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INTRODUCTION

PURPOSE

Circular 12D is the fourth in a continuing series of annual sum-
maries of ground-water quality and availability in Georgia. This re-
port is to be used by the Georgia Environmental Protection Division
(EPD) to assess the effectiveness of its ground-water management activ-
ities. EPD is the principal State agency responsible for management of
ground-water quality and allocation. The Division's management activ-
ities include issuance of permits for large ground-water withdrawals,
mining, wastewater discharges, sanitary landfills, and facilities that
treat, store, and/or dispose of hazardous materials., EPD also monitors
potential sources of ground-water pollution and ambient ground-water
conditions.

Ground-water quality data in this report were derived from the
State's Ground-Water Monitoring Network, maintained by the Georgia Geo-
logic Survey Branch of EPD. Ground-water use data were obtained from
the State's Water Use Program, a cooperative project of the Georgia
Geologic Survey and the U.S. Geological Survey. This summary was pre-
pared through the Georgia Ground-Water Management Program, a project of
EPD, funded in part by a grant from the U.S. Environmental Protection
Agency, for the purpose of coordinating ground-water related management
activities throughout the State.

Ground-water levels in Georgia are monitored through a cooperative
project of the Georgia Geologic Survey and the U.S. Geological Survey.
Water level trends are summarized annually as Open-File Reports of the
U.S. Geological Survey. U.S. Geological Survey Open-File Report 88-323

(Joiner and others, 1988) presents ground-water data for 1987.
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HYDROGEOLOGIC PROVINCES OF GEORGIA

The hydrogeologic provinces in Georgia are defined by their gener-
al geologic properties. They are the Coastal Plain Province of south-
ern Georgia, the Piedmont/Blue Ridge Province occupying most of north-
ern Georgia, and the Valley and Ridge/Cumberland Plateau Province of
northwestern Georgia. Ground water in the Coastal Pléin Province flows
through interconnected granular pores of the host rocks and through
solution-enlarged voids. Fractures and joints provide the permeability
for ground-water flow in the Piedmont/Blue Ridge Province. The perme-
able features of the Valley and Ridge/Cumberland Plateau Province are
principally fractures, joints, and solution voids. Intergranular po-
rosity is also important in places.

Georgia's Coastal Plain Province is underlain by a wedge of loose-
ly consolidated sediments that gently dip and thicken to the south and
east. The oldest, outcropping, sedimentary formations (Cretaceous) are
exposed along the Fall Line, which is the northern limit of the Coastal
Plain Province. Successively younger formations occur at the surface
to the south and east.

The Coastal Plain contains the State's major confined (artesian)
aquifers. Confined aquifers are those which are overlain by a layer of
impermeable material and contain water at greater-than-atmospheric
pressures. Water enters confined aquifers in their updip outcrop areas
where the permeable rocks of the aquifer are exposed. Ground-water
flow through these aquifers is gemerally to the south and east, in the
direction of dip of the the rocks.

The seven major confined aquifers in the Coastal Plain range in
age from Cretaceous to Miocene. The thickness and extent of these
aquifers are determined by horizontal and vertical changes in the per-
meability of the rock units that form them and by the quality of ground
water they contain. Several aquifers may be present in a single geo-

graphic area, forming a vertical 'stack.'
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The Cretaceous and Jacksonian aquifer systems (primarily sands)
are commonly used as a source of drinking water within a 35-mile wide
band that lies adjacent to and south of the Fall Line. Southwestern
Georgia relies on three vertically stacked aquifers (sands and lime-
stones) for drinking-water supplies: the Providence, Clayton, and Clai-
borne aquifer systems. A large area of south-central and southeastern
Georgia is served by the Floridan aquifer system (mainly limestone).
The Miocene aquifer system (sands and limestones) is the principal,
'shallow,' unconfined aquifer system occurring in the broad area under-
lain by the Floridan aquifer system. It becomes confined in the coast-
al counties and locally in the Grady-Thomas-Brooks-Lowndes Counties
area.

Crystalline rocks of metamorphic and igneous origin (primarily
Paleozoic) underly the Piedmont/Blue Ridge Province. The principal
water-bearing features are fractures and joints in the rock and the
overlying soil/saprolite horizoms. Thick soils and saprolites are
often important as the 'reservoir' to the water-bearing fracture/joint
systems. Ground-water flow is typically directed from local highlands
towards discharge areas along streams. However, during prolonged dry
periods or in the vicinity of heavy pumpage, ground water may flow from
the streams into the fracture/joint systems.

The Valley and Ridge/Cumberland Plateau Province is underlain by
consolidated Paleozoic sedimentary formations. Dolostones and lime-
stones of the Knox Group are the principal aquifers where they occur in
the axes of broad valleys. Ground-water and surface-water systems are
locally closely interconnected. The greater permeabilities of thick
carbonate sections in this Province, in part due to solution-emlarged
joints, permit development of more extensive aquifer systems than in
the Piedmont/Blue Ridge Province.
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In addition to geologic setting, ground-water quality and avail-
ability are also functions of the proximity of areas of recharge and
discharge. Water levels and quality vary widely in response to rain-
fall, river/reservoir levels, evapotranspiration, and land use in re-
charge areas where surface water enters the ground-water flow system.
Water availability and quality is relatively stable in downflow dis-

charge areas, in contrast, but the waters tend to be more mineralized.

GROUND-WATER QUALITY

Experience has shown that the quality of shallow ground water is
generally suitable for domestic use throughout the State. Iron and
manganese are the only constituents that commonly occur in concentra-
tions higher than those allowed by State drinking-water standards.
These naturally occurring metal cations can cause staining of -objects
but do not pose a health risk. Both iron and manganese can be readily
removed during the treatment process.

No areally extensive occurrences of polluted or excessively con-
taminated ground waters are known from north Georgia., Waters contain-
ing high levels of total dissolved solids (salt water) are present in
the deepest confined aquifers underlying most of south Georgia and in
the lower section of the Floridan aquifer system along the coast.
Shallower aquifers, with acceptable water quality, are present almost
everywhere in the Coastal Plain.

Both ground-water quality and availability are restricted in the
Gulf Trough area of south Georgia. The Gulf Trough is a linear hydro-
geologic anomaly that extends from southwest Decatur County through
central Bulloch County. Naturally occurring ground-water contaminants
associated with the Gulf Trough area include barium, sulfate, and

radionuclides. These contaminants can be eliminated from drinking
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water, in most cases, by proper well construction (i.e. casing off
certain geologic horizons) or treatment.

EPD has identified critical-use areas at Savannah and Brunswick
where increased withdrawals could affect ground-water quality.
Ground-water withdrawals for municipal and industrial use have created
large cones of depression in the potentiometric surface of the Flori-
dan aquifer system at Savannah and Bruaswick and in other places in
the coastal counties. These cones of depression increase the
potential for contamination from deeply buried brines as well as ocean
water. Both the Savannah and Brunswick areas are being monitored by
EPD with a dense network of monitoring wells. Except for a small area
on the Brunswick Peninsula, where upconing of salt water apparently
has been ongoing for several decades, EPD's monitoring shows no evi-
dence of further upconing or encroachment in coastal Georgia.

Increased use of ground water for agricultural irrigation in the
Dougherty Plain and adjacent Sand Hills area of southwestern Georgia
will potentially increase hydraulic gradients through the unsaturated,
or vadose, zone. Agricultural chemicals may not be effectively atten-
uated in such a situation because of increased flow rates in the va-
dose zone. Ground-water quality monitoring by EPD in the Dougherty
Plain has not detected any traces of pesticides. However, more shal-
low monitoring wells in agricultural areas were added to the Monitor-

ing Network in 1988.






GROUND-WATER USE IN GEORGIA, 1987

INTRODUCTION

Ground water is an abundant natural resource in Georgia, espe-
cially in the Coastal Plain Province. Ground waterlis the source of
over 18% of all fresh water used in the State and 47% of all offstream
use. Recharge to the ground-water system in Georgia is derived almost
entirely from precipitation. The average annual precipitation is
about 50 inches state-wide. It is estimated that 88% of rainfall runs
off to streams or is lost to evapotranspiration, and about 12% enters
the ground-water system as recharge (Carter and Stiles, 1983). A re-
cent history of precipitation at specific sites across the State,
along with the departure from normal for 1987, is given in Table 2-1.
From this limited data, it is apparent that much of the State has
suffered from a drought since 1986.

Estimated ground-water withdrawals for 1987 totaled 1,229 million
gallons per day (Mgal/day), an increase of slightly over 1% from the
reported figure of 1,215 Mgal/day for 1986. Industrial ground-water
withdrawals increased 5% from 349 Mgal/day in 1986 to 365 Mgal/day in
1987. Due to the prolonged drought, irrigation withdrawals remained
high at 494 Mgal/day. Public supply withdrawals were 218 Mgal/day,
showing no increase from 1986. Other withdrawals, including self-
supplied domestic, commercial, livestock, and thermoelectric uses,
dropped slightly from 154 Mgal/day in 1986 to 152 Mgal/day in 1987
(Figure 2-1). Irrigation remained the largest use category at 40.2%
of all ground water withdrawn, whereas industrial withdrawals totaled

29.7%, public supply 17.7%, and other uses 12.4%.
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IRRIGATION
494 MGAL/DAY

PUBLIC SUPPLY
218 MGAL/DAY

OTHER*
152 MGAL/DAY

INDUSTRY .
365 MGAL/DAY

* Other includes self supplied domestic, livestock, commercial, and
thermoelectric uses.

Figure 2-1. - Ground-water use in Georgia, 1987
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For tﬁis report, permitted ground-water use was calculated from
withdrawal amounts reported by users to the Water Resources Management
Branch of Georgia's Environmental Protection Division (EPD). Permit-
ted users are those who use 100,000 gallons or more per day. Small
industries, communities, and subdivisions that supply water for at
least 25 people or that have a minimum of 5 hookups must also obtain
permits. Irrigation estimates were calculated using the Cooperative
Extension Service's 1986 Irrigation Survey. Estimates for withdrawals
by nonpermitted users (such as livestock and self-supplied domestic
uses) were based on user surveys, population figures, and previous

studies by the Georgia Water Use Program.

GROUND-WATER USE IN GEORGIA

The largest ground-water users are concentrated in the Coastal
Plain Province of south Georgia (Figure 2-2), where the State's most
productive aquifers are located. Farming is essential to the econo-
my of the counties in the southwestern corner of the State, where ir-
rigation use is highest. Along Georgia's coast, the paper and chemi-
cal industries are the largest ground-water users. In central Geor-
gia, kaolin mining (i.e., mainly mine dewatering) is the largest
ground-water use. Along with the industries, there are major popula-
tion centers where public supply constitutes large withdrawals. A
summary of permitted ground-water use by county is given in Table A-1,
and estimated ground-water use by county for 1987 is presented in

Table A-2 of Appendix A.
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GROUND—WATEk USE FOR PUBLIC SUPPLY

The public supply category includes water withdrawn by public and
private water suppliers and delivered to users. Total water withdrawn
by public suppliers in Georgia for 1987 was estimated to be 880 Mgal/
day, 25X of which was ground water. Data collected as of fall 1988,
indicates that permitted public suppliers withdrew 156 Mgal/day in
1987. However, these data are incomplete, and the true withdrawal
rate is expected to be close to the reported total for 1986 of 176
Mgal/day. A summary of permitted public supply withdrawals is pre-
sented in Table A-3. The 1987 estimated ground-water withdrawal rate
for public supply was 218 Mgal/day, which includes water used by the
permitted public suppliers and by smaller systems such as mobile home
parks, trailer parks, and subdivisions. The counties withdrawing the
largest amounts of ground water for public supply are scattered
throughout the Coastal Plain Province (Figure 2-3). The high with-
drawal rates in the counties correspond to the highly populated cities
of Augusta, Warner Robins, Albany, Tifton, Thomasville, Valdosta,

Brunswick, Savannah, and Douglas.

GROUND~WATER USE FOR INDUSTRY AND MINING

Self-supplied industrial and mining withdrawals were estimated at
365 Mgal/day for 1987, an increase of almost 5% over the 349 Mgal/day
reported for 1986. Industrial withdrawals totaled 29.7% of all ground
water withdrawn in 1987. Permitted industries and mines withdrew 298
Mgal/day (Table A-4). The counties having the largest ground-water
withdrawals for industry are scattered throughout the Coastal Plain
(Figure 2-4), except for Chattooga County in the northwest, which has

a large textile industry. The high-use counties along Georgia's
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Figure 2-4. - Ground-water withdrawals for industry, Mgal/day, 1987
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coastline are supported by the paper and chemical industries, while
the counties in central Georgia, along the Fall Line, are dependent on
kaolin mining. The industries that withdrew the most ground water in
1987 are paper production (168 Mgal/day), chemicals production (117

Mgal/day), and mining/mineral production (47.5 Mgal/day) (Figure 2-5).

GROUND-WATER USE FOR IRRIGATION

Irrigation constitutes the largest ground-water use in the State,
using 494 Mgal/day or 40.2% of all ground water withdrawn in 1987.
The irrigation estimates for 1987 are based on the Cooperative Exten-
sion Service's (CES) biannual Irrigation Survey (unpublished data),
last conducted in 1986. A brief summary of estimated irrigation with-
drawals is presented in Table A-5. The CES estimated that a total of
1,120,386 acres of crops were being irrigated in the State in }986,
with 73.1% of all irrigation occurring in the southwestern district of
the State (Figure 2-6). The total number of irrigation systems in use
in 1986 was 11,886, with ground water supplying 39% of the systems.
In 1986, 114 new irrigation wells were added in for a total of 4,628
state-wide.

Continuing periods of drought through 1987 resulted in the Geor-
gia General Assembly recognizing the need to regulate agricultural
water users, who are the largest water users in the State. Beginning
July 1, 1988, a permit is required for all ground-water and surface-
water withdrawals for agricultural uses of 100,000 gallons or more per

day on a monthly average. EPD will issue and regulate the permits.

2-9



— —m = — = e o s [l Loa S —e s

PAPER
167.9 MGAL/DAY

CHEMICALS 21.9 MGAL/
116.8 MGAL/DAY

MINERALS

47.45 MGAL/
DAY

\

TEXTILES
10.95 MGAL/DAY
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OTHER‘WATER-USE CATEGORIES

Other water-use categories include self-supplied domestic, com-
mercial, 1livestock, and thermoelectric uses. These withdrawals
totaled 12.4% of all ground-water withdrawals in 1987, approximately
152 Mgal/day.

Self-supplied domestic use is water used for normal household
purposes, virtually all of which is supplied by wells and springs.
Self-supplied domestic use was estimated to be 99 Mgal/day in 1985.
This estimate is equal to the self-supplied population multiplied by
75 gallons/day (average per capita domestic use). Estimates for 1987
are not available but are expected to be similar to 1985.

Commercial users include restaurants, hotels, retail stores and
other businesses, government and military facilities, prisons,
schools, hospitals, recreational facilities, and others. For 1987,
ground-water withdrawals by commercial users were estimated at 20.8
Mgal/day, with permitted users withdrawing 6.5 Mgal/day (Table A-6)
and nonpermitted users withdrawing an estimated 14.3 Mgal/day. Most
commercial users obtain their water from public water systems.

Thermoelectric power generation uses only a very small amount of
ground water, primarily for boiler make-up water and sanitary supply
in the power plants. Ground-water withdrawals for thermoelectric pow-

er generation totaled 6.3 Mgal/day in 1987 (Table A-7).

GROUND-WATER USE BY HYDROLOGIC UNIT

The state of Georgia is divided into 9 major hydrologic units, or
drainage basins, and 52 sub-basins (Figure 2-7). Drainage basins are
catchment areas for precipitation. Because precipitation is the prin-

cipal source of recharge to the ground-water system, it 1is
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Figure 2-7. - Major hydrologic units of Georgia
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important to examine ground-water use by hydrologic units. EPD has
deterﬁined maximum withdrawal rates for each river basin and, when
these limits are exceeded, water quality and availability for all
users in a particular basin may be affected. Permitted ground-water

use by hydrologic unit is presented in Table A-8 and Figure 2-8.

GROUND-WATER USE BY AQUIFER

Most ground water is withdrawn from the six principal aquifers in
the State. These are the Paleozoic aquifers and the crystalline rock
aquifers of north Georgia, and the Cretaceous aquifer system, the
Clayton aquifer system, the Claiborne aquifer system, and the Floridan
aquifer system of south Georgia (Figure 2-9).

Accurate estimates of total ground-water use by aquifer are dif-
ficult because locations and depths for all wells in the State are not
available. However, well locations and depths for permitted ground-
water users are available. A summary of estimates of permitted
ground-water use by aquifer, exclusive of self-supplied domestic and
other unpermitted uses, follows and is also presented in Table A-9.

The Floridan aquifer system is the most heavily utilized in the
State, supplying 73.7% of all permitted ground-water use. In 1987,
344.1 Mgal/day was pumped from this aquifer by permitted ground-water
users,

The Cretaceous aquifer system is the second most productive aqui-
fer in the State, supplying ground water for most of the northern one-
third of the Coastal Plain. The Cretaceous aquifer system supplied
17.9% of permitted ground-water use in 1987, with 83.6 Mgal/day

pumped.
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The Clayton and Claiborne aquifer systems are a primary source of
ground water for both irrigation and public water supply in southwest-
ern Georgia. However, irrigation water use information for 1987 is
incomplete, which makes it difficult to estimate total ground-water
use in these aquifer systems. In addition to irrigation use, the
Claiborne aquifer system supplied 3.1% of all permitted ground-water
use, with 14.8 Mgal/day pumped. The Clayton aquifer system supplied
12.8 Mgal/day, or 2.7% of permitted ground-water use.

Ground water in the Paleozoic aquifers supplied 8.6 Mgal/day, or
1.9% of permitted ground-water use, and the crystalline rock aquifers
supplied 3.1 Mgal/day, or 0.7% of permitted use. Most water used in
the northern portion of the State is supplied from surface-water

sources.
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GROUND-WATER QUALITY IN GEORGIA, 1987

GEORGIA GROUND-WATER MONITORING NETWORK
The Ground-Water Monitoring Network is maintained by the Georgia
Geologic Survey as an element of the State's Ground-Water Management
Program. Ambient ground-water quality monitoring serves to detect new
point sources of ground-water pollution in a timely manner and to as-
sess the cumulative effect of non-point sources such as agricultural
chemicals. Analyses are available for water samples collected during
1987 from 123 wells and three springs (Appendix B). These sample sta-
tions represent all seven major aquifer systems of the Coastal Plain
Province and the unconfined ground-water systems of the Piedmont/Blue
Ridge Province and the Valley and Ridge/Cumberland Plateau Province
(Table 3-1).
Monitoring stations are located in three critical areas:
(a) recharge areas of the State's primary aquifers,
(b) other areas of potential pollution related to regional
activities (agricultural and industrial areas), and

(c) areas of significant ground-water use.
The majority of Monitoring Network sampling stations are municipal and
industrial wells that have reliable well-comstruction data. Monitoring
wells maintained jointly by the Georgia Geologic Survey and the U.S.
Geological Survey also are used in specific areas where the State's
aquifers are recognized to be susceptible to contamination or pollution
(for example, the Dougherty Plain of southwestern Georgia and the
State's coastal area). Because these wells are completed in specific
permeable zones of an aquifer, analyses from several of the wells can

be used to assess ambient quality of water throughout an aquifer

system.
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Table 3-1. - Georgia Ground-Water Monitoring Network, 1987

NUMBER OF
MONITORING STATIONS

PRIMARY

STRATIGRAPHIC
EQUIVALENTS

AQUIFER
SYSTEM
Miocene 4
Floridan 50
Jacksonian 7
Claiborne 7
Clayton 6
Providence 4
Cretaceous 19
Piedmont 16
Blue Ridge 4
Valley and Ridge/ 9
Cumberland Plateau

Altamaha Formation and
Hawthorne Group

Suwannee Limestone,
Ocala Group, Bridgeboro
Limestone, and
Claibornian Carbonates
Barnwell Group

Tallahatta Formation
Clayton Formation
Providence Sand
Ripley Formation,
Cusseta Sand,
Blufftown Formation,
Eutaw Formation, and

Tuscaloosa Formation

Unconfined aquifers
Unconfined aquifers

Unconfined aquifers

AGE OF
AQUIFER
FORMATIONS

Miocene

Oligocene

to
Middle Eocene
Upper Eocene
Middle Eocene
Paleocene

Upper Cretaceous

Upper Cretaceous

Predominately
Paleozoic

Predominately
Paleozoic

Paleozoic



_;t should be noted that the analyses of water from the limited
number of monitoring stations define the ground-water quality only in
those areas sampled and only of the aquifers from which the wells re-
ceive ground water. Caution should be exercised in drawing broad con-
clusions and applying any results reﬁorted in this study to those
ground waters not being monitored.

Ground water from all monitoring stations is tested for parame-
ters included in the Monitoring Network's standard analysis: pH, spe-
cific conductivity, chloride, sulfate, nitrite/nitrate, twelve common
pesticide and industrial organic compounds, and thirty metals (Table
3-2). Where regional land-use activities have the potential to affect
ground-water quality in the vicinity of a monitoring station, addition-
al parameters are tested. These additional chemical screens are listed
in Appendix B. The significance of the common major constituents of a
water quality analysis is summarized in Table 3-3.

Sampling procedures are adapted from techniques used by the U.S.
Geological Survey and the U.S. Environmental Protection Agency. All
analyses, except for some contracted organic chemicals screens, are
performed by EPD laboratories. Data for the Ground-Water Monitoring
Network are constantly updated in the U.S. Environmental Protection

Agency's STORET computer data management system.
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Table 3-2., - Standard water quality analysis of the Ground-Water Monitoring
- Network - drinking-water limits from the Georgia Rules for Safe
Drinking Water

Drinking-Water Drinking-Water
Limit Limit
Parameter* (Where Applicable) Parameter* (Where Applicable)
ICP SCREEN, Cont.
pH s.U. - Aluminum ug/L _
Spec. Cond. umho/cm - Antimony ug/L -
Chloride mg/L 250 Arsenic ug/L 50
Sulfate mg.S04/L 250 Barium ug/1 1,000
Nitrite/mitrate mg.N/L 10 Beryllium ug/L -
Bismuth ug/L -
ORGANIC SCREEN #2 Cadmium ug/L 10
Dicofol ug/L - Chromium ug/L 50
Endrin ug/L 0.2 Cobalt ug/L -
Lindane ug/L 4 Copper ug/L 1,000
Methoxychlor ug/L 100 Gold ug/L -
PCB's ug/L - Iron ug/L 300
Permethrin ug/L - Lead ug/L 50
Toxaphene ug/L 5 Manganese ug/L 50
Molybdenum ug/L -
ORGANIC SCREEN #4 Nickel ug/L --
2,4-D ug/L 100 Selenium ug/L 10
Acifluorfen ug/L — Silver ug/L 50
Chloramben ug/L - Strontium ug/L -
Silvex ug/L 10 Thallium ug/L -
Trichlorfon ug/L _— Tin ug/L -
Titanium ug/L -
ICP SCREEN Vanadium ug/L -
Calcium mg/L ' - Yetrium ug/L -
Magnesium mg/L - Zinc ug/L 5,000
Potassium mg/L - Zirconium ug/L -
Sodium mg/L ==

*$.U. = standard units, umho/cm = micromhos/centimeter, mg/l= milligrams/liter
(parts per million), ug/L = micrograms/liter (parts per billion)
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Table 3-3. - The significance
(Wait, 1960)

PARAMETER(S)

pH
(Hydrogen ion concentration)

Calcium and magnesium¥*

Sodium and potassium*

Iron and manganese

Sulfate

Chloride

Nitrite/nitrate

of parameters of a basic water—quality analysis

SIGNIFICANCE

pH is a measure of the concentration of the hy-
drogen ion. Values of pH less than 7.0 denote
acidity and values greater than 7.0 indicate
alkalinity. Corrosiveness of water generally
increases with decreasing pH. However, exces-—
sively alkaline waters may also attack metals.
A pH range between 6.0 and 8.5 is considered ac-—
ceptable.

Calcium and magnesium cause most of the hardness
of water. Hard water consumes soap before a
lather will form and deposits scale in boilers,
water heaters, and pipes. Hardness is reported
in terms of equivalent calcium carbonate. The
hardness of a water can be estimated by multi-
plying the parts per million of calcium by 2.5
and that of magnesium by 4.1.

Water Class Hardness
(parts per million)
Soft Less than 60
Moderately Hard 60 to 120
Hard 121 to 180
Very Hard More than 180

Sodium and potassium have little effect on the
use of water for most domestic purposes. Large
amounts give a salty taste when combined with
chloride. A high sodium ratio may limit the use
of water for irrigation.

More than 300 parts per billion of iron stains
objects red or reddish brown and more than 50
parts per billion of manganese stains objects
black. Larger quantities cause unpleasant taste
and favor growth of iron bacteria but do not
endanger health.

Sulfate in hard water increases the formation of
scale in boilers. In large amounts, sulfate in
combination with other ions imparts a bitter
taste to water. Concentrations above 250 parts
per million may have a laxative effect, but 500
parts per million is considered safe.

Chloride salts in excess of 100 parts per mil-
lion give a salty taste to water. Large quanti-
ties make the water corrosive. Water that con-
tains excessive amounts of chloride is not suit-
able for irrigatiom. It is recommended that
chloride content should not exceed 250 parts per
million.

Concentrations much greater than the local aver-
age may suggest pollurion. Excessive amounts of
nitrogen in drinking or formula water of infants
may cause a type of methemoglobinemia ("blue ba-
bies"). Nitrite/mitrate nitrogen in concentra-
tions greater than 10 parts per million is con-
sidered to be a health hazard.

*Major alkali metals present in most ground waters.
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CRETACEOUS IAQUIFER SYSTEM

The Cretaceous aquifer system is a complex group of interconnected
aquifer subsystems consisting of the upper Cretaceous sands of the
Coastal Plain Province. These sands form an extensive outcrop/recharge
area immediately south of the Fall Line in west-central Georgia. Out~
crops are restricted to valley bottoms in the northeastern Coastal
Plain. Five distinct subsystems of the Cretaceous aquifer system, in-
cluding the Providence aquifer system, are recognized west of the Oc-
mulgee River (Pollard and Vorhis, 1980) and merge into three subsystems
to the east (Clarke and others, 1985). Aquifer sands thicken southward
from the Fall Line, where they pinch out against crystalline Piedmont
rocks, to a sequence of sand and clay approximately 2,000 feet thick at
the southern limits of the main aquifer-use area. Recharge to the Cre-
taceous aquifer system is primarily derived from rainfall infiltration
in the outcrop areas. Leakage from adjacent members of the aquifer
system provides significant recharge in downdip areas.

Water quality of the Cretaceous aquifer system, excluding the
Providence aquifer system which is treated separately in this report,
was monitored in 19 wells (Figure 3-1 and Table 3-4). Sixteen wells
were located in or adjacent to outcrop and recharge areas extending
across the State, Three wells were in downdip areas in Burke and
Laurens Counties. A total of 25 samples were collected in 1987.

Water of the outcrop area wells was typically acidic to the point
of being corrosive and soft. Irom levels were in excess of drinking-
water limits in water from only three of the wells. The three outcrop
area wells, adjacent to the Chattahoochee River, yielded basic and soft
waters with a sodium content of 22.6 to 79.6 parts per million. Water

from two of these wells was unsuitable for irrigation because of the

3-6



sodium concentrations. Water from the downdip wells ranged from acidic
to basic with high iron and manganese levels in water from two of the
three wells., Aluminum, barium, copper, strontium, and zinc, in addi-
tion to the major alkali metals: calcium, magnesium, potassium, and
sodium, were the other common metallic cations in the Cretaceous aqui-
fer water samples.

Chloride and sulfate levels were low, less than 15 parts per mil-
lion, in all samples. Chloride concentrations were highest in water
from wells in the Chattahoochee River area. Sulfate levels of the
samples were generally higher in downdip areas. Nitrite/nitrate con-
centrations were detectable in water from eleven of the outcrop-area
wells and significantly above average, 0.50 to 1.10 parts per millionm,
in samples from three of these wells. Nitrite/nitrate values in the
1987 samples were within the range of values measured in samples col-
lected during the previous three years. Chloroform and related com-
pounds were detected in water from wells located in Irwinton, Wilkinson
County, and Buena Vista, Marion County. A follow-up investigation at
Buena Vista revealed the source of the chloroform to be treated water

that was used in the pump lubrication system.
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Figure 3-1. - Water quality of the Cretaceous aquifer system



Table 3-4., — Summary of ground-water quality analyses, Cretaceous
aquifer system

CONSTITUENT OR

ANALYTICAL RESULTS

PHYSICAL PROPERTY* 1987 1984 - 1986

25 ANALYSES 53 ANALYSES

MINIMUM MEAN MAXIMUM | MINIMUM MEAN MAXIMUM

LABORATORY pH
(standard units) 3.9 5.8 9.1 4.1 5.8 9,2
CALCIUM
Ca (ppm) 0.3 3.5 23.7 0.3 3.5 36.9
MAGNESIUM
Mg (ppm) <0.1 0.4 1.7 0.0 0.4 2.1
SODIUM
Na (ppm) 0.9 9.2 79.6 0.9 11.4 85.4
POTASSIUM
K (ppm) <0.5 0.7 4.5 <0.5 0.5 5.7
IRON :
Fe (ppb) <10 499 4580 <10 316 3890
MANGANESE
Mn (ppb) <10 11 165 <10 <10 220
CHLORIDE
cl (ppm) 1.0 3.3 13.7 1.0 3.8 14.5
NITRITE & NITRATE
NO, & NOj3 (ppmN) <0.02 0.19 1.10 <0.02 0.21 1.10
SULFATE
504 (ppm) <2 4 15 <2 3 15

*ppm = parts per million,
ppmN = parts per million as nitrogen,
ppb = parts per billion
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PROVIDENCE AQUIFER SYSTEM

The Providence aquifer system of southwestern Georgia consists of
sand and coquina limestone of the upper Cretaceous Providence Forma-
tion. Outcrops of the aquifer system extend from northern Clay and
Quitman Counties through eastern Houston County. In its updip extent,
the aquifer system thickens both to the east and to the west of a broad
area of less-than-100-feet-thickness adjacent to the.Flint River, Cen-
ters of greater~than-300-feet-thickness are known in Pulaski County and
projected in the Baker-Calhoun-Early Counties area (Clarke and others,
1983).

Recharge from rainfall infiltration takes place in outcrop areas
and, east of the Flint River, in adjacent covered areas where the
aquifer is overlain by permeable sand units. The permeable Providence
Formation-Clayton Formation interval forms a single aquifer east of the
Flint River (Clarke and others, 1983) that is recognized as the Dublin
aquifer system to the east of the Ocmulgee River (Clarke and others,
1985). The Chattahoochee River forms the western discharge boundary
for this flow system in Georgia.

Water quality in the Providence aquifer system was monitored in
one outcrop-area well and, where the system is confined, in two updip-
area wells and one downdip-area well (Figure 3-2 and Table 3-5). Each
well was sampled once. Water from the updip wells was slightly acidic
and soft in the outcrop- area well and basic and soft to moderately
hard in the confined-area wells. Sodium concentrations in water from
two of the wells were too high for general irrigation use. Irom and
manganese levels in water from all three updip wells were below drink-
ing-water maximums. Water was basic and soft with an iron concentra-
tion that exceeded the drinking-water limit in the one downdip-area
well. Calcium, magnesium, potassium, and strontium were the only other
metallic cations that were commonly detected. Chloride and sulfate
concentrations were low in all samples, less that 12 parts per million.
Nitrite/nitrate, in trace amounts, was present in water from two of the

updip wells.
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Table 3-5. - Summary of ground-water quality analyses, Providence
aquifer system

CONSTITUENT OR

ANALYTICAL RESULTS

PHYSICAL PROPERTY* 1987 1985 - 1986
4 ANALYSES 9 ANALYSES

MINIMUM [ MEAN | MAXIMUM | MINIMUM | MEAN | MAXIMUM
LABORATORY pH
(standard units) 6.5 7.7 8.8 5.7 7.7 9.1
CALCIUM
Ca (ppm) 6.0 13.4 32.1 5.5 13.7 38.5
MAGNESIUM
Mg (ppm) 0.5 1.1 1.9 0.5 1.1 2.2
SODIUM
Na (ppm) 1.6 38.8 76.2 1.3 46.2 85.3
POTASSIUM
K (ppm) 0.8 1.6 2.4 0.9 1.6 2.9
IRON
Fe (ppb) 12 507 1870 15 179 835
MANGANESE
Mn (ppb) <10 <10 18 <10 <10 26
CHLORIDE
Ccl (ppm) 2.1 5.0 10.8 1.5 5.8 12.0
NITRITE & NITRATE
NO, & NO3 (ppmN) <0.02 0.11 0.39 <0.02 0.16 0.76
SULFATE
504 (ppm) <2 6 12 <2 7 15

*ppm= parts per million,

ppmN
ppb=

= parts per million as nitrogen,
parts per billion

3-12




CLAYTON AQUIFER SYSTEM

The Clayton aquifer system of southwestern Georgia is developed in
the middle limestone unit of the Paleocene Clayton Formation. Lime-
stones and calcareous sands of the Clayton aquifer system crop out in a
narrow belt extending from northeastern Clay County to southwestern
Schley County. The aquifer thickness varies irrregularly, ranging from
50 feet near outcrop areas to 265 feet in southeastern Mitchell County
(Clarke and others, 1984).

The Clayton aquifer system is recharged by rainfall infiltration
in outcrop areas. Leakage from the underlying Providence aquifer sys-
tem and the overlying Wilcox confining zone is significant in downdip
areas (Clarke and others, 1984). Both the Flint River, to the east,
and the Chattahoochee River, to the west, are areas of discharge for
the aquifer system in its updip extent. East of the Ocmulgee River,
the Clayton Formation and Providence Formation merge to form the Dublin
aquifer system (Clarke and others, 1985).

Six wells, each sampled once in 1987, were used to monitor water
quality of the Clayton aquifer system (Figure 3-3 and Table 3-6).
These wells were located in the updip confined areas and in a downdip
area. All water samples were basic and non-corrosive. The water was
moderately hard to hard in the updip areas. Iron and manganese concen-
trations exceeded drinking-water limits in two of the samples, Barium,
strontium, and zinc were the only other common metallic cations besides
the major alkali metals. The water was soft with iron and manganese
levels that were too high for domestic water ﬁses in the one downdip-
area well.

Chloride content was uniformly low in all samples. The levels of
sulfate varied between 10 and 70 parts per million. Nitrite/nitrate
concentrations were below detection limits in all samples. Excluding
the Clay County well which was sampled for the Monitoring Network for
the first time in 1987, the average concentrations of ions in water of
the Clayton aquifer system have remained relatively constant for the

period 1985 through 1987.
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Table 3-6. - Summary of ground-water quality analyses, Clayton
aquifer system

CONSTITUENT OR

ANALYTICAL RESULTS

PHYSICAL PROPERTY* 1987 1985 - 1986
6 ANALYSES 12 ANALYSES

MINIMUM | MEAN | MAXIMUM | MINIMUM | MEAN | MAXIMUM
LABORATORY pH
(standard units) 7.3 7.6 7.8 7.4 7.8 8.2
CALCIUM
Ca (ppm) 10.0 48.4 126.1 10.2 - 36.9 52.9
MAGNESIUM
Mg (ppm) 3.1 3.6 4.8 1.1 3.5 5.1
SODIUM
Na (ppm) 1.7 12.3 34.3 1.5 10.4 39.2
POTASSIUM
K (ppm) 1.1 2.1 3.1 0.7 1.7 3.1
IRON
Fe (ppb) 21 2660 | 14,400 29 327 1010
MANGANESE
Mn (ppb) <10 84 460 <10 <10 30
CHLORIDE
Cl (ppm) 2.6 4.3 8.8 1.5 2.3 3.1
NITRITE & NITRATE
NO, & NO3 (ppmN) <0.02 |<0.02| <0.02 <0.02 <0.02 <0.02
SULFATE
S04 (ppm) 10 22 70 8 12 19

*ppm = parts per million,
ppmN = parts per million as nitrogen,
ppb = parts per billion
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CLAIBORNE AQUIFER SYSTEM

The Claiborne aquifer system of southwestern Georgia consists pri-
marily of sands of the middle Eocene Claiborne Group. The Claiborne
aquifer system is generally restricted to the Tallahatta Formation in
downdip areas where the Claiborne Group can be divided into an over-
lying Lisbon Formation and an underlying Tallahatta Formation, (McFad-
den and Perriello, 1983). Claiborne Group sands crop out in a belt ex-
tending from northern Early County through western Dooly County. The
aquifer generally thickens from the outcrop area towards the southeast,
attaining a thickness of almost 300 feet in eastern Dougherty County.

Recharge to the Claiborne aquifer system originates as rainfall
infiltration in the outcrop area. Limited recharge may be derived in
the vicinity of Albany in Dougherty County by leakage from the overly-
ing Floridan aquifer system (Hicks and others, 1981). Surface drain-
ages mark significant discharge boundaries of the aquifer system; to
the east, the Ocmulgee River, and to the west, the Chattahoochee River,
East of the Ocmulgee River, the permeable Tallahatta unit is included
in the Gordon aquifer system (Brooks and others, 1985).

Ground-water samples were collected from seven Claiborne aquifer
system wells during 1987 (Figure 3-4 and Table 3-7). Three of the
wells were located in outcrop areas and the remaining four were located
in downdip areas where the aquifer is confined. Water from wells in
the outcrop areas was acidic to the point of being corrosive and soft.
Iron or manganese concentra- tions exceeded drinking-water limits.
Wells yielded water that was basic and moderately hard to hard in the
downdip areas. The concentra- tion of iron was higher than the drink-
ing-water limit only in water from one of the four downdip wells, No

other metal cations exceeded drinking-water limits, although aluminium,

3-16



barium, copper, yttrium, and zinc were commonly detected in addition to
the major alkali metals.

Chloride and sulfate concentrations in the Claiborne aquifer water
samples were uniformly low. Further downdip, in Thomas County, water
in the Claiborne aquifer system is highly mineralized (Sever, 1966).
Nitrite/nitrate levels ranged between 1.42 to 6.75 parts per million in
water from two outcrop-area wells and one downdip-area well. These

concentrations were reduced slightly from the levels monitored in 1986.
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Table 3-7. - Summary of ground-water quality analyses, Claiborne
aquifer system

CONSTITUENT OR

ANALYTICAL RESULTS

PHYSICAL PROPERTY¥* 1987 1985 - 1986

7 ANALYSES 16 ANALYSES

MINIMUM MEAN MAXTMUM | MINIMUM MEAN MAXIMUM

LABORATORY pH
(standard units) 4.3 6.4 8.0 4,2 6.6 7.8
CALCIUM
Ca (ppm) 1.3 26.5 54.8 1.4 28.9 51.7
MAGNESIUM
Mg (ppm) 0.3 3.4 8.6 0.3 3.9 8.6
SODIUM
Na (ppm) 1.3 5.7 18.4 1.2 6.1 19.0
POTASSIUM
K (ppm) <0.5 1.8 3.6 <0.5 1.7 3.3
IRON i
Fe (ppb) 28 259 730 <10 316 875
MANGANESE
Mn (ppb) <10 79 460 <10 60 375
CHLORIDE
Cl (ppm) 3.1 6.5 15.5 1.8 5.2 11.7
NITRITE & NITRATE
NO, & NO3 (ppmN) | <0.02 | 1.63 | 6.75[| <0.02 | 1.10| 6.80
SULFATE
504 (ppm) <2 3 8 <2 4 21

*ppm = parts per million,
ppmN = parts per million as nitrogen,
ppb = parts per billion
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JACKSONIAN AQUIFER SYSTEM

The Jacksonian aquifer system of central and east—-central Georgia
is developed in sands of the Eocene Barnwell Group. Outcrops of sand
and clay of the Barnwell Group extend from Macon and Peach Counties
eastward to Burke and Richmond Countieé. Aquifer sands of a northern
clastic facies grade southward into less permeable silts and clays of a
transition facies (Vincent, 1982). The water-bearing sands are rela-
tively thin, generally ranging from ten to fifty feet in thickness.
Limestones of a southern carbonate facies are included in the Floridan
aquifer system.

Recharge to the Jacksonian aquifer system originates as rainfall
infiltration where the sands crop out. Water availability is restrict-
ed to outcrop and adjacent areas. The Savannah River, to the east, and
the Ocmulgee River, to the west, are discharge boundaries for the updip
flow system.

Water quality in the Jacksonian aquifer system was monitored in
five wells of the clastic facies and two wells of the traunsition
facies. Three clastic-facies wells were sampled twice in 1987. Water
from the aquifer system was generally basic and moderately hard to
hard. Iron levels in all samples were below the maximum limits for
drinking water. Manganese exceeded the limit only in water from one
transition-facies well. The major alkali metals and barium, strontium,
and zinc were the only other metallic cations commonly detected.

Chloride and sulfate levels were less than 15 parts per million in
all samples. WNitrite/nitrate concentrations were higher, 0.50 to 3.70
parts per million, in water from two of the Burke County wells and the
Johnson County well than in water from the other wells., Nitrite/ni-
trate levels have apparently increased through receant years in the two

wells with a previous record of water quality.

3-20



. TENNesESSEE ! NOR™IH caroLINA "T—
15 i _ = f{+ 35’

TOWNS 8

=

ATOOSA S (R
FANNIN

o
g .
A MURRAY UNIOMN

WALKER

LUMRAKIN
. HATTODG lGORDON
' |
\ DAWSO

BARTOW | CHEROKEE |FORBYTH

SOWETA ALY s : CLASTIC
. : ¢, FACIES
o
A
\l"ﬁ‘@ :]2"4—33
‘:L’o
ARRIS BCREVEN ‘}7‘9 TRANSIT'ON
. ©  FACIES

-~
ey 2
i d

Ea,w (
o, CARBONATE

FHOOCHE
; FACIES
e’
. HATY
: HAMeRn
P!

o ’ STEWART &) sumten BAVAN f#\ﬂ P
£t £ A% '
oL i
o TERRELL ; K™ 7 |
) AANDOLPH LEE .V
\ - 3

RO § oaunoun '/ﬂv‘ [ WORTH
. oouGHERTY |
o 0
EARLY WD
BAKER - _ s
_‘) | aEnmien’) ATKINSON GLYNN
N MITGHELL |  COLOUTT WARE o &
MILLER 3,

" FLORIDA o

i

; = . :
Py J e 1&‘\' ; | b "5 e
| - S| cuiNcH g o =
™ &) oecatun | craov | ! LOWNDES EGo CAMDEN
LQ‘? THOMAS | BROOKS "
{ % I \H ‘JI‘, -“"\_'_‘
os' el L [ ECHOLS \
AID. i . 0N . 4

82’

O Manganese concentration exceeds Drinking-Water Limit
N Nitrite/nitrate concentrations exceed 0.45 parts per milliomn
A Moderately hard water

.. Hard water
% significant recharge areas (from Davis et. al., 1988)

~A\Facies boundary (from Vincent, 1982)

Figure 3-5. - Water quality of the Jacksonian aquifer system
3-21



Table 3-8. - Summary of ground-water quality analyses, Jacksonian
aquifer system

CONSTITUENT OR

ANALYTICAL RESULTS

PHYSICAL PROPERTY* 1987 1984 - 1986
10 ANALYSES 18 ANALYSES

MINIMUM MEAN MAXTMUM | MINIMUM MEAN MAXIMUM
LABORATORY pH
(standard units) 6.5 7.4 7.9 6.5 7.4 7.8
CALCIUM
Ca (ppm) 24.6 45.5 65.3 24,1 44.8 67.4
MAGNESIUM
Mg (ppm) 0.9 1.8 6.1 0.9 1.9 6.1
SODIUM
Na (ppm) 1.5 3.3 9.7 1.5 3.5 9,7
POTASSIUM
K (ppm) 0.5 0.8 2.1 <0.5 1.0 2.1
IRON
Fe (ppb) <10 88 225 <10 107 285
MANGANESE
Mn (ppb) <10 16 110 <10 19 125
CHLORIDE
Cl (ppm) 2.1 4.7 10.4 1.5 5.4 10.0
NITRITE & NITRATE
NO, & NO3 (ppmN) <0.02 0.79 3.70 <0.02 0.58 2.50
SULFATE
so;4 (ppm) <2 4 14 <2 4 17
*ppm = parts per million,

ppmN = parts per million as nitrogen,
ppb = parts per billion
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FLORIDAN AQUIFER SYSTEM

The Floridan aquifer system, formerly known as the Principal Arte-
sian aquifer system, consists of middle Eocene and Oligocene limestones
and dolostones that underlie most of the Coastal Plain Province. Other
units are included locally in the aquifer. The aquifer is a major
source of ground water for much of its outcrop area and throughout its
downdip extent to the south and east. The upper water-bearing units of
the Floridan are the Ocala Group and the Suwannee Limestone (Crews and
Huddlestun, 1984). These limestones crop out in a karstic area in
southwestern Georgia including the Dougherty Plain and adjacent areas
along strike to the northeast. Floridan aquifer system carbonates form
a single permeable zone in updip areas, but they are separable into two
zones in downdip areas (Miller, 1986). From its updip limit, defined
in the east by clays of the Barnwell Group, the aquifer thickens to
well over 700 feet in coastal Georgia. Ground-water quality and
availability are limited by a dense limestone-and-clay facies along the
trend of the Gulf Trough (Kellam and Gorday, in press). The Gulf
Trough is a linear depositional feature that extends from southwestern
Decatur County through ceantral Bulloch County.

Maps of the potentiometric surface of the Floridan aquifer system
indicate that the Dougherty Plain overlies a southwestward ground-water
flow system, separate in Georgia from the dominant southeastward flow
direction. Recharge in the Dougherty Plain is-derived as rainfall in-
filtration in outcrop areas and leakage from extensive surficial aqui-
fers (Hayes and others, 1983). The main body of the aquifer system, to
the east, is recharged by leakage from the Jacksonian aquifer system
and, adjacent to the Dougherty Plain, by rainfall infiltration in out-
crop and shallowly-covered areas. Significant recharge occurs in the
Brooks-Echols-Lowndes Counties area where upper confining beds are
breached by the Withlacoochee River and numerous sinkholes (Krause,

1979).
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Fifty wells were used to monitor water quality of the Floridan
aquifer system (Figure 3-6 and Table 3-9). Water from seventeen wells

was sampled twice in 1987. Most of the multiple samples were collected
from wells that were located in the Dougherty Plain and in the vicinity
of a recharge center in Lowndes County.

All Floridan water samples were non-corrosive, ranging from neu-
tral to basic, and moderately hard to hard. Iron and manganese exceed-
ed drinking-water limits in water from only four wells. Barium, stron-
tium, and zinc, in concentrations below drinking-water limits in all
but one well, were the only other metallic cations commonly present
other than the major alkali metals.

The average values of chloride and sulfate in the Floridan were
slightly increased over those from previous years' monitoring. Typical
chloride and sulfate concentrations in the water samples were below 10
parts per million, but chloride levels exceeded 100 parts per million
in water from three coastal-area wells. Concentrations of sulfate were
greater than 100 parts per million in water from ten wells that also
were located primarily in coastal areas.

Average 1987 nitrite/nitrate values were higher in the Floridan
than in previous years. Ten of the 12 wells that yielded water with
nitrite/nitrate levels greater than 0.45 parts per million were located
in the Dougherty Plain. Nitrite/nitrate concentrations were higher
than any previously monitored levels in at least one of the 1987 sam-
ples from each of seven Dougherty Plain wells.

Traces of volatile organic compounds continued to be detected in
water from a shallow well located in Albany, Dougherty County. EPD
recently has completed investigations in Albany to attempt to define
the extent of this pollution. Drinking-water supplies in Albany have

not been impacted.
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Table 3-9. - Summary of ground-water quality analyses, Floridan
aquifer system

CONSTITUENT OR

ANALYTICAL RESULTS

PHYSICAL PROPERTY* 1987 1984 - 1986
67 ANALYSES 136 ANALYSES

MINIMUM | MEAN | MAXIMUM | MINIMUM | MEAN | MAXIMUM
LABORATORY pH
(standard units) 7.0 7.7 8.0 7.0 7.7 8.1
CALCIUM
Ca (ppm) 22.4 43.9 132.0 22.3 45.7 136.0
MAGNESIUM
Mg (ppm) 0.4 10.8 93.0 0.4 12.4 95.3
SODIUM
Na (ppm) 1.6 17.8 550.0 1.6 18.9 575.0
POTASSIUM
K (ppm) £0.5 1.4 11.1 <0.5 1.6 9.3
IRON :
Fe (ppb) <10 114 3600 <10 60 1470
MANGANESE
Mn (ppb) <10 10 130 <10 <10 100
CHLORIDE
cl (ppm) 1.5 30.4 1092.0 2.0 28.1 | 1000.0
NITRITE & NITRATE
NO, & NO3 (ppmN) <0.02 0.78 7.32 <0.02 0.54 7.15
SULFATE
504 (ppm) <2 47 425 <2 45 400

*ppm = parts per million,
ppmN = parts per million as nitrogen,
ppb = parts per billion
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MIOCENE AQUIFER SYSTEM

Much of east-central, central, and southern Georgia lies within
outcrop areas of the Miocene Altamaha Formation and Hawthorne Group.
Miocene clays and sandy clays are thickest, more than 500 feet, in
Wayne County. Discontinuous lens-shaped bodies of sand, 50 to 80 feet
thick, are the main permeable units (Watson, 1982). Two principal
aquifer units are present in the coastal area (Joiner and others,

1988).

Recharge to the Miocene aquifer system is primarily derived as
rainfall infiltration in the outcrop area. Areas of confinement exist
along the coast and locally in Grady, Thomas, Brooks, and Lowndes
Counties. Leakage from overlying surface aquifers into the Miocene
aquifer system and, in some areas, from the underlying Floridan aquifer
system is significant in the coastal counties (Watson, 1982).

Four wells, each sampled twice in 1987 were used to monitor water
quality of the Miocene aquifer system (Figure 3-7 and Table 3-10). Wa-
ter from the Lowndes County well was acidic to the point of being cor-
rosive and soft. Iron was a minor comstituent. The two other updip
wells yielded water that was basic and moderately hard and had irom and
manganese levels that exceeded drinking-water limits. Water from the
coastal-area well was basic and hard with high concentrations of all
major element constituents. Iron and manganese levels were less than

maximum drinking-water limits. The major alkali metals and aluminum,

barium, strontium, and zinc were the only other metallic cations common
to the Miocene aquifer water samples,

Chloride and sulfate concentrations were low, below 50 parts per
million, in all samples. Nitrite/nitrate levels were 2.95 and 3.10
parts per million in the two samples of water from the Lowndes County
well. Measured values of nitrite/mitrate in water from this well have

increased since 1985.
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Table 3-10. - Summary of ground-water quality analyses, Miocene

aquifer system

CONSTITUENT OR

ANALYTICAL RESULTS

PHYSICAL PROPERTY* 1987 1985 - 1986
8 ANALYSES 11 ANALYSES

MINIMUM | MEAN | MAXIMUM | MINIMUM | MEAN | MAXIMUM
LABORATORY pH
(standard units) 5.0 7.0 8.2 4.7 7.0 8.0
CALCIUM
Ca (ppm) 1.1 25.9 67.8 1.1 27.1 66.5
MAGNESIUM
Mg (ppm) 0.7 7.7 13.6 0.6 8.6 13.9
SODIUM
Na (ppm) 5.6 9.7 21.3 2.9 9.6 21.1
POTASSIUM
K (ppm) <0.5 1.6 3.9 <0.5 1.9 4.4
IRON
Fe (ppb) 25 491 2010 <10 133 630
MANGANESE
Mn (ppb) <10 40 110 <10 22 105
CHLORIDE
Ccl (ppm) 2.5 9.4 25.6 2.0 8.6 23.5
NITRITE & NITRATE
NO, & NO3 (ppmN) <0.02 0.76 3.10 <0.02 0.24 2.20
SULFATE
so; (ppm) <2 15 46 <2 13 44

*ppm = parts per million,
ppuN = parts per million as nitrogen,
ppb = parts per billion

3-29




PIEDMONT/BLUE RIDGE UNCONFINED AQUIFERS

Georgia's Piedmont and Blue Ridge Physiographic Provinces are de-
veloped on metamorphic and igneous rocks that are predominately Paleo-
zoic. Soil and saprolite horizons and openings along fractures and
joints in the rocks are the major waéer-bearing features, Fracture
density and interconnection are the primary controls on the availabili-
ty of water from wells in these provinces. The permeability and thick-
ness of soils and shallow saprolite horizons determine the amount of
discharge that can be sustained. Both high-angle and near-horizontal
fractures and joints have been shown to be important controls on yields
of wells developed in crystalline rock (Cressler and others, 1983).

Sixteen wells in the Piedmont Province and four wells in the Blue
Ridge Province were used to monitor water quality (Figure 3-8 and Ta-
bles 3-11/3-12). Water samples were collected twice from four of the
Piedmont wells in 1987. All of these wells produced water from frac-
tures in crystalline rock.

Water from Monitoring Network wells in the crystalline rock aqui-
fers was generally non-corrosive and soft to moderately hard. Iron and
manganese levels exceeded drinking-water limits in water from ten of
the wells. Aluminum, barium, strontium, and zinc were common metallic
cations in addition to the major alkali metals.

Chloride and sulfate concentrations were below 30 parts per mil-
lion in all samples. Nitrite/nitrate was detected in water from 18 of
the wells., Seven of these wells yielded water with nitrite/nitrate
levels between 0.75 and 3.20 parts per million. The nitrite/nitrate
concentrations monitored in 1987 were in ranges established by earlier
analyses for most of the wells with a previous record of water quality.

Traces of volatile organic compounds were detected in samples from
wells in Fulton and Rockdale Counties. Traces of a phthalate compound
were present in the Fulton County water samples. These analyses indi-
cate a continuing occurrence documented by the Monitoring Network in
previous years. Curreant drinking-water supplies are not compromised in

either area.
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Figure 3-8. - Water quality of the Piedmont/Blue Ridge unconfined
aquifers
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Table 3-11. - Summary of ground-water quality analyses, Piedmont
unconfined aquifers

CONSTITUENT OR

ANALYTICAL RESULTS

PHYSICAL PROPERTY#¥ 1987 1984 - 1986
20 ANALYSES 41 ANALYSES

MINIMUM MEAN MAXIMUM | MINIMUM MEAN MAXIMUM
LABORATORY pH
(standard units) 5.5 6.8 7.8 4.8 6.6 8.2
CALCIUM
Ca (ppm) 0.2 |12.9 26.8 0.2 15.4 64.3
MAGNESIUM
Mg (ppm) 0.2 3.0 8.1 0.2 3.4 11.5
SODIUM
Na (ppm) 1.4 9.3 24.3 0.9 11.2 59.3
POTASSIUM
K (ppm) 1.6 2.6 4.9 1.1 2.3 4.7
IRON
Fe (ppb) <10 993 10,900 <10 1081 6670
MANGANESE
Mn (ppb) <10 141 1030 <10 56 1310
CHLORIDE
Cl (ppm) 2,1 7.7 29.4 0.1 6.9 50.0
NITRITE & NITRATE
NO; & NO3 (ppmN) <0.02 0.52 3.20 <0.02 0.44 3.65
SULFATE
so; (ppm) <2 9 29 <2 20 280

*ppm = parts per million,
ppmN = parts per million as nitrogen,
ppb = parts per billion
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Table 3-12. - Summary of ground-water quality analyses, Blue Ridge
unconfined aquifers

CONSTITUENT OR ANALYTICAL RESULTS
PHYSICAL PROPERTY* 1987 1984 - 1986
4 ANALYSES 7 ANALYSES

MINIMUM MEAN MAXTMUM | MINIMUM MEAN MAXIMUM
LABORATORY pH
(standard units) 6.1 6.7 7.8 5.9 6.7 7.8
CALCIUM
Ca (ppm) 2.9 10.4 23.1 3.3 11.9 23.8
MAGNESIUM
Mg (ppm) 1.3 1.8 2.4 1.3 2.1 2.5
SODIUM
Na (ppm) 2.4 6.3 12.6 2.1 6.9 12.8
POTASSIUM
K (ppm) 1.7 2.2 2.8 1.5 2.1 2.5
IRON
Fe (ppb) <10 88 295 <10 876 4950
MANGANESE
Mn (ppb) <10 35 120 <10 37 105
CHLORIDE
cl (ppm) 3.1 5.2 9.3 1.0 2.7 3.9
NITRITE & NITRATE
NO,2 & NOj (ppmN) 0.04 0.94 1.92 <0.02 0.56 1.86
SULFATE
s0; (ppm) <2 6 19 <1 7 14

*ppm = parts per million,
ppmN = parts per million as nitrogen,
ppb = parts per billion
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VALLEY AND RIDGE UNCONFINED AQUIFERS

Low-yield unconfined aquifers are present in soils and regolith
across most of the Valley and Ridge Province of northwestern Georgia.
Higher yielding wells and springs, suitable for municipal supplies,
generally are restricted to valley bottoms where dolostones and lime-
stones crop out. Most large ground-water withdrawals are derived from
dolostones and limestones of the Cambro-Ordovician Knox Group.

Water quality in the Valley and Ridge unconfined aquifers was mon-
itored in\six wells and three springs located throughout the Province
(Figure 3-9 and Table 3-13). Four of these wells and all three springs
produced water from Knox Group carbonates. The other wells represent
water quality in the Ordovician Chickamauga Group of Walker County and
the Cambrian Shady Dolomite of Bartow County. Water from the Cambro-
Ordovician dolostones and limestones was typically basic and hard. The
two wells in northernmost Walker County yielded water that was rela-
tively mineralized. Iron and manganese concentrations did not exceed
drinking-water limits in most water samples. The major alkali metals
and aluminum, barium, and strontium were common metallic cationms,

Chloride and sulfate concentrations were typically low. Levels
were higher in the north Walker County area with up to 83 parts per
million sulfate and 53 parts per million chloride present. Nitrite/
nitrate was detected in water from eight of the monitoring stations at
levels from 0.38 to 6.50 parts per million. The nitrite/nitrate levels
measured in 1987 were generally the highest recorded in water samples

from these stations since monitoring began in 1985,
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Figure 3-9. - Water quality of the Valley and Ridge unconfined aquifers
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Table 3-13. - Summary of ground-water quality analyses, Valley and Ridge
unconfined aquifers

CONSTITUENT OR ANALYTICAL RESULTS
PHYSICAL PROPERTY* 1987 1985 - 1986
11 ANALYSES 22 ANALYSES

MINIMUM | MEAN | MAXIMUM | MINIMUM | MEAN | MAXTMUM
LABORATORY pH
(standard units) 6.7 7.6 8.0 7.0 7.6 7.9
CALCIUM
Ca (ppm) 23.9 |41.7 70.9 22.1 44.3 78.5
MAGNESIUM
Mg (ppm) 3.5 |14.9 24.6 3.2 15.0 30.0
SODIUM
Na (ppm) 0.8 8.9 33.6 0.7 10.7 50.1
POTASSIUM
K (ppm) 0.5 0.8 3.7 <0.5 0.8 3.7
IRON _
Fe (ppb) <10 15 62 <10 38 415
MANGANESE
Mn (ppb) <10 9 66 <10 11 62
CHLORIDE
Cl (ppm) 2.0 |14.7 60.4 1.0 21.1 | 124.8
NITRITE & NITRATE
NO, & NO3 (ppmN) <0.02 1.27| 6.50]|| <0.02 0.82 3.35
SULFATE
s0, (ppm) <2 15 83 < 10 62

*ppm = parts per million,
ppmN = parts per million as nitrogen,
ppb = parts per billion
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SUMMARY AND CONCLUSIONS

Ground-water quality was monitored in 123 wells and three springs
during 1987 and compared to previous annual analyses beginning in 1984
(Table 4-1). Water is sampled from the seven major aquifer systems of
the Georgia Coastal Plain Province andlthe unconfined aquifer systems
of the State's Piedmont, Blue Ridge, and Valley and Ridge Provinces.

Water quality in many of the monitoring wells of south Georgia is
representative of the water quality over large areas because Coastal
Plain aquifer systems are laterally extensive and generally have only
gradational facies changes. Ground-water flow systems in north Georgia
are relatively small, usually constrained by the topography of surface
drainage basins. Analyses of water from north Georgia wells represent
the ranges of water-quality parameters that typically occur in the
region,

Limited rainfall in many areas of the State during 1987 provided a
temporary break in an extended drought. Iron and aluminum concentra-
tions in ground water were commonly higher than those that were previ-
ously monitored from wells of the outcrop areas of south Georgia aqui-
fer systems and most of north Georgia in response to the periodic re-
charge (Table 4-3A/C). Increased concentrations of nitrite/nitrates
were monitored throughout most of the Dougherty Plain flow system of
the Floridan aquifer system and in the Valley and Ridge unconfined
aquifers. Both of these areas are characterized by sinkholes at the
land surface and are underlain by shallow carbonate aquifers (Table
4-2)., Although the sources of these nitrite/nitrates have not been es-
tablished, it should be noted that karst settings are typically the
most susceptible to pollution from common land-use practices. Contin-
ued increases in nitrite/nitrate levels in these areas, if they occur,
could warn of similar trends to follow in the other aquifers of the

State.

4-1



Nitrite/nitrate concentrations in all samples collected during 1987
were below the maximum limits established as State drinking-water
standards.

No new occurrences of pollution due to synthetic organic chemicals
were detected in wells of the Ground—Wafer Monitoring Network. Contin-
ued traces of pollutants in water from one well each in Dougherty, Ful-
ton, and Rockdale Counties apparently reflect only local conditions

that do not characterize the general ground-water quality.
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1984-1987
Parameter 1984
# Value
Aquifer Analyses
Nitrite/nitrate
Cretaceous 12 10.27
Providence * | —
Clayton * |-
Claiborne * |-
Jacksonian 3 10.70
Floridan 11 |0.02
Miocene *  fe—-
Piedmont 11 |0.41
Blue Ridge 3 10.52
Val. & Ridge * |-
Chloride
Cretaceous 12 1.7
Providence * -—
Clayton * e
Claiborne * -—
Jacksonian 3| 4.6
Floridan 11 |10.1
Miocene * ——
Piedmont 11 | 4.4
Blue Ridge 3 2.4
Val. & Ridge * —
Sulfate
Cretaceous 12 1
Providence * e
Clayton * i
Claiborne * ——
Jacksonian 3] 2
Floridan 11 |29
Miocene * —
Piedmont 11 |55
Blue Ridge 6
Val. & Ridge * e

*No samples collected

1985

# Value
Analyses

0.21
41 0.19
1(<0.02
2| 0.58
6| 0.51
0.45
5| 0.09

0.44
* | e
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. =
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#

1986

Value

Analyses

27
5
11
14
9
64
6
20
4
11

27
5
11
14
9
64
6
20
4
11

27
5
11
14
9
64
6
20
4
11

0.18
0.13
<0.02
1.17
0.58
0.73
0.37
0.45
0.58
0.79

— — e W
oo oNE SN W N UVMOOUVWUVINO &
S OV UVO S 00O SN

—
—

#

Table 4-1. - Average value of indicator parameters (parts per million)

1987

Value

Analyses

25
4
6
7
10
69
8
20
4
11

25
4
6
7
10
69
8
20
4
11

25
4
6
7

10

69
8

20
4

11

0.19
0.11
<0.02
1.63
0.79
0.78
0.76
0.52
0.94
1.27

Noobrproobos

w
SfwvwuuwopbPborPbUVW

e

&»

22

47
15

15




Table 4-2. - Nitrite/nitrate concentrations in all samples from
monitoring stations that have yielded water with
concentrations greater than 0.45 parts per million

BR2A
BR4
CL4
CL5
CL7B
J1
J2A
J4
K1
K5
K6
K10
MI2
PA21
PA24
PA25
PA26
PA27
PA35
PA36
PA37
PA39
PA4LO
PA41
PA42
PA43
PA4L6B
PA4LTA
PA4TB
PA4S
P2

1984

1.32
2.02

0.63
0.25
0.94

———
- —
o —
-
- ———
o —
e

————

1.04

P4A 0.95/0.90

P4B
P11
P12
Pl4
P15A
P16A
PD2A
VR1
VR2
VR3
VRS
VR6
VR8
VR9

0.66
0.46

1985

1.15
2.46

0.51

0.29/0.29

0.45
0.92
U/0.42
1.38/U
Uu/1.19

0.99/1.31/1.24
1.08/1.41/1.26

1.09/0.40
U
U
0.83/0.05
U/1.06
2.08
2.60
1.12/1.29

1.68
1.20/1.25

1.05
0.42

0.76
0.50
0.49/0.77
0.67/0.75
3.30
0.65
0.63
1.04

1986
1.86

3.42
5.86/6.80

2.50/1.92
0.20/0.59
0.22
0.22/0.12
0.54
1.10
2.20
u/u
1.08
1.38
1.46
0.30/0.30
2.45
4.20
1.53
0.03
1.32/1.05

.62/3.40/3.

3.15/3.08

1.20/1.47
1.20
3.75
7.15
1.12

1.23/1.08
0.39
0.61
3.65
0.52

0.64
0.52 2
0.39/0.81
0.61/0.65
3.35
0.68
0.61
0.82

83

1987
1.41
1.92
3.10
6.75
1.42
3.70/2.50
0.50
0.51/0.62
0.25
0.53/U
0.06
1.07/1.10
2.95/3.10
u/u
1.43/1.30
1.41/1.37
1.53/1.66

0.33/0.32

0.02
0.02
5.25
0.02/0.80
1.31/1.24
2.20/6.86
2.90/3.50
1.51/1.66
1.07
1.95/7.32
2.20/1.84
1.77/1.19
0.75/0.39
0.80
3.20
0.44

1.13
0.73
0.56/1.07
0.94/0.73
6.50
0.94
0.89
1.19

U = Below detection limit of 0.02 parts per million

4-4



Table 4-3A.

Well ID
(Date)

GWN-J3
GWN-K2
GWN-K3
GWN-K4

GWN-K8

GWN-K9
GWN-K16
(6/24/87)
GWN-MI1
(2/19/87)
GWN-MI1
(7/28/87)
GWN-MI4
(1/27/87)
GWN-MI4
(5/26/87)
GWN-PA9B

GWN-PA9C

GWN-PA10B
GWN-PA11lB
GWN-PA33
GWN-PA34
GWN-PA37

- Contaminants and pollutants detected by the Ground-

Water Monitoring Network for south-central and south-
eastern Georgia

Contaminants Above
Drinking Water Limits

Manganese

Iron
Iron
Manganese
Iron
Manganese
Iron
Iron

Iron
Manganese
Iron

Iron
Manganese
Iron
Manganese
Chloride
Sulfate
Iron
Chloride
Sulfate
Sulfate
Sulfate
Barium
Manganese
Iron

110

595
3800
165
4580
54
1880
360

2010
58
375

545
100
750
110

267.
358.

380

1092.
425,
290.
290.

2090
97
915

N v

O Ww o

ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
wng/L
mg/L
ug/L
mg/L
mg/L
mg/L
mg/L
ug/L
ug/L
ug/L
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Organic Pollutants

Chloroform

1.6 ug/L



Table 4-3B. - Contaminants and pollutants detected by the Ground-
i Water Monitoring Network for southwestern Georgia

Well ID
(Date)

GWN-CL1
GWN-CL3
GWN-CL4
GWN-CL5
GWN-CT1
GWN-CT5A
GWN-CT6B

GWN-K18

GWN-PA41
(3/18/87)

GWN-PA41
(10/28/87)

GWN-PA4B
(3/18/87)
GWN-PA48
(11/18/87)
GWN-PD1

Contaminants Above
Drinking Water Limits

Iron
Iron
Manganese
Manganese
Iron
Iron
Iron
Manganese

Iron
Manganese
Iron

Iron

570
730
61
460
980
365
14400
460

3600
130
605

1870

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L

ug/L

Organic Pollutants

Chlorodibromomethane

Chloroform

Dichlorobromomethane
Tetrachloroethylene

1,2-Trans-

dichloroethylene
Tetrachloroethylene

Toluene
Xylene

W H O =

NN N =
OO0 LWWw

~N N 0w

ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L



Table 4-3C. - Contaminants and pollutants detected by the Ground-
Water Monitoring Network for northern Georgia

Well ID
(Date)

GWN-BR3
GWN-~P1

GWN-P3
(4/28/87)
GWN-P3
(10/5/87)

GWN-P4B
(4/21/87)
GWN-P4B
(9/22/87)
GWN-P6A
GWN-P9

GWN-P10
GWN-P13

GWN-P15A
(4/27/87)
GWN-P15A
(9/23/87)
GWN-P16A

GWN-VR2
(8/5/87)

Contaminants Above
Drinking Water Limits

Manganese
Iron
Manganese
Iron

Iron

Manganese

Iron
Manganese
Manganese
Iron
Manganese
Iron
Manganese
Iron
Manganese
Iron
Manganese
Iron
Manganese
Iron
Manganese
Manganese

120
1590
120
780

520

1030

1620
875
88
1020
155
10900
65
1440
82
430
88
520
95
555
83
66

ug/L
ug/L
ug/L
ug/L

ug/L

ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

Organic Pollutants

Bis (2-Ethyl Hexyl)

Phthalate = 11 ug/L
1,2-Dichloropropane = 1.5 ug/L
Tetrachloroethylene = 10 ug/L
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B. ANALYSES OF SAMPLES COLLECTED DURING 1987 FOR THE
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APPENDIX A: GROUND-WATER USE DATA FOR GEORGIA, 1987

Annual ground-water and surface-water use data are collected or
estimated each succeeding year for the Georgia Water Use Program. Com-
plete use data are collected and reported every five years as one of
the Information Circular series of the Georgia Geologic Survey. Esti-
mated ground-water use for 1987 follows, based on data reported to the
Georgia Environmental Protection Division through its environmental
facilities permit programs and data taken from previous surveys. In
general, all activities requiring ground-water withdrawals of 100,000
gallons or more per day are permitted. Examples of typical permitted
uses are public supply, industry and mining, large commercial facili-
ties, and thermoelectric power generation. Beginning in July, 1989, a
permit is also required for all irrigation withdrawals greater than
100,000 gallons per day. Self-supplied domestic use does not require a
permit. For this appendix, the abbreviation Mgal/day (million gallons

per day) is used.






-WATER WITHDRAWALS BY COUNTY IN Mgal/day

TABLE A-1.- TOTAL PERMITTED GROUND
(ANNUAL AVERAGE)

1981 1982 1983 1984 1985 1986 1987

1980

COUNTY

181000088121085260106000301900040546100000502090106040
025000045721027510345000213000040354500300907240007050
(o]
427000056128433800494000902000020079410800201470305051
034000102710136190596000408100030982410000403630408020

oooooooooooooooooooooooooooooooooooooooooooooooooooooo

™
509000086165425620969007200100010138004200200670406081
024000117707148090435006409100030404711800008760308010

oooooooooooooooooooooooooooooooooooooooooooooooooooooo

567000060054409720699065870102100027115700200590408087
019000195397146130555016510101130392611200000590908022

N
814000630118936612682289303104530895744800069040763658
035101065396143941516156125101130035121400809970708052

(321
750000646498657712711227692007040335355600977720760662
010100053295045911506156515100130825211400709490706014
OCOO0O0O—O

513000624182542782555203408001150743334500072090761672
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SCREVEN
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TWIGGS
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UPSON
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WARE
WARREN
WASHINGTON
WAYNE
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TABLE A-2. - ESTIMATED GROUND-WATER WITHDRAWALS (Mgal/day), 1987
(INCLUDES PERMITTED AND NON-PERMITTED USES)

COUNTY PUBLIC ~ DOMESTIC & INDUSTRY IRRI- THERMO-  LIVE- -
SUPPLY  COMMERCIAL & MINING GATION ELECTRIC STOCK TOTAL
APPLING 0.87 0.75 0.15 0.70 0.22 0.15 2.84
ATKINSON 0.32 0.22 0.00 0.72 0.00 0.27 1.53
BACON 0.01 0.41 0.51 0.95 0.00 0.06 1.94
BAKER 0.10 0.21 0.00 32.90 0.00 0.11 33.39
BALDWIN 0.04 1.61 0.01 0.00 0.00 0.01 1.67
BANKS 0.11 0.58 0.06 0.01 0.00 0.27 1.03
BARROW 0.08 0.85 0.10 0.01 0.00 0.68 1.72
BARTOW 1.25 1.16 4.17 0.02 0.00 0.12 6.72
BEN HILL 3.13 0.28 0.13 4.94 0.00 0.10 8.58
BERRIEN 0.36 0.51 0.71 3.82 0.00 0.07 5.47
BIBB 0.23 1.94 3.57 0.09 0.00 0.08 5.91
BLECKLEY 0.97 0.52 0.00 4.80 0.00 0.04 6.33
BRANTLEY 0.24 0.58 0.97 0.03 0.00 0.07 1.89
BROOKS 1.48 0.64 0.00 3.01 0.00 0.19 5.32
BRYAN 0.68 0.49 0.42 0.00 0.00 0.36 1.95
BULLOCH 1.74 1.70 0.89 2.17 0.00 0.15 6.65
BURKE 1.14 0.94 0.00 3.87 9539 0.06 9.40
BUTTS 0.15 0.77 0.00 0.00 0.00 0.00 0.92
CALHOUN 0.59 0.09 0.00 6.39 0.00 0.03 7.10
CAMDEN 2.71 1.40 35.99 0.00 0.00 0.01 40.11
CANDLER 0.67 0.29 0.00 1.95 0.00 0.11 3.02
CARROLL 0.18 2.47 0.00 0.00 0.00 0.26 2.91
CATOOSA 2.61 0.64 0.00 0.10 0.00 0.02 3.37
CHARLTON 0.67 0.38 0.27 0.02 0.00 0.03 1.37
CHATHAM 32.89 3.48 43.29 1.30 2.42 0.01 83.39
CHATTAHOOCHEE 0.31 0.21 0.00 0.00 0.00 0.00 0.52
CHATTOOGA 1.15 0.79 6.87 0.00 0.00 0.02 8.83
CHEROKEE 0.24 3.65 0.00 0.00 0.00 0.37 4.26
CLARKE 0.21 0.94 0.00 0.05 0.00 0.04 1.24
CLAY 0.13 0.12 0.00 1.99 0.00 0.02 2.26
CLAYTON 0.22 0.22 0.00 0.00 0.00 0.00 0.44
CLINCH 0.47 0.25 0.03 0.31 0.00 0.01 1.07
COBB 0.15 0.57 0.00 0.02 0.00 0.01 0.75
COFFEE 5.46 0.93 0.00 3.53 0.00 0.31 10.23
COLQUITT 2.75 0.65 1.36 9.94 0.00 0.25 14.95
COLUMBIA 0.49 1.21 0.00 0.00 0.00 0.00 1.70
COOK 3.58 0.45 0.00 2.46 0.00 0.05 6.54
COWETA 0.30 2.01 0.03 0.03 0.00 0.00 2.37
CRAWFORD 0.13 0.50 0.00 0.48 0.00 0.93 2.04
CRISP 2.19 1.07 0.04 8.12 0.00 0.05 11.47
DADE 0.00 0.05 0.00 0.01 0.00 0.05 0.11
DAWSON 0.02 0.43 0.00 0.00 0.00 0.15 0.60
DECATUR 3.05 1.33 0.75 32.70 0.00 0.21 38.11
DEKALB 0.09 0.88 0.00 0.00 0.00 0.01 0.98
DODGE 1.44 0.75 0.03 4.29 0.00 0.08 6.59
DOOLY 0.76 0.37 0.00 17.20 0.00 0.05 18.41
DOUGHERTY 20.89 0.12 13.95 8.70 0.00 0.15 43.81
DOUGLAS 0.06 0.37 0.00 0.00 0.00 0.10 0.53
EARLY 1.38 0.52 0.13 15.70 0.00 0.07 17.87
ECHOLS 0.06 0.13 0.00 0.17 0.00 0.10 0.46
EFFINGHAM 0.77 1.08 0.99 0.30 0.20 0.26 3.60
ELBERT 0.07 0.84 0.02 0.22 0.00 0.03 1.18
EMANUEL 1.91 0.72 0.20 3.13 0.00 0.08 6.04
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TABLE A-3.- PERMITTED PUBLIC SUPPLY GROUND-WATER WITHDRAWALS BY
COUNTY IN Mgal/day (ANNUAL AVERAGE)

COUNTY 1980
APPLING 0.71
ATKINSON 0.18
BACON 0.64
BAKER 0.10
BALDWIN 0.00
BANKS 0.00
BARROW 0.06
BARTOW 0.05
BEN HILL 2.59
BERRIEN 0.40
BIBB 0.26
BLECKLEY 0.52
BRANTLEY 0.06
BROOKS 1.20
BRYAN 0.38
BULLOCH 2.44
BURKE 0.61
BUTTS 0.12
CALHOUN 0.45
CAMDEN 0.62
CANDLER 0.62
CARROLL 0.12
CATOOSA 0.00
CHARLTON 0.00
CHATHAM 27.49
CHATTAHOOCHEE 0.21
CHATTOOGA 0.39
CHEROKEE 0.10
CLARKE 0.00
CLAY 0.20
CLAYTON 0.61
CLINCH 0.03
CoBB 0.00
COFFEE 3.17
COLQUITT 3.26
COLUMBIA 0.61
CO0K 3.34
COWETA 0.23
CRAWFORD 0.18
CRISP 1.77
DADE 0.00
DAWSON 0.00
DECATUR 0.68
DEKALB 0.08
DODGE 0.91
DOOLY 0.48
DOUGHERTY 16.55
DOUGLAS 0.00
EARLY 0.87
ECHOLS 0.06
EFFINGHAM 0.53
ELBERT 0.06
EMANUEL 1.67
EVANS 0.44
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JEFF DAVIS
JEFFERSON
JENKINS
JOHNSON
JONES
MERIWETHER
MILLER
MONTGOMERY
OGLETHORPE
PAULDING
PEACH

HABERSHAM
MORGAN

FORSYTH
FRANKLIN
FULTON
GILMER
GLASCOCK
GLYNN
GORDON
GRADY
GREENE
GWINNETT
HALL
HANCOCK
HARALSON
HARRIS
HART
HEARD
HENRY
HOUSTON
IRWIN
JACKSON
JASPER
LAMAR
MCDUFFIE
MCINTOSH
MITCHELL
MONROE
MURRAY
MUSCOGEE
NEWTON
OCONEE

A-12



ooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooo

HE MDA~ ANLDNONOWVWOMNODOONOODODOOCOOMT
9621871220903050703400000049

ooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooo

O—WONNNONNTODN—O~IOOVON—INNOOOOMND
09620318220014090401501004069

030000720460021808472608020864040006200000061
080000840350010008419580020914060709400000026

ooooooooooooooooooooooooooooooooooooooooooooo

~HOMUBVONROOOOON
902201000039

RANDOLPH
RICHMOND
ROCKDALE
SCHLEY
SCREVEN
SEMINOLE
SPALDING
STEPHENS
STEWART
SUMTER
TALBOT
TALIAFERRO
TATTNALL
TAYLOR
TELFAIR
TERRELL
THOMAS
TIFT
TOOMBS
TOWNS
TREUTLEN
TROUP
TURNER
TWIGGS
UNION
UPSON
WALKER
WALTON
WARE
WARREN
WASHINGTON
WAYNE
WEBSTER
WHEELER
WHITE
WHITFIELD
WILCOX
WILKES
WILKINSON
WORTH
TOTAL

172.59 175.78 155.93

173.31
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166.00 171.77

166.79

167.50
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TABLE A-4. - PERMITTED INDUSTRIAL GROUND-WATER WITHDRAWALS BY COUNTY IN Mgal/day
(ANNUAL AVERAGE) '

COUNTY 1980 1981 1982 1983 1984 1985 1986 1987
APPLING 0.15 0.00 0.00 0.00° 0.00 0.00 0.00 0.00
ATKINSON 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BACON 0.37 0.33 0.00 0.00 0.42 0.49 0.47 0.51
BAKER 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BALDWIN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BANKS 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00
BARROW 0.00 0.00 0.00 0.00 0.10 0.10 0.10 0.00
BARTOW 0.22 1.37 1.49 2.58 2.96 3.18 4.05 3.39
BEN HILL 0.00 0.00 0.00 0.09 0.07 0.07 0.13 0.04
BERRIEN 0.72 0.77 0.55 0.55 0.63 0.71 0.71 0.71
BIBB 3.09 3.14 2.99 2.91 2.95 3.06 3.12 1.22
BLECKLEY 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BRANTLEY 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BROOKS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BRYAN 0.23 0.22 0.18 0.17 0.21 0.35 0.42 0.24
BULLOCH 0.19 0.19 0.15 0.84 0.82 0.79 0.88 0.86
 BURKE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BUTTS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CALHOUN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CAMDEN 34.88 33.53 30.68 31.00 59.79 30.88 35.28 33,57
CANDLER 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CARROLL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CATOOSA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CHARLTON 0.09 0.27 0.00 0.00 0.00 0.00 0.00 0.00
CHATHAM 42.42 39.99 39.18 38.98 42.42 38.68 43.29 39.42
CHATTAHOOCHEE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CHATTOOGA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CHEROKEE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CLARKE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CLAY 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CLAYTON 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CLINCH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CoBB 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
COFFEE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
COLQUITT 1.37 1.20 1.09 1.02 0.79 0.79 0.85 0.24
COLUMBIA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
COOK 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
COWETA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CRAWFORD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CRISP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DADE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DAWSON 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DECATUR 0.46 0.35 0.34 0.52 0.79 0.79 0.58 0.74
DEKALB 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DODGE 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DOOLY 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DOUGHERTY 13.50 13.87 14.07 13.09 9.55 13.27 13.58 12.58
DOUGLAS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EARLY 0.11 0.00 0.00 0.10 0.13 0.13 0.10 0.13
ECHOLS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EFFINGHAM 0.61 0.00 0.00 0.00 0.00 0.00 0.03 0.99
ELBERT 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EMANUEL 0.20 0.00 0.00 0.20 0.20 0.00 0.00 0.00
EVANS 0.02 0.00 0.00 0.84 0.84 0.70 0.67 0.00



oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

000003004000003000000601081000006055090400057000000000000000

000001001000004000000003061000009070040100000000000000000000

00000000&000000000000300012000000080010200000000000000000000
—

OO0OO0OOOUO—NOOOO
OCOO0O0OOO0O0O0O0OO0O

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

000005013000003000000500089600003044090100024000000000000000
0000010o1000002000000000065000000030070900000000000000000000
00000000%000000000000300011000001090000100000000000000000000
—
000006011000005000000000092500002083010500009000000000000000
000001002000001000000100062000007040040700000000000000000000

000004028000006000000000006500002047080600009000000000000000
000001000000001000000000042000006050010000000000000000000000
0000000OM000000000000300011000000080070200000000000000000000

011006019280003010000411090700009210030900018010000002001000
000000002000006000000702064000005050050000020000000000000000

............................................................
00000000%000000000000300011000000080090100000000000000000000

IRWIN
JACKSON

JASPER
JEFF DAVIS

JEFFERSON
JENKINS
MERIWETHER

MILLER
MONTGOMERY

HABERSHAM
MORGAN
OGLETHORPE
PAULDING
PEACH

GLASCOCK
HALL

FANNIN
FAYETTE
FLOYD
FORSYTH
FRANKLIN
FULTON
GILMER
GLYNN
GORDON
GRADY
GREENE
GWINNETT
HANCOCK
HARALSON
HARRIS
HART
HEARD
HENRY
HOUSTON
MCDUFFIE
MCINTOSH
MITCHELL
MONROE
MURRAY
MUSCOGEE
NEWTON
OCONEE
PICKENS
PIERCE
PIKE

A-16



ooooooooooooooooooooooooooooooooooooooooooooo

— —
540010100100000000030600005070070304300000060
030000100200000000010700000090070308000000090

.............................................

- —t
710010900000000000050500004800040206400000030
030000900500000000010000000020070305500000060

— —
080000900200000000050800006040000601200000000
0100000000000000000.I.o900000070000301700000010

.............................................

i —
000010.I.00600000000020500007080020600800000050
000000400300000000020800000060010307100000020

ooooooooooooooooooooooooooooooooooooooooooooo

—
(=] =
o o (o] =
ow waowm [ g = - -l [=]
— = oZJd ZAZZ)— Wwd o&.d Ll I (V8] (%2}
M E <L SO LC>LWOHIEX LI~ I v =] &wn xZ ZZ Wl —>XNZ
NEEZOEZ QWS ZOTILOLZOCiUcT N LLIGCZZ2LWO Wi Ol — T
KANTUDHKLE.I.LPWTBITLFRMTMNUUNGOOKTERHNSETTCKKT
S5533 2800t A S ann PSR eSS D IR EE R Ry r O
-t — g =t

359.46 343.11 303.31 312.21 350.24 311.74 322.12 297.58
A-17

TOTAL



A-18



TABLE A-5.- ESTIMATED GROUND-WATER WITHDRAWALS FOR IRRIGATION IN Mgal/day

COUNTY 1980 1981 1984 1986
APPLING 1.04 0.72 0.65 0.70
ATKINSON 0.40 0.73 1.15 0.71
BACON 0.60 1.52 0.95 0.95
BAKER 32.90 20.72 18.81 32.97
BALDWIN 0.00 0.00 0.00 0.00
BANKS 0.02 0.04 0.02 0.01
BARROW 0.01 0.02 0.05 0.01
BARTOW 0.02 0.01 0.00 0.02
BEN HILL 1.56 1.74 1.12 4.94
BERRIEN 1.03 1.57 3.79 3.82
BIBB 0.02 0.02 0.50 0.09
BLECKLEY 4.70 4.58 3.91 4.80
BRANTLEY 0.04 0.05 0.05 0.03
BROOKS 1.54 4.09 1.93 3.01
BRYAN 0.00 0.00 0.00 0.00
BULLOCH 4.59 6.94 3.48 2.17
BURKE 6.84 6.48 4.70 3.87
BUTTS 0.00 0.00 0.00 0.00
CALHOUN 3.81 2.72 5.88 6.39
CAMDEN 0.00 0.00 0.00 0.00
CANDLER 1.59 2.06 2.01 1.95
CARROLL 0.00 0.00 0.00 0.00
CATOOSA 0.01 0.01 0.10 0.10
CHARLTON 0.01 0.02 0.02 0.02
CHATHAM 0.29 0.29 1.42 1.30
CHATTAHOOCHEE 0.00 0.00 0.00 0.00
CHATTOOGA 0.00 0.00 0.00 0.00
CHEROKEE 0.00 0.00 0.00 0.00
CLARKE 0.01 0.02 0.02 0.05
CLAY 1.41 1.26 1.07 1.99
CLAYTON 0.00 0.00 0.00 0.00
CLINCH 0.04 0.11 0.12 0.31
COBB 0.03 0.04 0.05 0.02
COFFEE 3.96 1.45 4.12 3558
COLQUITT 2.04 3.84 7.31 9.94
COLUMBIA 0.00 0.00 0.00 0.00
COOK 0.83 1.32 1.13 2.46
COWETA 0.01 0.05 0.01 0.03
CRAWFORD 0.15 0.29 0.47 0.48
CRISP 2.26 1.93 1.55 8.12
DADE 0.00 0.00 0.01 0.01
DAWSON 0.00 0.00 0.00 0.00
DECATUR 32.36  27.12 32.77 32.771
DEKALB 0.00 0.00 0.00 0.00
DODGE 5.06 4.59 2.63 4.29
DOOLY 5.93 8.96 10.88 17.23
DOUGHERTY 2.98 3.44 5.64 8.69
DOUGLAS 0.00 0.00 0.00 0.00
EARLY 7.61 5.40 8.49 15.77
ECHOLS 0.08 0.05 0.13 0.17
EFFINGHAM 0.17 0.20 0.22 0.30
ELBERT 0.04 0.07 0.16 0.22
EMANUEL 2.73 3.63 3.69 3.13
EVANS 0.34 0.30 0.39 0.83
FANNIN 0.00 0.00 0.00 0.00
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RANDOL PH
RICHMOND
ROCKDALE
SCHLEY
SCREVEN
SEMINOLE
SPALDING
STEPHENS
STEWART
SUMTER
TALBOT
TALIAFERRO
TATTNALL
TAYLOR
TELFAIR
TERRELL
THOMAS
TIFT
TOOMBS
TOWNS
TREUTLEN
TROUP
TURNER
TWIGGS
UNION
UPSON
WALKER
WALTON
WARE
WARREN
WASHINGTON
WAYNE
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WHEELER
WHITE
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WILCOX
WILKES
WILKINSON
WORTH
TOTAL

311.60 306.57 307.54 494.10
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TABLE A-6.- PERMITTED COMMERCIAL GROUND-WATER WITHDRAWALS BY

COUNTY IN Mgal/day (ANNUAL AVERAGE)

COUNTY 1980
APPLING 0.00
ATKINSON 0.00
BACON 0.00
BAKER 0.00
BANKS 0.00
BARROW 0.00
BARTOW 0.00
BEN HILL 0.00
BERRIEN 0.00
BIBB 0.00
BLECKLEY 0.14
BRANTLEY 0.00
BROOKS 0.00
BRYAN 0.00
BULLOCH 0.35
BURKE 0.00
BUTTS 0.00
CALHOUN 0.00
CAMDEN 0.00
CANDLER 0.00
CARROLL 0.00
CATOOSA 0.00
CHARLTON 0.00
CHATHAM 0.46
CHATTAHOOCHEE 0.00
CHATTOOGA 0.00
CHEROKEE 0.00
CLARKE 0.00
CLAY 0.00
CLAYTON 0.00
CLINCH 0.00
COBB 0.00
COFFEE 0.00
COLQUITT 0.00
COLUMBIA 0.00
COOK 0.00
COWETA 0.00
CRAWFORD 0.00
CRISP 0.00
DADE 0.00
DAWSON 0.00
DECATUR 0.00
DEKALB 0.00
DODGE 0.00
DOOLY 0.00
DOUGHERTY 0.00
DOUGLAS 0.00
EARLY 0.00
ECHOLS 0.00
EFFINGHAM 0.00
ELBERT 0.00
EMANUEL 0.00
EVANS 0.00
FANNIN 0.00
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RANDOLPH
RICHMOND
ROCKDALE
SCHLEY
SCREVEN
SEMINOLE
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STEPHENS
STEWART
SUMTER
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TALIAFERRO
TATTNALL
TAYLOR
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4.24 4.47 4.87 4.28 5.68 9.45
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TABLE A-7.- GROUND-WATER WITHDRAWALS FOR THERMOELECTRIC POWER GENERATION
IN Mgal/day (ANNUAL AVERAGE)

THERMOELECTRIC PLANTS IN GEORGIA:

NAME 1980 1981 1982 1983 1984 1985 1986 1987
PT. WENTWORTH 1.24 1.19 1.13 0.80 1.01 1.44 0.97 0.80
RIVERSIDE 1.86 1.66 1.91 1.04 1.45 1.90 2.16 1.41
PLANT VOGTLE 0.21 0.29 0.28 0.40 0.36 0.8 1.91 3.39
ARKWRIGHT 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HARLEE BRANCH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EDWIN I. HATCH 0.21 0.28 0.25 0.22 0.21 0.22 0.19 0.23
PLANT MCMANUS 0.04 0.04 0.03 0.02 0.01 0.01 0.01 0.02
ATKINSON 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MCDONOUGH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PLANT YATES 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
WANSLEY 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MITCHELL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PLANT BOWEN 0.00 0.00 0.00 0.00 1.74 0.00 0.00 0.00
HAMMOND 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CRISP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MCINTOSH 0.11 0.12 0.15 0.31 0.33 0.27 0.20 0.20
PLANT SCHERER 0.07 0.09 0.07 0.07 0.08 0.06 0.06 0.03
SEPCO-OPERATIONS 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.2]
SAVANNAH STATION 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 3.95 3.88 4.03 3.07 5.40 4.97 5.71 6.29
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TABLE A-8.- PERMITTED GROUND WATER USE BY HYDROLOGIC
UNIT CODE (HUC), 1987

OGEECHEE-SAVANNAH RIVER BASIN
GROUND-WATER

HUC USE (M?al/day)
03060102 0.15
03060103 0.000
03060104 0.000
03060105 0.000
03060106 17.948
03060108 2.156
03060109 69.988
03060201 2.098
03060202 5.509
03060203 3.385
03060204 13.806
TOTAL 115.041

ALTAMAHA-ST.MARY’S RIVER BASIN
GROUND-WATER

HUC USE (Mgal/day)
03070101 O.élg
03070102 21.455
03070103 13.692
03070104 23.959
03070105 2.475
03070106 71.941
03070107 3.788
03070201 11.880
03070202 0.786
03070203 72.434
03070204 34.603
TOTAL 257.524

SUWANEE RIVER BASIN
GROUND-WATER

HUC USE (Mgal/day)
03110103 4.59%
03110201 0.438
03110202 19.982
03110203 12.266
03110204 1.579
TOTAL 38.557

OCHLOCKNEE RIVER BASIN
GROUND-WATER

HUC USE (Mga]/day)
03120001 0.00
03120002 0.372
03120003 0.000
TOTAL 0.372
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APALACHICOLA RIVER BASIN
GROUND-WATER

HUC USE ;Mga]/day)
03130001 0.77
03130002 0.102
03130003 0.100
03130004 0.132
03130005 1.106
03130006 2.524
03130007 4,956
03130008 33.438
03130009 2.235
03130010 1.180
TOTAL 46.552

ALABAMA RIVER BASIN
GROUND-WATER

HUC USE (Mgal/day)
03150101 0.769
03150102 0.000
03150103 0.343
03150104 3.670
03150105 2.524
03150108 0.000
TOTAL 7.306

UPPER TENNESSEE RIVER BASIN
GROUND-WATER

HUC USE (Mga]/day)

06010202 0.00

MIDDLE TENNESSEE-HIWASSEE RIVER BASIN

GROUND-WATER

HUC USE (Mgal/day)
06020001 1.53%
06020002 0.223
06020003 0.000
TOTAL 1.555

MIDDLE TENNESSEE-ELK RIVER BASIN
* GROUND-WATER

HUC USE (Mgal/day)
06030001 0.000
TOTAL 466.907
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TABLE A-9. - PERMITTED GROUND-WATER USE BY AQUIFER, 1987
GROUND-WATER

AQUIFER USE (Mgal/day)
FLORIDAN 344.10
PALEOZOIC 8.64
CRETACEOUS 83.60
CLAYTON 12.79
CLAIBORNE 14.83
CRYSTALLINE ROCK 3.10
TOTAL 466.66
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APPENDIX B: ANALYSES OF SAMPLES COLLECTED DURING 1987
FOR THE GEORGIA GROUND-WATER MONITORING NETWORK

All water quality samples that are collected for the Georgia
Ground-Water Monitoring Network are subjected to a Standard Analysis
which includes tests for five 'indicator' parameters, twelve common
pesticides and industrial chemicals, and thirty metals. Analyses for
additional parameters may be included for samples that are collected
from an area where a possibility of ground-water pollution exists due
to regional activities. These optional screens include tests for agri-
cultural chemicals, coal-tar creosote, phenols and anilines, and vola-
tile organic compounds (refer to Tables B-1 through B-4). Because
parameters other than the five 'indicators' and eight of the metals of
the Standard Analysis were detected very rarely, other parameters are
listed in the appendix only when they were detected.

For this appendix, the following abbreviations are used:

SU = standard units,
mg/L = milligrams per liter (parts per million),
ug/L = micrograms per liter (parts per billion), and

umho/cm = micromhos per centimeter.
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Table B-1.- Standard water quality analysis: indicator parameters,
Organic Screens #2 and #4, and ICP metal screen

Parameter

pH

Spec. Cond.

Detection
Limit

1.0 umho/cm

Chloride 0.1 mg/L
Sulfate 2.0 mg/L
Nitrite/nitrate 0.02 mg/L
ORGANIC SCREEN #2

Dicofol 0.10 wug/L
Eudrin 0.03 ug/L
Lindane 0.008 ug/L
Methoxyclor 0.30 wug/L
PCB's 0.60 ug/L
Permethrin 0.30 ug/L
Toxaphene 1.20 ug/1
ORGANIC SCREEN #4

2,4-D 5.2 ug/L
Acifluorfen 1.0  ug/L
Chloramben 0.2 ug/L
Silvex 0.1 ug/L
Trichlorfon 2.0 ug/L
ICP METAL SCREEN

Calcium 0.0 mg/L
Magnesium 0.0 mg/L
Sodium 0.0 mg/L
Potassium 0.5 mg/L

Parameter

Silver
Aluminum
Arsenic
Gold
Barium
Beryllium
Bismuth
Cadmium
Cobalt
Chromium
Copper
Iron
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Tin
Strontium
Titanium
Thallium
Vanadium
Yttrium
Zinc

Zirconium

Detection
Limit

ICP METAL SCREEN, Cont.

10 ug/L
50 ug/L
50 ug/L
25 ug/L
10  ug/L
10  ug/L
50 ug/L
10 ug/L
10  ug/L
10  uwg/L
10 ué/L
10 ug/L
10 ug/L
10 uwg/L
25 ug/L
25 ug/L
50 ug/L
3 uwg/L
50 ug/L
10  ug/L
10  ug/L
50 ug/L
10 ug/L
10 ug/L
10  ug/L
10 ug/L



Table B-2.- Additional water quality analyses: cyanide, mercury,
and Organic Screens #1, #3, #5, and #7

Parameter

Cyanide

Alachlor
Atrazine
Azodrin
Chloropyrifos
Cynazine
Dasanit

DCPA
Demeton
Diazinon
Dimethoate
Disyton
Eptam
Ethoprop
Fluchloralin
Fonophos
Guthion
Isopropalin

Dinoseb

Carbaryl
Carbofuran
Diuron
Fluometuron

EDB

Detection

Limit

0.05

3.00
0.44
1.00
0.80
1.00
0.60
0.01
1.00
1.00
0.50
1.00
1.70
0.50
15.0
0.50
2.00
2.00

0.10

10.0
2.0

0.03
0.08

ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L

ug/L
ug/L
ug/L
ug/1

ug/L

Parameter

Mercury

ORGANIC SCREEN #1

Malathion
Metolachlor
Metribuzin
Mevinphos
Napropamide
Parathion (E)
Parathion (M)
Pebulate
Pendimethalin
Phorate
Profluralin
Simazine
Sutan
Terbufos
Trifluralin
Vernam

ORGANIC SCREEN #3

ORGANIC SCREEN #5

Linuron
Methomyl
Monuron
Temik

ORGANIC SCREEN #7

Detection
Limit

0.5

1.40
2.40
1.25
1.40
0.81
0.08
0.10
1.81
1.80
1.00
2.00
1.25
1.25
3.00
2.00
0.56

0.06
0.03
0.04
0.20

ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L



Table B-3.- Additional water quality analyses: Organic Screens #8 and #9

ORGANIC SCREEN #8

Parameter Detection Limit
Napthalene 10 ug/L
2-Chloronaphthalene 10 ug/L
Acenaphthylene 10 ug/L
Acenaphthene 10 ug/L
Fluorene 10 ug/L
Phenanthrene 10 ug/L
Anthracene 10 ug/L
Fluoranthene 10 ug/L
Pyrene 10 ug/L
Benzo(a)anthracene 100 ug/L
Benzo(b)fluoranthene 100 ug/L
Benzo(k)fluoranthene 100 ug/L
Benzo(a)pyrene 100 ug/L
Indeno(1,2,3-cd)pyrene 100 ug/L
Benzo(ghi)perylene 100 ug/L

ORGANIC SCREEN 9

Parameter Detection Limit
Anilene 10 ug/L
2-Chlorophenol ‘ 10 ug/L
2-throphenol 10 ug/L
Phenol 10 ug/L
2,4~Dimethylphenol 10 ug/L
2,3-Dichlorophenol 10 ug/L
2,4,6-Trichlorophenol 10 ug/L
Parachlorometa cresol 10 ug/L
2,4-Dinitrophenol 100 ug/L
4,6-Dinitro-o-cresol 50 ug/L
Pentachlorophenol 25 ug/L
4-Nitrophenol 25 ug/L



Table B-4.- Additional water quality analyses: Organic Screen #10

ORGANIC SCREEN #10
Parameter Detection Limit

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

Methyl chloride
Trichlorofluoromethane
1,1-Dichloroethylene
1,1-Dichloroethane
1,2-Trans-dichloroethylene
Chloroform
1,2-Dichloroethane
1,1,1-Trichloroethane
Carbon tetrachloride
Dichlorobromomethane
1,2-Dichloropropane

Trans=-1,3-dichloropropene ug/L
Trichloroethylene ug/L
Benzene ug/L

ug/L
ug/L
ug/L

Chlorodibromomethane
1,1,2-Trichloroethane
Cis-1,3-dichloropropene

[ T o e R A e e I S e I T " J PO U

Bromoform ug/L
1,1,2,2-Tetrachloroethane ug/L
Tetrachloroethylene ug/L
Toluene ug/L
Chlorobenzene ug/L
Ethylbenzene ug/L
Acetone 50 ug/L
Methyl ethyl ketone 25 ug/L
Carbon disulfide 1 ug/L
Vinyl chloride 1 ug/L
Isopropyl acetate 1 ug/L
2-Hexanone 1 ug/L
Methyl isobutyl ketone 1 ug/L
Styrene 1 ug/L
Xylene 1 ug/L






6'8’6H

s'g’L

0L’s"1

oL

paisal
TCENETY

JB4y30

wen 91 = Soms

1/6n L = uz
1/6n Gg = n)
1/6n ¢g = ¥
1/6n 22 = ¥
pa3dalag
sJajoweded
Jayio

k4

£el

oLl

92

92

wa/oyun

*puo)
*oadg

aN

0sl

9s

oL

1/6n

Js

W3AL1SAS ¥34INOY SNO3IVI3YI 3JHL 40 SISATVNY ALITVNOD

aN

sS4y

¥4

aN

oL

1/6n

£5°0 QN
N 0°gl
o 02
62°0 99
$2°0  ON
200 02
/NBu 1/6u
Cons
on  Yos

9°¢

et

1°e

170

1/6u

ik}

aN

9L

F43

aN

aN

oL

1/6n

UW

[}

008%

S6S

ogl

1%

oL

1/6n

CE

aN

40

LEIR )]

2Ll

L't

sl

12/90/2861

Ajunoj puouyd Ly

eysnbny ‘|0L# A3uno) puowydly

20 €0 9§ S00%-NM9

82/10/2861

A3uno) J4ng

L AL uoliels juauiuadx3 )111APLH

2"t 08 L2 900%-NMD

22/40/.1861

Ajuno) uojbuiysep

8.4 911!AsJspues

L 6°sl  §°9 £002-NMO

£€2/90/2861

A3uno) uosul) 1M

2R wouLmag

£°0 £°1 0°s 2003-NM9
£2/90/2861

A3uno) uosuly)1p

uopJog ‘2# Aueduwo) utjoe) pJeya)buz
) 8°0 1°S L O0N-NMI
#aI 11308

0°0 00 --- SL1IKWIT NOIL1J3130

)1/ RS ns SLINN

] e) Hd SY¥3LINVAYd



0L's’t

oL's’t

u

6'8°6H

paisalL
SU92JIS
Jay30

1/6n g1 = WV
1/6n 2L = n)
1/6n 02 = 1V
1/6n g = uz
paisaiaq
sJajaweJed
J9yY30

oY

87l

€

0s

(4

wo /oyun

“puol

aN aN OGN, 9°gl 172 aN 088l

sol 98

aN 0°SL  S°I %S 08Ss%

1 2l 9L°0 aN 172 N aN

9s si 90°0 9°Y "¢ anN 1 74

aN aN ON aN 172 aN aN

ol ol 20°0 0°2 170 oL oL

/6n  /6n  /NBu /6w /6w 1/6n  /Bn
onz
T Sn Yos 13w ey

W3ALSAS ¥34IN0Y SNOFIVLIIYI 3IHL JO SISATVNV AllTvno

G2/90/2861

A3uno) uodey

L# 2111A)18YsJdel

aN Ll €0 l°¢ 2°'s 600X -NMD

62/10/2861

Ajuno) suadne’

uLigng 3se3 ‘-duo) 03seyoW ‘gi# J}IW d4Bd Ssuadne’
9°¢ 0°2 2°l l°g2 279 800X1-NMD

£€2/90/1861

A3uno) sauor

uodel ‘4# Ajunoj sauor

S0 €1 £°0 L7l 9°s Z200X-NM9

42/90/2861
Ajuno) sb661mM)
9# "duo) Jagny
V9003 -N19

£2/60/.861
A3uno) puowyoLy
eisnbny ‘|gi# A3uno) puowydty

an  L°L 20 €0 6% S00N-NM9
#4I 1184
S0 00 00 070 --- S1IWI7 NOILD313G
e /.. EEREEEEEEE ns SLINN
p | eN bW e) hd SY¥313WVavd

y3ivn



1/6n 66 = Uz
oL's’L 1/6n 08¢ = 1V
ol 1/6n 22 = n)

oL

1]

ol
paisay pa3oa3aqg
SU3JOS sJ9jauweded
J3y310 J9y30

£l

st

(1}%

aN

aN

oL

1/6n

Js

WILSAS ¥34INOV SNOIIVLIYUD 3HL 40 SISATIVNV ALITVNOD

aN

aN

aN

aN

oL

1/6n

N <6
92’0  GN
sl'0 02
o't oN
20°1L 02
2000 0°2
1/NBu /6w
Covs
%on  Yos

sl

0"l

0l

L0

1/6w

12

4}

aN

aN

anN

an

oL

1/6n

UW

08l

e

17

9

oL

1/6n

LE

aN

aN

QN

s°0

L'l

6°0

oL

0°0

20

0°0

Ll

[

0°0

T L T 7/ - | EES -

LEIR [,

L)

62/10/2861

Ajuno) uolsnoy

1194 uul Aepl)oH ‘AJJad
6°¢ 2L0X-NRD

$2/90/1861

A3uno) uo3Isnoy

Vi# sulqoy JauJdep

%S L LOA-NMD

62/10/2861

Ajuno) uoIsnoj

Vi# sulqoy Jaudep

LY L LOX-NMD

62/90/2861

Ajuno) yoead

L# A911BA 3404

£°s 0103-NND
62/10/2861

A3unog yoead

L# A3tjeA 3404

6"y 0LOX-NMD
#alI 118n

-=-= S1IWIT NOI1D2313Q

ns S1INN

ud S¥3L3INVAVd

B-9



oL

oL

s'e’l

0L's’L

pa3sa)

SU9aJIS
Jayio

/6n g2 = v

1/6n gg = uz
/6n geg = v

p33033aq
sJajslieded
Y20

x4

bee

991

802

k4

wo/oyun

*puos
*9ads

62/10/2861
Ajuno) qqig

1134 YlJoN ‘ealuawy jo uoliedodto) Buiberyoed

aN aN 9€°0 GN 0°2 ON 0s aN €% 20 %0
9l aN OGN GN 8°0L OGN aN aN 96 N 2°0
0£2 OGN aN 9°Z 88 QN 111} 92 922 1’0 €2
s oN N 1°8 '€l ON aN 90 69 aN 972
aN aN £0°0 26 12 Ol s9lL 9°¢ 0L 20 €1
ol ol 00 02 10 ol ol S0 00 00 00
/60 1/6n  /NBw /6w (/6w /6n  /6n R ¥/
Cong
IS eg Son Yos 12 u a4 b ] eN 6uW el

W3L1SAS ¥34INDV SNOIIVLIIYD 3HL 40 SISATVNY ALITVNO ¥3ILVA

0°S 9L0%-NMD

8L/1L1/2861

Ajuno) uew3 Lnp

2# umo3abuoay

0°6 SL0J-NMD

2L/11/1861

Ajunoj aayoooyeliey)
112M 3sa] Bupuuag 3Jo4
8°L ¥10X-NMD

8171172861

A3uno) 1Jemals

L# eyeup

176 €1L03-NMO
$2/90/.861

AJUNO) UOISNOK

1194 uu] AepLiof ‘Auuad
L°Yy CL0X-NM9D
#aI 1194

--- SLIWIT NOI12313Q

ns S1INN

nd SY313INVIVd

B-10



£2/60/2861
A3uno) puowyoly
(g#) 1194 39303s Ayduny ‘yeqirzyday

ol 1/6n 91 = n) 8t aN aN ¥0°0 L°¢ 9°¢€ GN sl aN 9L %°0 90 0°s 610%-NMD
12/%0/2861
Ajuno) puouwyd Ly
(g#) 1134 399435 Ayduny ‘yeqizyday
1]} /60 G2 = n) 6l aN aN 80°0 an 172 aN oL S0 9%l ¥°0 S0 1S 6103-N1D
/6N 2'y = 'yjewuqyaig 61/€0/2861
/6N 671 = yauuqipiyn Ajuno) uolJey
1/6n g'6 = ¥19HD 9#f BISLA BUaNg
ol /6n cg = v r4y anN an 80°0 2°S 1°€ an ole aN %1 %0 0°g 1S Y8L0J-N19
22/90/1861
; Auno) ayang
oL‘6 (3s83) L# 119N
‘8°6°¢"1"BH 6Ll 6y 62 aN 0°Y 2 ol S6l 6°l 6°¢e 970 L't 8L 210%-NMD
92/90/1861
Ajuno) qqig
1134 Y3JON ‘edluawy jo uoijedodio) Bulbedoed
(\] 82 anN aN 8€°0 9°¢ 1°2 aN 09¢ aN £°¥% 20 0 §°S 9L0X-NMD
- #aI 118
=r= oL ol 20°0 072 10 oL ol S0 0°0 0°0 0°0 --- SLIWIT NOI123130
wd/oyun 3/6n  1/6n y/NSw /6w /6w /6h /6n il /- EELET T ns S1INN
paysay pa33933qQ
SUD3JS sJajaumaed *puo) woza
Jayio Jayao *oads 4§ eg Son  Yos 12 un a4 p | eN 6K 8 hd SY3ILINVYVd

W31SAS ¥3IINDY SNOFIVLIYD 3HL JO SISATVNY ALITVAD ¥3ILVAM

B-11



B-12



oL's's’t
oL‘s’e‘L
1/6n ¢¢ = uz
/60 |} = A
1/6n g6 =t}
1/6n 0g6°L = 1V
paasal pa313333q
SU93.42§ SJajsueJded
J34Y30 J3430

481

2se

111

yse

wd /oyun

“puol
*aads

012

soL

€l

ol

7/6n

J4S

W3LSAS ¥34INOY 3INIAIAOYd 3HL 4O SISATVYNY ALITVND

aN 90°0 06

an aNn %°2l

0¢ 6£°0 aN

aN aN L°Y

oL 20°0 o0°2

1/6n 1/NBw /6w

Conz

&g on ¥

0s

1°e

80l

1/6w

12

8l sl
aN 0¢
aN el
aN 0481
oL ol
/60 /60
Ul a4

£l

8°0

0°e

d3Lvh

82 6"l
¢9L L7l
9l S0
9°%. 8°0
0°0 0°0
Sy -
BN 6W

L ee

0°9

e)

28

88

ns

2861/61/£0
Auno) Jajuns
€4 snaLJauy
¥%000d-NMD

286L/8L711L
Ayumo) Aey)
Z# sauleg jJog
£000d-NMD

2861761750
A3uno) J433sqoM

L# Uo3sadd
¥2000d-NMD
2861/22/01
A3unoj A3jJaybnog
Aueqly - gL ML
100ad-NMD

#al 119M

S1IWIT NOIL1D3134

SLINN

SYIL3Wvivd

B-13



B-14



oL’'s’g’l

s'e’l

oL's’'e’'L
s'g’L 1/6n 92 = uz
polsal Pa32933q
SUIIJIS sJajauweded
Jaylo Jayyo

182

1Y [4

8Le

22

6%2

wo foyun

-puod
*2ads

ssl 13
€62  ON
8y aN
0gE  ON
092 9L
oL ol
1/6n  7/6n
Js eg

aN .

OGN

aN

200

7/NBw

€onz
Son

6°¢l

L ol

9°6

0702

£l

0°¢

1/6u

Yos

e

0°¢

170

1/6u

1

0g

s

oL

1/6n

UN

598

0sl

¥4

ki

086

1]

1/6n

a4

"¢

0°0

1 31

€72y

L°e2

8.8

0°0tL

0°0

(8 'l
L7l 9y
b2 8702
sl 6°S
272 £ 9e
S°0 00
b | 8N

W3LSAS ¥3JINOV NOLAVTID 3JHL JO SISATVNY ALITVND d3LVA

eJ

80/01/2861

Ajuno) ydjopuey

€# 313qyang

§°L VS001J-NMD

62/01/2861

Auno) ydjopuey

¢ ML uUllJeW “1°)

L ¥0012-NMO

80/01L/.861

Ajuno) 194431

1194 °31S uowag ‘uosmeq
874 V£0013-NMD

80/01/.861

Ajuno) Jajuns

1184 Sewoy] uo3Jng

P2 v2001J-NM9
92/01/286}

Ajuno) A3aaybnog

1194 A313 J3uany

92 100£J-NMD
#aI 113m

--= SLIWIT NOI1J313¢

ns S1INN

Hd SYIL13IWVIVd

B-15



S'e’l

paisay
SUIIIIS

43430

1/6n gy2 = uz
1/6n gl = A
/6n 52 = IN

pe199312Q
sJajaweded
Jo430

458

002 14 aN 1702

oL oL 200 0°¢

/6n /6n  1/N6w /6w
Gons
Js eg Noz vom

1/6u

19

09%

oL

9/6n

U

00%%1L

oL

1/6n

®4

8°¢

0°0

1921

0°0

B 1 Eere

1€ L9
s°0 0°0
A BN

W31SAS ¥34INOV NOLAYTD 3HL 4O SISATYNV ALITVAD ¥3LvM

ed

8L/LL/2861

Ajuno) 4Ae))

118M 31S9] sauley 3404
€2 890013-NM9
#al 11eM

=== SLIWIT NOILJ3130

ns S1INN

Hd SYILINVIVY

B-16



oL‘s'e’L

s'e’tL

s'e’t

pa3sal
SUS9JIS

J3430

1/6n 92 = uz

1/6n g9 = A
1/6n 62 = n)
1/6n 02 = 03
1/6n 662 = v oL oY 19
1/6n ¢ = uz
/6n 2L = A
1/6n 22 = n)
1/6n |g = ¥ €S /! 2l
61 Yl aN
1/6n 0% = 1Y 261 stl 2t
62 S8 QN
=== 0l ol
wy/owun /6n  1/6n
pa3aa3ag
sJojaueded *puo)
Jay30 ~oads J4s eg

s2'9  aN
01°S N
N N
0 s
N 672
20°0 0°2
J/Nbw /6w
Conp
eon  Yos

s°st

9°L

981

1/6w

19

09y

19

8l

QN

oL

/6n

U

it

SLi

0gL

82

048

0t

9/6n

24

L)

0°0

9°'8

0°0

£l

Y 8¢

0°0s

0°0

cecccccaaa}BUecccacenos

W3LSAS ¥3JINOV INWOGIVID 3HL 40 SASATVNY ALITVND J3LVA

8J

%S

€L

ns

80/01/2861
Ajuno) ydjopuey
2it uew)yays
S0012-NAD

61/50/2861
Ajuno) Jajng
¢# sutejld
¥0013-NMO

20/01/2861
Ajunoj 391

2 M1 buol 333d
£0073-N19

20/01/2861
Ajuno) Ajooq
€4 811lpeun
20070-NM9

22/01/.861

Ajunoj A3saybnog

Aueq)y-g ML
10012-N19

#4aI 1197

SLIWIT NOILJ313a

S1INN

SYIL3INVIvd

B-17



g'e’l

paisal
SUI9JIS

Jay3o

pa32932q
SJojaweJed
Jay10

(113 aN 2L 0°9 e 1% 092 €1l
09% aN aN 6°€ 09 aN €2 S°¢
oL oL 20°0 0°¢ 10 oL oL s'0

/6n  /6n  I/NBw /Bw (/B 1/Bn 1/Bn cceee---

Eong
s eg 2on Yos 19 uw a4 X

W3LSAS ¥IJINOY INYOGIVID 3HL JO SISATYNY ALITVNO ¥3ILvA

91/£0/.861

Ajunoj dsia)

2 M1 dJed 3381S 1e1Joudl “IBA
8°9s L°L 8200712-N1D

8L/LL/286)
A3uno) Ajue3
1181 Aueduwo) 6uign] 8164039

L°%€ 0°8 9007J-NMD
#a1 119M
0°0 --- SLIWIT NOI1J313Q
.......... ns SLINN
e) Hd S¥313NVivd

B-18



oL’'s’L

oL’'s’e’l

oL's’s’L

s'e’l

s'e’l

poisal

SU9942§
Jayao

1/6n g¢

uz

/6n g6 = uz

uz

1/6n o}

pa39933q
sJajsweded
Jayao

992

%2

19¢

92¢

6ce

wd foyun

“puol
*oads

S6¢

09

123

(3%

oL

1/6n

Js

S0L

6S

aN

1S

11

oL

1/6n

aN

0s°0

90°0

0s°¢

oLt

20°0

1/NBw

no:a

NOz

0°¢

/6w

0s

16

oL

"6

-0

1/6w

1k}

oLl

aN

oL

1/6n

UW

Skt

6y

9

Ll

0l

1/6n

o4

QN

aN

S°0

8°¢

0°0

£l

6°0

0°0

82/10/2861
A3uno) j3anuew3

aayoooue) ‘119m Xoe189 "M °r

8°ge

0°gy

9°L £00r -NHD

£2/60/.1861

Ajuno) ayJung

2# dHW 36B1]1LA pooMyeQ
8°9 v200r-NM9

12/90/2861
Ajuno) ajJng

1194 100YdS AJejuswa)3 pJed1y

6" Y%

1°8S

€745

0°0

W3LSAS ¥34INOYV NVINOSNIVP 3IHL 30 SISATVNY ALITVNO ¥ILVA

€J

672 200r -N19
4$2/60/1861

Auno) ayung

L# 93I3pPLA

2°2 LOOr -NMD
22/90/2861

Auno) ayJng

L# 9339pLA

27 L00r -NM9
#0I 1191

--- S1IWIT NOILJ313Q

ns S1INR

Hd SY3LINVAVYd

B-19



oL’s’tL

oL’s’L

oL's‘e’l

paisay
SU99JOS

45430

8%l
1/6n 6 = uz (34"
1/6n g¢ = uz 09¢
1/6n oL = uz
/60 gL = A 12
uz
1592
wo foyun
pPa323313q
sJajaweded *puo
Jayio -oads

ool €l aN €72 1"e al Sie

16 £l aN 0°6 (4 £l sie

sge ol 200 s'eL 1°e 92 see

syl Sy 29°0 672 L°e aN 114

sst 114 1s°0 o0°s §°e aN oL

oL oL 200 o072 (] oL ol

/6n  7/6n /NBW /Bw (/6w /Bn /Bn

Eony

Js eg Zon ¥

os 19 U o

WALSAS ¥IJINOV NVINOSNIVF 3IHL 40 SIASATYNY ALITVND

aN §°L
s°0 sl
[ 34 0°¢

92/60/7.861
A3uno) uosJajjar
Y SUIJM

9001 -NM9

22/90/1861
A3unoy uosJajiar
ot SUBJM

900r -NMD

%2/90/2861
Ajuno) 4Aa1%23)8
€# uBJYI0)

SOO0r -NMD

£2/90/1861
A1uno) uosuyop

1181 1994318 9)13JAN YIJON ‘4 3))1ASIYBIIN

A} 9°e

kAl 2'ss 8L $00r -NM9

62/10/2861
A3unoy) uosuyop

119K 393438 313JAN YIJON ‘4 1) 1ASIybLIY

/- EETERRETTI

6°0 L°e
S0 0°0
A eN

L-EVR )]

' 1'8% 9°L 900F -NHO
#a1 1198
0°0 0°0 === S1IWIT NOI11J313Q
S1INN
6W e) hd SYILIWVIVd

B-20



po1say
SU93J23§
Jayio

pa1233ag
sJajsweded
9430

20€

£8Y

92e

Sie

952

wd/oyun

“puo)
=2ads

08Y 113 %0°0

00%’L GN aN
SlE 12 aN
S0 2l N
S0y 1L aN

oL oL 20°0

1/6n  7/6n  q/NBu

Eong
Js eg Con

'y

0°ooL

09

0°¢

/6w

Yos

et6e

29

e’s

491

Lo

1/6u

[k}

aN

QN

aN

aN

oL

/60

UW

0¢

11

oL

1/6n

o3

2861/60/2)
Ajunog AlsaqLy
040qa21y ‘2# Aueduwo) Jadeqd 931831SJa3U]

8¢ L9 2°SL ' 672 VS00Vd-NH9

1861/22/50

Auno) uweyieyj

2# pue1S| 93gA)

2 S8 %°¢e L'lg 0°8 V%00Vd-NMD

2861/22/50

Ajuno) weyieyd

yeuueaes ‘))19M 2ijue)ly-aude]

8l 876 0'8 9°62 672 €00Vd-NMO

1861/22/50

Ajuno) ueyieyd

9% YeuueAes

8"l 9°lL S8 L"%¢ 674 V200Vd-NH9

21861722/50
Ajuno) weyieyy

L# 310QJapunyl

9°e £l 676 9°92 8°L LO0Vd-NMD
#4a1 1134

S0 0°0 0°0 0°0 --- S1IWIT NO112313¢

cemmeceaceBlllc e eeeea ns SLINN

A eN ] 8) nd SYIL3IWVIVd

WILSAS ¥34INDV NVAIY¥OTd 3IHL 4O SISATVNY ALITVNO AILVM

B-21



paisay
SU993J4IS§

49430

1/6n g2 = uz

p3399334d
SJajsueded
58430

0691

9%

SS¢

1919

992

wa/oyun

“puo)
*oads

08L1

SSY

<09

ol8

S6g

oL

1/6n

ds

W3LSAS ¥34IN0V NYQI¥0Td 3IHL JO SISATVNY ALITYNO

sol £0°0 ¢°9sE §°492

0s £0°0 €792l Z4°8L

8. %0°0 9°LL 8°6

9s %0°0 L6l 9792

1 14 o %22 99

oL 00 072 L0
1/6n  q/N6w /6w y/Bw

ons
Z

eq ON ¥

0s 12

aN

QN

aN

oL

3/6n

UK

o%e

A4

8.

€

oL

1/6n

a9

21861/80/21
A3uno) uuly9

2 Yyanos Auedwo) Jaaded pue dind yoiMsunJg

2'E 0'eel I'vs  v°l8

9°L 8600Vd-NMD

1861/80/24
Ajuno) uuky9

| yanos Auedwo) u4aded pus dind yoiMsunag

9°l 6°¢l €S2 YoY

2L V600Vd-NMD

21861760/21
Ajuno) audep

uMolJ40320Q ‘Qy# JoluoAey/lll

§°e L 2Tl £762

6°L 0'se %2 ey

y°e L9l g72L vt

s°0 0°0 0°0 o°o

S 7/ T

d3lva

8°2 B800Vd-NMO
2861/60/21

A3uno) YysoulonW

119M MAN udiJeq

172 200Vd-NHD
1861/60/21

Ayuno) £A343qt]

St d)1LASSULH

02 900VYd-NHI
#AI 1194

--- S1INWIT NOILJ3130

ns SLINN

hd S¥313WVavd

B-22



2861/720/21
Ajuno) aJlem
¢# SS0JdAep
6's 26¢ Gl¢ 2L £0°0 . 971 Z2°SL ON T4 6°l 9°6L 2Ll 1'8E L7¢ €£1L0Vd-N1D

2861/20/21

Ajuno) uoljdeyl

£# uoiIsyiod

2£9 (1724 Ye €0°0 6°9.L %°2¢ OGN 19 12 0°22 ¢g£°62 69 L2 2L0Vd-NMD

286172072}

A3uno) uapwe)

€# S,AJeN °1S

969 002 0oy 20°0 67062 6°9¢ OGN | 4 0°2 9°¢e IS¢ 689 9L 9L10Vd-NMO

2861720724
Ajuno] uapwe)
sAuel -31S ‘|i# Auedwo) Jadeq uew)ln

9.8 028 0y 20°0 6°06C 2°80L OGN Ll "¢ 0°0S 668 6°0L %2 80L0Vd-NMD
2861/80/21
A3uno) uuA19
2 Ml 3Jed )1ed JajltW
6'8 /6n 02 = uz 066 0££2 69 £0°0 %°G2% 0°260L OGN 08¢ L*LL 0°0SS 0°¢6 0°¢gl 272 J600Vd-NMO
#a1 118
- 1] 1% 20’0 0°2 1°0 oL (1] S0 0°0 0°0 0°0 --- S1IWIT NOI123130
w/own 7/6n  1/6n  J/N6w /6w /6w /Bn 7/6n B ¥ ns S1INN
paisal Pa33339q
SUDSIJIS sJdajaueded *puoy no:w
Jo430 43430 ~oads Js eg Son edm 13 UW 94 A BN bW eJ Hd SYILINVIVL

W3ALSAS ¥3JINOV NVAINOTd 3HL JO SIASATYNY ALITVNO ¥3LvM

B-23



ul

ps3sal
SURIJOS

Jay30

paidaiaq
SJ9jalsJed
Jay30

eye

492

ese

see

0e2

wa /oyun

“puol
*oadg

1743 s9L %0°0

s0¢ aN £0°0

sél aN ON
oLy aN aN
sélL 5 QN

oL oL 200

1/6n  3/6n  1/Nbw

Cony
i eg on

0701

L)

0°8

0°¢

/6w

Yos

s

0°¢

L1

-0

1/6w

12

aN

0g

e

pra

ol

1/6n

U

92

st

09

oL

1/6n

LE ]

2861/82/10

A3uno) januew3

J# oJoqsuiems

aN 0°¢ 0°2 Ly S°L 210Vd-NMO

21861/¢2/90

A3unog sutjuap

L# U3

9°2 0"y 0°¢ 9y 674 9L0Yd-NHD

2861/82/10

Ajunoj supjuar

L# US) 1IN

¢°e kA 0°¢ 82y 82 910Vd-NMD

28617/62/10
AJUNo) UBA3JIS

JaAo(Q ‘119 dund aJdi4 ‘Auedwo) Buiysiulrd Buly
6°¢ '8 S8 e'we Ll SLOVd-NMOD

2861722/10
Ajuno) ya01\ng

2# 0Joqsalels

80 99 0°S 2'LlE 272 ¥L0Vd-NHD
#a1 1190

S0 0°0 00 0°0 --- SLINIT NOILJ3134

N it 14- R T T T TP ns SLINN

A eN 6K e) Hd SYIL3WVIVd

W3LSAS ¥IJINOV NVAINOTd 3HL 40 SISATVNY ALITVND ¥ILivM

B-24



oL

oL

poisay
SU33J4os

Jay30

/6n 0y = uz

pa3d9lag
sJa33uedRd
Ja430

ove

2se

6¢

Y02

952

wo /otun

*puol
*sads

002

061

09y

s9e

s91

oL

9/6n

Js

8¢

22

sS

22

s9l

oL

/6n

an

20°0

2070

7/N6w

Conz
%on

8°6L

0"

0°e

/6w

Yos

2

9°0l

0°%

(4

1°o

1/6u

1

aN

e

0s

oL

1/6n

U

LT4

ot

£l

oL

1/6n

9

0

1

S0

S*Y

9°0lL

6°¢

0°0

19l

0°9L

9°8l

8"l

0°0

etey

sy

6°eYy

182

279y

0°0

SRR 7 T

WALSAS YIJINOV NVAI¥0Td 3HL 40 SISATVNY ALITVND ¥ILVM

eJ

9L

ns

Hd

2861/62/20
Ajuno) Jatue
Z# puejaje]
020¥d-NM9

2861/81/20
A3uno) JatueT
2# puejaye
020vd-Nn9

2861/81/20
Ajuno) 9343403
4% se)bnoq
610Vd-NMD

2861/22/10
A3uno) Ja)pue)
2k 19119K
8L0Vd-NMD
18617/¢€2/90
Ajunog janueuwy

J# oJogsulems
ZL0Vd-NMD

#aI 1188

S1IWIT NOILJ3134

S1INN

SYILINVYVd

B-25



21861/52/20

A3juno) Jniedaq

L# a6pluquieg

oL‘2's's’L 202 ¢ oL €9°1 0N 2°¢ QN anN aN %)L ' §'2% 0°8 920Vd-NH9

2861/62/20

Ajuno) ApeJds

g# oJie)

1]} 1/6n €9 = oW 9fs (23 scl aN 0°SE 972 aN aN L7l §°0 %91 S°ge 0°8 €£20Vd-NM9D

2861/52/20

A3junog sewoy)

9# 91]tAsewoyl

28¢ (1}3% r24 20°0 0°0L %L aN aN 9°0 ray ) L°6L 0Ly 82 220Vd-NND

2861/62/20

A3uno) sapumo]

L# easopieA

oL'6’8's"1 €22 09 V3 aN 8°Ly  g£°EL  ON aN N L' 2y gse L2 L20Vd-NMD

21861/62/20
A3uno) SapumMo’]
L# ©81sopleAp

oL‘6's’'s’l 1/6n 0} = uz 612 £S ey aN 0°%e ¢£°S aN aN N 0°F £Y 8'2¢ §°2 120Vd-NND
#a1 1194
- ol ol 20’0 0°¢ 1°0 oL (1] S0 0°0 070 0°0 --- SLIWIT NOILJ313a
w/oyun 1/6n  /6n  /NBw /6w /6w 3/6n 1/6n T V- EET T T e ns S1INN
paisat pa12933q
SU33J42S sJajawedeg *puo) € onz
J3430 43430 *oads 4§ eg %on vOm 19 Ul a3 A BN 6 eJ nd SY3I13WVAVd

W3LSAS ¥IJINOV NVAINOTd 3HL JO SISATYNV ALITVNO ¥31vA

B-26



oL's’g’L 902

oL's’'e’L 512

oL‘s’g’L v 8s2

oL’'s’g’L’u 292

oL'2's’s’L €02
wa/oyun

paisay pa3dalag

SU39J428 sJajaueJded *puo)
Jay30 Jayio *oads

(174 anN 99°1 aN L°E ON aN aN 671

6l anN £€S°1 N 2°¢ anN aN N 671

92 aN 871 N €719 ON aN aN ¥t

k[4 anN 91 aN  £°S aN anN S0 9°¢

g aN gL 8% g anN anN aN 8°L

oL oL 20°0 0°¢ 10 oL oL S°0 0o

2861/0€/20

A3unoy JaY W

£# 331nbyo)

S0 S0 672 920Vd-N1D

2861/92/20

Ajuno) Ja3) LW

€# 11lnbjod

5°0 §°2¢y L°2 920VYd-NM9

286170%/20

Ajuno) 3Ijouiwss

1194 1224318 Y32 3Ise3 ‘9))lAuos)ieuog
9°0 2’08 6°L G20Vd-NAD

1861/52/20

A3uno) 3)0uUtuRs

119M4 332438 Y32 3Ise3 ‘aj)lAuosieuog
9°0 SIS 272 S20Vd-N1D

2861/0€/20

A3uno) Jniedag

l# abpiiquieg

£°F 0°'seg L4 Y20Vd-NM9
#0a1 113M

0°0 0°0 === SLIWIT NOILJ3134Q

1/6n  /6n /N6 /6w /6w /6n /6N EECERCEETTY V- EEEET LR R ns SL1INN

€ony
i eg o s 13 u a4 X N

W31SAS ¥3AINOY NVAIY¥OTd 3HL 30 SISATVNY ALITVNO ¥3ILVA

L] eJ nd SYILINVAVd

B-27



oL‘s’L'ua

oL’s’'L'uw

oL'6’8’s’e’L

oL'6'8's’s’L

paisa)
SUSIJIS

9430

7/6n gL = )

1/6n || = nJ

paivsiaq
sJ9j9welRd
J3Y30

171

19¢

11/

602

1ee

wa/oyun

*puo)

S9f

0cg

ooLe

8g

sie

oL

1/6n

J4s

W3LSAS ¥3JINDY NVGINOT4 3HL JO SASATYNY ALITVND ¥3ILVvM

9l

113

%6

ol

sel

oL

1/6n

£0°0  2°9LL
aN 0°1L
oN 0221
2€°0 aN
££°0 aN
200 02
JI/NBE /6w
€ong
Son Yos

0°0s

ey

9°0l

0°¢

1°e

170

1/6w

I

N V. -

21861/82/20

Aluno) joo0)

9# 19pY

1] 620¥d-NM9

2861761720

Ajuno) oo)

9% 19pV

72 620Vd-~NMD

2861/%2/20

A3uno) 331nbjo)

L @143 noy

6°1 820Vd-NMD

1861/62/10

A3uno) 119yd1LNW

(9#) 1191 MON B))iwe)
0°8 220¥d-NMD
2861/92/20

A3unol 119Yd3 1M

(9#) 1134 M3N e))lwe)
£°L 420Vd-NM9
#aI 119

--- SLIWIT NOILJ3i3Q

ns S1INN

nd S¥313WVaVd

B-28



1861/21/20

A3uno) 1)1H uag

J 118M pjedabzity

ot 1/6n 2¢ = uz §:18 1114 0602 an N 2°¢ 9l s62 L°0 8°e £°8 6°¢€C 6°2 ££0Vd-NMOD

2861/8L720

A3uno) uimyj

€&#* 811190

661 osL 9. QN aN 072 82 oyt N 0°2 0°s £°ee 8L 2£0Vd-NH9

2861/792/20

Ajunod 3311

O U0l

£9¢ s9¢ 9 aN aNn 172 aN aN 9°0 §°e S8 0°ly 078 | £0Vd-NMD

2861/92/20

Ajuno) udaLilag

Auedwio) soruqes odowy ‘2# S1)LW d)11AyseN

L1419 0% 19 £0°0 28 |9 aN el 17l LY 0°9L 0768 0°8 0£0Vd-NMOD

21861/81/20
A3uno) uaiauag
Auedwo) saruqey odowy ‘Z# S)11LW @11 1AYseN

0Ye 0ge 2s aN 0°e2 £°% an 18 2l 6°Y 0°9L %68 0°8 0£0Vd-NMOD
#4I 11=M
o (1]} ot 20°0 0°¢ (1] oL 1] s°0 0°0 0°0 0°0 --= SL1IWIT NOILJ313Q
wy/opun /6n  1/6n /N6 /6w /6w /6 7/6n R V- IR ns SLIND
paisay pa32933q
SUIIJIS sJajaumJled *puo) dn&zw
49430 Jay3o *oads JS eg Noz odw 19 UK LF] A BN bW e) Hd SYILINVYVY

WILSAS ¥34INOV NVAI¥OTS 3HL JO SISATVNY ALITVNO ¥3LVA

B-29



oL’s's‘l

uj

paisal

SU9949S
Ja430

1/6n 24

1/6n 002
1/6n 0ge

uz

n n
-
< N

1/6n 0% = uz

pa39933q
sJajowelad
Jayio

0%2

1144

6£e

Y42

e

wos /oyun

“puod
*2ads

86 oti ¥2°0 aN |72 aN a2

ac 1] s2°s aN 2% St SLé

08¢ syl 20°0 S°¢ Ly 113 8

00s 88 200 s'8 ) 14 48

1192 092 20°0 8°¢ 29 26 o8L

oL 0oL 200 02 0 ot ol

W/6n  1/6n  /NBw /6w /6 7/Bn  1/6n
Cong

i eg %8 Ys 12 ud 8

W3LSAS YIJINOV NVAIYOTS IHL 4O SISATYNY ALITVIOD

ra’ 0°e

N 871

't 6701

S°0 0°0

2861L/%2/90

Ajuno) abpog

Y# uewyse3

A €'ey 972 BEOVd-NMD

28617241720
Ajuno) suadney
f1aM Buriolluopw ueboy

S0 0°gy 972 LE0Vd-NAD

1861/92/90

Auno) squool

(1131 329438 YIXIS) L# BL1EpiA

9°S 8°22 6°L 9£0Vd-NHD

2861/92/90
Ajuno)y AJawobiuoy
113M M3N UOUJIA JUNOKW

8¢l 0°82 872 S£0Vd-NAD
2861/92/90

Ajuno) J1ej19]

L# 9BYIN

ool 2°2y 872 Y£0Vd-NMD
#0I 119M

0°0 0°0 --- S1IWIT NOI1J313Q

cemmeeeeee)/Bll-ceeeeece S SLINN

¥alvh

-] e) Hd SY3LINVYV

B-30



/60 2°¢ = UIY3a419331 2961/81/¢0

1/6n g7} = ujyIaLo1@eL-t Ajunoy A3jJaybnog

1/6n €2 = uz Aueqiy - €L ML

oL‘s'e'L’uw /60 g¢ = ¥ 286 82 9 02°2 €98 921 0§ 09 0°2 I'g8l 82 €26 12 LY0Vd-NAD
2861722/01

Ajuno) Ajuaybnoqg
g# Auedwo) pue yoJay
u 022 111 aN 92l aNn  0°S aN aN S0 £°2 17l £71s 9L 0%0Vd-NMO

2861/21/¢0
Ajuno) A3saybnog
g# Auedwo) pue YoJ3ay

uy s 0§ 9l X4} N 2% OGN aN aN L2 0L S8y 272 0Y0Vd-N1O
2861/62/20
Ajuno) y3.Jop
L# J21SdAAS
oL’'s's’L 02 S.€ 002 08°0 N L€ ON aN 60 £¢€ 89 9 672 6E0Vd-NAD
2961792720
Ajuno) yiJsopn
L# J31S3AAS
oL‘s'e’t 1/6n QL = ON 082 09¢ 002 20°0 GN 2°¢ ON aN 0L %€  ¥L 89y Ll 6E£0Vd-NHD
#aI 119H
=== ol ot 2000 02 L0 ol oL €0 00 00 00 --- SLIWIT NOILJ313a
w/own 1/6n /60 J/N6w /6w /6w /6N 7/6n T V| e —— ns S1INN
po3sa) paisalag
SU3aJII§ sJajaweded *puo) noza ’
4430 Ja30 -ods 45  ©8 S Yos 19w ey X BN BN e jd S¥313WVAVd

W3LSAS ¥34INOY NVAI¥OT4 3HL JO SISATYNY ALITVAD ¥ALVM

B-31



oL's‘e’t

oL’'s'€‘L

ug

ug

/6N 0'g = auajAx
/6n o2 = auanjoy

/6N €72 = UIY3IaJ}9313}

oL’s'e’L’ud

paisay
SUJIIS

Ja430

1/6n gL = uz
1/6n gL = A

pa12233q
sJajalleded
Jayip

£le £y
0ce 6&
ol 9l
451 £l
L7249 9.
LRz oL
wd/oyun  1/6n

‘puojy

*oads Js

6¢

ol

1/6n

99°L  ON
15°1 aN
05'€ N
06°2 N
98'9 0°IS
200 02
1/N6w /6w
€ony

%on  Yos

0'8

2°s

6°81L

10

1/6w

19

aN

aN

£l

oL

1/6n

ON

aN

12

113

oL

1/6n

o4

W3LSAS ¥3IJINOV NVQI¥OTd IHL JO SISATVNV ALITVNO

QN

aN

QN

aN

s°0

8°0%

6°eY

"2

1706

0°0

LEIR [y

s°e 0"l
€2 670
92 S0
ee %°0
2l Y2
0°0 0°0
BN ("]

8

kara

ns

Hd

286170€/40
Ajuno) Jayeg
L# UoIMaN
£Y0Vd-NMD

2861/92/20
A3uno) Jayeg
L# UOIMON
£%0Yd-NMD

2861/82/01
Ajuno) a3
% M0 3134489
2%0Yd-NM9O

2861721/€0
A3uno) 337
¥ M0 33344B9
2Y0Vd-NMD

2861/82/01

A3uno) A3Jaybnog
Aueqly - €1 ML

L70Vd-NHD

#al 119M

SLIWIT NOELI313Q

SLINN

SY313WVEvd

B-32



oL’s’'e’L

oL's‘s’l

oL's’e’L

oL’s’s’tL

oL's'e’l

paisal
SU33JIS

J2430

1/6n 2¢
1/6n 0ol

uz
ny

pa323334d
SJajsweded

49430

k131

9%

122

9¢

8l

wo/oyun

*puo)
~oads

29

iy

1174

ale

oL

1/6n

Js

WI1SAS ¥3IJINOV NYAIY0Td 3HL 4O SISATVNY ALITVND

aN

Ll

0g

st

setl

1]

1/6n

2L aN
671 aN
20°1 N
$0°0 0°2
0’0 aN
200 072
1/NBu /6w
©one

Son  Yos

0°0l

'y

A

1/6w

19

aN

QN

aN

aN

oL

1/6n

UW

k4

0l1

0¢

2

oL

1/6n

LE

0°L

Ly

0°0

0°09

27Ls

0°s%

L°6%

9°8¢

0°0

aNn 2°2
aN 971
aN g2
L 0°¢
4°0 1°e
S0 00
A eN
y31vH

8)

2861/62/0L

Ajuno) 997

6l ML swisy A3jeH

€2 290Vd-NMD

2861721750

A3uno) 991

61 M1 suuey 4Asjey

1°8 2Y90Vd-NnO

21861/91/%0

Ajuno) dsiJa)

112K uosAj ")

6L 2990vVd-NHO

21861721720

A3uno) X039} 1M

S# @111Aaqqy

yAVA SY0Vd-NMI
1861/92/20

Ajuno) Jdsuanj

2 dJowesAs

6°2 790Vd-NHO
#al 1134

--- SLIWIT NOILJ313Q

ns S1INN

Hd SYILINVAV

B-33



oL's'g’L’'u

oL’'s'e’L v

paisay

SUDIIS
Jayio

/60 22 = uz
1/6n og = t1
1/6n €g9 = v
1/6n oy = uz
1/6n 6L = A
71/6n 4L = A
1/6n 42 = 11
1/1/6n || = oW
1/6n 019°L = W
pa312333¢
SJIjaweded
Jaylo

6ce

a2

wd /oyun

“puol

A4 anN 'L 0°¢ 0°S il 509

44 an (1721 aN  2°% oL 009¢

oL o 20 02 0 O o0l

/6n  /6n  N/NBw /6w /6w 1/6n  1/6n
€ong

s eg S Yos 10w a4

W31SAS ¥3JINOV NVAIYOT4 3HL 40 SISATYNY ALITVNO

QN

$°0

e

0°0

2861781711
Auno) AjJe3
upjer - | M1 Asadel Bnog

aN 0°S%Y 972 8%0Vd-NM9
2861/8L/€0
Ajunoj Ajd4e3
uiyer - | M1 Asagey 6nog
9°0 L2y 8¢ 8Y0Vd-NHD
#01 1124
0°0 0°0 --- S1IWIT NOI1D313a
D R 1/ TP PP ns SLINA
6K 82 Hd SYILINVAY

Y3LVA

B-34



1861722/40

Ajuno) uuk)1n

¢ M1 JJed utjjo)

ol 18y SsY 1% GN 2°%¢ 8°02 sl S8 6°¢ £°l2 9°LlL 8729 U2 €00 IW-NND

2861/62/20
A3uno) sapumMoT
1121 113M3nog

oL'6'8's’L 1/6n 65 = ¥ 8y aN ON oL°€ aN L. ON 14 aN 8'S 20 (R 0°S 2001W-NM9
2861/81/20
1/6n gL = uz A3uno) sapumo’y
1/6n gL = n) 1194 1)19M3Inog
0L'6'8°s’‘l 1/6n 69 = ¥ 09 2L 9l S6°2 aN %L ON 92 20 9°§ 'L 2L 0°§ 200IW-NMD
21861/82/20
Auno) 00D
1194 UB11LWIH °F "M
oL’'s’1‘ud 1/6n ¢ = uz €22 <2l 0z £0°0 9°¢ 1’y 92 (914 £l 99 y°EL 2'le 28 LOOIW-NMD
2861761720
A3junog 00)
1134 U ILIWON °F °M
oL’'s’}'ud /6n ¢g = uz 1174 SLi 12 N S°¢2 2°¢ 85 0L02 ¥l 9°9 9°¢L §2 08 LOOIW-NMO
#aI 1194
—ee ol oL 200 02 (1] oL oL [91] 0°0 0°0 0°0 --- S1IWIT NOILJ313Q
w/opun 7/6n  /6n  7/N6w /6w /6w y/6n /6n R N V- CEE L e ns SLINN
poisal pa3oa3aq
SUIIJIS sJajsueded “puo) no:u
Ja3yio Jayao *oeds 4§ eg %N Yos 19 UR a4 p.| eN bW e) Hd SY313WVavd

W3ALSAS ¥341NOY INIJOIW JHL 40 SISATYNV ALITVND YILVM

B-35



oL

paisal
SuaaJ2s

Jay3o

1/6n ¢4 = uz
1/6n ¢g = v 1 06 172 aN 2°§ 2y oLl 0S2 - 8°s 2°s 8°sl
1/6n Q) = uz
1/6n 29 = v 6l 06 |72 aN 0°8 ¢ 00t s 0"l 1S 0°s 9°sl
98Y G2y i1 20°0 6°S% 9°S¢ %l oLl L't 2°02 O°LL Y719
Ooc ol 1]} ¢0°0 02 1°0 ol ol S°0 0°0 0°0 0°0
wa/oywn /6n /Bn /NBw /6w /6w 1/6n 7/6n b 74 EEE TR
pa3993aq
sJajaweJed *puo) mcza
49430 *oadg J§ eg Noz .dm 12 Ul LF] A eN 6W e)

W31SAS ¥34INOV 3INIJ0IN IHL 4O SISATVYNY ALITVND ¥3ILVA

ns

Hd

2861/92/50
Auno) yooy1ng

2 AL 3y nadoy
200 1W-NM9

28617/22/10
A3uno) yo0)1ng

2 ML 3jLynadoy
%00 1W-NRD
1861/80/21
A3uno) uuAyg

€ Ml JJed uljjol
€00 IW-NHO

#al 1191

SLIWIT NOI12313Q

S1INR

SYAL3WVivd

B-36



2861/50/01

1/6n ¢°| = doud)atqgey A3unoj uo3jng

/60 || = 1eyad(1xH1Y332)s8 1194 UOSJIaYdoW 3404
oL’'6'g 1/6n ¢ = v 1119 L €l an g9 1°y sy 02s £°¢ "8 e 2’8 s°9 £00d-NMD
2861/82/%0

Aunoj uoljng
119M UOSJAYJOW 3404
oL’6’s 1/6n g = v 211 L £l 0L'0 0% 12 1% 082 2°¢ S8 £°e 9°8 172 £00d-NMD

1861/22/60

Ajuno) uojAe))

1134 2A1JQ 83130 ‘@1BPJIdALY

ol 801 c8 (4 6l°L ¢£°¢ 9't £2 aN L1 §°6 €1 26 2’9 200d-NM9D

861712/%0

Ajuno) uojde))

1191 2ALJQ B3130 ‘d1EPJaALY

ot 111} SL 0g °1L 0°2 rA 74 aN 91 "6 £ ¢°6 89 200d-NM9

2861/92/80
A3uUno) Jay3Iamlaal
1194 MAN 31]LtASJaYyINg

1/6n 6¢ = uz 6¢l (11] 8 aN aN €£°8L 0°SL o2l 06S1 172 0°st <&°¢ ¢l 8°9 100d-NMO
#aI 119M
4= ol oL 20°0 o0°2 1°0 ot ol S°0 0°0 0°0 0°0 --- SL1IWIT NOILJ3130
u/oywn 7/6n  /6n  y/N6w /6w (/6w 1/6n  /6n ECETTERP TR VT R P ns S1INN
paisa) pa33a3aq
SU3JIS sJajaweJled "puo) no:a
Ja410 42430 “oads Js eg mrz edw 13 U CF] A eN bW eJ Hd SYIL1INVAVd

SYIJINOY GINIINOINN LNOWGIId JHL JO SISATYNY ALITVNO d3LVA

B-37



oL

oL

oL'6’s

oL‘6’s

poisal

SUI9JIS
Ja430

1/6n gL = uz
1/6n g2 = v
1/6n 22 = uz
1/6n 2| = uz
pe39939q
sJdajaweded
Jay30

1413

£el

0sL

802

892

“puol
*oads

el

s'st

6°¢e

L€l

S°LL

070

9 st iL°0 26 0°LL  Of 86 1'2 §'v £l

8 0l $0°0 £S5 8Ll 88 € vz 98 e

88 0§ 2000 SZ L€ OGN QN 6L 9L 0

02 9L 650 €2 V2 S8 0291 sz 90z 22

082 08 S0 0°2L 962 O0£0L SEL 62 €% 9¢€

ol o 2000 02 10 Ol oL $0 00 00

W/Bn  /Bn  I/NBw 1/Bu  \/BU /BN /BN ceeeeeeee-fBllocoonoee-

B ong
Js eg Con Yos 12 u a4 3 eN B

SY¥341NOV GINTINOINN LNOWA3Id 3HL 30 S3ISATVNV ALITVND AILVA

8)

2861/92/80
A3unog AJusy

9# uoiduey
€2 200d-NHD

861701721

A3uno) stJJey

L# Yoilys

872 V900d-NHD

2861721750

Ajuno) 11BN

L# youeug AudmMo14

22 S00d-NMI

21861/22/60

Ajuno) uojlng
2# °ou] spueJg uojJeg
L9 8900d-NH9
2861L712/90

Ajuno) uoljng

2# °oul spueug uojleg
S°9 8900d-NHO
#aI 1194

--- SLIWIT NOILJ3130

ns SL1INN

nd SY¥313WVAvd

B-38



oL

paisalL
SU33JIS
Jay30

1/6n 61 = uz
1/6n 21 = n) 8yl
1/6n |y = uz 02
1/6n g62 = uz
1/6n 96 = v 8.
Y12
Yie
wo/oywn
pa32333q
sJajaweJed ‘puod
Jayio *Jads

og

el

73

oL

7/6n

Js

9%

(4%

£l

£

ot

1/6n

02°s

08°0

£0°0

£0°0

4£°0

200

1/Nbw

€onz

Zon

aN

9702

9°82

2

Yos

0°9L

2’6

1“0

1/6w

2

aN

aN

s9

111

aN

oL

1/6n

U

aN

(1] ¥4

00601

ozot

0l

1/6n

o4

2861/92/80

A3Uno) JaYylamMLJay

AInqpoom ‘L# 113N ueld 0IsigeN

g 2l 92 9oL 979 210d-NMD

2861721750

A3uno) uosipen

l# ®111lAs)alueg

8"l 0°S e 1°S L9 110d-NHD

21861/21/50

Ajuno) utjjuedy

119 sbupuds uljuedy

L2 2y £ €Y 6°S 010d-NMD

21861/82/90

Ajuno) sauop

4 Aedyy

2y 9°€l 972 6"yl 1724 600d-NM9

21864/21/50
Ajuno) uosyder
sseJbJapuad ‘v# Auedwo) AJ43nod audepn

L1 S'8 18 9°%e 972 800d-NH9
#01 1194

S0 0°0 0°0 0°0 === SLIKIT NOI1J23134Q

SEEEE LT v/ TR TP T e ns S1INN

A &N bW e) hd S¥313WViIvd

SYIJINOV AG3INIJINOINN LNOWA3I1d 3IHL 0 ALITVND ¥3LvAM

B-39



113 /6n 00 = uz
oL 1/6n g = uz
1] 1/6n 26 = uz

1/6n QL = uUlYyIaL23IaL

1/6n 2} = uz

1/6n 92 = L1

ol 1/6n 42 = ol

1/6n 6yl = ¥

paasal pa3aazag
SUlIxJ4I§ SJajslleJded
J3yio Jayio

9 €6 2 1L .6€ 26§ €8 S 61
6L 001 <9 AN 99 2S S6 02 8y
g8l S %9 00 0°0L %8 88 0§y 6y
LGN 62 Y0 OGN 0% OGN QN 91
w0z B  ON GN 691 08 28 owl 9L
-~ 0L 0L 20 02 10 0L ol 0

wofogn 1/6n /6n  /N6w /6w )/Bw  /6n  1/Bn
“puo3 Cong
oads s e8 Son Yos 19w a4 3

SY¥IJINOV Q3INIANOINN LNOWA3Id 3HL 40 SISATYNY ALITVAD d3LVA

2861/€1/50
A3juno) weysJdagey
1194 Jded ))1eg isaJowsq

8"y €1l 2L S°9 V9L0d-NMO
2861/5€2/60
Auno) qiejeq

1194 uoljog °d

97 9°Y 9Ll 679 V¥S10d-N1O
1861/22/%0

) Aunol qiexad
II®M (PiojuBs A)Jewioy) uoljog °d

9°L LY 8’8l 6§72 VYSL0d-NMD
2861/92/80

A3uno) uosdn

L# @68111A 33suns ‘Ajuno) uosdn

2”1 2°0 20 S°S Y1L0d-NM9
2861/92/80

A3uno) 3)1epyo0y

1138 39941S Jassoy ‘sJddhuo)

{12 T D § 8°9¢ 972 £10d-NMO
#aI 1194

0°0 00 0°0 --- SI1IWIT NOI1J3i3a

R EREEE TR, /- T AT ns SLINN
8N ] e) nd SYILIWVIVI

B-40



01 ‘ud

oL

paisal
SUIIJNIS

43410

1/6n g| = uz

1/6n g6 = uz
1/6n 2 = v

pa12332q
SJajsueJed

43430

2oL

681

0s

9S

6 O 2L 12 £6 OGN N gL 89
Sl 0L %00 9°8L 1€ 02l 62 g2 92

€€ 65  I¥L  ON 5 N 9l 'L v

98 2 i80 €S 1'E 02 € 9z 92

o0 o 200 02 10 oL ol 0 00
WEN  V/Bn  V/NSw /B 1/Bu  1/BR I/BR  -eeeeeoo.o1/BU

Cong
i eg Con Yos 19 w4 3 N

S¥3JINDY G3INIINOINN 39QIY 3N78 IHL JO SISATVNY ALITVNOD ¥3ILVA

£1/50/2861

Ajuno) uluuey

1124 P10 uojuebiol

22 8°6 9°9 %00¥8-NMHO

2L/50/4861
Ajuno) uosmeq

112M YJed 3]OH 1BOYS ‘a3]]lAuosMeq
92 1'g2 82 £00¥8-KMD

€1/50/2861

A3uno) uotun

¢# AyLaoyny Jaiyep B)ION

£l 6°¢ L9 v200¥8-NMD

€1/50/2861
Ajuno) sumo)
9 99SSEMBLK

€1 6°S 99 1L00¥8-NHD
#4I 119M

0°0 00 ---  SLIWIT NOIL2313q

..... a---- ns SLINN

bW e) Hd S¥ILIWVHVd

B-41



B-42



o1

ol

ol

oL

113

paisa)
SUIIJIS

J3430

1/6n 0§ = 1V

/6n 4 = n3
1/6n 05 = v

po399330
s)e3a
J3430

1744

202

0L9

6%S

£le

wo foyun

“puod
*Jads

1 T4

s

69

st

oL

1/6n

Js

92 20
09 %670
i 2071
92 95°0
N €270
o 200
1/6n  1/N6w
Sons
eg Son

R/

$°e

£°s2

0°2¢

aN

0°¢

/6w

0s

0°¢

0°¢S

y°09

0°¢

1/6u

12

aN

92

oL

1/6n

U

Sy

113

oL

LE

$°0

80

QN

(% £°¢l

i 8°0l

2861/50/80

A3uno] J43)18pM

sbuldds ysijmed) ‘ebneweydiyd
§'82 172 £00¥A-NND

2861792710

A3uno) J3))18M

sbutuds ysijmMes) ‘ebneweydiy)
2°92 1L £00YA-NMO

21861/50/80
A3uno) BsS00318)

adaoysa160 34 - }19M 1e3ldsoy Auno)-id)L

€9 9°%

6°0L %L 200¥A-NMD

2861792710
Ajuno) Bs0038)

adJoy3a160 *33 - 113M 1e3IdSod A3unod-tJl

9°¢e 8761
2l 0"yl
0°0 0°0

I /- P,
8N (5%}

SYIJINOY A3NIINOONN 390Id ANV AITIVA JHL 40 S3SATYNY ALITVNO ¥ILVAM

§'is 279 200Y¥A-NND

2861/90/80

Ajuno) phold

awoy ‘)19M peoy uolsbul)y
6°¢¢ 0°8 LOQYA-NMID
#4I 119M

0°0 === S1IWIT NOIl1J313Q

SEog ns S1INN

el hd SYILINVEVd

B-43



oL

ol

ol

paisal
SUI3JIS

Jay30

1/6n | = uz

p932933g
sJajsueJled

43410

1s2 1 T4 €l 68°0 ¥°S

€22 92 £€f 8e70 aN

(874 ooe S.9 %6°0 2°¢

0s¢ 1713 96 0s°9 ¢°¢

85S S66 el aN 0°¢8

--- oL oL 20°0 0°¢

wd/oyn 7/6n  /6n  /NBw /6w
“puod Song
*oods JS Bg Noz cdm

0°¢

0°6

0761

1/6w

12

aN (¥4
aN aN
aN aN
ON aN

aN

1L

2861/90/80

Ajuno) jlod

buluds uMolJepa)

771 g°yl 8l 7. SO0¥A-NMI

21861/90/80

Ajuno) mojJdeg

buluds siMa7 ‘9)]lAsdiepy

8°0 1"yl 8722 8L ZO0Y¥A-NAD

1861/90/80

Ajunoy molJeg

1124 3se3 ‘uoiiedoduo) s3dnpodd 18I1WRYI
6°t e'sl 6§62 6L 9003A-NMO

21861/50/80

Ajunoj eboolieyd

i Ajuno) eb0oo13ey)

L°s S°e 129 %2 SO0YA-NMI

1861/50/80
Ajuno) Ja)1em

o% 1191 (°0J J9Yd1eY|-BS00) PJepuBlS A]Jauwdoy) °0) PEIJYL UBdLJaWY

2l 29
ol 0l
/6n  1/Bn
uy 94

L€

)

2°22 g2 L'oL 672 Y00UA-NND
#a1 119A
0’0 00 00 --- SLIWIT NOIL23134
B TETS /- ' EE R RPN ns SLINN
eN bW e) nd Y ETEN 2 7]

SY341N0V GINIANOINN 390I¥ GNV AITIVA 3HL JO SISATYNY ALITVAD ¥ILVA

B-44



2861/90/80
Ajuno) yjod
2# Ayunog yjod
8%e 114 bl 6L°L %2 0°¢ aN aN aN g7 ¢ 6°gs 272 600¥A-NMD
#a1 1194
== oL ol 20°0 0°¢ 1°0 oL 1]} S°0 0°0 0°0 0°0 --- S1INWIT NOILD313Q
w/own /6n  1/6n  /NBw /6w /6w 3/Bn 1/6n L V- CEET TS ns S1INN
poisa) pa3adleq
SU9J4OS sJajauweJed *puo) Song
J3Y30 Jayio *Jads Js eg Son Yos &) UW o A eN 64 8) d SYILINVAIVd

S¥IJINOV GINIINOINN 39AI¥ ANV AIVIVA 3HL 30 SISATVNV ALITVAD ¥ILVA

B-45









For convenience in selecting our reports from your bookshelves,
they are color-keyed across the spine by subject as follows:

Red
Dk. Purple

Maroon
Lt. Green
Lt. Blue
Dk. Green
Dk. Blue
Olive

Yellow

Dk. Orange
Brown
Black

Dk. Brown

Valley and Ridge mapping and structural geology

Piedmont and Blue Ridge mapping and structural
geology

Coastal Plain mapping and stratigraphy

Paleontology

Coastal Zone studies

Geochemical and geophysical studies

Hydrology

Economic geology

Mining directory

Environmental studies

Engineering studies

Bibliographies and lists of publications

Petroleum and natural gas

Field trip guidebooks

Collections of papers

Colors have been selected at random, and will be augmented as
new subjects are published.

Editor: Patricia Aligood

The Department of Natural Resources is an
equal opportunity employer and offers all persons
the opportunity to compete and participate in each
area of DNR employment regardless of race, color,
religion, sex, national origin, age, handicap, or
other non-merit factors.
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