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INTRODUCTION

The 1:500,000 scale map contained in this Hydrologic Atlas shows the relative
susceptibility of the shallow unconfined aquifers in Georgia to pollution from man-
made surface sources. Relative susceptibility was derived by generally following the
DRASTIC method developed by the United States Environmental Protection Agency
(EPA) (Aller and others, 1987). Areas within the state of Georgia are classified
as having a relatively lower, average, or higher susceptibility to pollution (see Note
No. 1).

All)of Georgia, in some form or fashion, is susceptible to ground-water pollution.
Some areas, however, are more susceptible than other areas. DRASTIC mapping
demonstrates that the Fall Line Hills region of the Upper Coastal Plain, the Dough-
erty Plain and the limestone valleys of northwest Georgia are generally the areas in
Georgia that are most susceptible to pollution of shallow, unconfined ground water.
The massive crystalline rocks, with their overlying clayey residuum, of the Piedmont/
Blue Ridge region are the least susceptible to pollution.

There have been a number of attemipts to develop systems for assessing the suscep-
tibility of shallow unconfined ground water to pollution. The most well known is
DRASTIC, which is a qualitative guideline sysiem for ground-water vulnerability
assessments (LeGrand and Rosen, in press). According to LeGrand and Rosen:

“DRASTIC has been found to have some statistical and descriptive proper-
ties that are very advantageous, but a problem is that to many users it is not
clear what the final product, or DRASTIC:index, really means. Another
problem is that such assessments tend to be regarded as monumental sim-
plistic truths, which DRASTIC indices are certainly not, since they by ne-
cessity are associated with several kinds of uncertainties, due to system
build up and geological heterogeneities. DRASTIC has been widely used
by a number of states in the USA for planning purposes. We believe that the
main reason for this is not that DRASTIC necessarily is that excellent a
system, but that there is really no other standard technique available for
vulnerability mapping in the United States.”

The 1:500,000 scale map in this atlas is a generalized version of a series of
1:100,000 scale maps developed for Georgia’s eighteen Regional Development Cen-
ters (RDC’s) and is intended primarily for planning and educational purposes. The
pollution susceptibility maps were developed by using a computer based geographic
information system (GIS) to overlay different natural resource and demographic data-
bases. Locational inaccuracies in these maps can result from the utilization of differ-
ent scales of maps for the databases. Though published at a scale of 1:500,000, this
derivative map is a compilation of data having scales ranging from 1:100,000 to
1:500,000. Because individual map layers are from different sources, a feature from
one source may not coincide exactly with the same or related features from another
source. Overlay accuracy appears to be about one mile or less in most cases. Areas
having differentiation of pollution susceptibility of less than one square mile are not
shown on the 1:500,000 map. They are present, however, in the 1:100,000 digital
databases.

THE USE OF EPA’S “DRASTIC” METHODOLOGY
FOR ENVIRONMENTAL MAPPING

DRASTIC mapping is intended to provide a standardized technical basis for envi-
ronmental decision making. This map will assist planners, managers and administra-
tors in evaluating the relative vulnerability of shallow aquifers in Georgia to ground-
water pollution. The map does not address the pollution susceptibility of an area
having undergone man-made modification; nor is the map appropriate for making site
specific assessments.

DRASTIC is a methodology that allows the pollution potential of any hydrogeo-
logic setting to be systematically evaluated with existing information anywhere in the
United States (Aller and others, 1987). The system involves two major themes: The
designation of mappable units, termed hydrogeologic settings, and the superposition
of a relative ranking system on those settings.

The hydrogeologic settings (from Aller and others, 1987) generally correspond to
Georgia physiographic provinces as follows:

(1) Setting 6: Nonglaciated Central Region, which corresponds to the Cumberland
Plateau and Ridge and Valley.

(2) Setting 8: Piedmont and Blue Ridge.

(3) Setting 10: Atlantic and Gulf Coastal Plain, which generally correspond to the
Fall Line Hills of the Upper Coastal Plain.

(4) Setting 11: Southeast Coastal Plain, which generally corresponds to the Dough-
erty Plain and the Lower Coastal Plain.

Within each of these settings, there are subsettings. For example, for the Atlantic
and Gulf Coastal Plain, there are five subsettings (e.g., regional aquifers, unconsoli-
dated and semi-consolidated shallow surficial aquifers, river alluvium without over-

bank deposits, and swamps). For each subsetting, general hydrogeologic features are
delimited and DRASTIC indices are recommended.

The term DRASTIC is an acronym derived from the seven hydrogeologic param-
eters deemed most influential to pollution susceptibility. They are Depth to water, net
Recharge, Aquifer media, Soil media, Topography, Impact of the vadose zone, and
hydraulic Conductivity of the aquifer. Each factor is incorporated into a relative: rat-
ing scheme that uses a combination of weights and ratings to produce a numerical
value called the DRASTIC Index. The higher an area scores on the index, the more
vulnerable or more susceptible the area is believed to be to ground-water pollutiion.

However, as Aller and others (1987) point out, DRASTIC is neither designedl for, .
nor is it intended to replace on-site inspections, or site specific hydrogeologic imves-
tigations. DRASTIC mapping alone should not be used to specifically site any type of
facility or practice. Rather, DRASTIC is intended to provide a basis for comparative
evaluation of areas with respect to the potential for pollution of ground water.

DESCRIPTION OF DRASTIC PARAMETERS
(from Aller and others, 1987)

Depth to water in an unconfined aquifer is defined as the depth from ground surface
to the water table. Depth to water is important primarily because it determines the
depth of earth materials through which a pollutant must travel before reaching the
aquifer. Depth to water also is important because, in general, the greater the thickness
of unsaturated material, the longer the travel time for a pollutant to reach the water
table. Greater travel time would result in a greater opportunity for the pollutants to be
adsorbed or degraded.

Net Recharge is defined as the total amount of water precipitated to the ground
surface which infiltrates to reach the shallow unconfined aquifer. Recharge is impor-
tant because it can transport a pollutant vertically into the water table and horizontally
within the aquifer. Recharge is also an important factor for dispersion and dilution of a
pollutant in the vadose zone.

Aquifer media refers to the earth materials which serve as an aquifer. An aquifer is
defined as a subsurface lithologic unit which will yield sufficient quantities of water
for use. Ground water in aquifers is contained within the pore spaces, fractures, and
solution openings of the earth materials. The aquifer referred to in this atlas is the
shallow unconfined aquifer, where the water table represents the uppermost elevation
where the openings in the earth materials are filled (saturated) with water. The type of
aquifer media affects the ground-water flow system, which in turn affects the amount
of time for attenuation of pollutants.

Soil media refers to the uppermost portion of the vadose zone characterized by
significant biological activity. For purposes of this study, soil is considered the upper
weathered zone of the earth which averages a depth of six feet or less from the ground
surface. Soil has a significant impact on the amount of recharge which can infiltrate to
the ground and hence the ability of the pollutant to move vertically into the vadose
zone,

Topography refers to the slope and slope variability of the land surface. Topogra-
phy helps control the likelihood that a pollutant will run off over the surface or will
remain on the surface in one area long enough to infiltrate. Topography also influ-
ences soil development and is an indicator of shallow ground-water flow direction.

The vadose zone (I) is defined as that zone above the water table which is unsatu-
rated or discontinuously saturated. The type of vadose zone media determines the
attenuation characteristics of pollutants below the soil horizon and above the water
table.

Hydraulic Conductivity refers to the ability of aquifer materials to transmit water,
which in turn controls the rate at which ground water will flow under a given hy-
draulic gradient. The rate at which ground water flows controls the rate at which a
pollutant moves away from the point at which it enters the aquifer.

METHODS

Overview

The seven DRASTIC parameters influencing the relative pollution susceptibility of
the shallow ground water in Georgia were derived from three existing statewide natu-
ral resource digital databases: slope (1:250,000), soils (1:250,000), and geology
(1:500,000). All databases underwent quality assurance and quality control pro-
cedures. A fourth database, average depth to the water table, was derived from the
slope and soils databases. Ratings for aquifer media, impact of the vadose media, and
hydraulic conductivity of the aquifer were derived from the geology database. Soil
ratings were derived from soil-type descriptions assigned by the United States Soil
Conservation Service to the soils database. Net recharge and topography ratings were
derived from the slope database. All mapping was done utilizing the overlay process
of a geographic information system using ARC/INFO software. ARC/INFO is a reg-

istered trademark of ESRI.

Development of the seven DRASTIC parameters and numerical values used for
mapping the pollution susceptibility of Georgia is described in the following subsec-
tions. A DRASTIC vaiue recommended by Aller and others (1987) was assigned to
each DRASTIC pararreter for each hydrogeologic subsetting. Once the DRASTIC
ratings were assigned for the seven parameters, the pollution susceptibility for each
hydrogeologic setting was estimated by calculating the DRASTIC Index. The equa-
tion for calculating the DRASTIC Index is:

DD, + RR, + AA, + 88, + T,T, + LI, + C.C, = Pollution Potential
where: | = rating
w = weight.

Depth to Water

Depth to the water table was estimated by using a combination of the slope and
soils databases. Following the DRASTIC methodology, described by Aller and oth-
ers, (1987), depth to water was assigned a weight of 5. Areas having a slope of greater
than 6% were assumed to have a depth to water of 15 feet or more and were assigned
the recommended DRASTIC rating of 7 (see Note 2 for discussion of the use of 6%
slope as the measure of depth to water). For areas having slopes equal to or less than
6%, depth to water was estimated further by identifying which of such areas had soils
associated with a shallow water table and which areas did not. This meant that if an
area had a slope of 6% or less and soil associations not characterized by “shallow
water table,” then the depth to water was assumed to be 5 to 15 feet, and was assigned
the recommended DRASTIC rating of 9. If an area had a slope of 6% or less and a soil
association characterized by a “shallow water table” then the depth to water was as-
sumed to be 5 feet or less and was assigned the recommended DRASTIC rating of 10.
The ratings, in turn, were multiplied by a weight of five, resulting in DRASTIC num-
bers of 33, 45, and 50, respectively.

Recharge

The length, shape, and steepness of slope determine the rate of runoff of precipita-
tion. Runoff generally is more rapid on steep slopes than on areas where the ground
surface is level or nearly level. In flatter areas, more time is available for precipitation
to penetrate into and percolate through the vadose zone down to the water table.

Aller and others (1987) estimated a net recharge of 4—7 inches for the residual soils
overlying crystalline rocks of the Piedmont/Blue Ridge. For the Valley and Ridge and
Cumberland Plateau, they reported a typical net recharge of 2—4 inches per year for
folded sedimentary rocks of moderate slope (e.g., >6%) and a typical net recharge of
10+ inches per year for valleys of low slope in limestones. Shallow slope (<6%)
Coastal Plain settings had a net recharge of 10+ inches (Aller and others, 1987).
Based upon Aller and others (1987) use of the 6% slope to differentiate areas of higher
and lesser recharge as well as their use of 10+ inches per year as a measure of higher
and lower net recharge, those portions of Georgia having a slope of less than or equal
to 6% were assumed to have a net recharge of 10+ inches per year and were assigned
the recommended DRASTIC rating of 9. Areas having a slope of greater than 6%
were assumed to have a net recharge of less than 10 inches per year and were assigned
a net recharge rating of 8. These ratings when multiplied by the recommended
DRASTIC weight of 4, result in DRASTIC numbers of 36 and 32, respectively, for
net recharge.

Actual net recharge in Georgia probably averages about 6 inches per year (Carter
and Stiles, 1983). This means that by following Aller and others (1987) recommenda-
tions, actual net recharge is slightly overestimated presenting a slight overestimation
of actual pollution susceptibility.

Aquifer Media, Impact of the Vadose Zone, and Hydraulic Conductivity

In the DRASTIC methodology, geologic outcroppings are used as surrogates for
aquifers. As such, the Geologic Map of Georgia was used as an “aquifer media” map.

According to Aller and others (1987), the vadose zone encompasses those mate-
rials between the base of the soil profile and the water table. For unconfined aquifer
systems, these would be the same as the “aquifer media.” The DRASTIC methodol-
ogy allows a standard geologic map, which depicts the distribution of lithologic units,
to be used as a measure of the impact of the vadose zone.

General ranges of hydraulic conductivity have been established for a number of
lithologic units (Freeze and Cherry, 1979). By knowing the lithology of the aquifer
media, an estimate can be made of hydraulic conductivity.

All geologic units mapped at a scale of 1:500,000 on the Geologic Map of Georgia
(1976) and the limestone units mapped on the Tertiary and Quaternary Formations of
Georgia (1948) map (1:500,000 scale) were assigned a numerical rating for aquifer
media, impact of the vadose zone, and hydraulic conductivity of the shallow aquifer.
The DRASTIC ratingsranged from 1-10, according to the typical permeability of the
lithologic unit. Following the DRASTIC methodology, ratings assigned to aquifer
media and to the hydraulic conductivity of the aquifer were assigned a weight of 3,

and the impact of the vadose zone media ratings were assigned a weight of 5. The
numerical rating was multiplied by the weight factor to obtain a DRASTIC number for
the particular lithologic unit, as follows:

Aquifer Impact of
DRASTIC Media Vadose Zone
Lithologic Unit Rating (weight 3) (weight 5)
metamorphic/igneous rock 2 6 10
weathered metamorphic/igneous 3 9 i)
bedded sedimentary ) 15 25
massive sandstone 6 18 30
sand/gravel 8 24 40
karstic limestone 10 30 50
Hydraulic DRASTIC
Conductivity Number
Lithologic Unit (gpd/ft?) (weight 3)
bedded sedimentary I - 100 3
metamorphic/igneous 101 - 300 6
weathered metamorphic/igneous 301 - 700 9
massive sandstone 701  -1000 18
sand/gravel 1000 -2000 24
karstic limestone 2000+ 30

Soil Media

Soil media DRASTIC ratings ranging from 1 to 10 were assigned to the soils data-
base according to soil types. The soils parameter was assigned a weight of 2 in confor-
mity to DRASTIC methodology. The ratings were multiplied by the weight of 2, re-
sulting in a DRASTIC soil index of 2—20, as follows:

DRASTIC Soil Number
Soil Media Rating (weight 2)
Thin or absent 10 20
Gravel 10 20
Sand 9 18
Peat 8 16
Shrinking aggregated clay 7 14
Sandy loam 6 12
Loam 3 10
Silty loam 4 8
Clayey loam 3 6
Muck 2 4
Nonshrinking/Nonaggregated clay 1 2

Topography

As used in DRASTIC, “topography” means slope. Areas having a slope of less than
or equal to 6% were assigned a topography DRASTIC rating of 10 (see Note 3 for use
of 6% slope for assessing topography). Areas with a slope of greater than 6% were
assigned a topography DRASTIC rating of 5. These ratings were multiplied by the
weight of 5, resulting in DRASTIC numbers of 10 and 5, respectively, for topography.

Interpretation

Following the calculation of the DRASTIC Index for individual hydrogeologic set-
tings, the range of index scores in Georgia was divided into three parts (see Note 1).
Those areas having a DRASTIC Index of less than 141 were considered to have a
relatively low pollution susceptibility for Georgia and were mapped accordingly.
Areas having an index between 141 and 181 were considered to have average pollution
susceptibility and hydrogeologic settings with DRASTIC index values greater than
181 were considered to have relatively high pollution susceptibility. Subdividing the
range of index values found in Georgia into three pollution susceptibility categories is
relative, and for that reason, is meaningful only for the state of Georgia. For example,
a hydrogeologic setting with a DRASTIC Index of 135 might be considered to have
relatively low pollution susceptibility in Georgia, but might be one of the highest
values measured in another state. Alternatively, a hydrogeologic setting with an index
value of 182 is considered relatively susceptible to pollution in Georgia, but 182 may
be considered a low or medium value in another state where pollution susceptible
hydrogeologic settings are widespread.

RESULTS

Hydrogeologic settings in Georgia having higher DRASTIC index values are most
common where karst topography is developed in limestones. Karst topography is
characterized by sinkholes, swallow holes and underground caverns and is caused by
the dissolution: of underlying beds of limestone or dolostone. Karst areas are widely
recognized by lhydrogeologists as being extremely susceptible to ground-water pollu-
tion. Areas of Karst are common in southwestern Georgia and in the valleys of the
Valley and Ridige Physiographic Province of northwestern Georgia.

Areas where highly porous sandy soils occur, such as the Fall Line Hills, also are
generally highly susceptible to pollution. In contrast, areas in Georgia where the shal-
low aquifers are clayey or where slope is greater than 6%, such as the Piedmont and
Blue Ridge Physiographic Provinces, have relatively low pollution susceptibility.

The shallow ground water underlying most of Georgia’s Coastal Plain is highly to
moderately susceptible to pollution due to the presence of thin limestones, sandy
soils, and the relatively flat lying topography common in the region. In contrast, areas
in the Piedmont and Blue Ridge Physiographic Provinces of northern Georgia have
susceptibility imdices that are lower than those in the Coastal Plain. This is due to the
presence of clayey saprolite which typically overlies the igneous and metamorphic
rocks that characterize the region and to the relatively greater slope of the land. The
relatively lower pollution susceptibility in the Piedmont and Blue Ridge, however,
does not mean ithat the region is not susceptible to ground-water pollution. The region
is susceptible to pollution, just relatively less so than most areas in the Coastal Plain.
The Valley andl Ridge Physiographic Province of northwestern Georgia has pollution
susceptibility rratings ranging from higher to lower, depending on the geology and
slope of the area. Most of the higher susceptibility areas are in valleys underlain by
karstic limestome aquifers.

RECHARGE AREAS PROTECTION

The Georgiai Planning Act of 1989 requires that land-use ordinances, which would
be made in an attempt to protect ground water, be passed and enforced by local gov-
ernments havimg jurisdiction over significant ground-water recharge areas shown on
the map in Hydirologic Atlas 18 (Davis and others, 1989). Within significant recharge
areas, the relattive degree of protection required is further defined on the basis of
whether the area has a high pollution susceptibility. For example, the Rules for Re-
charge Area Priotection require that local governments enforce a 150% larger lot size
requirement for septic systems that are within a significant ground-water recharge
area as well as: being in an area of higher pollution susceptibility as shown on the
1:100,000 scale versions of the pollution susceptibility maps provided to the RDC’s.
Larger lot sizess may be recommended, but not necessarily required, if the area has a
higher pollution susceptibility but is not within a significant recharge area.
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NOTES

Note 1: In 1986, the Research Triangle Institute (Nees and Salmons, 1987) infor-
mally developed a DRASTIC rating for every county in the United States as part of
EPA’s National Survey of Pesticides in Drinking Water Wells. In Georgia, these rating
values range from 128 to 219. Approximately one third of Georgia counties had an
assigned DRASTIC rating of more than 181, approximately one third had a DRASTIC
rating of 141 to 181, and approximately one third had a DRASTIC rating of less than
141. Based on this precedent, ratings below 141 in Georgia were classified as “lower,”
ratulllgs l(])f 141181 were classified as “average,” and ratings above 181 were classified
as “higher.”

Note 2: In unconfined aquifers, the water table generally is a subdued replica of the
surface topography. Typically the depth to water is greatest at hill tops and hill slopes
and is least at valleys, flood plains, and other relatively flat low lying areas. In 1975,
the Georgia Department of Natural Resources (DNR) published an assessment of all
the U.S. Soil Conservation Service’s 43 soil associations in Georgia. DNR’s assess-
ment indicated that soils characterized as having a shallow water table rarely occurred
on slopes in excess of 6%. Soils characterized as having either a deep or a shallow
water table, however, occur on slopes of less than 6%. By identifying which areas had
both slopes of less than 6% (from the slope data base) as well as soils characterized by
shallow water table (from the soils data base) the depth to water could be further
estimated. For the four Georgia hydrogeologic settings (Aller and others, 1987,
pg. 21), seven depth to water ranges are recommended. Of these seven, 0-5 feet, 5—
15 feet, and greater than 15 feet are the most appropriate ranges for Georgia. Monitor-
ing well data from solid waste landfills indicate that the 0—5 feet, 5—15 feet, and
greater than 15 feet are typical depth to water ranges throughout most of Georgia
(McLemore, W.H., 1992, personal communication). Aller and others (1987) as well
as U.S. Department of Agriculture, Soil Conservation Service also use the 6% slope
as a common break generally separating upland areas with a deeper water table from
lowland areas with a shallow water table.

Note 3: Aller and others (1987) present a graph (their figure 7, pg. 30) of ranges of
DRASTIC ratings plotted against percent slope. The curve is S-shaped with the in-
flection point generally corresponding to a slope of 6% and a rating of 5. Therefore,
the maximum rating for a slope of 6% or less would be 5 and the maximum rating fora
slope of greater than 6% would be 10. These values were selected for use.
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