septic system additives containing 

[bacteria, enzymes, yeasts and other fungi and microorganisms] additives is not recommended,” 

and that it could “interfere with treatment processes, affect biological decomposition of wastes, 

contribute to system clogging and contaminate ground water.” Therefore the use of septic tank 

additives is obsolete. 

 Instead of using additives, which can cost a person $50 to $100 a year, a better option is 

to simply monitor the sludge and scum levels annually and to have your tank pumped every 3 to 

5 year. Not only will this prevent unpleasant build-up and back-up, it will save you money and 

also help you avoid negative environmental impacts. 
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How to maintain your septic system 

1. Inspect and pump frequently 

The Environmental Protection Agency EPA recommends that you have your septic 

system inspected at least every 3 years by a professional and your tank pumped as recommended 

by the inspector (generally every 3 to 5 years). Your onsite professional should inspect for leaks 

and look at the scum and sludge layers in your septic tank. If the bottom of the scum layer is 

within 6 inches of the bottom of the outlet or the top of the sludge layer is within 12 inches of the 

outlet, your tank needs to be pumped. Remember to note the sludge and scum levels determined 

by your onsite professional, and maintenance records. This information will help you decide how 

often pumping is necessary. In every service report, the pumper should note any repairs 

completed and whether the tank is in good condition. If the pumper recommends additional 

repairs he or she can’t perform, hire someone to make the repairs as soon as possible. There are 

four major factors influence the frequency of pumping: the number of people in your household; 

the amount of wastewater generated (based on the number of people in the household and the 

amount of water used); the volume of solids in the wastewater (for example, using a garbage 

disposal increases the amount of solids), and septic tank size. 

2. Use water efficiently 

Average indoor water use in the typical single-family home is almost 70 gallons per 

person per day. Leaky toilets can waste as much as 200 gallons each day. The more water a 

household conserves, the less water enters the septic system. Efficient water use can improve the 

operation of the septic system and reduce the risk of failure. Toilet use accounts for 25 to 30 

percent of household water use. Most of older homes have toilets with 3.5- to 5-gallon reservoirs, 
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while newer high-efficiency toilets use 1.6 gallons of water or less per flush. If you have 

problems with your septic system being flooded with household water, consider reducing the 

volume of water in the toilet tank if you don’t have a high-efficiency model or replacing your 

existing toilets with high-efficiency models. 

3. Washing machines 

By selecting the proper load size, you’ll reduce water waste. Washing small loads of 

laundry on the large-load cycle wastes precious water and energy. If you can’t select load size, 

run only full loads of laundry. Doing all the household laundry in one day might seem like a 

time-saver, but it could be harmful to your septic system. Doing load after load does not allow 

your septic tank time to adequately treat wastes. You could be flooding your drain field without 

allowing sufficient recovery time. Try to spread water usage throughout the week. A new Energy 

Star clothes washer uses 35 percent less energy and 50 percent less water than a standard model. 

4. Water fixtures 

Check to make sure your toilet’s reservoir isn’t leaking into the bowl. Add five drops of 

liquid food coloring to the reservoir before bed. If the dye is in the bowl the next morning, the 

reservoir is leaking and repairs are needed. A small drip from a faucet adds many gallons of 

unnecessary water to your system every day. To see how much a leak adds to your water usage, 

place a cup under the drip for 10 minutes. Multiply the amount of water in the cup by 144 (the 

number of minutes in 24 hours, divided by 10). This is the total amount of clean water traveling 

to your septic system each day from that little leak. What goes down the drain can have a major 

impact on how well your septic system works. 
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5. Waste disposal 

There are many household products that shouldn’t be flushed down your toilet. Dental 

floss, feminine hygiene products, condoms, diapers, cotton swabs, cigarette butts, coffee 

grounds, cat litter, paper towels, and other kitchen and bathroom items that can clog and 

potentially damage septic system components if they become trapped. Flushing household 

chemicals, gasoline, oil, pesticides, antifreeze, and paint can stress or destroy the biological 

treatment taking place in the system or might contaminate surface waters and groundwater. If 

your septic tank pumper is concerned about quickly accumulating scum layers, reduce the flow 

of floatable materials like fats, oils, and grease into your tank or be prepared to pay for more 

frequent inspections and pumping. 
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The following is a list of Do’s and Don’ts, compiled by Dr. Barret Vaughan. 
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CHAPTER 4: GROUNDWATER QUALITY STANDARDS 

Safe Drinking Water Act (SDWA)  

To protect the public health, the Safe Drinking Water Act was passed by Congress in 1974, to 

regulate the nation’s drinking water supply. The law was amended in 1986 and 1996 and call for many 

actions to protect drinking water and its sources—rivers, lakes, reservoirs, springs, and groundwater 

wells. Through the SDWA, US EPA is authorized to set national based standards drinking water to 

protect against both naturally occurring and artificial contaminants. Congress authorizes EPA and other 

federal agencies to write rules and regulations that explain the critical details necessary to implement 

environmental laws. The US EPA, states, and water systems work hand in hand to make sure these 

standards are met. Initially SDWA focus on treatment, however, the amendment of 1996 broaden the 

scope to include recognizing source water protection, operator training, funding for water system 

improvement, and public information as important component of safe drinking water. This ensures quality 

control of drinking water from source to tap. 

According to US EPA there are more than 170,000 public water systems in the US, and the 

SDWA applies to all public water systems in the US. The US EPA, states, tribes, and water systems work 

together using the framework provided by the SDWA to achieve the goal of providing quality drinking 

water. US EPA uses empirical science to set national standards for drinking water to safeguard against 

health risks. These are called National Primary Drinking Water Regulations, and set maximum 

contaminant levels for particular contaminants or required ways to treat water to remove contaminants. 

National Primary Drinking Water Regulations (NPDWRs or primary standards) are legally enforceable 

standards that apply to public water systems. Primary standards protect public health by limiting the 

levels of contaminants in drinking water. 
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Drinking water programs within different states provide the most direct oversight. If states can 

show that they will adopt these regulations at least as stringent as EPA’s and make sure water systems 

meet these standards, they can apply to US EPA for “primacy”, which would give them the authority to 

SDWA within their jurisdiction. Except Wyoming and District of Columbia, all states have received 

primacy. In Alabama, the Alabama Department of Environmental Management (ADEM) has been 

delegated the authority (primacy) for carrying out the provisions of this Act. The USDA and its related 

land-grant universities, which includes Alabama A&M, Auburn and Tuskegee Universities in Alabama, 

have extension, research and education programs which have state, regional and national impacts on 

protecting drinking water resources.  

The ADEM Drinking Water Branch works closely with the more than 700 water systems in 

Alabama that provide safe drinking water to 4 million citizens. Each month the bacteriological quality of 

the drinking water being provided is tested by the individual systems with the results submitted to ADEM 

for review and approval. Both quarterly and annually results of certain chemical contaminants are 

analyzed to ensure that the drinking water meets all established drinking water standards. According to 

ADEM, water systems in Alabama, routinely, maintain a high compliance rate with drinking water 

standards of approximately 94%. This high compliance rate has been credited to many factors including 

mandatory operator certification that requires adequately trained operators to treat the drinking water, and 

properly constructed and maintained drinking water treatment facilities that can only be constructed with 

a permit from ADEM. Through the Wellhead Protection Program and the NPDES Discharge Permit 

Program, a high quality of both surface water and ground water that is protected. 

National Secondary Drinking Water Regulations (NSDWRs or secondary standards) are non-

enforceable guidelines regulating contaminants that may cause cosmetic effects (such as skin or tooth 

discoloration) or aesthetic effects (such as taste, odor, or color) in drinking water. EPA recommends 

secondary standards to water systems but does not require systems to comply. However, states may 

choose to adopt them as enforceable standards. 
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Table 1. List of National Secondary Drinking Water Regulations 

Contaminant Secondary Standard 

Aluminum 0.05 to 0.2 mg/L 

Chloride 250 mg/L 

Color 15 (color units) 

Copper 1.0 mg/L 

Corrosivity noncorrosive 

Fluoride 2.0 mg/L 

Foaming Agents 0.5 mg/L 

Iron 0.3 mg/L 

Manganese 0.05 mg/L 

Odor 3 threshold odor number 

pH 6.5-8.5 

Silver 0.10 mg/L 

Sulfate 250 mg/L 

Total Dissolved Solids 500 mg/L 

Zinc 5 mg/L 
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CHAPTER 5: UTILIZATION OF GIS TO MANAGE GROUNDWATER QUALITY 

 

What is GIS (Geographic Information System)? 

A geographic information system (GIS) is a tool that integrates hardware, software, and 

data for capturing, managing, analyzing, and displaying all forms of geographically referenced 

information. GIS technology can be integrated into any enterprise information system 

framework. GIS allows us to view, understand, question, interpret, and visualize data in many 

ways that reveal relationships, patterns, and trends in the form of maps, globes, reports, and 

charts. It also helps in solving problems by looking at your data in a way that is quickly 

understood and easily shared. 

It can save cost and increase efficiency, because it is used to optimize maintenance 

schedules and daily fleet movements. Typical implementations can result in a savings of 10 to 30 

percent in operational expenses through reduction in fuel use and staff time, improved customer 

service, and more efficient scheduling. In 2010, GIS help the city of Woodland, California, 

refine its fleet scheduling practices and reap dividends in fuel and labor savings. 

GIS is the most reliable technology to use for making better decisions about location. 

Common examples include real estate site selection, route/corridor selection, evacuation 

planning, conservation, natural resource extraction, etc. Making correct decisions about location 

is vital to the success of an organization. In August 2009, Typhoon Morakot hit Taiwan and 

resulted in record-breaking accumulated rainfall within a short period of time, a GIS-based 

disaster decision support system, called the Central Emergency Operation Center Decision 

Support System (CEO-CDSS) helps Taiwan plan for and respond to typhoons. This system 

integrates other government agencies' typhoon information, such as disaster news and 
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predictions, emergency response, and rescue organizations. GIS-based maps and visualizations 

greatly assist in understanding situations. They are a type of language that improves 

communication between different teams, departments, disciplines, professional fields, 

organizations, and the public. 

For many organizations have a primary responsibility of maintaining authoritative 

records about the status and change of geography, GIS provides a strong framework for 

managing these types of records with full transaction support and reporting tools. The State of 

Montana had a standardized digital cadastre system that everyone could access, using a GIS-

based statewide cadastral database. This helps in providing better record keeping using a tax 

cadastre, which is a legal repository of land records that identifies the owner, location, 

boundaries, description, and property rights associated with a parcel of land.GIS is also 

becoming important to understanding what is happening—and what will happen—in geographic 

space. Called managing geographically, this provides a new approach to management and 

transforming the way that organizations operate. 

What are the components that make up the GIS? 

A Geographic Information System is made up of four components: hardware, software, 

data and people, with the primary component being the people. It is only through effective 

people that the other components exist. Training enables the people to utilize the other 

components to the best advantage. 
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http://gers.uprm.edu/geol4048/pdfs/11_rs_gis.pdf 

Hardware 

 The hardware component of GIS includes computers and networks on which the GIS operate as 

well as peripheral devices such as printers, plotters and digitizers. 

Software: 

The software includes the operating system that runs on a variety of hardware types, from 

centralized computer server to desktop computers used in unconnected or network configuration. 

http://gers.uprm.edu/geol4048/pdfs/11_rs_gis.pdf
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GIS software provides functions and tools needed to input and store geographic information. It 

also provides query tools and performs analysis, and display geographic maps in the form of 

maps and reports. Software packages also rely on a on an underlying database management 

system for storage and management of the geographic and attribute data. It communicates with 

the database management systems (DBMS) to perform queries specified by the user. 

Data 

Data is one of the most important and most expensive of a GIS. Geographic data, which is 

comprised of features and their corresponding attribute information, is entered in to GIS through 

using a technique called digitalizing. This process involves digitally encoding geographic 

features, such as buildings, roads, or county boundaries. Digitalizing is done by terracing the 

location, path, or boundary of a geographic feature either on a computer screen using a scanned 

map in the background, or a paper map that is attached to the digitalizing tablet. Fortunately, 

much of the data GIS users need has been created by government agencies or commercial 

operations, and is available for free or purchase from the data provider or from a spatial data 

clearinghouse. 

People 

People who use GIS are the real power behind the system. Computers have now become cheaper 

and available for people to use, and more affordable to companies, schools and organizations to 

purchase. Users of GIS have increased and not only include GIS specialists. Recently it is used 

by people, in many different fields, as a tool that enables them to perform their jobs more 

effectively. Police use GIS to solve crimes, Emergency 911 operator uses GIS to send emergency 

personnel to a persons in distress.  
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What is GPS (Global Position System)? 

The Global Positioning System (GPS) includes 24 satellites, in circular orbits around 

Earth with orbital period of 12 hours, distributed in six orbital planes equally spaced in angle. 

Each satellite carries an operating atomic clock and emits timed signals that include a code 

telling its location. By analyzing signals from at least four of these satellites, a receiver on the 

surface of Earth with a built-in microprocessor can display the location of the receiver (latitude, 

longitude, and altitude). A Consumer receiver is the approximate size of a hand-held calculator, 

cost a few hundred dollars, and provides a position accurate to 100 meters or so. 

GPS satellites are steadily transforming driving, flying, hiking, exploring, rescuing, and 

map making. The goal of the Global Positioning System (GPS) is to determine your position on 

Earth in three dimensions: east-west, north-south, and vertical (longitude, latitude, and altitude). 

Signals from three overhead satellites provide this information. Each satellite sends a signal that 

codes where the satellite is and the time of emission of the signal. The receiver clock times the 

reception of each signal, then subtracts the emission time to determine the time lapse and hence 

how far the signal has traveled (at the speed of light). This is the distance the satellite was from 

you when it emitted the signal. In effect, three spheres are constructed from these distances, one 

sphere centered on each satellite. You are located at the single point at which the three spheres 

intersect. GPS technology is mainly integrated with GSM (Global System of Mobile 

Communications) data network protocol to locate and update data. 
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CHAPTER 6: WATER TESTING FOR CONTAMINANTS 

 

Water quality parameters 

Drinking water quality is determined by testing for specific chemicals. Most often, the 

type of water being tested determines what parameters, or analytes, the analyst looks for. For 

example, chlorine is an important parameter in finished drinking water, but is not usually a factor 

in natural water. Groundwater quality comprises the physical, chemical, and biological qualities 

of ground water. Temperature, turbidity, color, taste, and odor make up the list of physical water 

quality parameters. Since most ground water is colorless, odorless, and without specific taste, we 

are typically most concerned with its chemical and biological qualities. Although spring water or 

groundwater products are often sold as “pure,” their water quality is different from that of pure 

water. The parameters often tested in drinking include pH, total dissolved solids (TDS), electrical 

conductivity, and fecal coliform. 

Total Dissolved Solids (TDS) and Electrical Conductivity 

A list of the dissolved solids in any water is long, but it can be divided into three groups: 

major constituents, minor constituents, and trace elements (Table 1). The total mass of dissolved 

constituents is referred to as the total dissolved solids (TDS) concentration. In water, all of the 

dissolved solids are either positively charged ions (cations) or negatively charged ions (anions). 

The total negative charge of the anions always equals the total positive charge of the cations. A 

higher TDS means that there are more cations than anions in the water. With more ions in the 

water, the water’s electrical conductivity (EC) increases. By measuring the water’s electrical 

conductivity, we can indirectly determine its TDS concentration. At a high TDS concentration, 



 
 

38 
 

water becomes saline. Water with a TDS above 500 mg/l is not recommended for use as drinking 

water (EPA secondary drinking water guidelines). Water with a TDS above 1,500 to 2,600 mg/l 

(EC greater than 2.25 to 4 mmho/cm) is generally considered problematic for irrigation use on 

crops with low or medium salt tolerance. 

 

pH 

pH is a measure of a solution's acidity. In water, small numbers of water molecules 

(H2O) will break apart or disassociate into hydrogen ions (H+) and hydroxide ions (OH-). Other 
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compounds entering the water may react with these, leaving an imbalance in the numbers of 

hydrogen and hydroxide ions. When more hydrogen ions react, more hydroxide ions are left in 

solution and the water is basic; when more hydroxide ions react, more hydrogen ions are left and 

the water is acidic. pH is a measure of the number of hydrogen ions and thus a measure of 

acidity.  It is measured on a logarithmic scale between 1 and 14 with 1 being extremely acid, 7 is 

neutral, and 14 is extremely basic. Because it is a logarithmic scale there is a tenfold increase in 

acidity for a change of one unit of pH, e.g. 5 is 100 times more acid than 7 on the pH scale. The 

largest varieties of freshwater aquatic organisms prefer a pH range between 6.5 to 8.0.  

 

Metals 

Depending on the metal concentration, its form (dissolved or particulate), and the 

hardness of the water, trace metals can be toxic to aquatic life. Metals in dissolved form are 

generally more toxic than metals in the particulate form. The dissolved metal concentration is 

dependent on pH, as well as the presence of solids and organic matter that can bind with the 

metal to render it less toxic. Hardness is primarily a measure of the calcium and magnesium ion 

concentrations in water, expressed as calcium carbonate. The hardness concentration affects the 

toxicity of certain metals. Since dissolved metals are typically found in extremely low 

concentrations, the potential contamination of samples collected for trace metals analyses has 

become a primary concern of water quality managers. 

Nitrate 

Nitrogen is abundant on earth, making up about 80% of our air as N2 gas. Most plants 

cannot use it in this form. However, blue-green algae and legumes have the ability to convert N2 
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gas into nitrate (NO3-), which can be used by plants. Plants use nitrate to build protein, and 

animals that eat plants also use organic nitrogen to build protein. When plants and animals die or 

excrete waste, this nitrogen is released into the environment as NH4
+
 (ammonium). This 

ammonium is eventually oxidized by bacteria into nitrite (NO2
-
) and then into nitrate. In this 

form it is relatively common in freshwater aquatic ecosystems. Nitrate thus enters streams from 

natural sources like decomposing plants and animal waste as well as human sources like sewage 

or fertilizer.  

Nitrate is measured in mg/L. Natural levels of nitrate are usually less than 1 mg/L. 

Concentrations over 10 mg/L will have an effect on the freshwater aquatic environment. 10 mg/L 

is also the maximum concentration allowed in human drinking water by the U.S. Public Health 

Service. For a sensitive fish such as salmon the recommended concentration is 0.06 mg/L.  

Fecal Coliform 

What is it?  

Fecal coliform bacteria are found in the feces of human beings and other warm-blooded 

animals. By themselves, fecal coliform bacteria do not usually cause disease. In fact, 

they are already inside you. They occur naturally in the human digestive tract and aid in 

the digestion of food. However, when a human being or other warm-blooded animal is 

infected with disease, pathogenic (disease causing) organisms are found along with fecal 

coliform bacteria.  
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Why does fecal coliform matter? 

Think of high levels of fecal coliform bacteria as a warning sign that water can make you 

sick, rather than as a cause of illness. If fecal coliform counts are high (over 200 colonies/100 ml 

of a water sample) in a body of water, there is a greater chance that disease causing organisms 

are also present. If you are swimming in waters with high levels of fecal coliform, you have a 

greater chance of developing a fever, nausea or stomach cramps from swallowing disease-

causing organisms, or from pathogens entering the body through cuts in the skin, the nose, 

mouth, or ears. Some examples of diseases and illnesses that can be contracted in water with 

high fecal coliform counts include typhoid fever, hepatitis, gastroenteritis, dysentery and ear 

infections. 

Fecal coliform bacteria are living organisms, unlike the other conventional water quality 

parameters. The fecal coliform bacteria multiply rapidly when conditions are good for growth 

and die in large quantities when they are not. 

 

How does fecal coliform get in the water? 

Untreated sewage, poorly maintained septic systems, un-scooped pet waste, and farm 

animals with access to streams can cause high levels of fecal coliform bacteria to appear 

in a water body. 

 

Water Testing Laboratories in Alabama 

The Alabama Cooperative Extension System, supported by Tuskegee University, Auburn 

University and Alabama A&M University, provides useful information under major theme such 

as water quality.  
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Procedure for water testing: Sample collecting, packaging, and sending to the water quality 

lab 

In general, you should test your water annually for coliform bacteria and every three 

years for pH and total dissolved solids. Usually county extension offices have kits that can be 

used to collect samples, or in some cases may be obtained directly from the laboratory. 

Bacteria Test 

1. Remove any strainer, aerator, or other device that may be present in the faucet. 

2. Disinfect the faucet using rubbing alcohol or a dilute bleach solution (¼ cup bleach added to 

1½ cups water). 

3. Let the water run from the faucet at least 5 minutes prior to taking your sample. 

4. Fill the bottle to the line indicated on the side of the bottle. 

5. Pack the bacteria sample with the blue ice that has been frozen for 8 hours. 

6. Send this sample back so the laboratory receives the samples within 20 hours. 

 

Metals 

1. Collect the sample from a cold water tap that is not served by a water softener. 

2. On existing systems: collect your sample after water has sat in the pipes for an extended 

period of time (overnight). 

3. On new systems: collect your sample after you have run the water for at least 10 minutes. 

4. Fill the sample bottle to the neck and cap tightly. 
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Nitrates 

1. Allow the water to run for about 5 minutes. 

2. Fill the bottle to the neck and cap tightly. 

3. Send this sample back so the laboratory receives the sample within 20 hours of sampling. 

 

pH Testing Procedure 

1. Rinse each test tube with the water sample. Gloves should be worn to avoid skin contact with 

the water. 

2. Fill the tube to the 5mL line with sample water. 

3. While holding a dropper bottle vertically, add 10 drops of Wide Range Indicator Solution. 

4. Cap and invert several times to mix. 

5. Insert the tube into the Wide Range pH Comparator. Hold the comparator up to a light source. 

Match the sample color to a color standard. 

6. Record the pH value. 

7. Wash your hands 

 

Nitrate Testing Procedure 

1. Fill the sample bottle with sample water. Use gloves if drawing the sample by hand. 

2. Rinse and fill one test tube to the 2.5 mL line with water from the sample bottle. 

3. Dilute to the 5 mL line with the Mixed Acid Reagent. Cap and mix. Wait 2 minutes. 

4. Use the 0.1 g spoon to add one level measure (avoid any 50-60 times in one minute). Wait 10 

minutes. 
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5. Insert the test tube into the Nitrate Nitrogen Comparator. Match the sample color to a color 

standard. Record the result as mg/L(ppm) Nitrate Nitrogen (NO3-N). To convert to mg/Nitrate 

(NO3) multiply by 4.4. 

6. Place the reacted sample in a clearly marked container. Arrangements should be made with 

toxic material handlers for safe disposal. Please wash your hands after this water test is 

completed. 

Table . EPA standards for drinking water 

Analyte Limit 

Nitrate 10 ppm 

Chloride 150 ppm 

Sulfate 250 ppm 

TSS 500 ppm 

pH 6.5-8.5 
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CHAPTER 7: REMEDIATION TECHNOLOGIES FOR CONTAMINATED GROUNDWATER  

 

 

There are a number of technologies that are being use to remediate contaminated 

groundwater. The choice of a certain remediation technology can be influence by cost and 

performance, such as how long the cleanup is going to take place and the vertical and horizontal 

extent of the contamination. According to the National Research Council, actual cleanup costs 

associated with each technology depend on site-specific hydrogeologic, geochemical, and 

contaminant conditions. 

The technologies use in ground water remediation fall into two main categories namely:  

in situ and ex situ remediation technology.    

 

In situ technologies 

Air sparging.  

 This method introduces air or other gases into a contaminated aquifer to reduce 

concentrations of contaminants such as fuel or chlorinated solvents. The injected air creates 

an underground air stripper that removes contaminants by volatilization (a process similar to 

evaporation that converts a liquid or solid into a gas or vapor). This injected air helps to 

transport the contaminants up into the unsaturated zone (the soil above the water table, where 

pores are partially filled with air), where a soil vapor extraction system is usually 

implemented to collect the vapors produced through this process. This technology has the 

added benefit of often stimulating aerobic biodegradation (bioremediation) of certain 

contaminants because of the increased amount of oxygen introduced into the subsurface. 
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Typically, air sparging equipment is readily available and easily, however, this technology 

cannot be used if the contaminated site contains contaminants that don’t vaporize or are not 

biodegradable. In some cases, this technology may not be suitable for sites with free product 

(e.g., a pool of fuel floating on the water table) because air sparging may cause the free 

product to migrate and spread contamination.  

 

Bioremediation  

This system relies on microorganisms to biologically degrade groundwater contaminants 

through a process called biodegradation. This may be process and accomplished in two 

general ways: (1) stimulating native microorganisms by adding nutrients, oxygen, or other 

electron acceptors (a process called biostimulation); or (2) providing additional pregrown 

microorganisms to the contaminated site to supplement naturally occurring microorganisms 

(a process called bioaugmentation). This technology mainly focuses on remediating organic 

chemicals such as fuels and chlorinated solvents. One approach, aerobic bioremediation, 

involves the delivery of oxygen (and potentially other nutrients) to the aquifer to help native 

microorganisms reproduce and degrade the contaminant. In anaerobic bioremediation, 

circulates electron donor materials—for example, food-grade carbohydrates such as edible 

oils, molasses, lactic acid, and cheese whey—in the absence of oxygen throughout the 

contaminated zone to stimulate microorganisms to consume the contaminant. A potential 

advantage of bioremediation is its ability to treat the contaminated groundwater in place with 

naturally occurring microorganisms, rather than bringing contaminants to the surface.  
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Chemical treatments 

Chemical treatments include remediation technologies that chemically oxidize or reduce 

contaminants when reactive chemicals are injected into the groundwater. This approach 

converts contaminants such as fuels and explosives into nonhazardous or less-toxic 

compounds. Depending on the extent of contamination, this process involves injecting 

chemicals into the groundwater and generally takes a few days to a few months to observe 

results in rapid and extensive reactions with various contaminants of concern. 

 

Multiphase extraction 

Multiphase extraction uses a series of pumps and vacuums to remove free product, from 

contaminated groundwater, and vapors from the subsurface, treat them, and then either 

dispose or reinject the treated groundwater. Specifically, one or more vacuum extraction 

wells are installed at the contaminated site to simultaneously pull liquid and gas from the 

groundwater and unsaturated soil directly above it. This type of vacuum extraction well 

removes contaminants from above and below the groundwater table and can expose more of 

the subsurface for treatment, notably in low permeability or heterogeneous formations. The 

contaminant vapors are collected in the extraction wells and taken above ground for 

treatment. This approach can be used to treat organic contaminants—such as chlorinated 

solvents and fuels—and can be combined with other technologies, particularly above-ground 

liquid/vapor treatment, as well as other methods of insitu remediation such as 

bioremediation, air sparging, or bioventing. 

Advantages: 

1) Minimal disturbance to site-specific conditions. 
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2) Applicability to groundwater cleanup in low permeability and heterogeneous formations. 

Disadvantages: 

1) Requires complex monitoring and specialized equipment. 

 

Permeable reactive barriers 

  Permeable reactive barriers are vertical walls or trenches built into the subsurface that 

contain a reactive material to intercept and remediate a contaminant plume as the groundwater 

passes through the barrier. The barriers that are use include biotic and abiotic, as well as passive 

and active treatment barriers. This technology can be used to treat a wide range of contaminants 

and is commonly used to treat chlorinated solvents and heavy metals. Reactive barriers usually 

do not require above-ground structures or treatment, allowing the site to be used while it is being 

treated. 

Advantages: 

1. Do not require above-ground structures or treatment. 

Disadvantages: 

1. Larger contaminant plumes are often more difficult to intercept for treatment. 

2. Barrier may lose effectiveness over time as microorganisms or chemicals build up on the 

barrier, making rehabilitation or media replacement necessary.  

 

Phytoremediation 

Phytoremediation includes phytoremediation, phytostabilization, phytoaccumulation, 

phytoextraction, rhizofiltration, phytodegredation, rhizosphere degredation, organic pumps, and 



 
 

49 
 

phytovolitilization. It is the use of selected vegetation to reduce, remove, and contain the toxicity 

of environmental contaminants, such as metals and chlorinated solvents. There are several 

approaches to phytoremediation that rely on different plant system processes and interactions 

with groundwater and contaminants. One approach to phytoremediation is phytostabilization, 

which uses plants to reduce contaminant mobility by binding contaminants into the soil or 

incorporating contaminants into plant roots. Another approach is phytoaccumulation, where 

specific species of plants are used to absorb unusually large amounts of metals from the soil; the 

plants are later harvested from the growing area and disposed of in an approved manner. 

Advantages: 

1) Minimally disturbs the environment 

2) Can be used for a variety of contaminants 

3) Lower cost 

Disadvantage: 

1) Plant species may not be able to adapt to the environment 

2) May not be suitable for deep contaminants 

 

Thermal treatments 

Thermal treatments include soil-heating technologies, such as steam flushing, conductive 

heating, and electrical resistance heating. It involves either pumping steam into the aquifer or 

heating groundwater in order to vaporize chlorinated solvents or fuels from the groundwater. The 

vaporized contaminant then rises into the unsaturated zone and can be removed via vacuum 

extraction for treatment. There are three main approaches for heating the groundwater in-situ. 

The first, radio frequency heating, uses the electromagnetic energy found in radio frequencies to 
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rapidly heat the soil in a process analogous to microwave cooking. The second, electromagnetic 

heating, uses an alternating current to heat the soil and may include hot water or steam flushing 

to mobilize contaminants. The third uses heating elements in wells to heat the soil. 

 

Ex situ technologies 

 

 

Advanced oxidation 

 

Advanced oxidation processes often use ultraviolet light irradiation with oxidizers such as 

ozone or hydrogen peroxide to produce free radicals, which break down and destroy chlorinated 

solvents, fuels, and explosive contaminants as water flows through a treatment reactor tank. 

Depending on the design of the system, the final products of this treatment can be carbon 

dioxide, water, and salts. Advanced oxidation processes also include the related technologies of 

phyotolysis and photocatalysis. 

Advantages: 

1. It destroys the contaminant, unlike some other technologies, which only shift the phase of 

the contaminant into something more easily handled and removed. 

Disadvantages: 

1. Equipment maintenance 

 

 

Air stripping 

Air stripping involves the mass transfer of volatile contaminants from water to air by 

exposing contaminated water to large volumes of air, so that the contaminants, such as chemical 

solvents, undergo a physical transformation from liquid to vapor. In a typical air stripper setup, 
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called a packed tower, a spray nozzle at the top of a tower pours contaminated water over 

packing media or perforated trays within the tower. At the bottom of the tower, a fan forces air 

up through the tower countercurrent to the water flow, thus stripping the contaminants from the 

water. The contaminants in the air leaving the tower must then be removed and disposed of 

properly. Air strippers can be combined with other technologies for treatment of groundwater. 

Advantages: 

1. It effectively removes the majority of the volatile organic contaminants of concern. 

2. It is relatively simple and design practices are standardized and well-documented. 

3. Also less expensive. 

Disadvantages: 

1. Equipment maintenance may be high 

 

         Bioreactors 

    Bioreactors are biochemical-processing systems designed to degrade contaminants in 

groundwater using microorganisms, through a process similar to that used at a conventional 

wastewater treatment facility. Contaminated groundwater flows into a tank or basin, where it 

interacts with microorganisms that grow and reproduce while degrading the contaminant. The 

excess biomass produced is then separated from the treated water and disposed of as a biosolids 

waste. This technology can be used to treat, among other things, chlorinated solvents, 

propellants, and fuels. 

Advantages: 

1. Low operation and maintenance cost 
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Disadvantages: 

1. Decreases in effectiveness if contaminant concentrations in the influent water are too 

high or too low to support microorganism growth. 

2. The sludge produced at the end of the process may need further treatment or specialized 

disposal. 

 

 

Constructed wetlands 

Constructed wetlands use artificial wetland ecosystems (organic materials, microbial fauna, 

and algae) to remove metals, explosives, and other contaminants from inflowing water. The 

contaminated water flows into the wetland and is processed by wetland plants and 

microorganisms to break down and remove the contaminants. Wetlands, intended to be a long-

term remediation approach, can be created with readily available equipment and generally can 

operate with low maintenance costs. 

Advantages: 

1. provides a new ecosystem for plant and animal life 

Disadvantages:  

1. Temperature, climate, and water flow rate may negatively impact the processes that break 

down the contaminants. 
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    Ion exchange 

    Ion exchange involves passing contaminated water through a bed of resin media or 

membrane (specific to the particular contaminant) that exchanges ions in the contaminants’ 

molecular structure, thus neutralizing them. This approach can be useful for dissolved metals 

(e.g., hexavalent chromium) and can be used to treat propellants such as perchlorate. Once the 

ion exchange resin has been filled to capacity, it can be cleaned and reused (following a process 

called resin regeneration). Ion exchange is usually a short- to medium-term remediation 

technology. This technology allows contaminated water to be treated at a high flow rate and can 

completely remove the contaminants from the water. Ion exchange includes technologies that use 

ion exchange resins or reverse osmosis membranes to remove contaminants from groundwater, 

including dissolved metals and nitrates. 

 

 

Adsorption 

Adsorption (mass transfer) technologies involve passing contaminated water through a 

sorbent material—such as activated carbon—that will capture the contaminants (through either 

adsorption or absorption), thus removing or lessening the level of contaminants in the water. The 

contaminated water is pumped from the aquifer and passed through the treatment vessel 

containing the sorbent material. As the contaminated water comes into contact with the sorbent 

surface, it attaches itself to that surface and is removed from the water. 

Advantages:  

1. Ability to treat contaminated water to nondetectable levels and its potential for treating 

low to high groundwater flow rates as well as multiple contaminants simultaneously. 
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2. Impractical if the contaminant levels are high due to higher costs resulting from frequent 

changing of the sorbent unit. 
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CHAPTER 8: WELLS AND THEIR MANAGEMENT 

 

In rural areas, more than half of the residents rely on private wells for their drinking 

water. Therefore, having a basic understanding about ground water quality will help ensure that 

your well is supplying potable water for your household. 

Types of Wells 

A water well is defined as an excavation or structure created in the ground by digging, 

driving, boring or drilling to access groundwater in underground aquifers. The well water is 

drawn by an electric submersible pump, a trash pump, a vertical turbine pump, a hand pump or a 

mechanical pump (e.g. from a water-pumping windmill). It can also be drawn up using 

containers, such as buckets that are raised mechanically or by hand.  

There are three main types of wells classified according to their excavation methods: 

drilled, dug, and driven wells (Fig. 1).  
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http://ga.water.usgs.gov/edu/earthgwwells.html 

 

Drilled wells are constructed by a cable tool or a rotary drilling machine. The casing is 

usually metal or plastic pipe, six inches in diameter that extends into the bedrock to prevent 

shallow ground water from entering the well. By law, the casing has to extend at least 18 feet 

into the ground, with at least five feet extending into the bedrock. Also the casing should extend 

above the ground for another foot or two. To help seal the well, a sealant such as grout or 

benzonite clay, should be poured along the outside of the casing to the top of the well. Capping 

the well will prevent surface water from entering the well. Older drilled wells may lack some 

sanitary features, like pitless adapters. For example, an older well used pipes 8”, 10” or 12 inches 

in diameter, and covered with a concrete well cap either at or below the ground’s surface. This 

outmoded type of construction does not provide the same degree of protection from surface 

contamination. However, modern drilled wells incorporate a “pitless adapter” designed to 

provide a sanitary seal at the point where the discharge water line leaves the well to enter your 

home. The device attaches directly to the casing below the frost line and provides a watertight 

subsurface connection, protecting the well from frost and contamination.  

There are two drilled-well types, based on the type of aquifer the well is in: shallow wells 

(unconfined wells) and deep wells (confined wells). The shallow wells are completed in the 

uppermost saturated aquifer, whereas the deep wells are sunk through an impermeable stratum 

into an aquifer that is contained between two impermeable strata. 

Dug wells 

Dug wells are holes in the ground dug by shovel or backhoe. Historically, a dug well was 

excavated below the groundwater table until incoming water exceeded the digger’s bailing rate. 

The well was then lined (cased) with stones, brick, tile, or other material to prevent collapse. It 

http://ga.water.usgs.gov/edu/earthgwwells.html
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was covered with a cap of wood, stone, or concrete. Since it is so difficult to dig beneath the 

ground water table, dug wells are not very deep. Typically, they are only 10 to 30 feet deep. 

Being so shallow, dug wells have the highest risk of becoming contaminated. To minimize the 

likelihood of contamination, your dug well should have certain features to help prevent 

contaminants from traveling along the outside of the casing or through the casing and into the 

well. The well should be cased with a watertight material (for example, tongue-and-groove 

precast concrete) and a cement grout or bentonite clay sealant poured along the outside of the 

casing to the top of the well. The well should be covered by a concrete curb and cap that stands 

about a foot above the ground.  The land surface around the well should be mounded so that 

surface water runs away from the well and is not allowed to pond around the outside of the 

wellhead. 

Driven wells, 

Driven wells, like dug wells, pull water from the water-saturated zone above the bedrock. 

Driven wells can be deeper than dug wells. They are typically 30 to 50 feet deep and are usually 

located in areas with thick sand and gravel deposits where the ground water table is within 15 

feet of the ground’s surface. In the proper geologic setting, driven wells can be easy and 

relatively inexpensive to install. Although deeper than dug wells, driven wells are still relatively 

shallow and have a moderate-to-high risk of contamination from nearby land activities.   

The other types of well include: gravel-packed, open hole, and dry wells. A gravel-packed well is 

usually installed into coarse-grained sediment and is drilled with a much larger diameter than the 

final casing and screen diameter. To increase the yield and pumping efficiency of the well, the 

space around the well screen is filled with selected gravel that increases the permeability in the 

immediate vicinity of the well. Gravel-packed wells are capable of producing water at hundreds 
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or even thousands of gallons per minute. Such high-yielding gravel-packed wells are commonly 

drilled for municipal or industrial water systems. 

Gravel-packed wells, while still installed in the surficial aquifer, are less sensitive to 

drought conditions than dug wells. Generally, these wells are fairly deep and the well screen is 

many feet below the water table. Rather than making these wells go dry, drought causes gravel-

packed wells to draw water from a greater distance to maintain yield. 

Dry Well 

A dry well is a passive structure. Water flows through it under the influence of gravity. A 

dry well receives water from one or more entry pipes or channels at its top. A dry well 

discharges the same water through a number of small exit openings distributed over a larger 

surface area, the side(s) and bottom of the dry well. When a dry well is above the water table, 

most of its internal volume will contain air. Such a dry well can accept an initial inrush of water 

very quickly, until the air is displaced. After that, the dry well can only accept water as fast as it 

can dissipate water. Some dry wells deliberately incorporate a large storage capacity, so that they 

can accept a large amount of water very quickly and then dissipate it gradually over time, a 

method that is compatible with the intermittent nature of rainfall. A dry well maintains the 

connection between its inflow and outflow openings by resisting collapse and resisting clogging. 

Simple dry wells consist of a pit filled with gravel, riprap, rubble, or other debris. Such 

pits resist collapse, but do not have much storage capacity because their interior volume is 

mostly filled by stone. A more advanced dry well defines a large interior storage volume by 

a reinforced concrete cylinder with perforated sides and bottom. These dry wells are usually 

buried completely, so that they do not take up any land area. 

http://en.wikipedia.org/wiki/Water_table
http://en.wikipedia.org/wiki/Rainfall
http://en.wikipedia.org/wiki/Gravel
http://en.wikipedia.org/wiki/Riprap
http://en.wikipedia.org/wiki/Rubble
http://en.wikipedia.org/wiki/Debris
http://en.wikipedia.org/wiki/Reinforced_concrete
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Well Condition (age, depth, casing, and Grouting) 

In order to insure we have the best quality of groundwater, our well’s conditions have to 

be routinely evaluated. This evaluation includes checking the age, depth, casing and grouting of 

our well. Older wells are more likely to become contaminated due to they’re usually shallow 

depths; they are also more likely to be near a contamination source. Moreover, older wells 

generally have thinner casings, which can corrode more easily than more modern well casings. 

Thus older wells require more attention and maintenance. Proper well construction begins with 

the well casing and a grout around the casing. The casing is a steel or plastic pipe that keeps the 

drillhole open and prevents near-surface open from entering the well. Grout is used to seal the 

space between the casing and the sides of the drillhole to prevent water from down the outside of 

the casing. Grout usually consists of concrete or a special type of clay called bentonite. The 

http://upload.wikimedia.org/wikipedia/commons/c/c2/Water_well_types_wiki.svg
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depth of the casing also affects a well’s vulnerable to contamination. Licensed well drillers can 

advise on the minimum casing depth, depending on the well code requirements, subsurface 

geology, and groundwater levels. Meeting well code minimums, however, does not guarantee a 

safe water supply. The owner may wish to exceed to minimum casing depth. In general, greater 

protection is provided when the well is cased at least 50 below the water table.  

Well Cap and Vent 

A properly sealed well cap prevents the well from becoming contaminated from surface  

pollutants. If a well cover is not properly sealed, insects can crawl through gaps around casing or 

through unsreened vents and form nests inside the well. Bacteria can reach unhealthy levels 

when enough cumulative dead bodies and droppings from the residing insects fall into the well 

water. The well cap usually includes a vented screen so 

that the pressure difference between the inside and outside 

of the well casing may be equalized as water is pumped 

out of the well. Without a vent, a vacuum will be created 

within the well casing when the water level falls [during 

pumping or drought] that may draw unwanted 

contaminants and debris into the well. Watertight caps are available for areas prone to flooding 

and not subject to significant changes in well water levels. 

A properly sealed well cap will also keep out surface 

water and contaminants from entering the well. Surface water 

can encounter many different kinds of pollutants such as lawn 

pesticides and animal feces and easily transport them. 

Sanitary Seal Cap 

Unsanitary Seal Cap 
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Unfortunately, bacteria and other contaminants are not easily detected by taste or smell. 

Laboratory testing is the surest method of determining if any unsafe levels are present. Tests 

should be taken annually regardless of whether your well cap is properly sealed because well 

water can become contaminated from many different sources. 

  Regardless of what type of well cap you have, maintenance is essential in order to ensure 

that the well remains sealed. Gaskets should be checked on a regular basis as recommended by 

the manufacturer. Be sure to avoid damage from snowplows and lawnmowers. Taking time to 

routinely inspect your well in order to prevent possible contamination is a small price to pay for 

clean safe drinking water. 

Well Mechanics Check up 

Similar to any machine, well equipment needs to be properly maintained and routinely 

checked. The well owner should periodically hire a licensed well driller or pump installer to 

inspect the well mechanics. The well inspection should ensure that all well functions are 

operating at its best potential. Therefore, your licensed professional should a flow test. This flow 

test will ensure that the well system’s output is sufficient so that the water level is maintained. 

Also, your professional should check that the well itself and all of its equipment is clean. Testing 

water from a dirty well can lead to the appearance of contamination even when the ground water 

is clean. A dirty well is a prime environment for bacteria to grow. 
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Casing Inspection  

 

Casing is the tubular structure that is placed in the 

drilled well to maintain the well opening. The casing also 

confined the groundwater and prevents contaminants 

from mixing with the water. Cracked casing or poor 

grouting may cause persistent bacterial contamination. 

You can visually inspect the upper part of the casing for 

holes or cracks by looking at the outside and the inside of 

the casing. A flash light can help you see down the inside 

of the casing. You can also try to move the casing by 

pushing against it. If the casing moves or if you see 

cracks in it, contamination may be entering into the well. 

 A licensed well driller or pump installer can help diagnose the problem and repair the casing.  

    

Backflow prevention 

 

 

Preventing backflow of wastewater into the water system is extremely important. 

Backflow is caused by a loss of pressure, which allows water carrying contaminants that are held 

in pipes, hoses, and tanks to drain back through the system. So, water supplies with cross 

connections between them can put your drinking water at risk if a contaminant flows into the 

system. Backflow is particularly hazardous when filling pesticide sprayer tanks with a hose. 

Standard household fixtures such as toilets and kitchen faucets are usually protected by air gaps, 

http://www.health.gov.on.ca/english/public/pub/w

atersafe/watersafe_wellknow.html 

http://www.health.gov.on.ca/english/public/pub/watersafe/watersafe_wellknow.html
http://www.health.gov.on.ca/english/public/pub/watersafe/watersafe_wellknow.html
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so they will not backflow. Backflow can be prevented installing an anti-backflow device or by 

ensuring that the hose or faucet does not come in contact with the liquid in the container being 

filled. 

 

Well Contamination (Microorganisms, Nitrates, Pesticides, etc) 

 

Well owners should have their water tested annually. Contaminated water may look taste 

and smell the same as safe drinking water. Testing is the only way to detect most contaminants 

and to be sure of water quality. A qualified water well system contractor can determine if your 

water well system needs cleaning by conducting an anaerobic bacteria test, a coliform test, or 

other tests that can indicate an accumulation of debris in the well. 

NGWA recommends well owners test the water: 

o Annually for bacteria, nitrates/nitrites, and any contaminants of local concern 

o More frequently than once a year if there is a change in the taste, odor, or 

appearance of the well water, or if a problem occurs such as a broken well cap or 

a new contamination source 

o If family members or houseguests have recurrent incidents of gastrointestinal 

illness 

o If an infant is living in the home 

o To monitor the efficiency and performance of home water treatment equipment. 

 

If any test results indicate the presence of anaerobic bacteria and/or coliform bacteria—or 

if you are experiencing cloudy water, low water flow, or taste and odor problems—the National 

Ground Water Association recommends having your well cleaned by a qualified professional 

water well system contractor prior to servicing your well system. A common misconception by 

homeowners is that chlorine alone will clean a well—the more chlorine, the better. However, 

chlorine can serve as an effective disinfectant only after debris and other solid material are 

removed from the well. Well cleaning must remove debris from the well bottom and may require 
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cleaning other components of the well if determined necessary by a qualified professional water 

well system contractor. A qualified water well system contractor is equipped to properly clean 

your water well system. In addition to removing debris from the bottom of the well, the 

contractor can brush and clean the well casing to remove any accumulation of solid material, and 

clean and flush the gravel pack around the well and the natural formation, such as an aquifer, 

surrounding the well. 

Unused wells hazards 

 

Out of service wells of any type may pose safety hazards to ground water quality if not 

properly abandoned. There also may be liability issues to consider if an old well on your 

property is proven to be a conduit for contaminants that reach neighboring ground water. The 

biggest problem is that old wells can be forgotten. Casings may deteriorate and rust, and new 

owners or property developers can build over or unknowingly create a hazardous land use. For 

example, wastes associated with stables, chicken houses, dumps, etc. that are located right over 

an out-of-service old well hole may flow straight down to the aquifer. In an area where wells 

penetrate more than one water-bearing layer, contaminants may reach the ground water zone of 

the old well and then travel on to other portions of the aquifer. If the contamination connects 

with another abandoned well, it could impact other aquifers and threaten operating wells and 

water supply sources. Abandoned dug wells typically do not lead to a contamination risk for 

deep aquifers, but their wide diameter, usually 3 feet to 5 feet, creates a physical safety hazard 

for construction equipment, in addition to the danger to people and animals that may be injured 

falling into the well. 

 

 



 
 

65 
 

 

 

 

 

How to find unused wells 

Landowners should find the location of any old or out-of-service wells. Clues to the location of 

these wells include: 

o Pipes sticking out of the ground 

o Small buildings that may have been a well house 

o Depressions in the ground 

o The presence of concrete vaults or pits (perhaps covered by lumber or metal plates) 

o Out-of-use windmills (wind pumps) are likely to be located near an old well 

o Other clues and information can be obtained from: 

o Old maps, plans and property title documents 

o Information from neighbors 

o Additions to an old home: In the past, wells commonly were constructed in basements or 

under porches to keep the water pumps from freezing and to ease access in the winter. 

o Water utility history: What was the source of water for the home before utility water was 

available? 

Once a well is determined to have no current use or potential future use, a water well contractor 

should be contacted to give advice about the most appropriate well decommissioning method. 

 

 

Well plugging (plugging regulations and how to plug) 

 

If an individual would like to try to undertake to task of decommissioning or plugging 

their well, Alabama (335-6-8-.24 Class VI) has provided us with regulations.  First, the type and 

depth of well should be determined prior to plugging. Any obstructions in the well should be 

removed prior to initiating the plugging operation and under no circumstances should any part of 
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the casing be allowed to remain above the surface of the ground after plugging. Accurate records 

should be kept of the well location, depth, filling material, date of plugging, etc.  

   Shallow Dug Wells 

Hand dug wells that extend down to the aquifer and are sometimes blasted or chipped 

into bedrock to reach the aquifer. Stone or concrete walls called curbing sometimes is necessary 

to keep the well from collapsing. These wells are rarely deeper than a few tens of feet and have 

diameters that are usually several feet across. Pumps, piping or debris should be removed and the 

top 3 to 5 feet of curbing should be broken up prior to filling. Any portion of the well that 

extends into bedrock should be filled with a concrete-bentonite grout. The remainder of the well 

should be filled with clean native materials that approximate the permeability of the aquifer and 

overlying soils in the vicinity of the well. The soil should be compacted to prevent settling and 

ponding of water in the location of the former well.  

Driven Wells 

 It is a well that is driven to the desired depth either by hand or machine, and may employ 

a wellpoint, or alternative equipment. These wells typically have a small diameter (2 inches or 

less) with a short screen near the pointed end and can only be used in soft sandy sediments or 

soils. Driven or sand point wells should be removed if their diameter is 2 inches or less and their 

depth is 25 feet or less. The hole should be filled with a bentonite-cement grout. If greater than 

25 in depth, larger than 2 inches in diameter, or cannot be removed, the well should be filled 

with a bentonite-cement grout from bottom to top using the pump-down method using a tremie 

pipe.  
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Drilled Wells 

Diameters of 2 to 20 inches are typical for these wells which are installed with the use of 

a drilling rig and may be several tens to several thousand feet deep. In Alabama drilled domestic 

wells are generally less than 250 feet deep.  If possible, the casing should be removed and the 

borehole filled with a cement-bentonite slurry. If the casing cannot be removed, the entire well 

should be filled with a cement-bentonite slurry using the pump-down method with a tremie pipe. 

In areas subject to subsidence and/or farming, the top of the casing shall be cut off a minimum of 

three feet below the surface of the ground before plugging operations begins. After filling the 

well with the cement-bentonite slurry, the excavation above the top of the cement plug shall be 

filled with compacted soil to minimize future hazards to farming equipment etc. In other areas, 

the top of the casing shall be cut off at or below the ground surface 
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