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CONVERSION FACTORS

Factors for converting inch-pound units to the International System (SI)
of units are given below:

Multiply By To obtain
Length
inch (in.) 2.540 centimeter (cm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
square mile (mi2) 2.590 square kilometer (km2)
Volume
gallon per minute (gal/min) 0.06309 liter per second (L/s)
millon gallons per day cubic meters per second
(Mgal/d) 0.04381 (m3/s)
43.81 liters per second (L/s)
Temperature

Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius
(°C) as follows:

°C = 5/9 (°F - 32)
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ABSTRACT

This study was conducted to assess the occurrence and availability of
ground water in the crystalline rocks of the Piedmont area in northeastern
Georgia and to determine whether ground water is a viable alternative or
supplemental source for industrial, public, and private supplies. The area
is underlain by a variety of metamorphic and igneous rocks. Many of these
rocks are of similar character and yield water of comparable chemical quality;
for convenience they have been combined into 11 principal water-bearing units.
Ground water occurs in and is transmitted through joints, fractures, and other
secondary openings in the bedrock and pore spaces in the overlying regolith.
The quantity of water that a rock unit can supply to wells is determined by
the number, capacity, and interconnection of the secondary openings.

Of an estimated 10,000 successful wells drilled in the Athens Region, 972
wells are reported by drilling contractors to supply from 20 to 300 gallons
per minute. For the purposes of this study, wells that supply 20 gallons per
minute or more are considered to be high yielding because they are adequate
for most private and small public water supplies. Studies of well sites re-
vealed that high-yielding wells can be developed only where the water-bearing
units have undergone significant increases in secondary permeability. This
occurs mainly in association with (1) contact zones between rock units of
contrasting character, (2) contact zones within multilayered rock units, (3)
fault zones, (4) stress-relief fractures, and (5) shear zones.

Many high-yielding wells are dependable and have records of sustaining
large yields for many years. One hundred nineteen industrial, public-supply,
and private wells have been in use for periods of 5 years to more than 64
years without having the problem of declining yields.

Ground water may be a viable alternative or supplemental source for indus-
trial, public, and private supplies in much of the Athens Region. 1In 1980,
ground water made up 38 percent (18 million gallons per day) of the total
water used in the area. Yields of 20 to more than 200 gallons per minute are
obtained from wells throughout most of the region. The study area has more
than 400 m1)es of major fault zones and more than 450 miles of contact zones,
most of.whlch are potentially permeable. About one-third of the area is
underlain by water-bearing units that nearly everywhere contain potentially



permeable zones. The area has hundreds of topographic settings of the types
commonly underlain by high-yielding stress-relief fractures. Major shear
zones also can be expected to have numerous sites for high-yielding wells.
Because only a fraction of these sites contain wells, it probably is possible
to develop a large number of high yielding wells in much of the 1ll-county
area.

The water from wells in the study area generally is of good chemical qual-
ity and is suitable for drinking and many other uses. Concentrations of dis-
solved constituents are fairly consistent throughout the area. Except for
iron, manganese, and fluoride, dissolved constituents rarely exceed drinking-
water standards.

INTRODUCTION

Municipal and industrial water supplies in the 1ll-county Athens Region
(fig. 1) of northeastern Georgia are derived mainly from rivers and small
tributary streams. Although most of the study area is drained by the Apala-
chee, Broad, Ocmulgee, and Oconee Rivers, most towns and the rural areas are
served by small tributary streams that are affected by prolonged droughts.
During dry periods, the flows of many tributary streams are inadequate to meet
local needs without the construction of expensive storage facilities. The
area also is undergoing rapid urban growth and there is a concern that the
surface-water sources will be unable to meet increasing demands. For many
towns and most rural areas, water from wells is the best source available.

However, developing large ground-water supplies has been a problem in the
parts of the Athens Region. For example, the city of Statham, Barrow County,
in attempting to increase its ground-water supply following the 1980-81
drought, drilled six deep wells, all of which were low yielding. The city of
Bowman, in Elbert County, drilled three deep wells that were almost dry.
Because of their low permeability, crystalline rocks have the reputation of
furnishing only small quantities of ground water--usually 2 to 20 gal/min.
As a result, ground water in the area has not been considered as a practical
source of supply. The lack of development of ground-water supplies has lim-
ited the economic growth of some areas not served by municipal or county
water systems. There are, however, a large number of wells in the Piedmont
area in Georgia that supply 50 to more than 400 gal/min (Cressler and others,
1983). A study was needed to assess the occurrence, availability, and chemi-
cal quality of ground water im the Athens Region. This study addresses that
need and was part of the Northeast Georgia Region Vater Resources Management
Study done by the U.S. Geological Survey in cooperation with the U.S. Army
Corps of Engineers, Savannah District.

Objectives and Scope

The objectives of this study were to (1) assess the occurrence and avail-
ability of ground water and, from existing data, the chemical. quality of
ground water, and (2) determine whether ground water may be a viable alter-
native or supplemental source for industrial, public, and private supplies in
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much of the Athens Region. The purpose of this report is to present the sig-
nificant findings of this study.

The study area covers 3,254 miZ in northeastern Georgia. It includes the
counties of Barrow, Clarke, Elbert, Greene, Jackson, Madison, Morgan, Newton,
Oconee, QOglethorpe, and Walton.

Well-inventory data, physiographic information, and a recently completed
geologic map of the region were used to determine the relation between high-
yielding wells and rock type, topography and drainage, and geologic structure.
Where possible, pumping tests and geophysical logs were used to support the
accuracy of the well-inventory data, including depths and yields. Water-
quality information from historical data files was used to determine the po-
tability of ground water in the study area. Long-term well records and water-
use data were compiled to assess the dependability of high-yielding wells and
to determine the proportion that ground water contributes to total water use
in the area.

Methods of Investigation

Data for wells in the study area were obtained from files of the U.S.
Geological Survey, published reports, and records of drilling contractors.
Construction, depth, yield, location, and ownership data were collected for
all wells reported by drilling contractors to furnish 20 gal/min or more.
For this study, wells rated at 20 gal/min or more are considered to be "high
yielding" because they are adequate for most private and small public water
supplies. The wells were located by field checking and plotted on 7 1/2-
minute topographic quadrangle maps. As far as possible, driller-supplied
information for each well was verified by owner contact. The well inventory
produced complete data for 972 wells that yield from 20 to 300 gal/min.

A water-bearing-unit map of the Athens Region (pl. 1) was constructed
from a regional geologic map by Michael W. Higgins and Rebekah Brooks, U.S.
Geological Survey, that extends the stratigraphy and structure introduced by
Higgins and others (1984). The locations of diabase dikes (Unit E) were
%aken)primarily from Lester and Allen (1950) and the Geologic Map of Georgia

1976).

Borehole geophysical logs, including caliper, fluid resistivity, tempera-
ture, electric, gamma, and sonic televiewer, were run on nine selected high-
yielding wells to provide information about the nature of the water-bearing
openings in these wells and to confirm the accuracy of well-inventory data.

Pumping tests were conducted on three wells to verify the accuracy of
yield data obtained by the well inventory and to estimate the safe yields of
the wells. Where available, data for pumping tests conducted by drilling
contractors were used to verify the accuracy of reported well yields.

Well data were tested to identify relations between high-yielding wells
and such factors as- well depth, water-bearing units, topographic setting,
geologic structure, specific capacity, and altitude of water-bearing openings.



Three wells in the study area were equipped with float-actuated continu-
ous water-level recorders to measure seasonal fluctuations in the watgr Tgvel
in response to seasonal changes in precipitation and evapotranspiration.

Water-use data were obtained from the U.S. Geological Survey's water-use
project and from the Georgia Department of Natural Resources, Environmental
Protection Division. Public and private water suppliers provided historic
monthly water-meter readings for individual housing units on well-water sys-
tems in rural residential subdivisions. Additional water-use data were ob-
tained by the well inventory.

The quality of ground water in the region was determined from water-
quality data (239 ground-water-sample analyses) obtained from the Georgia
Environmental Protection Division and the Georgia Geologic Survey.

Previous Investigations

Little has been written about ground water in the Athens Region. Most
reports deal primarily with geology. One of the earliest reports covering
the geology of the area was Watson's “Granites and Gneisses of Georgia"
(1902). A report by McCallie (1908) discusses ground water in the Athens
Region. Crickmay (1952) reported on "Geology of the Crystalline Rocks of
Georgia." Thomson and others (1956) reported on the "Availability and Use of
Water in Georgia," in which the occurrence of ground water in the Piedmont
was briefly discussed. LaForge and others (1925) discussed the drainage sys-
tems of the Georgia Piedmont. Staheli (1976) reported on the drainage pat-
terns of the area's streams that may have a bearing on the distribution of
ground water in the Athens area. Howard (1973) reported on the "Studies of
Saprolite and 1its Relation to Migration and Occurrence of Ground Water in
Crystalline Rocks." Watson (1984) discussed the hydrogeology of Greene and
Morgan Counties in the southern part of the study area.

Numerous master's theses have been prepared by students from the Uni-
versity of Georgia and Emory University on the geology of the study area.
(See “Selected References.") However, 1little or no mention was made of
ground water in these theses.

A report by Cressler and others (1983), "Ground Water in the Greater

Atlanta Region, Georgia," includes the western parts of Barrow, Newton, and
Walton Counties.

Data-Site Numbering System

The Athens Region is covered by 81 U.S. Geological Survey 7 1/2-minute
topographic quadrangle maps. Wells in this report are numbered according to
a system based on the 7 1/2-minute topographic quadrangles. FEach 7 1/2-
minute quadrangle in Georgia has been given a number and a letter designation
according to its location. The numbers begin in the southwest corner of the
State and increase numerically eastward. The letters begin in the same place,
but progress alphabetically to the north, following the rule of "read right
up." Because the alphabet contains fewer letters than there are quadrangles,
those in the northern part of the State have double letter designations, as
in 16CC (refer to fig. 2).
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Wells in each quadrangle are numbered consecutively, beginning with num-
ber 01, as in 16CC0l. Complete well numbers, as in 16CC0l, are used in well
tables and most illustrations. On plate 1 the well numbers lack quadrangle
designations because of space limitations. The quadrangle designations for
these wells can be obtained ,from figure 2 and from the inset on plate 1.
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DESCRIPTION OF THE STUDY AREA

The Athens Region encompasses 3,254 miZ in the Piedmont physiographic
province (Clark and Zisa, 1976; Fenneman, 1938). Most of the report area is
a broad rolling upland or plateau. A few small monadnocks stand above its
surface, which, on the whole is smooth, but is deeply dissected by southeast-
ward flowing streams. On the southern margin of the study area, below deeply



dissected divides, great areas of nearly level land extend for miles (LaForge
and others, 1925). The plateau is inclined to the southeast and averages 800
to 1,000 ft above sea level in the northwest and about 500 to 600 ft in the
southeast.

A1l streams in the Athens Region flow to the Atlantic Ocean. The Region
is drained by five main rivers having southeasterly or southerly courses down
the general slope of the land surface, and across the trend of the geologic
structure. The eastern part of the area is drained by the Savannah River and
jts tributaries. The middle section of the Athens Region is drained by the
Oconee River and its tributaries. The South, Alcovy, and Yellow Rivers,
along with their tributaries, drain the western part of the region into the
Ocmulgee River system. The land surface is rather closely dissected by highly
developed dendritic drainage and nearly all tributaries join the trunk streams
at acute angles (LaForge and others, 1925). Only a few of the larger streams
flow for any considerable distance parallel to the structural trend and the
courses of the minor ones are independent of the structure.

The area is underlain by a variety of metamorphosed plutonic, volcanic,
and sedimentary rocks including gneiss, schist, amphibolite, and diabase and
by unmetamorphosed granite plutons and diabase dikes (pl. 1). Metamorphic
rocks predominate. Regional stresses have warped the rocks into numerous
folds and the sequence has been extensively faulted. Erosion of these de-
formed rocks produced the complex outcrop patterns that exist today. The dif-
ferent rock types in the area have been divided by various workers into more
than 30 named formations and unnamed mappable units. Individual rock units
range in thickness from less than 10 ft to possibly more than 10,000 ft (M.
W. Higgins, U.S. Geological Survey, oral commun., 1984). '

The large number of rock types in the area and their varied outcrop pat-
terns greatly complicate the occurrence and availability of ground water.
Nevertheless, many of the named formations and unnamed mappable units in the
Athens Region are made up of rocks of similar character that yield water of
comparable chemical quality. Thus for convenience, the rocks in the study
area have been grouped into 11 principal water-bearing units and assigned
letter designations. The areal distribution and the descriptions of the
water-bearing units in the Athens Region are shown on plate 1.

Bedrock in nearly all of the study area is covered by unconsolidated
material. Collectively this unconsolidated material, which is composed of
saprolite, alluvium, and soil, is referred to as regolith.

Most of the area is covered by saprolite, a ‘clayey residual deposit pro-
duced by weathering of the rocks, and by soils derived from this material.
Depending on the properties of the parent rock and the topographic setting,
the saprolite ranges in thickness from 0 to about 200 ft. Saprolite thickness
was estimated from the casing depths of the 972 inventoried wells. On uplands
yhere the slope is less than 15 percent, saprolite generally is thicker than
in areas having steeper slopes. In many valleys the saprolite has been re-
moved by erosion, and the bedrock is exposed or thinly covered by alluvial

deposi@s. Soil 1is nearly everywhere present as a thin mantle on top of the
saprolite and alluvium.
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Soils and saprolite in the study area are relatively porous and, depending
on the thickness and topographic setting, have the potential to absorb and
store large quantities of precipitation. Generally, the greater the saturated
thickness of saprolite, the greater the quantity of water that is held in
storage.

OCCURRENCE AND AVAILABILITY OF GROUND WATER

Ground water in the Piedmont province occupies joints, fractures, and
other secondary openings in the bedrock and pore spaces in the overlying reg-
olith. By far the largest volume of water is stored in the regolith. Water
recharges the underground openings by seeping through the regolith or by
flowing directly into openings in exposed rock. This recharge is from precip-
itation that falls in the area.

Unweathered and unfractured bedrock in the study area has very low poros-
ity. Thus, the quantity of water that a rock unit can store and transmit to
wells is determined by the number, capacity, and interconnection of the sec-
ondary openings. The yields to wells that these openings can sustain for long
periods depends on the quantity of available recharge. Over the long term,
wells tapping secondary openings in bedrock, no matter how large the initial
yields, can withdraw water only at the rate it is replaced by recharge. The
quantity of recharge needed to sustain large well yields, especially during
prolonged droughts, 1is available mainly in stream valleys, drainages, and
draws that receive constant recharge from large catchment areas covered by
regolith, and on broad, relatively flat areas blanketed by several feet of
saturated regolith. The principal source of recharge is water that is stored
in the regolith and slowly released to bedrock openings.

The main components of the ground-water system in the study area are il-
lustrated schematically in figure 3. A conceptual view of the saturated zone,
the water table, and directions of ground-water flow for a typical area in
the Athens Region is shown in figure 4.

The depth of the water table varies from place to place depending on the
topographic settings (fig. 4). In stream valleys and other areas of dis-
charge, the water table may be at or near land surface. On upland flats and
broad interstream divide ridges, the water table generally ranges from a few
feet to a few tens of feet beneath the surface, but on steep .hills and narrow
ridges the water table may be considerably deeper.

Water-Level Fluctuations

Seasonal changes in precipitation and evapotranspiration produce corre-
sponding changes in recharge and therefore in ground-water storage as reflect-
ed by water levels. Rainfall in the area is heavy in winter, spring, and
midsummer and relatively light in early summer and autumn. Autumn is the
driest season of the year. Ground-water levels rise rapidly in response to
recharge with the onset of late winter rains and reduced evapotranspiration,
and generally reach their highest levels for the year in April, as indicated
by the hydrographs for wells 19HH12 and 18FF54 (figs. 5, 6). Increases in

10
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evapotranspiration and decreases in rainfall during early summer reduce re-
charge and cause ground-water levels to decline. Heavy precipitation in mid-
summer may cause small rises in ground-water levels, but the lack of recharge
from 1ight rainfall in the autumn results in water levels declining to the
annual lows, generally in October or November (Clarke and others, 1984).
Total water-level fluctuation ranges in wells 19HH12 and 18FF54 for the 1983
water year were 5.1 ft and 2.3 ft, respectively (figs. 5, 6).

Effects of Drainage Pattern
on the Availability of Ground Water

The Georgia Piedmont has three major drainage patterns: rectangular,
trellis, and dendritic. Streams having rectangular and trellis drainage pat-
terns, common in the northern part of the Piedmont, flow in strongly angular
courses that follow the rectangular pattern of the joints that break up the
rocks. All of the streams in that part of the Piedmont show the influence of
geologic control. Streams in the Athens Region, however, have a dendritic
drainage pattern, which is indicative of streams that developed independently
of the underlying geology (LaForge and others, 1925; Staheli, 1976). Accord-
ing to Staheli (1976, p. 451), dendritic drainage, in which streams are char-
acterized by regular branching in all directions, probably was established on
some preexisting surface and later superimposed on the underlying crystalline
rocks. Streams flowing on the veneer of material that covered the bedrock
were superimposed above the concealed rocks. When rejuvenated by uplift, the
streams became incised and developed courses without regard to the structure
or lithology of the underlying rocks. After the cover material was removed,
only the physiographic pattern of the streams suggests their having been let
down from a superimposed position (Lobeck, 1939, p. 173).

Thus, except where streams flow along or across zones of bedrock weakness
such as faults or contact zones, rocks underlying stream valleys in the Athens
Region may have about the same permeability as the country rock and are not
necessarily good sites for high-yielding wells. Conversely, significant in-
creases in permeabililty may develop mainly where zones of bedrock weakness
underlie stream valleys and drainage courses. (However, see the section
"Stress-Relief Fractures.")

In the Greater Atlanta Region, which adjoins the report area on the south-
west, many draws and intermittent streams in the uppermost headwater areas of
large streams show evidence of having developed under control of the bedrock
geology (Cressler and others, 1983). Presumably these small drainages devel-
oped after removal of a preexisting cover. The effects of bedrock control are
indicated by locations of intermittent streams and draws on zones of bedrock
weakness. Undoubtedly, late-forming drainages in the Athens Region formed
under similar conditions. Because many late-forming drainages in the Atlanta
area are sites for high-yielding wells, similar sites in the Athens Region
also may furnish large yields.
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Data for High-Yielding Wells

There are an estimated 10,000 successful drilled wells in the Athens
Region. Most of these wells were intended for domestic or farm supplies.
The wells were located primarily for the convenience of the users, and most
of the drilling sites were selected without regard to the suitability of geo-
hydrologic conditions. Thus, for the purposes of this report, the wells are
considered to be randomally located. The random selection of the 10,000 well
sites in the region resulted in 972 wells, or nearly 10 percent, that are high
yielding.

The well inventory provided construction, depth, yield, and ownership data
for the 972 high-yielding wells. Data for the wells are presented in table 10
(at end of report) and the well locations are shown on plate 1. O0f the 972
high-yielding wells, 55.7 percent yield from 20 to 49 gal/min. Nearly 65 per-
cent of the wells are used for private domestic supply, and about 14 percent
are used for public supply (table 1).

Table 1.--Major water-use categories and statistics
for wells in the Athens Region

Hater-use category Number of wells Percent of total
Domes tic 630 64.8
Industrial 40 4.1
Institutional 36 3.7
Irrigation 17 1.8

Public supply
(includes private

suppliers) 139 14.3
Agricultural 73 7.5
None 25 2.6
Unknown 12 1.2

To gain a better understanding of the ground-water system in the report
area, the well data were tested to identify relations between high-yielding
wells and such factors as well depth, water-bearing units, topographic set-
ting, geologic structure, specific capacity, and altitude of water-bearing
openings. The following relations were observed.

About 28 percent of the 972 high-yielding wells are deeper than 299 ft,
12 percent are between 400 and 599 ft deep, but only 2.3 percent are deeper
than 600 ft (table 2). These figures indicate that there rarely is justifi-

cation for drilling deeper than about 600 ft when attempting to develop a
large well supply.
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Table 2.--Relation of high-yielding wells
in the Athens Region to depth

Well depth range Number of wells Percent of total!
(feet)
0 - 99 39 4.0
100 - 199 305 31.4
200 - 299 345 35.5
300 - 399 136 14.0
400 - 499 76 7.8
500 - 599 40 4.1
600 - 699 16 1.6
700 - 799 7 .7
1Rounded.

The range of well yields is greater in some water-bearing units than in
others, but average well yields of most units are similar (table 3). For
example, wells in granite gneiss and muscovite gneiss (Units B, I) yield from
20 to 300 gal/min, and average 56 and 57 gal/min, respectively. Wells in
amphibolite-gneiss-schist (Unit A) and schist (Unit C) yield from 20 to 225
and from 20 to 200 gal/min and have average yields of 52 and 51 gal/min. Al-
though wells drilled in Units B and I may have a better chance of supplying
300 gal/min than wells in Units A and C, well yields in all four units can be
expected to average about the same.

An important difference between water-bearing units is the ratio of high-
yielding wells to the total number of wells drilled in each unit. This ratio
is a function of the density and distribution of interconnected secondary
openings and it gives a general indication of the relative difficulty of ob-
taining a large well supply in each water-bearing unit. For example, schist
(Unit C), granite (Unit F), and metavolcanic rocks (Unit J) tend to have a
comparatively low density of interconnected secondary openings that can supply
large yields. Consequently, a relatively small percentage of wells drilled
in these units are high yielding. On the other hand, granite gneiss (Unit B),
biotite gneiss (Unit D), quartzite (Units H, G), and muscovite gneiss (Unit
I) tend to have a greater density of interconnected secondary openings. A
larger percentage of wells drilled in these units are high yielding. In mixed
rock types such as Units A and K, permeable zones have widespread, although
commonly uneven, distribution so that the proportion of high-yielding wells
tends to vary from fairly large to small.

In summary, areas underlain by Units C, F, and J can be relatively diffi-
cult places to develop large ground-water supplies. Terranes formed by Units
B, D, H, G, and I generally are more favorable for developing high-yielding
wells. The ease of obtaining large well yields in areas of Units A and K
varies from favorable to difficult.

16



*1 93eqd o1 4849Y1

8. 1614 8¢¢ 00£-99 14 00Z-0¢ 96 abue|ay ¥
L 122-61 69¢ 009-89 6€ 001-02 81 JLuedjoAaelay
89 00¢2-91 LS2 60.-S8 LS 00€-0¢ 144! ssitaub ajpnroosny 1
29 -- 1) 24 == 001 -- 1 911z3aend H
LY 68 -6 £ee £65-86 19 061-02 6 %304 padsesys 9
€9 ¥6¢2-8 A XA 06.-2§ 8¢ 00T1-0¢ 8. djlueJy 4
== -- == -~ == == 0 dLjeuwealn-atjey 3
LS 081-01 68¢ 00L-€S 59 062-0¢ 6€1 ssiaub 3311019 @
09 0G1-¢ L02 0£6-89 16 002-0¢ 09 ISLYss )
¥9 20€-8 96¢ 089-9¢ 96 00€£-0¢ ¥81 sspaub ajLuesy g
69 0£Z-8 9ve 008-S¥ A G22-0¢ 11¢ 3styds-sstaub-ajtogryduy vy
abeaaay  abuey abeuaAy abuey abeuaaAy  abuey TED
30

(21994) (2991) (urw/yeb) Jaquiny pitun Bburueaq-uajep

yidap yidap PL3LA

butse) LLaM

uotbay susyly ayjz 40 sjLun buiraeagq-ua3jem up sp[am burp|aLh-ybry Joy

elep AdRWUNG--°E a[qel

17



Verification of Well-Yield Data

A concern during the initial phase of this study was the accuracy of data
obtained by the well inventory, especially well-yield data. In the Athens
Region, well yields normally are estimated by the drilling contractors at the
time of drilling. Nearly all the wells are drilled by the air-rotary method
and the yields are estimated by blowing compressed air down the drill column
into the well and measuring the volume of water being expelled. As a rule,
the tests are continued until the water clears, which can take from a few
minutes to several hours. The method gives a general indication of a well's
yield potential and it provides information needed to select a pump of the
correct capacity.

Well-drilling contractors in the study area generally are conservative
when reporting yields estimated by this method. Taking into account the in-
tended use of each well and the anticipated pumping schedule (intermittent,
peak demand, or continuous), they commonly report the yield to be as much as
50 percent lower than estimated at the time of drilling. They do this to
avoid "promising” more water than the well can supply. The low incidence
of declining-yield problems in the area indicates that the reported yields
are reasonably accurate. (See the section, "Dependability of High-Yielding
Wells.") However, this method does not provide drawdown or recovery data
needed to estimate the safe yield of the wells.

Safe Yield

The safe yield of a well has been defined by Lohman (1972) as, "the
amount of ground water one can withdraw without getting into trouble." In
this definition, withdrawal may mean pumping a well nearly continuously, as
is common with industrial and municipal supplies; seasonally, as for irriga-
tion; or intermittently for prescribed periods each day, as to meet peak
demands. Trouble may mean a number of things, including (1) running out of
water, (2) declining yields, (3) muddying of the water supply during droughts,
and (4) well interference.

Safe yields commonly are estimated as either (1) the maximum pumping rate
that a well can sustain indefinitely, or (2) the maximum rate at which a well
can be pumped intermittently or for prescribed periods. The appropriate type
of estimate depends largely on the intended use of the well. Whichever esti-
mate is made, the safe yield may not remain constant but may vary with chang-
ing conditions. Safe yield may vary throughout the year between wet and dry
seasons, and the seasonal safe yield may temporarily diminish during a long
drought. Other conditions, such as interference from nearby pumping wells or
the diversion of surface drainage and subsequent loss of available recharge,
may lower the safe yield of a well. Continuous monitoring of the water level
in a pumping well is a good way to determine whether the safe yield is being
exceeded, and it affords an opportunity to adjust the pumping rate or the
pumping schedule to maintain the optimum water level.
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Safe yields of most wells can be estimated with reasonable accuracy from
long-term pumping tests. These are tests in which the pumping rate is in-
creased in steps or kept constant for several hours or days and the water
level in the well is measured during both the pumping and the recovery phases
of the tests. In general, the longer the pumping period, the more accurately
the safe yield can be estimated. The most accurate estimates normally are
obtained from tests that run 48 hours or more. The important thing is that
the test be long enough to allow the water-level drawdown to stabilize and
remain stable for at least several hours.

The rate of water-level recovery after pump shutdown reflects the effi-
ciency of recharge to the fracture system that supplies the well. Thus, the
rate of recovery is indicative of the number of hours per day that a well can
maintain a certain yield. For example, a well pumped at the rate of 100
gal/min for 48 hours, during which the water level declined 30 percent of the
distance to the highest water-bearing opening, but completely recovered in
about 1 hour, probably can be pumped at that rate almost continuously. On
the other hand, another well pumped at the same rate for the same length of
time, during which the water level declined more than 50 percent of the dis-
tance to the highest water-bearing opening, and required 4 to 6 hours to re-
cover, may be able to sustain that yield only 12 to 18 hours per day. The
well probably could be pumped at the rate of 100 gal/min for several hours
each day to meet peak demands or fill storage tanks, or it could be throttled
back to pump 50 gal/min intermittently throughout a 24-hour period. A con-
servative drilling contractor might report the yield of this well to be 50
gal/min. By constantly monitoring the water level in the well, the pumping
rate could be varied or the pumping schedule adjusted to avoid excessive
drawdown during droughts or to take advantage of a higher safe yield during
periods of increased recharge.

Pumping Tests

Long-term pumping tests have been conducted by drilling contractors on a
number of high-yielding wells in the area (table 4). The tests provide infor-
mation on the ability of wells to sustain high yields for extended periods.
The tests spanned 24 to 36 hours and included water-level measurements showing
that maximum drawdowns in most wells were not excessive. The test results
were used to determine the correct pump capacities for the wells, allowing
for the type of demand and the pumping schedule projected for each well. How-
ever, none of the tests provided recovery data needed to estimate safe yields.

To obtain firsthand information on the accuracy of reported well yields,
and to determine how closely the reported yields correspond to safe yields,
pumping tests were conducted on three wells during this study. The wells se-
lected for testing have large reported yields and tap different water-bearing
units. MWater-level drawdown and recovery were measured throughout the tests
in order to estimate the safe yield of each well. The pumping tests showed
that tbe safe yield of one well (18FF61) is larger than the yield reported by
the drilling contractor and the safe yield of another well (19HH12) 1is about
the same as the reported yield. Data for two of the pumping tests are pre-

sented below to show how they were conducted and to explain the interpretation
of results.
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The third pumping test conducted during the study was only partly success-
ful. It indicated that the well could furnish the reported yield without
excessive drawdown, but the recovery phase of the test was so greatly affected
by interference from nearby pumping wells that the safe yield could not be
estimated. For this reason, the test data are omitted.

Hickory Hills well

The Hickory Hills well (18FF61) is in the Hickory Hills Subdivision in
Oconee County. The area is underlain by water-bearing Unit I. Well statis-
tics are as follows:

Date drilled 1983

Date tested April 2-3, 1984
Depth 275 ft

Casing depth 55 ft

Diameter 6 in.

Pump level 168 ft

Static water level 18.77 ft

Yield (reported by driller) 100 gal/min or more
Yield (estimated by 24-hour pumping test) 150 gal/min

Most of the water was derived from fractures at depths of 242 and 270 ft.

A step-drawdown test was conducted to estimate the safe yield of the well.
Pumping was done in steps of 100, 120, and 150 gal/min for a period of 24
hours (fig. 7). Pumping at 150 gal/min produced a 90-ft drawdown to a depth
of 115 ft below land surface. Recovery of the water level after pump shutdown
was relatively rapid, being about 60-percent complete after 30 minutes.

According to LeGrand (1967, p. 4), the increase in yield of a well in
crystalline rocks is not proportionate to an increase in drawdown of the water
level. Rather, a yield of about 80 percent of the total capacity of the well
results from lowering the water level only about 40 percent of the available
drawdownl. 1In the Hickory Hills test well (18FF61), a pumping rate of 150
gal/min produced a decline in water level of only about 48 percent of the
available drawdown (to the top of the highest water-bearing opening), indicat-
ing that the well was being pumped at about 85 percent of capacity (fig 8.).
In 1ight of this fact and the fairly rapid recovery rate, 150 gal/min probably
is close to the safe yield for this well at its intended use as a subdivision
supply which will require intermittent pumping. Continuous monitoring of the
water level in the well during production would reveal whether that yield
over-stresses the well during dryer seasons and the pumping rate could be
adjusted accordingly.

lleGrand (1967, p. 4) referred to the available drawdown as the total depth
of the well. However, in the Hickory Hills test well, the total yield is
derived from two water-bearing fractures. Thus, it would be undesirable to
draw the water Tlevel down to the uppermost water-bearing fracture, because
doing so could lead to iron encrustation of the walls of that fracture and
eventually to reduced yields. Therefore, the available drawdown in the test
well is considered to be the depth (242 ft) of the highest water-bearing frac-
ture, thus making the estimated safe yield somewhat conservative.
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PERCENTAGE OF RELATIVE YIELD
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PERCENTAGE OF DRAWDOWN OF WATER LEVEL

Figure 8.—The curve shows that an
increase in yield of a well is
not directly proportionate to an
increase in drawdown of the
water level. A yield of nearly 80
percent of the total capacity of
a well results from lowering the
water level only 40 percent of
the available drawdown.
(LeGrand, 1967).

Meadow Lake Estate well

The Meadow Lake Estate well (19HH12) is in the Meadow Lake Estate sub-
division in Madison County. The area is underlain by water-bearing Unit C.
Most of the water was derived from fractures at depths of about 145 ft and
179 ft. Well statistics are:

Date drilled 1973

Date tested April 4-5, 1984
Depth 180 ft

Casing depth 50 ft

Diameter 6 in.

Pump level 140 ft

Static water level 7.71 ft

Yield (reported by driller) 100 gal/min
Yield (estimated by 18-hour pumping test) 105 gal/min

A step-drawdown test was conducted to estimate the safe yield of the well.
Pumping began at the rate of 135 gal/min but declined to 120 gal/min and
finally to 105 gal/min as the drawdown in the well increased the pumping head
(fig. 9). Pumping at the rate of 105 gal/min produced a drawdown of 117 ft
to a depth of 124 ft below land surface. Recovery of the water level after
pump shutdown was relatively slow, being about 60 percent complete after 3
hours.
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In the Neadow Lake Estate well, a pumping rate of 105 gal/min lowered the
water level to a depth of 124 ft below land surface, which is about 85 percent
of the available drawdown. Figure 8 indicates that the well was being pu