I. Introduction

Purpose

Ground water accounts for 97 percent of all the available fresh water found in the United States. More than half of the general population and almost 95 percent of the rural population relies on ground water as a source of drinking water. Along with the widespread use of ground water there has come a myriad of problems associated with its misuse. With the increase in ground water contamination, hazardous spills, and water shortages, there is a need for trained professionals to be able to understand the basic concepts of ground water so that the right questions can be asked and the best answers given. SCS field office personnel often find themselves in the position of being called first to deal with ground water questions. In many areas they are the closest thing to a geologist or hydrogeologist there is. The purpose of this course is to extend their knowledge to include the basic principles of ground water. Having a better understanding of these concepts and their applications will help develop the necessary skills to answer ground water questions.

Growing Concern

Over Ground

Water Resources

In the past, water was not something most of us had to worry about. Always taken for granted, it was simply there when we needed it, cool, clear and clean, a never ending supply. Not many people gave much thought to the possibility of their supply running out or even where it came from. To many people, ground water has always been an accessible and seemingly infinite resource. Ground water use has increased dramatically in recent years due to several advantages it has over surface water. It offers the characteristics of being low in turbidity and contaminants and generally needs relatively little filtration or treatment. In addition, its low temperature is of value in industrial cooling processes and heat exchangers. Because of its widespread distribution, it is generally accessible which results in lower development costs. No surface impoundments or dams are needed to capture it. Its development, when managed properly, can have a minimum impact on the land surface. All in all, ground water is a clean, cool, widespread, accessible. and economical alternative to surface water.

Unfortunately ground water also has the disadvantage of being a hidden resource and one which is often misunder-stood. Unlike a lake or a river, ground water is out of sight and subsequently little can be directly perceived about its quality or quantity. In past decades, and at the present, a lack of awareness, respect and foresight has lead to wide-spread misuse of ground water. Contamination directly from the improper disposal of all forms of waste, application of agricultural chemicals and indirect contamination from polluted surface waters are just a few of the major factors that have lead to the degradation of an alarming portion of the nation’s ground water reserves. The map in figure 1-1 shows the distribution of polluted ground water supplies in the United States in 1978. A map like this, made today, would show a large increase in the documented contamination areas because we have increased our efforts to identify and remedy these problems. In some areas, overdraft or “mining” of the ground water has led to depleted quantities, resulting in long term water shortages. Figure 1-2 shows the distribution of areas where ground water resource quantity depletion is of major concern in the U.S. With more and more problems arising from the poor practices of the past and present, ground water issues are quickly becoming a visible part of our lives and of concern to everyone.

NRCS Applications

and Objectives

The objectives of this manual are to present the basic principles of ground water and to illustrate various ways in which this information may he realistically applied under everyday circumstances. Little emphasis will be put on describing the ground water conditions in all SO states-that would be of little use to you on a specific regional basis. Although the science of ground water is one which is quantitative, concepts here will not be presented with long formulas or equations. The intent is to provide you a common sense sort of knowledge of ground water so that you can answer some basic questions, make some informed decisions, perform some basic investigations and to recognize when a problem requires the skills of another professional. Most importantly it will enable you to understand the basics of ground water within your particular region and perhaps dispel some of the long-believed myths about ground water. We don’t expect a soil conservationist to solve hydrogeologic problems overnight, but with a better understanding of the basics they can be a valuable first link in the process.
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Figure 1.2, Ground water overdraft and related problems (U.S. Water Resources Council,1978),




Your instructor will tailor this material to the specific conditions in your area by using regional examples and references.

The actual number of ground water concepts is small and extremely global. In reality, ground water moves through a Texas sand the same as it does an Ohio sand. When the general concepts are combined with the specific regional or local factors such as terrain, soil, surface water, climate, geologic setting, and human activity, complex situations can occur. You already understand many of these factors in your region. Now you need to see how they relate and interact with the ground water.

Scope

General Definition

of Ground Water

and Aquifer

Ground water is the water found below the surface of the earth and which f i l s the pores, voids, and fractures within soil and rock. When a mass of soil or rock is capable of storing and yielding a usable amount of water to the surface it is called an aquifer.

An aquifer is like a sponge: a semi-rigid structure surrounding a maze of internal open spaces. When the sponge is immersed into water those open spaces naNrdy fill with water. An aquifer acts the same way.

When our soil conservationist, Mike Kenton, was a boy his father used to tell him about the underground river that flowed under Jefferson City. He and many other people used to picture a cavernous corridor filled with water, flowing under the city and following the Little Kuma River until it reached the ocean. In many minds that picture of ground water still exists, to the point where the basics of underground flow are misunderstood. True, there are some karst aquifers where the solution of solid rock has opened underground channels through which water flows, just as it does in a pipe, hut the majority of aquifers are composed of a porous material through which water is able to move in a much more diffused way. In most cases, the directional movement is not nearly as well defined or predictable as that of a surface stream. So, if you’re a believer in “underground rivers”, relax that concept for a while. It tends to put too many limits on some of the concepts that follow. Back to aquifers!

Aquifers can be composed of consolidated or unconsolidated materials. Unconsolidated formations of soil, sand, and gravel contain varying amounts of open void space between the individual particles. If these materials are below the water table, they can contain large amounts of water. Consolidated masses of rock such as limestone, dolomite, and sandstone can hold and carry ground water in cracks, fractures, and solution channels. Even dense igneous rocks such as basalt and granite can transmit water through joints and fractures. This is not to say that any formation that can hold water makes a good aquifer. It’s not so much the amount of space within the material that matters, but the size of the spaces and the way in which they are connected. The amount of pore space within a given amount of clay can be enormous and it may be able to bold a great amount of water, but all of you probably know how difficult it is to drain a clayey soil. A real problem! On the other hand water can readily move through a clean gravel. So another important characteristic of a good aquifer is the ability for ground water to move through it. More about this later.

The volume and shape of an aquifer can vary considerably. It can be capable of producing from just a few gallons to billions of gallons of water per day. An aquifer may be a small closed system beneath someone’s backyard or a con-tinuous aquifer system covering many states. It can be long and slender and have definite boundaries like a buried valley aquifer or spread out in all directions with no apparent boundaries. Some areas of the country have productive aquifers, some don’t have any at all and must rely on surface water supplies. The map on figure 1-3 shows the distribution of the major aquifers across the country.

Just one more thing. There is a problem in talking about good and bad aquifers: what may be good in one set of cir-cumstances may be not so good in others. For instance a clean sand or gravel aquifer zone is extremely desirable in the case of a municipal water supply well. That same porous zone, however, can be the worst thing in the world when a toxic contaminant is quickly on its way to the pumping well. Even the best aquifers cw. turn into deadly enemies by quickly delivering contaminants to the water user. So , the perspective of a well driller interested in producing water can be quite different from that of a geochemist trying to track down the source of a specific contaminant. A soil conservationist’s thinking may often need to range between the two extremes. It all depends on the specific situation.
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Basically, if an aquifer yields enough water of acceptable quality to the user, be it two or two thousand gallons per minute, it’s a good one.

Ground Water Use

The United States Geological Survey bas estimated that a total of 89 billion gallons of ground water is used in the United States everyday. Approximately 12 billion gallons per day (bgd) is used as public drinking water, another 64.5 bgd goes toward irrigation and rural use (drinking water and livestock) and the remaining 12 bgd is used for industrial purposes. Figure 1-4 shows a comparison of ground water production in the 50 states. Figure 1-5 shows a comparison of surface and ground water uses and trends in the United States from 1950 to 1980.

Specific Regional

Usage Patterns and

Aquifer Regimes

Depending upon the level of development and types of activity within a region the degree and variety of ground water use may vary significantly. As one might expect, the use of ground water for irrigation in the western states far exceeds that of the eastern states. Of the total amount of ground water used in irrigation, 80 percent of it is used in 17 western states. Almost 84 percent of the total industrial use of ground water is in 31 eastern states.
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