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Introduction

Ground water is a valuable resource often used for 
industry, commerce, agriculture, and most importantly 
drinking water. In the 1980's, ground water provided 
35 percent of the municipal water supplies in the 
United States and 95 percent of the rural, domestic 
drinking water. Except for turning on the faucet, most 
of us who use water often take for granted its availabil 
ity and don't really know where our water comes from 
or recognize why it may be so vulnerable to contami 
nation.

In the 1970's and 1980's, the United States Envi 
ronmental Protection Agency (USEPA) established 
national guidelines for safe drinking-water standards in 
response to a large number of reports of diseases 
caused by contaminated ground water. The USEPA 
developed the concept of Wellhead Protection which 
focuses on protecting and preserving the quality of 
ground-water supplies. Following USEPA guidelines, 
many states, including Tennessee, established local 
Wellhead Protection programs and rules for ground- 
water supplies that were used by the public. The Well 
head Protection programs are based on a thorough 
knowledge of the geologic and hydrologic characteris 
tics of ground-water occurrence and flow. Scientists of 
the U.S. Geological Survey (USGS) and other organi 
zations use their skills and expertise to provide such 
information to communities that depend primarily on 
ground water for their drinking-water supply.

Purpose

This brochure acquaints the reader with some of 
the common characteristics of ground water in carbon 
ate (limestone and dolomite) rocks in Tennessee. It 
also emphasizes the importance of protecting the qual 
ity of these water supplies for present and future use.

Some Basics About Ground Water in 
Carbonate Aquifers

Ground water is a term that refers to the water 
occurring below ground in zones where open space is 
saturated or filled with water. Any zone that allows the 
movement of water and can supply a usable quantity of 
water to a well or spring is called an aquifer. An aqui 
fer can be composed of loose sediment orcemented 
rock. In aquifers composed of sands and gravel, water 
flows through the openings between the grains, where

as in cemented aquifers, water can only flow through 
an available network of connected fractures or cracks 
in the rock. Aquifers are replenished by infiltrating 
rainfall or surface streams that can penetrate overlying 
soils. The water table (ground-water surface) in an 
aquifer rises in response to recharge from rainfall and 
streams, and falls in response to drought, pumping con 
ditions, or other withdrawals. Any changes that occur 
in the elevation of the water table reflect a net recharge 
to or discharge from the aquifer.

The aquifers in Tennessee are composed of several 
different rock types. Approximately two thirds of the 
State is underlain by cemented aquifers of limestone 
and/or dolomite rock.

Location of carbonate aquifers in Tennessee. 

Typical Features of Carbonate Rock

Land forms that develop in carbonate terrain are 
referred to as karst, and are characterized by gently 
rolling hills, with depressions and sinkholes. Some 
sinkholes are created by collapse of overlying soils into 
underground cavities in the carbonate rock. Sinkholes 
also form by the weathering and dissolving of surface 
carbonate rocks. Drainage from sinkholes occurs 
through the underground network of conduits (tunnels)

Carbonate rock exhibiting fractures and caves. 
Note water table has dropped to stream level.

formed by the dissolving reaction of mildly acidic 
ground water and carbonate rock. As the rock dis 
solves, small fractures and cracks become larger and 
may connect to form an extensive subterranean drain 
age system. Under certain conditions caves may form, 
and if the water table falls, surface streams may disap 
pear into the underground tunnels.

Studies of water moving through underground tun 
nels have shown that ground water can travel up to sev 
eral miles in a single day! In karst terrain it is not 
unusual for a disappearing surface stream to reemerge 
elsewhere as a natural spring. In the event that a poten 
tial migrating contaminant can enter a stream, it is 
highly likely that the same contaminant may resurface 
at a spring.

Example of a Vulnerable Water Supply

In northwestern Middle Tennessee, approximately 
40.000 residents of the Fort Campbell Military Reser 
vation rely primarily on Boiling Spring, a spring that 
issues from carbonate rock, for their water supply. 
Boiling Spring has an average discharge of about 5 
million gallons per day and receives its water from the 
surface runoff, streams, and ground water in adjacent 
areas up gradient (at higher elevations) of the spring. 
The area where surface runoff, precipitation, or stream 
flow seeps into the ground water and moves to a water 
supply well or spring, like Boiling Spring is referred to 
as the recharge zone. Any contaminants present in the 
recharge zone could easily be transported in waters 
contributing to spring discharges or supply wells. Con 
tamination in the recharge zone of karst aquifers could 
potentially harm the quality of ground-water supplies 
like Boiling Spring. The ability to define the recharge 
zone as well as protect it from potential contamination 
is very important.

Techniques Used To Define Recharge 
Areas in Karst Terrain

Scientists use several methods to define the 
recharge zone of springs or well fields in karst terrain. 
Field techniques include (1) introducing harmless dye 
tracers into the aquifer at points upgradient of the water 
supply, (2) measuring water levels in wells in the sur 
rounding area, and (3) measuring the gains and losses 
of water in local streams near the water supply.

Dye tracing is considered the most successful 
method for confirming ground-water flow directions in

karst aquifers. Harmless dyes which are injected in 
sinkholes or wells and detected later at the water sup 
ply help demonstrate that an underground connection 
exists between the two points.

Maps of the water table are useful for interpreting 
the general direction of ground-water flow in most 
aquifers. The maps are made by plotting measured 
water levels in wells to determine elevations of the 
water table at several points in an area. In karst terrain, 
the direction of ground-water flow may temporarily 
change if the amount of recharge received in a particu 
lar region of an aquifer exceeds that in another region. 
This can result in a local reversal of ground-water flow.

Measuring depth to water in an observation well.

The measurement of flow rates in streams also pro 
vides useful information on the source of recharge 
water to springs and well fields. By determining the 
changes in flow per square mile of drainage areas, sci 
entists can determine where streams contribute water 
to or receive water from an aquifer.

Collecting a streamflow rate measurement.


