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Abstract

Septic systems were identified at 241,733 locations in a
2,539-square-mile (mi?) study area that includes all or parts of
12 counties in the Metropolitan Atlanta, Georgia, area. Septic
system percolation may locally be an important component of
streamflow in small drainage basins where it augments natural
groundwater recharge, especially during extreme low-flow
conditions. The amount of groundwater reaching streams
depends on how much is intercepted by plants or infiltrates to
deeper parts of the groundwater system that flows beyond a

basin divide and does not discharge into streams within a basin.

The potential maximum percolation from septic systems
in the study area is 62 cubic feet per second (ft*/s), of which
52 ft¥/s is in the Chattahoochee River Basin and 10 ft*/s
is in the Flint River Basin. These maximum percolation
rates represent 0.4 to 5.7 percent of daily mean streamflow
during the 2011-12 period at the farthest downstream gaging
site (station 02338000) on the Chattahoochee River, and
0.5 to 179 percent of daily mean streamflow at the farthest
downstream gaging site on the Flint River (02344350).

To determine the difference in base flow between basins
having different septic system densities, hydrograph separa-
tion analysis was completed using daily mean streamflow
data at streamgaging stations at Level Creek (site 02334578),
with a drainage basin having relatively high septic system
density of 101 systems per square mile, and Woodall Creek
(site 02336313), with a drainage basin having relatively low
septic system density of 18 systems per square mile. Results
indicated that base-flow yield during 2011-12 was higher
at the Level Creek site, with a median of 0.47 cubic feet per
second per square mile ([ft*/s]/mi?), compared to a median

of 0.16 (ft*/s)/mi?, at the Woodall Creek site. At the less
urbanized Level Creek site, there are 515 septic systems with
a daily maximum percolation rate of 0.14 ft*/s, accounting for
11 percent of the base flow in September 2012. At the more
urban Woodall Creek site, there are 50 septic systems with
an average daily maximum percolation rate of 0.0097 ft*/s,
accounting for 5 percent of base flow in September 2012.
Streamflow measurements at 133 small drainage basins
(less than 5 mi®in area) during September 2012 indicated no
statistically significant difference in streamflow or specific
conductance between basins having high and low density of
septic systems (HDS and LDS, respectively). The median
base-flow yield was 0.04 (ft*/s)/mi? for HDS sites, ranging
from 0 to 0.52 (ft¥/s)/mi?, and 0.10 (ft*/s)/mi?* for LDS sites,
ranging from 0 to 0.49 (ft*/s)/mi®. A Wilcoxon rank-sum test
indicated the median base-flow yields for HDS and LDS sites
were not statistically different, with a p-value of 0.345.
Because of the large size of the study area and associated
variations in basin characteristics, data collected in September
2012 were also evaluated on the basis of the basins physical
characteristics in an attempt to reduce or eliminate other
basin characteristics that might affect base flow. Basins were
evaluated based on geologic area, four geographic subareas,
and 45-meter (147.6 ft) buffer zone; there were no statistically
significant differences between median base-flow yield for
HDS and LDS basins. It is probable that detection of the
contribution from septic system percolation in base flow at
many of the sites visited in September 2012 was obscured by
a combination of the limitations of measurement accuracy and
evapotranspiration. Detection of septic system percolation
may also have been complicated by leaky water and sewer
mains, which may have resulted in higher streamflows in
LDS basins relative to HDS basins.
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Introduction

In 2010, the U.S. Geological Survey (USGS) launched
the National Water Census as authorized by sec. 9508
of the Omnibus Public Land Management Act of 2009
(42 USC 10368), which calls for the establishment of a
“national water availability and use assessment program.”

As part of the National Water Census, the USGS is studying
water availability and use in various focus areas across the
country, including the Apalachicola—Chattahoochee—Flint
(ACF) River Basin in Alabama, Florida, and Georgia (fig. 1).
Knowing how much water is withdrawn, consumed, lost,
transferred, and disposed of within a river basin is necessary
for effective resource management (Fanning, 2007).

Assessment of water budgets that account for inputs to,
outputs from, and changes in the amount of water within a river
basin are an important part of the USGS focus-area studies
completed for the National Water Census. This study focuses
on water budgets for surface water in the ACF River Basin.
The basic components of the water budget are precipitation,
evapotranspiration, surface-water and groundwater flow into
and out of the basin, changes in surface-water and ground-
water storage, water withdrawals, and interbasin transfer.

The USGS defines consumptive water use as water that is
evaporated, transpired, incorporated into a product or a crop,
consumed by humans or animals, or otherwise removed from
the immediate environment and is therefore not immediately
available for reuse (Hutson and others, 2004). Net water use
represents the difference between all water withdrawn from
a river basin and all water returned to the basin (discharge)
within a given water-use timeframe, and is thus the net effect
of all consumptive use, withdrawals, and discharges (Fanning,
2007). The net-use calculation includes interbasin transfers;
groundwater discharged from supply systems to streams
(for example, withdrawn from a well and discharged into a
stream); and groundwater discharged to streams from ground-
water storage, which includes natural recharge, pipe leakage,
and septic system percolation. The contribution to stream
base flow by septic systems has become an important water-
management issue in Metropolitan Atlanta, Georgia, because
of growing demands for limited water resources (Georgia
Environmental Protection Division, 2008). In particular,
knowing the amount of water percolating from septic systems
that returns to streams within a river basin will enable a more
accurate accounting of water resources.

Landers and Ankcorn (2008) reported an estimated
26 percent of the single-family housing units in
Metropolitan Atlanta were served by septic systems in 2004
(U.S. Department of Housing and Urban Development and
U.S. Census Bureau, 2005); a similar evaluation of data
for 2010 indicated the percentage was about 27 percent
(U.S. Department of Housing and Urban Development

and U.S. Census Bureau, 2010). Water percolating from
septic systems into groundwater and ultimately discharged
into streams may be an important component of the water
budget in small watersheds, which predominate much of the
Metropolitan Atlanta study area. To quantify the effect of
septic systems on stream base flow, the USGS completed a
study in a 12-county area within the upper part of the ACF
River Basin during 2012.

Purpose and Scope

The purpose of this report is to quantify the effect of
septic systems on stream base flow in a 12-county area within
the upper part of the ACF River Basin during 2012. To fulfill
this objective, the following information is presented herein:

* Synoptic streamflow measurements at 133 ungaged
sites and field water-quality measurements at 94 sites
during the low-flow period September 10—13, 2012;

» Compiled locations of septic systems, and land use,
geologic, soil, and topographic characteristics in the
study area;

« Statistical evaluations of differences in streamflow in
basins having high and low density of septic systems;

* Analyses of water budgets in two small watersheds—
one with a relatively high density of septic systems
and one with a low density of septic systems—
including analysis of existing continuous streamflow
records using hydrograph separation techniques;

» Estimates of maximum potential septic system
percolation rates for the study area; and

* Analysis of the potential contribution of septic
system percolation to daily mean streamflow at
sites representing the most downstream streamgage
locations in the Chattahoochee and Flint River Basins
in the study area.

Previous Studies

Landers and Ankcorn (2008) completed a reconnais-
sance-level investigation during October 2007 comparing
base flow in 24 basins having low and high densities of
septic systems in southeastern Gwinnett County, Ga.,
about 5 to 10 miles southeast of the ACF River Basin. An
arbitrary threshold of less than 100 systems per square mile
(systems/mi?) was set for low density (LDS) watersheds
and greater than 200 systems/mi? for high density (HDS)
watersheds. Spatial data were analyzed to characterize a
variety of basin characteristics, including drainage area, slope,



impervious area, and septic system density. The study area
was selected to ensure that geologic setting was consistent
among all basins. The Landers and Ankcorn (2008) study
indicated that mean base-flow yield, normalized for drainage
area, was 90 percent greater in HDS watersheds than in LDS
watersheds. Specific conductance of base flow was generally
higher in the HDS watersheds than in the LDS watersheds.

Several earlier studies documented the relation between
stream base flow and septic systems. On Long Island, New
York, Simmons and Reynolds (1982) analyzed long-term
streamflow records in two urban watersheds that indicated
a 60-percent decrease in annual base flow coincident with
increased imperviousness and a transition from septic systems
to centralized sanitary sewer systems. Most of this decrease was
attributed to the elimination of septic systems, because the base-
flow decline in two nearby watersheds that were increasingly
urbanized but unsewered was only 10 percent during the same
period. Also in New York, Burns and others (2005) reported
increased base flow associated with higher residential density in
three small basins. Elevated nitrate and sulfate concentrations
in the three basins indicated that the increase was attributable
to septic system discharges, and the increased base flow was
equivalent to the estimated flow into septic systems.

The Metropolitan North Georgia Water Planning District
(2006) provided an overview of septic system management
practices and usage that included a survey of county environ-
mental health officers responsible for septic management in
each of the 16 counties of the district. The survey yielded
information about the current usage of septic systems, their
ages, and failure rates and causes by county.

LaFontaine (2009) described differences in streamflow
characteristics between rural, suburban, and urban basins
based on data collected at 12 streamgaging sites in the
ACEF River Basin near Atlanta from October 2003 through
September 2006. The study included the development of
a base-flow index based on hydrograph separation. The
base-flow index (Wahl and Wahl, 1995) is the total volume
of base flow divided by the total volume of runoff during a
specified period, providing an indication of the percentage
of streamflow provided by base flow. The study found that
the base-flow index was highest in rural basins, followed by
suburban and urban basins. Higher percentages of impervious
area in suburban and urban settings likely inhibits the infiltra-
tion of precipitation into groundwater and accounts for the
lower base-flow indices in those areas.

Methods of Analysis and Sources of Data

To quantify base flow in the northern ACF River Basin,
small watersheds were selected for evaluation on the basis of
basin size (less than 5 square mile [mi?] drainage area) and
accessibility for streamflow measurements. Once sites having
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suitable drainage area and accessibility were identified, a
subset of 133 sites were selected to ensure a uniform distri-
bution throughout the study area. A geographic information
system (GIS) was used to delineate a drainage basin for each
measurement point location and the following characteristics
were determined: drainage area, minimum, maximum and
mean basin elevation, mean percent basin slope, land use type,
percentage of basin imperviousness, water-table and bedrock
depth, soil permeability, number of septic systems, population
size, and estimated average water use per household. Sources
of basin characteristic and population data are listed in table 1.

Locations of septic systems were acquired from the
GIS, planning, or water departments of individual counties or
municipal governments and were assimilated into a consistent
format in the project database (table 2). Some of the data were
provided as point locations in geospatial datasets and required
no modifications for incorporation into the study database.
One county provided septic systems as locations in the form of
a street address. This address was georeferenced and converted
to a point spatial dataset. In some areas that lacked specific
information about the existence of septic systems, land-parcel
data attributes were used to delineate septic system locations.
If a parcel had at least one bathroom that was more than
100 feet (ft) away from a sewer line, then it was considered
served by a septic system.

The majority of septic system locations were derived
from billing records. Billing addresses served by water but
not sewer were considered served by septic systems. These
addresses were geo-referenced and linked to the corresponding
parcel polygon data. The centroid of the parcel polygon that
shared the address of a septic system user was designated as
the location of the septic system.

In some counties, multiple sources of data were provided
by municipalities or water utilities to determine the locations
of septic systems. A cross-check was completed to ensure
there was no overlap of these data to avoid double-counting
of septic systems. Location information for septic systems
were assembled into a single-feature digital dataset, by county,
consisting of 241,733 sites located within the ACF River Basin.

Stream hydrography was derived from the USGS
National Hydrography Dataset at a resolution of 1:24,000
(http://nhd.usgs.gov/). Drainage basin boundaries for each
measurement point are needed as a first step in determining
basin characteristics. Basin boundaries were delineated using
a National Elevation Dataset (NED) digital elevation model at
a 10-meter (m) horizontal resolution (U.S. Geological Survey,
2009). The watershed processing tool for the ArcHydro data
model uses measurement locations and the conditioned elevation
data to delineate the drainage area upstream of the measurement
point. Using the polygonal boundaries generated for each basin,
a variety of basin characteristics were determined (table 1).
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Table 1.

Sources of basin characteristic and population data.

[m, meter; DEM, digital elevation model; NA, not applicable]

Data layer

Sources of data

Method

Units

Drainage area

Mean, maximum,
minimum elevation

Basin slope

Land usage by major category
including industrial and
commercial; residential;
forest; institutional;
agricultural; transitional;
golf courses, parks and
cemeteries; and transpor-
tation and highways

Percentage of impervious area

Soil permeability

Depth to high water table
within the soil

Depth to bedrock within the soil

Septic system locations

Population

Average household water use

Hydrography

Geology

10-m horizontal resolution National
Elevation Dataset DEM (U.S.
Geological Survey, 2009)

10-m horizontal resolution National
Elevation Dataset DEM (U.S.
Geological Survey, 2009)

10-m horizontal resolution National
Elevation Dataset DEM (U.S.
Geological Survey, 2009)

Atlanta Regional Commission LandPro
2009. Accessed May 5, 2010, at
http://www.atlantaregional.com/
info-center/gis-data-maps/gis-data

Multi-Resolution Land Characteristics
Consortium (2006) impervious surface,
30-m resolution (http://www.mrlc.gov/
nlcd06 _data.php)

U.S. Department of Agriculture.
U.S. General Soil Map (STATSGO2)
Georgia. Accessed September 3, 2013
at http://websoilsurvey.nres.usda.gov/

U.S. Department of Agriculture.
U.S. General Soil Map (STATSGO2)
Georgia. Accessed September 3, 2013,
at http://websoilsurvey.nres.usda.gov/
U.S. Department of Agriculture.
U.S. General Soil Map (STATSGO2)
Georgia. Accessed September 3, 2013,
at http://websoilsurvey.nres.usda.gov/
County and city information—based on
billing records analysis or proximity to
sewer lines (see table 2 for details)
Census 2010 block data—National
Historical Geographic Information
System (http://nhgis.org)

Atlanta Regional Commission

National Hydrography Dataset (NHD)-
http://nhd.usgs.gov/data. html

Atlanta area geologic map by
McConnell and Abrams (1984)

Area within the watershed boundary, which is
represented as a polygon of cells that flow
to the measurement point based on the pri-

mary down-slope flow direction of the DEM

Area-weighted average, maximum elevation
value of the DEM within the watershed
boundary, minimum elevation value of the
DEM within the watershed boundary

Mean of the DEM percent slope grid
values within the watershed boundary

(Land-use category surface area/
drainage area)x100

(Impervious surface area/drainage area)x100

Area weighted average

Area weighted average

Area weighted average

Count of septic system locations contained
within the basin polygon extent

Converting the block data into a raster dataset
were each cell within a block was given an
equal distribution of the total population
for the block. Using Zonal Statistics, a total
population was determined by summing the
population of each raster grid cell where the
centroid falls within the basin boundary

Attributed each system with the average
household water use for the county in
which it resides

Locations of streams and other water bodies

Locations of geologic areas

Feet

Percent rise

Percentage

Percentage

Percentage

Inches per
hour

Inches

Inches

Count

Persons

Gallons
per day

NA

NA



http://www.atlantaregional.com/info-center/gis-data-maps/gis-data
http://www.atlantaregional.com/info-center/gis-data-maps/gis-data
http://www.atlantaregional.com/info-center/gis-data-maps/gis-data
http://www.mrlc.gov/nlcd06_data.php
http://www.mrlc.gov/nlcd06_data.php
http://websoilsurvey.nrcs.usda.gov/
http://websoilsurvey.nrcs.usda.gov/
http://websoilsurvey.nrcs.usda.gov/
http://nhgis.org
http://nhd.usgs.gov/data.html
http://nhd.usgs.gov/data.html
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Table 2. Sources of information and procedures used to estimate septic system locations.

[NA, not applicable]

7

County City Type of information

Carroll NA Provided a list of address for water customers and a list of sewer customers. Determined the difference between
the two and georeferenced the addresses. Using a parcel dataset and the number of bathrooms assigned to
each parcel we generated an improved parcel dataset. Joined the georeferenced water only customer locations
to the nearest improved parcel and attributed those as septic parcels.

Clayton NA Provided a table of improved parcels and addresses of sewered customers. The parcelid from the table was
linked to the spatial dataset of parcels in Paulding County. The improved parcels that were remaining we
attributed as septic.

Cobb NA Provided water only customers.

Cobb Austell Provided a table of septic tank locations. Georeferenced the addresses and created a point feature dataset.

Cobb Marietta  Provided a spatial dataset of parcels that were not on sewer. Those were considered septic parcels.

Cowetta NA Provided address of sewered addresses, improved parcel dataset. Took the remaining improved parcels and
attributed as septic.

DeKalb NA Provided Street address of septic system.

Douglas NA Provided Street address of septic system.

Fayette NA Provided a table of improved parcels and addresses of sewered customers. The parcelid from the table was
linked to the spatial dataset of parcels in Paulding County. The improved parcels that were remaining we
attributed as septic.

Fayette Newnan  Provided sewer lines and water only billing addresses.

Forsyth NA Provided a feature dataset of water and sewer customers.

Fulton NA Provided feature dataset of septic system locations.

Hall Gainesville Provided metered parcels that were not sewered. Took the cell centroid of the parcel- attributed as septic.

Gwinnett NA Provided feature dataset of septic system locations.

Hall NA Provided parcel data and sewer lines. Those parcels >100 feet from the sewer line were attributed as septic.

Paulding NA Provided a table of improved parcels and addresses of sewered customers. The parcelid from the table was

linked to the spatial dataset of parcels in Paulding County. The improved parcels that were remaining we
attributed as septic.
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To quantify base flow, 133 small watersheds (less than
5-mi? drainage area) with similar land use, soil, geologic, and
topographic conditions were selected for evaluation. To ensure
a large contrast in septic system density, study basins were
subdivided into three categories:

 High density septic (HDS)—the upper 33 percent of
sites in terms of septic system density, ranging from
179 to 903 septic systems/mi? (46 sites);

* Low density septic (LDS)—the lower 33 percent of
sites in terms of septic system density, ranging from
0 to 37 septic systems/mi? (45 sites); and

» Middle range—the middle 33 percent of sites in
terms of septic system density, ranging from 38 to
178 septic systems/mi? (43 sites).

This grouping is in contrast to the classification of Landers
and Ankcorn (2008), who designated an arbitrary cutoff of
less than 100 systems/mi? for LDS basins and greater than
200 systems/mi* for HDS basins.

In each basin, groundwater contribution to streamflow
(base flow) was quantified using synoptic measurements
from September 10 to 13, 2012, during drought conditions.
Discharge was measured using volumetric methods at culvert
outfalls or velocity-area methods in the channel as described
in Rantz (1982). With each discharge measurement, field
measurements of specific conductance, water temperature,
dissolved oxygen, and pH of stream water were collected
using a calibrated multiparameter water-quality meter (Wilde
and others, 1998). Because many of the streamflow measure-
ments were made during extremely low-flow conditions, the
margin of error is increased, with many measurements having
errors greater than 10 percent. Measurement accuracy is listed
in appendix 1.

Streamflow and field water-quality properties were
compared between HDS and LDS basins. Because of the large
size of the study area and associated variations in geologic
setting, topography, land use, impervious area, elevation
and slope, soil properties, and population, data collected in
September 2012 were evaluated using a number of groupings.
These groupings were developed in an attempt to reduce or
eliminate other basin characteristics that might affect base
flow (fig. 2). The four groupings are (1) all sites, (2) septic
density range within a 45-meter stream-buffer area, (3) four
geographic subareas, and (4) three geologic areas.

Streamflow data from HDS and LDS basins were
compared using a variety of statistical approaches:

* Scatterplot and boxplot to summarize streamflow
data and basin characteristics,

* Linear regression to determine the relation of
streamflow to septic system density and basin
characteristics, and

* Wilcoxon rank-sum testing to determine whether the
median differences in streamflow and field water-
quality properties between HDS and LDS watersheds
are statistically significant.

Scatterplots and boxplots provided a visual means to
assess the distribution of data among the various groupings.
The multiple linear regression analysis was completed by
culling zero streamflow values from the 133 sites measured in
September 2012 (including HDS, LDS, and “middle range”
sites), resulting in a dataset of values from 94 sites.

The Wilcoxon testing procedure involved comparing
the ranks of two data populations and assessing whether the
median of each group was statistically the same or different.
The null hypothesis is that the median for HDS watersheds is
higher than for LDS watersheds, and the alternative hypothesis
is that the median for HDS watersheds is the same as the
median for LDS watersheds. A computed p-value equal to or
less than the significance level of 0.05, was used as a basis for
acceptance of the null hypothesis.

To evaluate how base flow varies on a seasonal basis,
daily data from two USGS streamgages were evaluated using
the computer program HYSEP (Sloto and Crouse, 1996),
which separates streamflow into base-flow and runoff compo-
nents. HYSEP uses three methods to separate base flow: fixed
interval, sliding interval, and local minimum. Each method
uses a different algorithm to separate base flow systematically
from runoff by connecting low points on the streamflow
hydrograph. The duration of surface runoff is calculated based
on the relation

N=A", (1)

where
N is the number of days for runoff to cease, and
A is the basin drainage area (Linsley and
others, 1982).

The local-minimum method was applied whereby streamflow
is evaluated to determine whether each daily measurement is
the lowest streamflow value for one-half the interval minus

1 day (0.5(2N x—1) days), with no overlap of intervals allowed
(Sloto and Crouse, 1996). This procedure tends to reduce
overestimation of base flow (Priest, 2004).
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Figure 2. Flowchart showing procedure for evaluating basins with high and low density of septic systems.

[HDS, high density septic; LDS, low density septic]
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Description of Study Area

The ACF River Basin includes parts of Alabama, Florida,
and Georgia (fig. 1). The study area covers 2,539 mi? in the
upper part of the ACF River Basin in Georgia. All or parts of
12 counties that include and surround Metropolitan Atlanta in
the 28-county Metropolitan Atlanta area are within the study
area (U.S. Department of Housing and Urban Development
and U.S. Census Bureau, 2005).

The study area is part of the 15-county Metropolitan
North Georgia Water Planning District established by the
Georgia General Assembly in 2001 to facilitate “development
of comprehensive regional water resources plans that protect
water quality and water supply in and downstream of the
region, protect recreational values of the waters in and down-
stream of the region and minimize potential adverse impacts
of development on waters in and downstream of the region”
(Metropolitan North Georgia Water Planning District, 2013).

Physiography

The study area lies in the Piedmont physiographic
province, an area characterized by rolling hills and isolated
mountains (fig. 3). Elevation ranges from as high as 2,586 ft
to the northeast in Hall County, Ga., upstream of Lake Sidney
Lanier, to as low as 563 ft to the southwest in Coweta County,
Ga. (fig. 4). Slope is less than 12 percent over most of the
study area and greatest in tributary stream valleys adjacent
to the Chattahoochee River, where values generally range
between 24 and 36 percent (fig. 5).

Clark and Zisa (1976) designated four physiographic
districts within the study area: Central Uplands, Gainesville
Ridges, Winder Slope, and Greenville Slope (fig. 3). The
northeast trending geologic structure of the Central Uplands
and Gainesville Ridges Districts control the course of the
Chattahoochee River and its tributaries. In the Gainesville
Ridges District, faults and fractures produced a rectangular
drainage pattern in the Chattahoochee River Basin. Within the
Central Uplands and Gainesville Ridges Districts, elevations
range from about 1,500 ft in the northeast and to about 1,000 ft
in the southwest.

The Winder and Greenville Slope Districts are character-
ized by gently rolling topography. The Greenville Slope
District underlies the headwaters of the Flint River, with
elevations ranging from 800 to 1,000 ft along the southern
extent of the study area. The district is characterized by
dendritic drainage patterns in which broad, shallow valleys
are separated by broad, rounded divides.

Geology

The Piedmont physiographic province is underlain by
structurally deformed metamorphic and igneous rocks. Major,
long-inactive fault zones divide the Piedmont into several
belts that generally have a northeastern strike. One of the most
prevalent of these features, the Brevard fault zone, is a primary
control on the path of the Chattahoochee River (fig. 6).

McConnell and Abrams (1984) described the geology of
the greater Atlanta area, delineating several major geologic
formations and groups that are subdivided into rocks of the
northern and southern Piedmont, separated by the Brevard
fault zone. The northern and southern Piedmont consist
of structurally deformed, metamorphosed volcanic and
sedimentary rocks and are intruded by granite plutons in parts
of the area (McConnell and Abrams, 1984). Major lithologies
include granite gneiss, quartzite, schist, and amphibolite.

The Brevard fault is a zone of ductile shearing that is
traceable from Alabama through Georgia and South Carolina
into North Carolina. Rocks in the Brevard fault zone include
mylonite, button schist, and gneiss that are sheared and
fractured, forming parallel ridges that control much of the
course of the Chattahoochee River.

Climate

The study area has a humid subtropical climate. Climatic
conditions in the study area are reported as the climatic
normals during the 1971-2000 period at three National
Weather Service stations within the study area: Gainesville,
in Hall County (09-3621, fig. 14); Atlanta Airport, in Clayton
County (09-0451, fig. 1D); and Newnan, in Coweta County
(096335, fig. 1D). Mean daily temperatures peak during July,
ranging from about 87 degrees Fahrenheit (°F) at Gainesville,
to 89 °F at Atlanta Airport and Newnan. Minimum annual
temperatures occur in January, ranging from 31.4 °F at
Gainesville, to 33.5 °F at Atlanta Airport.

Average annual rainfall ranges from 50.22 inches at
Atlanta Airport, to 54.72 inches at Gainesville. Seasonal
rainfall is generally highest in January at Gainesville
(5.91 inches), and in March at Atlanta Airport (5.15 inches)
and Newnan (5.54 inches). Minimum rainfall occurs in June
at Gainesville (3.87 inches) and in October at Atlanta Airport
(3.34 inches) and Newnan (3.07 inches).

Average annual potential evapotranspiration (PET) was
computed at Georgia Environmental Monitoring Network sites
at Gainesville, Atlanta Airport, and Roopville (fig. 14, C, D)
using the Priestley-Taylor method (Stewart and Rouse, 1976).
PET is a measure of the ability of the atmosphere to remove
water through the processes of evaporation and transpiration,
whereas actual evapotranspiration is the actual quantity of
water removed by evaporation and transpiration.
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During 1971-2000, average annual PET was 18.98 inches
at Gainesville, 19.73 inches at Atlanta Airport, and
19.07 inches at Roopville (Georgia Automated Environmental
Monitoring Network, 2013). PET is greatest during the
summer months, ranging from 5.97 inches at Roopville in
June to 6.38 inches at Atlanta Airport in July. Minimum PET
occurs during the winter months (December) ranging from
0.4 inch at Gainesville to 0.46 inch at Atlanta Airport.

A larger proportion of precipitation is available to
recharge groundwater and provide base flow to streams during
periods of maximum precipitation and minimum evapotrans-
piration. Conversely, minimum recharge and base flow to
streams occurs during periods of maximum evapotranspira-
tion and minimum precipitation. During extreme drought
conditions, little water is available in the soil for loss to
evapotranspiration, and PET is greater than the actual amount
of evapotranspiration.

Surface-Water Hydrology

The study area lies within the upper part of the ACF
River Basin in Georgia, and includes Lake Sidney Lanier in
Hall County and headwaters of the Flint River in Clayton,
Fayette, and Coweta Counties. The flow of the Chattahoochee
River is regulated primarily by Buford Dam, which forms
Lake Sidney Lanier, a 1,040-mi* impoundment operated by
the U.S. Army Corps of Engineers. The Chattahoochee and
Flint Rivers provide drinking water and serve as the primary
repository for treated wastewater effluent in the study area.
The two rivers merge downstream of Lake Seminole to form
the Apalachicola River, which discharges into Apalachicola
Bay in the Gulf of Mexico (fig. 3).

The flow and drainage area of the Chattahoochee River
both increase downstream through the study area. Monthly
mean flow at the Chattahoochee River at the Norcross gage
(02335000, fig. 1B) during water years' 2011-12 ranged
from 860 cubic feet per second (ft*/s) on February 2012,
to 3,495 ft*/s on March 2011. Further downstream at the
Whitesburg gage (02338000, fig. 1D), monthly mean flow
was higher, ranging from 1,252 ft¥/s in September 2012, to
6,601 ft’/s in March 2011. In the Flint River Basin, flow at
gage 02344350 near Lovejoy (fig. 1D) during water years
2011-12 ranged from 10.6 ft*/s in September 2012 to
360 ft¥/s in March 2011.

'A water year is defined as the 12-month period October 1, for any
given year through September 30, of the following year. The water year
is designated by the calendar year in which it ends and which includes
9 of the 12 months. Thus, the year ending September 30, 2012 is called the
“2012” water year.
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This study focuses on small basins within the study area
that cover less than 5 mi? because lower streamflow should
make it easier to quantify base-flow variations between the
streams that result from the presence of septic systems than in
larger basins with higher streamflow. The flow characteristics of
such small watersheds are illustrated by the hydrographs of two
streamgages: 02334578, Level Creek at Suwannee Dam Creek
near Suwannee, Ga., and 02336313 Woodall Creek at Defoors
Ferry Road, at Atlanta, Ga. (fig. 7). Streamflow at the two gages
shows a flashy response to rainfall events, both peaking during
storms and receding to base-flow conditions quickly.

Groundwater Hydrology

Groundwater in the Piedmont primarily resides in
regolith and fractures in the bedrock (Cressler and others,
1983). Shallow groundwater flow and most groundwater
storage occur in the regolith, which consists of soil, alluvium,
and weathered bedrock or saprolite. Groundwater flow in the
regolith generally occurs within surface-water basins, whereby
water enters (recharges) in upland areas and discharges to
streams. Water moving into bedrock is controlled, in part, by
the depth and orientation of structural features, such as joints
and fractures, and may not be restricted to surface-water basin
boundaries. The geology of the study area is considerably
more complex at a local scale than that shown on the regional
map (fig. 6); therefore, geologic variations that might affect
groundwater flow and base-flow yield may not be captured by
the analysis presented in this report.
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Figure 7. Stream discharge at USGS site 02334578 Level Creek at Suwannee Dam Creek
near Suwannee, GA, and USGS site 02336313 Woodall Creek at Defoors Ferry Road, at
Atlanta, GA, September 3-14, 2012.



Land Use

The largest land use category in the study area is
residential (37 percent), followed by forest (28 percent), and
agricultural (12 percent). Other land use classifications include
transportation and highways; industrial and commercial;
water bodies, golf courses, parks, and cemeteries; and
transitional (fig. 8). Impervious area was based on the 2006,
30-meter National Land Cover Database (NLCD) delineation
(http://www.mrlc.gov/nlcd06_data.php, fig. 9). Impervious
areas block infiltration of precipitation to the groundwater
system and affect streamflow. Streams in basins having a large
percentage of impervious area tend to be flashy, with higher
flood peaks and lower base flow relative to other basins. In
the study area, impervious area is greatest in the vicinity of
the city of Atlanta in Fulton, Dekalb, Cobb, and Gwinnett
Counties, and south of Atlanta in Clayton County.

Description of Study Area 17

Transportation and
highways; 1.48
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Figure 8. Land use in the study area, 2009 (data from
Atlanta Regional Commission, 2009).


http://www.mrlc.gov/nlcd06_data.php

18 Influence of Septic Systems on Stream Base Flow in the Apalachicola—Chattahoochee—Flint River Basin Near Atlanta, 2012

85° 84°
I I
.w'.
md h
A
EXPLANATION r
0 .-
% Percent impervious surface \
100 W
: Eiite K
—--— River basin boundary ( /— i «-‘/
. Streamflow measurement site
02334578 USGS streamgaging station e §
and number — _

340 /
02334578 .
“
02335000 3
GWINNETT 7
L - /
A \\ s
i g N /
e DE KALB >//
|
Atlanta 02336313 /
o]
|}' /
Lol
\ 02344350
0 5 10 15 20 MILES
o s e s '
0 5 10 15 20KILOMETERS
Basemap modified from U.S. Geological Survey
330 |- 1:100,000-scale digital data

Figure 9. Percentage of impervious area in the study area, 2006 (see table 1 for data source).



Water Use

During 2010, water from the Chattahoochee and Flint
Rivers supplied 456 million gallons per day (Mgal/d) in
the 12-county study area, with 277 Mgal/d or 61 percent
returned to streams as treated discharge from sewer systems
(Steven J. Lawrence, U.S. Geological Survey, written
commun., December 12, 2013). Of the remaining 39 percent,
some of the water is discharged to streams outside of the
basin or is (1) lost to evapotranspiration; (2) incorporated
into a product or a crop; (3) consumed by humans or
animals; or (4) is discharged into shallow groundwater
from septic systems, leaky pipes, or land application of
effluent discharge.

Streamwater withdrawal and discharge vary across the
ACF River Basin (fig. 10). In general, water is withdrawn
from the upper part of the basin and is moved downstream
toward more populated areas in the middle part of the
basin where it is subsequently discharged. In the upper
Chattahoochee Basin, water withdrawal exceeds discharge,
with respective amounts of 358 and 92 Mgal/d. Further
downstream, in the middle Chattahoochee Basin, water
discharge (178 Mgal/d) exceeds withdrawal (78 Mgal/d).

In the upper Flint Basin, water withdrawal (21 Mgal/d)
exceeds discharge (6.8 Mgal/d). Here, several water utilities
use land-application systems to discharge sewage effluent,
which may account for the smaller discharge in this area.

Withdrawals and discharges, in million gallons per day

500

450

400

350

300

250

200

150

100

50

Description of Study Area 19

456.3
B EXPLANATION n

] withdrawals
357.8 |:| Return flows

(discharges)

276.7 |

B 177.6 ]

923
779

20.6

s

Upper Middle Upper Flint ACF
Chattahoochee  Chattahoochee

River Basin
Figure 10. Average annual surface-water withdrawals and
return flows within the upper and middle Chattahoochee,

upper Flint, and Apalachicola—Chattahoochee—Flint (ACF)
River Basins in the study area, 2010.



20

Influence of Septic Systems on
Stream Base Flow

Septic systems—also referred to as septic tanks, individual
sewage management systems, on-site sewage management
systems, or on-site wastewater treatment systems—generally
consist of a watertight septic tank and an effluent-disposal
absorption field. The septic tank and soil surrounding the
absorption field break down waste though biological, chemical,
and physical processes. Most solid wastes are trapped in the
septic tank, with liquid wastes flowing into an absorption
field consisting of perforated drainage pipes that distribute the
septic tank effluent in shallow trenches filled with a porous
medium (U.S. Environmental Protection Agency, 2002; Georgia
Division of Public Health, 2007). Over time, solids accumulate
in the septic tank, and if not properly cleaned and maintained,
may clog the absorption field. Other causes of system failure
include unsuitable soil and location, age, excessive water use,
poor maintenance, and surface runoff (Metropolitan North
Georgia Water Planning District, 2006).

Water from the absorption field infiltrates through the
unsaturated zone and into the water table (fig. 11). According
to Landers and Ankcorn (2008), a typical septic installation in
Metropolitan Atlanta consists of a 1- to 4-ft-deep absorption-
field trench, with a minimum distance of 2 ft above the
maximum groundwater table or any impervious layer. The rate

Influence of Septic Systems on Stream Base Flow in the Apalachicola—Chattahoochee—Flint River Basin Near Atlanta, 2012

of infiltration into groundwater depends on the permeability
of the soil beneath the absorption field, the depth of the

water table, and the amount of wastewater entering the septic
system. In addition, clogging in the septic tank and absorption
field may diminish infiltration. In some instances, vegetation
located over the absorption field may transpire water that
otherwise would have infiltrated into groundwater.

Beneath the absorption field, the infiltrating water raises
the local water table, increasing the hydraulic gradient from
the absorption field to nearby streams. Once water enters
the groundwater system, some is lost to evapotranspiration,
with the remaining portion discharging to streams as base
flow or moving into deeper parts of the groundwater system.
The amount of evapotranspiration loss is mitigated by design
manuals, which specify that absorption fields be located
away from large vegetation with deep root structure (Georgia
Division of Public Health, 2007). As groundwater flows away
from the absorption field, the amount of evapotranspiration is
controlled by the depth of the water table and the presence of
high-water-demand plants with deep root structure.

Domestic water use can be classified into two principal
categories: household use, such as for drinking water and
food preparation, baths and showers, washing machines,
toilets, and dishwashers; and outdoor use, principally for lawn
or garden irrigation. Most household water passes through
septic systems, whereas outdoor water is applied directly to
the landscape. Because household use varies little during the
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year, properly designed septic systems, installed at sufficient
depths and away from vegetation with deep root systems, are
believed to provide a constant source of water to the shallow
groundwater system. Outdoor use can be substantially higher
during the summer irrigation period. A portion of this irriga-
tion water may recharge the shallow groundwater system and
discharge into streams.

The amount of groundwater reaching streams is depen-
dent on how much is intercepted by plants or infiltrates to
deeper parts of the groundwater system. Evapotranspiration
varies seasonally and is greatest during the growing season.
Thus, it is likely that greater amounts of groundwater
discharge into streams during the nongrowing season.

In addition to septic systems, leaking water mains and
sanitary sewers, storm water drains, and runoff diversion and
storage structures can contribute to enhanced groundwater
recharge. A groundwater modeling and end-member mixing
study of water chemistry by Yang and others (1999) found that
water-main and sewer leakage contributed over 70 percent of
the recharge in an urban setting in Nottingham, England.

Distribution of Septic Systems

Data from local utilities were compiled to develop a
GIS database of septic system locations. In the study area,
more than 241,733 septic systems were identified and the
density per square mile within each drainage basin was
determined (fig. 12). The highest density of septic systems
is in the southern part of Forsyth County where the density
exceeds 350 systems/mi’. Other areas having HDS include
southeastern Paulding, central Douglas, and south-central Hall
Counties, where density exceeds 250 systems/mi®.

The Metropolitan North Georgia Water Planning District
(2006) completed a survey of septic systems that indicated

* 26 percent of housing units in the district are
served by septic systems;

* 40 percent of septic systems are more than
20 years old;

* the minimum permitted lot size for septic systems
ranges, by county, from 0.46 to 1.6 acres; and that
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* septic systems generally are located outside the extent
of sewer lines; however, this is not always the case.

These findings indicate a large number of homes in the area
are served by septic systems, with a potential large effect on
base flow. Because a relatively large number of systems are
more than 20 years old, there is increased potential for clog-
ging and system failure, which might change the amount of
water reaching the groundwater system.

Site Characteristics of Study Area Basins

Land use characteristics were categorized according to
the HDS/LDS classification and are listed in appendix 2 and
summarized in figure 13. The largest percentage of land use
for both HDS and LDS basins was medium-density residen-
tial, which accounted for 45 and 32 percent, respectively
of the total land use. The percentage distribution for forest,
transitional, and other land-use classifications was similar
in HDS and LDS basins. LDS basins had large percentages
of land use for commercial and industrial, transportation,
multifamily residential, and institutional classes, whereas
HDS basins had larger percentages of agricultural and low-
and medium-density residential classes. This breakdown is
generally consistent with the following expected distribution
of septic systems:

* More septic systems would be expected in residential
areas, as indicated by greater low- and medium-density
residential classifications, and in rural areas, as
indicated by greater agricultural classification.

» Fewer septic systems would be expected in more urban
settings that are typically covered by sewer lines,
as indicated by greater commercial and industrial,
multifamily residential, and institutional classifications.

In addition to land use classification, drainage area,
impervious area, and topographic and soil characteristics were
compiled and summarized according to the HDS/LDS classifi-
cation (fig. 14). HDS basins had a slightly higher median
water-table depth, bedrock depth, and average elevation than
LDS basins. LDS basins had a higher median population
density and impervious area than HDS basins.
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Base Flow in September 2012

Groundwater contribution to streamflow (base flow) was
quantified using synoptic measurements at 133 ungaged sites
and daily streamflow data from two gaged sites during drought
conditions in September 10-13, 2012 (appendix 1). Of the
135 sites, 46 were in HDS basins, 45 in LDS basins, and
44 were in the middle range. Discharge, normalized for drainage
area (base-flow yield) and expressed in cubic feet per second
per square mile, ranged from 0 to 2.07; 39 of the sites were dry.
Of the 39 dry sites, 17 were in HDS basins, 15 in LDS basins,
and 7 in middle range basins. Field water-quality measurements

High-density septic
Base-flow yield
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were collected at 94 of the 133 ungaged sites, including water
temperature, specific conductance, dissolved oxygen, and pH.
The remaining 39 sites were dry and no water-quality measure-
ment was possible. Water temperature ranged from 17.25 to
24.98 °C; specific conductance ranged from 13 to 675 micro-
siemens per centimeter (uS/cm) at 25 degrees Celsius, dissolved
oxygen ranged from 0.5 to 9.99 milligrams per liter (mg/L), and
pH ranged from 5.57 to 9.34. Figure 15 shows base-flow yield
and selected water-quality properties for HDS and LDS sites to
illustrate variations between the groups; data for middle range
sites are not included but are listed in appendix 1.
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During the synoptic event, moderate to severe drought
conditions existed in the northeastern part of the study area ~
and extreme to exceptional drought conditions existed in the :
southwestern part (fig. 16). This variation creates differences S 7
in soil moisture and the amount of water available for evapo- s
transpiration, as well as the amount of groundwater available S
for base flow to streams. During the synoptic event reported /
by Landers and Ankcorn (2008) in October 2007, all basins in e
their considerably smaller study area were experiencing more '
uniform conditions, namely severe drought. j N

Graphs showing daily precipitation and PET at Georgia 3 RN
Environmental Monitoring Network sites at Gainesville, (: ‘1
Atlanta Airport, and Roopville for the week before and during . 5
the synoptic event (September 2—13, 2012) were plotted to B! \,
provide information about climatic conditions throughout the \ {
study area (fig. 17). During the prior week of September 2-9, : A
isolated rainfall events occurred at the three sites: September 3 ¢ ¢
at Gainesville and Roopville, September 6 at Roopville, : '
and September 8 at all three sites. Average PET during “ 7
September 2—14 was —0.12 to —0.14 inch at the three sites. Net 1 r
precipitation, the difference between rainfall and PET, was
negative throughout the 2-week period, with the exception of
the isolated rainfall events. Thus, streamflow measurements
were made during a period of drought and high PET, with little
water available for base flow to streams.
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Influence of Septic System Density

Data were subdivided on the basis of HDS/LDS
classification to assess the influence of septic systems on
stream base flow (figs. 18 and 19, table 3). The median base-
flow yield was 0.04 (ft*/s)/mi? for HDS sites, ranging from
0 to 0.42 (ft¥/s)/mi%, and 0.10 (ft*/s)/mi? for LDS sites, ranging
from 0 to 0.49 (ft*/s)/mi%. A Wilcoxon rank-sum test indicated
the median base-flow yield was statistically the same, with a
p-value of 0.345 (table 3).

Water-quality data were also compared on the basis of
septic system density. The median of HDS and LDS samples
for dissolved oxygen, stream temperature, and specific
conductance were statistically the same, as indicated by results
of' a Wilcoxon rank-sum test (table 3). The median pH was
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6.66 for HDS sites and 7.06 for LDS sites, and this difference
was considered statistically significant based on a Wilcoxon
rank-sum test (p-value 0.013).

Median specific conductance was 81 uS/ecm for HDS
sites, ranging from 13 to 183 puS/cm, and 105 uS/cm for LDS
sites, ranging from 29 to 675 puS/cm (table 3). A Wilcoxon
rank-sum test of the median values of specific conductance
from HDS and LDS sites also indicated that differences were
insignificant (p-value 0.082).

Measurements collected in September 2012 did not
indicate any statistically significant relation between septic
system density and base-flow yield (fig. 20). Both data groups
showed a poor best-fit line, with r* values of 0.018 for HDS
sites and 0.049 for LDS sites.
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Influence of Basin Characteristics

Additional evaluations were completed to determine if
there were other factors besides septic system density that
may be influencing base flow in the HDS and LDS basins.

A multiple linear regression was completed by culling zero
streamflow values from the 133 ungaged sites measured in
September 2012 (including HDS, LDS, and middle range
sites) yielding a dataset of 94 sites. Base-flow yield was
related to soil permeability, water-table depth, bedrock
depth, percent impervious area, percent slope, septic density,
average elevation, and population density (table 4). The
resulting regression model showed a poor correlation between
these parameters and base flow, with an adjusted r? value of
0.07. Table 4 includes a listing of the coefficients for each
parameter; a positive coefficient indicates that an increase
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in a particular basin characteristic may result in an increase

in base-flow yield, with the opposite response for a negative
coefficient. Increased base-flow yield was associated with
increased impervious area, bedrock depth, slope, and eleva-
tion; however, the only statistically significant parameters
were percent impervious area and elevation, with p-values of
0.005 and 0.041, respectively. The regression model indicated
that septic system density was a statistically insignificant
parameter, with a p-value of 0.328.

Comparison of regression model (predicted) and
observed base-flow yield and the difference in these values
(residuals) were made (fig. 21). Predicted values are within
491 to —56 percent of observed values. In general, the model
yields the poorest results at low base-flow yield values;
residuals are greater than 100 percent for most values below
0.15 (ft*/s)/mi?.

Table 4. Statistics for multiple linear regression model comparing base-flow yield to selected basin characteristics,
September 10-13, 2012. Includes data from sites with high, middle, and low density of septic systems.

Regression statistic Value
Multiple r 0.388
I square 0.150
Adjusted r square 0.070
Standard error 0.253
Observations 94
Parameter Coefficients Standard error t statistic p—value
Intercept 12.1678 13.723 0.887 0.378
Percent impervious area 0.006217 0.00217 2.860 0.005
Average elevation, in feet 0.000635 0.00031 2.070 0.041
Septic density per square mile —0.000150 0.00015 -0.984 0.328
Bedrock depth, in inches 0.640312 0.65589 0.976 0.332
Water-table depth, in inches —8.08779 8.3102 -0.973 0.333
Soil permeability, in inches per hour —1.98238 2.2595 —-0.877 0.383
Slope, in percent 0.015310 0.02406 0.636 0.526
Population density per square mile 0.000009 0.00003 0.340 0.735
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Influence of Geologic Area

Data were subdivided on the basis of geologic area to see
if any difference in base-flow yield could be discerned within
an area having similar geology and geographic extent (fig. 22).
The three geologic areas in the study area are the northern
Piedmont, Brevard fault zone, and southern Piedmont.

These areas also subdivide the study area on the basis of
location relative to the Chattahoochee River: the northern
Piedmont is located mostly north of the river and the southern
Piedmont is generally south of the river, with the Brevard fault
zone generally following the river’s course between the north-
ern and southern Piedmont areas (see locations, fig. 6). Basin
characteristics within the three geologic areas are summarized
in figure 23.

Northern Piedmont
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Between the three geologic areas, the following median
basin characteristics were similar: elevation, slope, water-
table depth, impervious percentage, soil permeability, and
population density. Median bedrock depth was lowest in the
northern Piedmont and higher and similar in the Brevard
fault zone and southern Piedmont. Septic system density was
greatest in the northern Piedmont, followed by the Brevard
fault zone and southern Piedmont.

Median base-flow yield was statistically the same in the
northern Piedmont and Brevard fault zone, and was higher in
the southern Piedmont with values of 0.05 and 0.12 (ft*/s)/mi?,
respectively (fig. 24). Within each geologic area, base-flow
yield in HDS and LDS basins was plotted and evaluated using
a Wilcoxon rank-sum test (fig. 24, table 5). Within each of the
three geologic areas, the median base-flow yield and specific
conductance was statistically the same for HDS and LDS
basins (table 5).
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Figure 22.

Base-flow yield by geologic area, September 1013, 2012.
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Figure 23. Boxplots showing base-flow yield, drainage area, impervious area, and topographic
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Table 5. Statistical summary of base-flow yield and specific conductance by geologic area, September 1013, 2012.
[HDS, high density septic; LDS, low density septic]

Northern Piedmont 0.00 0.05 0.42 33 0.00 0.04 0.49 22 0.888  Medians same
Brevard faultzone | 0.00 006 035 7 | 000 004 031 7 | 1.000 Medians same
Southern Piedmont |  0.00 000 024 6 | 000 012 042 15 | 0.088 Medians same

Northern Piedmont 13 79 122 22 49 92 174 12 0.2561 Medians same
Brevard fault zone 56 111.5 183 4 29 105 189 5 0.9048 Medians same
Southern Piedmont 82 93 104 2 36 121.5 675 12 0.1281 Medians same
Northern Piedmont Northern Piedmont
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Figure 24. Boxplots showing base-flow yield and specific conductance by geologic area and septic system density.
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Influence of Subareas

Because base-flow measurements were collected over
a large area of differing climatic, geologic, land use, and
basin characteristics, data were subdivided into four areas
to determine if septic system density may have an influence
on base flow within areas of smaller extent (fig. 25). Smaller
subareas may demonstrate more uniform basin characteristics,
making comparison of HDS and LDS sites more appropriate.
From northeast to southwest, the subareas are A, B, C, and D
(see locations, fig. 1).

The four subareas had similar median percent slope and
water table depth (fig. 26). Median soil permeability was higher
in subarea A, with similar values in subareas B, C, and D.
Median bedrock depth was similar in subareas A, B and D
and was somewhat deeper in subarea C. Elevation was highest

Subarea B

Influence of Septic Systems on Stream Base Flow in the Apalachicola—Chattahoochee—Flint River Basin Near Atlanta, 2012

in subarea A and similar in subareas B, C, and D. Population
density was lowest in subarea D and similar in subareas A,
B, and C. The percentage of impervious area was highest in
subareas B and C and lowest in subarea D. Median septic
system density was greatest in subarea A and about the same
in subareas B, C, and D.

Median base-flow yield was highest in subarea D and
lowest in subarea A (fig. 26). Within each of the subareas,
base-flow yield and specific conductance were compared
for HDS and LDS basins (fig. 27). With the exception of
subarea B, base-flow yield was highest in basins with LDS;
however, the difference was statistically insignificant as
indicated by a Wilcoxon rank-sum test (table 6). Although
median specific conductance was higher in LDS basins, this
difference was also statistically insignificant as indicated by
Wilcoxon rank-sum test results (table 6).
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Figure 25. Base-flow yield by subarea, September 10-13, 2012.
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Table 6. Statistical summary of base-flow yield and specific conductance by subarea, September 10-13, 2012.

[HDS, high density septic; LDS, low density septic]

A 0.00 0.00 0.42 13 0.00 0.15 0.31 2 1.000 Medians same
B 0.00 0.11 0.19 13 0.00 0.03 0.32 18 0.854 Medians same
C 0.00 0.02 0.37 16 0.00 0.10 0.46 17 0.080 Medians same
D 0.04 0.07 0.10 4 0.00 0.12 0.49 8 0.444 Medians same

A 29 71 183 11 155 155 155 1 0.176 ~ Medians same
B 13 81 105 9 29 88 211 10 0.414 Medians same
C 73 87 122 9 49 134 675 12 0.051 Medians same
D 42 56 104 4 36 70 155 6 0.931 Medians same
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Influence of Septic System Density in the
Riparian Zone

The riparian zone is typically an area of groundwater
discharge and may have high rates of evapotranspiration
because of the abundance of vegetation and trees near
streams (fig. 11). In such areas, septic percolation may have
a more direct pathway to provide base flow to streams. To
evaluate the influence of septic systems in and near the
riparian zone, a 45-meter (147.6 ft) buffer surrounding
streams in each watershed was delineated and land use,
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soil, geologic, and topographic conditions within this area
were computed using GIS and compared on the basis of

HDS or LDS (fig. 28). Within these buffer zones, there were
from 0 to 37 septic systems, with a density ranging from

0 to 560 systems/mi?. The density of septic systems within

the buffer zone were classified using a scheme similar to the
that used for the entire study area: septic system density above
the 66th percentile was classified as HDS, and septic system
density below the 33rd percentile was classified as LDS. Using
this approach, HDS ranged from 34 to 560 systems/mi? and
LDS was classified as 0 systems/mi?.
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Figure 28. Boxplots showing drainage area, impervious area, and topographic and
soil characteristics within the 45-meter buffer by septic system density.



Within the 45-meter buffer zone, median population

density and the percentage of impervious area was higher in
LDS areas (fig. 28), which would be expected in more urban

settings. The median of all other characteristics were either

the same or greater in HDS buffer zones. Base-flow yield and
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September 10-13, 2012.
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Figure 29. Boxplots showing base-
flow yield and specific conductance
within the 45-meter buffer zone by
septic system density.

[HDS, high density septic; LDS, low density septic]
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microsiemens per centimeter
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Ly

specific conductance was greater in LDS buffer areas (fig. 29);
however, the difference was statistically insignificant, as
indicated by results of a Wilcoxon rank-sum test with p-values

greater than 0.05 (table 7).
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Statistical summary of base-flow yield within 45-meter buffer zone for areas with high and low density of septic systems,

Wilcoxon rank-sum test

Field HDS LDS to compare HDS and LDS
measurement median values
Minimum Median Maximum Count | Minimum Median Maximum Count | p-value Remarks
Base-flow yield, in 0.00 0.05 1.13 65 0.00 0.10 2.07 69 0.058 No difference in
cubic feet per second median
per square mile
Specific conductance, 13 73 183 41 16 81 675 50 0.135  No difference in

in microsiemens per
centimeter at

25 degrees Celsius

median
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Base-Flow Analysis of Continuous
Streamflow Data

Streamflow was evaluated at the Level Creek (02334578)
and Woodall Creek (02336313) streamgages to determine
amounts of base flow and runoff during 2011-12. The two
sites are small watersheds that illustrate a range of basin char-
acteristics and septic system density, as shown in figure 30.

The Level Creek Basin (02334578) drains a 5.08-mi” area
(fig. 31) and is located in a more rural area with higher septic
system density, average elevation, population density, rock
depth, and water-table depth than the Woodall Creek Basin
(02336313). The Woodall Creek Basin drains a 2.8-mi? area
(fig. 32) in an urban setting near downtown Atlanta and has a
higher percentage of impervious area than Level Creek. Near

Level Creek, land use is primarily residential (61 percent) and
forest (24 percent), whereas near Woodall Creek, land use is
primarily industrial and commercial (51 percent) and transpor-
tation and highways (18 percent; fig. 30).

The two sites are located within different geologic
areas. The Level Creek Basin is located in the northern
Piedmont, and the Woodall Creek Basin is located within
the southern Piedmont. In the septic system classification
scheme developed for this study, the Level Creek Basin would
be in the middle range, having a septic system density of
101 systems/mi* and thus falling between the 33rd and 66th
percentile of septic system density (fig. 30). The Woodall
Creek Basin is classified as an LDS site, having a septic
system density of 18 systems/mi®. Although Level Creek is
considered in the middle range, its septic system density is
5.6 times greater than at Woodall Creek.
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Figure 30. Base-flow yield and basin characteristics of USGS site 02334578 Level Creek at Suwannee Dam Creek
near Suwannee, GA, and USGS site 02336313 Woodall Creek at Defoors Ferry Road, at Atlanta, GA (see table 1 for

data sources).
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To provide a more complete estimate of base flow at the
two sites, daily streamflow data collected during 2011-12
were analyzed using the USGS computer program HY SEP
(Sloto and Crouse, 1996). HY SEP separates streamflow
hydrographs into base flow and runoff components, providing
an indication of the percentage of total streamflow provided
by base flow (fig. 33).

Daily mean base flow in the Level Creek Basin during
January 2011-September 2012 ranged from 0.33 to 19 ft¥/s,
with a median of 2.4 ft*/s (table 8). Normalizing these
flows for drainage area, base-flow yield ranged from
0.07 to 3.8 (ft*/s)/mi* with a median of 0.48 (ft*/s)/mi’. Base
flow provided over 75 percent of total daily streamflow
during most of the period (fig. 34).

Daily mean base flow in the Woodall Creek Basin
during the same period ranged from 0.13 to 2.2 ft¥/s with
a median of 0.43 ft*/s. Equivalent base-flow yield during
2011-12 ranged from 0.05 to 0.85 (ft*/s)/mi*> with a median of
0.17 (ft¥/s)/mi%. Base flow provided over 75 percent of total
streamflow during most of the year (fig. 34).

Site 02334578 (Level Creek)
100
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During 2011-12, base flow at each of the sites was highest
in winter and lowest in the late summer and fall (fig. 33). Base-
flow yield was highest in the Level Creek Basin, where flows
exceeded 0.19 (ft*/s)/mi* over 90 percent of the time, compared
to 0.07 (ft/s)/mi*in the Woodall Creek Basin (table 8). Although
other site factors may have some influence, the lower base-flow
yield at Woodall Creek during 2011-12 may be accounted for,
in part, by a 3.5-times greater percentage of impervious area
and 5.6-times lower septic system density (fig. 30).

During the synoptic measurement effort on
September 11-13, 2012, base-flow yield was over 20 times
higher in the Woodall Creek Basin than in the Level Creek
Basin, with values of 0.16 and 0.004 (ft*/s)/mi?, respectively
(appendix 2). The higher base-flow yield in the more urban
Woodall Creek Basin was not expected, given its greater
impervious area cover and lower septic system density (fig. 30).
The reason for the higher base flow at Woodall Creek during this
period is unknown; however, the more urban setting at Woodall
Creek suggests that base flow could be enhanced by outside
interferences such as pipe leakage or unreported surface-water
discharges.
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September 2012 at USGS site 02334578 Level Creek at Suwannee Dam Creek near Suwannee, GA, and USGS site 02336313
Woodall Creek at Defoors Ferry Road, at Atlanta, GA (see fig. 1 for locations).



Table 8. Summary of streamflow, estimated base flow, and base-flow yield during January 2011 through September 2012 at sites

02334578 (Level Creek) and 02336313 (Woodall Creek).

Influence of Septic Systems on Stream Base Flow

[p.10, 10th percentile; p.25, 25th percentile; p.75, 75th percentile; p.90, 90th percentile]

47

Station: 02336313 Woodall Creek at Defoors Ferry Rd

Station: 02334578 Level Creek at Suwanee Dam Road

at Atlanta GA near Suwanee GA
Statistical Cubic feet per second Base-flow yield, Cubic feet per second Base-flow yield,
measure in cubic feet per in cubic feet per
Mean daily Estimated second per Mean daily Estimated second per
streamflow base flow square mile streamflow base flow square mile
Minimum 0.1 0.13 0.05 0.3 0.33 0.07
p-10 0.2 0.17 0.07 1.08 0.93 0.19
p-25 0.3 0.30 0.12 1.5 1.3 0.26
Median 0.5 0.43 0.17 2.9 2.4 0.48
p.75 1.1 0.60 0.23 5.1 43 0.86
p-90 4.92 1 0.38 8.72 4.3 0.86
Maximum 72 2.2 0.85 77 19 3.8
Site 02334578 (Level Creek)
600 Figure 34. Percentage contribution of
500 | 482 base flow to streamflow during January
2011 through September 2012 at USGS
40 - sites 02334578 (Level Creek) and 02336313
(Woodall Creek).
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Influence of Septic System Percolation on 2

Base Flow

0.14

The influence of septic system percolation on base flow 20
was assessed during the period leading up to and including
the synoptic base-flow sampling (September 2—13, 2012) and
for the January 2011-September 2012 period (figs. 35, 36).
The graphs in figures 35 and 36 show base flow determined
using hydrograph separation, and the estimated maximum
septic system percolation rate.

Septic system percolation rates were estimated based on
records of septic systems and household water use in each
basin. These septic percolation estimates are the maximum 1.16
possible contribution as it is likely that some portion of 05 = .
household water use is lost to evapotranspiration because of
irrigation at the homesite or consumed as part of domestic
household practices. As water flows from the septic absorp- 0
tion field through the riparian zone and into a stream, some Median daily Median daily Minimum daily
of the water is probably lost to evapotrans.[)ir?tiop during Seme';é’fzr 214 SJ:;::[\]’;FU;(;;Z SJeap'l:fn“b/;r‘J;S]‘z
the growing season (fig. 11). Evapotranspiration is season-
ally dependent and can be a large component of the water EXPLANATION
budget during the summer growing season. Because plants
are still active during the month of September, it is likely ] .
that. evapotranspiration diminished. base flow in both b‘asins OT::L;(\:\::::?:S;S;S;?l;Jri]s:'I:tirerri:;ct)iroang,e’
during the September 2012 synoptic measurement period, as and unreported surface water discharges
plants uptake groundwater within the basin that otherwise
would have discharged into the stream.

During base-flow periods, streamflow consists primarily
of groundwater inflow as it drains from the regolith and
fractures in the bedrock. Groundwater inflow may be
augmented by external components such as water main and
sewer line leakage, irrigation, and septic system inflows, and

0.14

2.26

Base flow, in cubic feet per second

0.14
0.19

|:| Maximum potential septic-system percolation

Figure 35. Base flow contributed by maximum potential
septic system percolation and other contributors, USGS
site 02334578 Level Creek at Suwannee Dam Creek near
Suwannee, GA, January 2011-September 2012.

diminished by pumping and PET. In addition to groundwater = Ejg . 0.01 ]
inflow, base flow may be influenced by unreported surface- 3 0:40 i ]
water discharges and unreported pumpage from groundwater g om L ]
and streams. Unreported surface-water discharges may 2 om0 L |
include illicit discharges, swimming pool backwash, and car E 025 L i
washing. Groundwater and surface-water pumping in the 3 0w L 0.01 043 1
two study basins is considered negligible. Lawn irrigation g 015 L 0.01 |
may also contribute to base flow; however, this amount is S g0 L 0.19 i
also unknown. 3 005 | 0.12 i
Leakage from water and sewer mains can be a major 2

contributor to streamflow, especially in urban areas where Median daily Median daily Minimum daily
infrastructure is old; however, this is difficult to quantify. Septeg‘[;ezr 21 sJeaprl:?T:geer;(};z sJeapnt:i:geer;(};z
Landers and Ankcorn (2008) reported that water main
leakage in Gwinnett County, Ga., was 3.5 percent of total EXPLANATION
finished water in 2007 according to George Kaffezakis [] Maximum potential septic-system percolation
(Gwinnett Department of Water Resources, written commun., .

|:| Other contributors—Groundwater storage,
January 2008). Lerner (2002) reported leakage rates of leaky water and sewer pipes, irigation,
20 to 25 percent are common for water mains. and unreported surface water discharges

Figure 36. Base flow contributed by maximum potential
septic system percolation and other contributors, USGS
site 02336313 Woodall Creek at Defoors Ferry Road, at
Atlanta, GA, January 2011-September 2012.



Level Creek Basin

At Level Creek in Gwinnett County (02334578), there
are 515 septic systems in the 5.08-mi? drainage area, for a
septic system density of 101 systems/mi? (figs. 30 and 31).
Multiplying the number of sites by the average single family
household use for 2009 for Gwinnett County of 173.5 gallons
per day (gal/d; Metropolitan North Georgia Water Planning
District, 2011) yields an average potential influx of septic
system water of 89,368 gal/d or 0.14 ft*/s.

Figure 35 shows the amount of base flow at Level
Creek potentially contributed by septic system percolation
for (1) median daily base flow during September 2—14, 2012,
and (2) for median and minimum daily base flow during
January 2011-September 2012. The maximum amount of
estimated septic system percolation that might contribute to
base flow is 0.14 ft*/s, which is about 6 percent of median
daily base flow during 2011-12. Maximum septic system
percolation would contribute a considerably higher percentage
during low-flow periods, providing about 11 percent of the
base flow in September 2012, and 42 percent of minimum
daily base flow measured during 2011-12. The balance of base
flow is contributed by unknown sources. These percentages
illustrate that detection of septic system contributions is
more feasible during extreme low-flow periods; however, the
low-flow volume results in less accurate flow measurements
and may obscure the contribution. Since these numbers are
maximum possible septic percolation, the actual contribution
to flow is likely considerably smaller resulting in even greater
difficulty in quantifying septic contribution to base flow.

Woodall Creek Basin

At Woodall Creek in the city of Atlanta, Fulton County
(02336313), there are 50 septic systems in the 2.8-mi?
drainage area, for a septic system density of 17.8 systems/mi>
(figs. 30 and 32). Multiplying the number of sites by 125 gal/d,
the average single-family household use for 2009 in the
Atlanta service area (Metropolitan North Georgia Water
Planning District, 2011), yields a maximum potential influx
of septic system water of 6,250 gal/d or 0.01 ft*/s.

The maximum potential septic system percolation rate for
the LDS Woodall Creek Basin is 0.01 ft¥/s, which is 14 times
lower than in the HDS Level Creek Basin, accounting for
only 2 percent of median daily base flow during 201112,

5 percent of the daily base flow during September 2—14, 2012,
and 8 percent of the minimum daily base flow during 201112
(fig. 36). Since these numbers are maximum possible septic
percolation, the actual contribution to flow is likely consider-
ably smaller resulting in even greater difficulty in quantifying
septic contribution to base flow.
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Maximum Potential Septic System
Percolation Rate

An estimate of the maximum potential contribution from
septic systems in the study area was computed by determining
the number of septic systems in a given county and multi-
plying this by the average single family household use for
that county in 2009 as listed in table 9 (Metropolitan North
Georgia Water Planning District, 2011). A map showing the
estimated maximum percolation from septic systems is shown
in figure 37. Potential septic system contribution was highest
in areas of greatest density: Forsyth, southeastern Paulding,
central Douglas, and south-central Hall Counties. Estimated
maximum percolation from the 241,733 septic systems in
the study area is 62 ft*/s or 40 Mgal/d, of which 52 ft*/s
(33.4 Mgal/d) is in the Chattahoochee River Basin and 10 ft¥/s
(6.5 Mgal/d) is in the Flint River Basin.

Much of the residential water used in homes served by
septic systems is unlikely to discharge to streams because
some is lost to outdoor household use, evapotranspiration,
and recharge to deep groundwater systems. An estimate of the
potential contribution of septic system percolation to daily
mean streamflow during January 2011 through September
2012 was made at the two farthest downstream streamgages
in the study area—site 02338000, Chattahoochee River near
Whitesburg (drainage area 2,430 mi?), and site 02344350,
Flint River near Lovejoy (drainage area 130 mi?, fig. 38).
Daily mean streamflow at the two sites during water year 2012
was rated fair, with an associated accuracy of 15 percent.

At the Chattahoochee River site, daily mean streamflow
ranged from 909 to 14,100 ft*/s during this period, with a
maximum potential septic system percolation throughout the
basin of about 0.4 to 5.7 percent of daily median flow (fig. 38).
Maximum potential septic system percolation represents such
a small percentage of streamflow that it is unlikely it would
be detected, given the approximately 15-percent uncertainty
associated with daily streamflow measurements.

At the Flint River site, daily mean streamflow ranged
from 5.6 to 1,900 ft*/s, with maximum potential septic
system percolation throughout the basin ranging from
0.5 to 179 percent of the flow. The maximum potential septic
percolation rate at the Flint River site exceeded 50 percent
of daily mean streamflow several times during dry periods
in August—November 2011, and May—September 2012
(fig. 38). Potential septic system percolation represents a large
percentage of flow at the Flint River site, in part, because the
drainage area and associated streamflow is lower than at the
Chattahoochee River site.
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Figure 37. Maximum estimated potential septic system percolation rate in the study area.
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Figure 38. Daily mean streamflow at USGS site 02338000 Chattahoochee River near Whitesburg, GA, and USGS site 02344350
Flint River near Lovejoy, GA, and maximum potential contribution from septic system percolation, January 2011-September 2012
(see fig. 1 for locations).

Table 9. Average daily single family residential water use, 2009 (data from Metropolitan north Georgia Water Planning District, 2011).
[—, not applicable]

Average Average 2009
B number c_)f single family Remarks
persons in household use,
household in gallons per day
Clayton 2.8 150
Cobb 2.6 155 Average of values reported by Cobb County Water System and Marietta Power and Water.
Carroll — —
Cowetta 2.8 161 Average of values reported by Cowetta County Water and Sewer Authority and
Newnan Ultilities.
Douglas 2.7 150 Average of values reported by Douglasville-Douglas County Water and Sewer Authority
and City of Villa Rica.
DeKalb — —
Fayette 2.8 170
Forsyth 2.8 173
Fulton 2.4 172 Average of values reported by Fulton County Water System and City of Union City.
Gwinnett 2.8 174
Hall 2.9 172 Average of values reported by City of Flowery Branch and City of Gainesville.
Paulding 2.8 148

Average 2.7 162
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Limitations of Analysis

The assessment of the influence of septic system percola-
tion on streamflow is limited by the accuracy of datasets and
field measurements relative to the percent contribution to base
flow by septic systems. Variations in rainfall patterns across
the study area immediately prior to the synoptic measurement
effort in September 2012 may have resulted in elevated base
flow in parts of the area.

Elevation and slope are based on a 30-meter-resolution
digital elevation model, so variations within smaller areas are
not depicted. Soils data, including permeability, water table,
bedrock depth, were derived from the Natural Resources
Conservation Service State Soil Geographic (STATSGO)
dataset (http://water.usgs.gov/GIS/metadata/usgswrd/XML/
ussoils.xml), a broad-based inventory of soils and non-soil
areas shown at a scale of 1:250,000, designed for broad
planning and management uses covering State, regional,
and multistate areas. Variations at smaller scales may not be
captured by this analysis.

The geology of the Piedmont physiographic province is
considerably more complex than the delineation of geologic
areas used in this report. Local variations in rock type and
geologic structure that may affect groundwater flow and
stream base flow are not captured by the coarse resolution data
used in this study.

The method to delineate locations of septic systems was
based largely on an analysis of billing records and locating
septic systems at the center of land parcels by geocoding
addresses. On large land parcels, the location of septic systems
at the center of the property may put a septic system into the
wrong basin and result in differences in the analysis.

Because many of the streamflow measurements were
made in extremely low-flow conditions, the margin of error is
wide, within many measurements having errors greater than
10 percent (appendix 1). These errors may obscure detection
of differences in base flow between basins attributed to septic
system recharge, as illustrated in the Level Creek and Woodall
Creek Basins. Using the 10-percent measurement accuracy
reported for daily mean discharge at Level Creek (02334578,
appendix 1), the margin of error for (1) the 2011-12 median
discharge would be 0.24 ft¥/s; (2) the 2011-12 minimum
discharge would be 0.04 ft*/s, and; (3) the discharge measured
during the measurement period in September 2012 would be
0.12 ft¥/s. The maximum potential septic system percolation
rate for the Level Creek Basin is 0.14 ft¥/s. Thus, detection of
differences in base flow attributed to septic system percola-
tion could be obscured by measurement errors for median
conditions during 2011-12 because its magnitude (0.14 ft%/s)
is lower than the measurement error (0.24 ft/s). During the
September 2012 measurement period, the contribution of
septic systems to base flow would be unlikely to be detected,
as the maximum potential septic system percolation rate of

0.14 ft*/s is only slightly larger than the error in base-flow
measurements of 0.12 ft¥/s.

Assuming a measurement accuracy of 10 percent at
Woodall Creek, the margin of error for (1) the 2011-12
median would be 0.04 ft¥/s; (2) the 2011-12 minimum would
be 0.01 ft*/s, and; (3) the September 2012 would be 0.02 ft¥/s.
The maximum potential septic system percolation rate for
the Woodall Creek Basin is 0.01 ft*/s. Thus, detection of
differences in base flow attributed to septic system percola-
tion could be obscured by measurement errors for all three
conditions because its magnitude (0.01 ft*/s ) is lower than the
measurement error (0.01 to 0.04 ft*/s).

Comparison of base flow between HDS and LDS basins
was complicated by a variety of other factors that may
obscure any gains in base flow attributed to septic system
percolation. This includes increased groundwater recharge
caused by leaky water or sewer mains and high rates of
evapotranspiration during the synoptic period in September
2012. Completing a synoptic measurement effort during a
dry period later in the year during the dormant season, when
evapotranspiration effects are diminished, may produce a more
pronounced difference in base flow between HDS and LDS
basins. Collection of water samples for analysis of nitrates
and bacteria would also provide some confirmation of the
contribution of base flow from septic system percolation.

Summary and Conclusions

Septic system percolation may locally be an important
component of streamflow in small drainage basins where it
augments natural groundwater recharge, especially during
extreme low-flow conditions. The amount of groundwater
reaching streams depends on how much is intercepted by
plants or infiltrates to deeper parts of the groundwater system
that flows beyond a basin divide and does not discharge into
streams within a basin. Evapotranspiration varies seasonally
and is greatest during the growing season. In addition to septic
systems, leaking water mains and sanitary sewers, stormwater
drains, and runoff diversion and storage structures can
contribute to enhanced groundwater recharge and base flow.

Septic systems were identified at 241,733 sites in a
2,539-square-mile (mi®) study area that includes all or parts
of 12 counties in the Metropolitan Atlanta area. The highest
density of septic systems was in the southern part of Forsyth
County, where the density exceeds 350 systems per square
mile (systems/mi?). Other counties having high density
of systems (HDS) include southeastern Paulding, central
Douglas, and south-central Hall Counties, where density
exceeds 250 systems/mi?.

The potential maximum percolation from septic
systems in the study area is 62 cubic feet per second (ft*/s)
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or 40 million gallons per day (Mgal/d), of which 52 ft¥/s

(33.4 Mgal/d) is in the Chattahoochee River Basin and 10 ft¥/s
(6.5 Mgal/d) is in the Flint River Basin. These maximum
percolation rates represent 0.4 to 5.7 percent of daily mean
streamflow during the 2011-12 period at the farthest down-
stream gaging site (02338000) on the Chattahoochee River,
and 0.5 to 179 percent of daily mean streamflow at farthest
downstream gaging site on the Flint River (02344350).

Maximum septic system percolation represents such
a small percentage of streamflow at the Chattahoochee
River site that it is unlikely it would be detected, given that
the uncertainty of most of the discharge measurements is
greater than 10 percent. Maximum septic system percolation
represents a larger percentage of streamflow at the Flint River
site because this site has a nearly 19-times smaller drainage
area than at the Chattahoochee River site. Septic system
contribution is, therefore, more likely to be detected within the
measurement accuracy of streamflow.

To determine the difference in base flow between basins
having different septic system densities, hydrograph separa-
tion analysis was completed using daily mean streamflow data
at Level Creek (station number 02334578), with a relatively
high septic system density of 101 systems/mi?, and Woodall
Creek (station number 02336313), with a relatively low
septic system density of 18 systems/mi®. Results indicated
that base-flow yield during 2011-12 was higher at Level
Creek, with a median of 0.47 cubic feet per second per square
mile ([ft*/s]/mi?®), compared to a median of 0.16 (ft'/s)/mi’ at
Woodall Creek. Septic system percolation contributed only a
minor portion of total base flow, with the balance contributed
by unknown contributions from external components such as
water main and sewer line leakage, irrigation, and unreported
surface-water discharges. At the less urbanized Level Creek
site, there are 515 septic systems with a daily maximum
percolation rate of 0.14 ft¥/s, accounting for 11 percent of the
base flow in September 2012. At the more urban Woodall
Creek site, there are 50 septic systems with an average daily
maximum percolation rate of 0.0097 ft¥/s, accounting for
5 percent of base flow in September 2012.

Streamflow measurements at 133 small drainage basins
(less than 5 mi®in area) during September 2012, indicated
no statistically significant difference in flow or specific
conductance between basins having high and low density of
septic systems (HDS and LDS). The median base-flow yield
for HDS sites was 0.04 (ft*/s)/mi?® of drainage area ranging
from 0 to 0.52 (ft*/s)/mi* and for LDS sites was 0.10 (ft*/s)/mi?
ranging from 0 to 0.49 (ft*/s)/mi®. A Wilcoxon rank-sum test
indicated the median base-flow yields for HDS and LDS sites
were not statistically different, with a p-value of 0.345. The
mean specific conductance for HDS sites was 83.39 micro-
siemens per centimeter at 25 degrees Celsius (LS/cm) ranging
from 13 to 183 pS/cm, and for LDS sites the mean value was
126.46 pS/cm, ranging from 29 to 675 pS/cm. A Wilcoxon
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rank-sum test run on median values of specific conductance
from HDS and LDS sites indicated that differences in median
values were insignificant (p-value 0.082).

Because of the large size of the study area and associ-
ated variations in basin characteristics, data collected in
September 2012 were also evaluated using a number of
groupings in an attempt to reduce or eliminate other basin
characteristics that might affect base flow. Within each
grouping, data were subdivided into HDS and LDS basins;
the three groupings used are geologic area, four geographic
subareas, and 45-meter buffer zone. Regardless of grouping,
there was no statistically significant difference between
median base-flow yield for HDS and LDS basins. Detection
of the septic percolation component of base flow was likely
obscured by the uncertainty of streamflow measurements,
which may exceed the amount of flow contributed by septic
system percolation. In addition, because the measurement
effort was completed during a period of active evapotranspira-
tion, much of the septic percolation may have been intercepted
prior to discharging into a stream. Detection of septic system
percolation in HDS basins may also have been complicated
by leaky water and sewer mains, which may have resulted in
higher streamflows in LDS basins relative to HDS basins.

The lack of a statistically significant difference in mean
base-flow yield or specific conductance for HDS and LDS
sites differs from a previous study, which reported base-flow
yield was 90 percent greater in HDS than in LDS watersheds
and that specific conductance of base flow was generally
higher in the HDS watersheds than in the LDS basins in
Gwinnett County, Ga. Compared to the present study, the
previous Gwinnett County study was completed in a consider-
ably smaller study area during a period of extreme drought;
thus, site conditions were more uniform over the study area
and variations attributed to septic system percolation were
more readily detected. In addition, the LDS sites in the
previous study were more rural and not on sewer systems,
thus minimizing the possibility that contributions from leaking
sanitary sewers or water mains interfere with detecting septic
system percolation.

It is likely that the contribution from septic system
percolation at many of the sites visited in September 2012 was
obscured by a combination of measurement error and evapo-
transpiration. Future synoptic measurement efforts would have
a better chance of identifying variations attributed to septic
system percolation if they were conducted later in the year
when evapotranspiration effects are diminished. Stream-water
samples analyzed for nitrate, bacteria, or other sewage tracers
would provide an independent indicator of septic system
percolation. Additional streamgages in small drainage basins
in HDS and LDS areas would enable further analysis using
hydrograph separation techniques to provide a more complete
seasonal evaluation of the relative contributions attributed to
septic system percolation.



54 Influence of Septic Systems on Stream Base Flow in the Apalachicola—Chattahoochee—Flint River Basin Near Atlanta, 2012

Selected References

Atlanta Regional Commission, 2009, LandPro land use
dataset: Accessed on April 22, 2014, at http.//www.
atlantaregional.com/info-center/gis-data-maps.

Bartolino, J.R., 2009, Ground-water budgets for the
Wood River Valley aquifer system, south-central Idaho,
1995-2004: U.S. Geological Survey Scientific Inves-
tigations Report 2009-5016, 36 p. (Also available at
http://pubs.usgs.gov/sir/2009/5016/sir20095016.pdf.)

Clark, W.Z., Jr., and Zisa, A.C., 1976, Physiographic map of
Georgia: Georgia Geologic Survey, scale 1:2,000,000.

Copeland, C.W., 1968, Geology of the Alabama Coastal Plain:
Geological Survey of Alabama Circular 47, 97 p.

Draper, S.L., 2005, Sharing water through interbasin transfer
and basin of origin protection in Georgia—Issues for evalu-
ation in comprehensive state water planning for Georgia’s
surface water rivers and groundwater aquifers: Georgia
State University Law Review, v. 21, no. 2, p. 339-372.

Drought Mitigation Center, 2013, Drought monitor archives:
Accessed September 26, 2013, at http://droughtmonitor.unl.
edu/MapsAndData/MapArchive.aspx.

Fanning, J.L., 2007, Consumptive water use—A critical
component of Georgia’s comprehensive statewide water-
management plan, in Proceedings of the 2007 Georgia
Water Resources Conference, March 27-29, 2007: Athens,
Georgia, The University of Georgia. (Also available
at http://www.gwri.gatech.edu/sites/default/files/files/
docs/2007/8.23.pdf.)

Georgia Automated Environmental Monitoring Network,
2013, Georgia Automated Environmental Monitoring
Network homepage: Accessed June 24, 2013 at
http://'www.griffin.uga.edu/aemn/.

Georgia Division of Public Health, 2007, Manual for on-site
sewage management systems: Georgia Department
of Human Resources, 277 p. (Also available at
http://dph.georgia.gov/sites/dph.georgia.gov/files/
related_files/site_page/EnvHealthOnsiteManual.pdf.)

Hutson, S.S., Barber, N.L., Kenny, J.F., Linsey, K.S.,
Lumia, D.S., and Maupin, M.A., 2004, Estimated use of
water in the United States in 2000: U.S. Geological Survey
Circular 1268, 46 p.

Hsieh, P.A., Barber, M.E., Contor, B.A., Hossain, M.A.,
Johnson, G.S., Jones, J.L., and Wylie, A.H., 2007, Ground-
water flow model for the Spokane Valley-Rathdrum Prairie
aquifer, Spokane County, Washington, and Bonner and
Kootenai Counties, Idaho: U.S. Geological Survey
Scientific Investigations Report 2007-5044, 79 p. (Also
available at http.://pubs.usgs.gov/sir/2007/5044/.)

LaFontaine, Jacob, 2009, Hydrologic characteristics of
watersheds in Metropolitan Atlanta, Georgia, 2003—-2006:
in Proceedings of the 2009 Georgia Water Resources
Conferences, April 27-29, 2009: Athens, Georgia: The
University of Georgia, p. 235.

Landers, M.N., and Ankcorn, P.D., 2008, Methods to evalu-
ate influence of onsite septic wastewater-treatment systems
on base flow in selected watersheds in Gwinnett County,
Georgia, October 2007: U.S. Geological Survey Scientific
Investigations Report 20085220, 12 p. (Also available at
http://pubs.usgs.gov/sir/2008/5220/.)

Landers, M.N., and Painter, J.A., How much water is in
the Apalachicola, Chattahoochee, and Flint Rivers,
and how much is used?: U.S. Geological Survey
Fact Sheet 2007-3034, 4 p.

Leitman, H.M., Sohm, L.E., and Franklin, M.A., 1983, Wetland
hydrology and tree distribution of the Apalachicola River
flood plain, Florida: U.S. Geological Survey Water-Supply
Paper 2196, 52 p.

Lerner, D.N., 2002, Identifying and quantifying urban
recharge—A review: Hydrogeology Journal, v. 10,
p. 143-152.

Marella, R.J., Fanning, J.L., and Mooty, W.S., 1993, Estimated
use of water in the Apalachicola—Chattahoochee—Flint River
Basin during 1990 with State summaries from 1970 to 1990:
U.S. Geological Survey Water Resources Investigations
Report 93-4084, 45 p.

Metropolitan North Georgia Water Planning District,
2006, Septic systems status and issues working paper:
Atlanta, Georgia, 37 p., accessed December 11, 2013, at
http://documents.northgeorgiawater.org/District_Septic _
Report Mar2006.pdf.

Metropolitan North Georgia Water Planning District,
2011, Water metrics report, February 2011: Prepared
by the Atlanta Regional Commission, 55 p., accessed
April 22, 2014, at http.//documents.northgeorgiawater.
0rg/2010 Water Metrics Report FINAL%281%29.pdf.


http://www.atlantaregional.com/info-center/gis-data-maps
http://www.atlantaregional.com/info-center/gis-data-maps
http://pubs.usgs.gov/sir/2009/5016/sir20095016.pdf
http://droughtmonitor.unl.edu/MapsAndData/MapArchive.aspx
http://droughtmonitor.unl.edu/MapsAndData/MapArchive.aspx
http://www.gwri.gatech.edu/sites/default/files/files/docs/2007/8.23.pdf
http://www.griffin.uga.edu/aemn/
http://dph.georgia.gov/sites/dph.georgia.gov/files/related_files/site_page/EnvHealthOnsiteManual.pdf
http://dph.georgia.gov/sites/dph.georgia.gov/files/related_files/site_page/EnvHealthOnsiteManual.pdf
http://pubs.usgs.gov/sir/2007/5044/
http://pubs.usgs.gov/sir/2008/5220/
http://documents.northgeorgiawater.org/District_Septic_Report_Mar2006.pdf
http://documents.northgeorgiawater.org/District_Septic_Report_Mar2006.pdf
http://documents.northgeorgiawater.org/2010_Water_Metrics_Report_FINAL%281%29.pdf
http://documents.northgeorgiawater.org/2010_Water_Metrics_Report_FINAL%281%29.pdf

Metropolitan North Georgia Water Planning District,
2013, Metropolitan North Georgia Water Planning
District homepage: Accessed June 10, 2013, at
http://'www.northgeorgiawater.com/.

McConnell, K.I., and Abrams, C.F., 1984, Geology of
the greater Atlanta region: Georgia Geologic Survey
Bulletin 96: 127 p.

Multi-Resolution Land Characteristics Consortium, 2006,
National Land Cover Dataset, accessed April 22, 2014,
at http://www.mrlc.gov/nlcd06 data.php.

Paul, W.T., 2007, Water budget of mountain residence,
Jefferson County, Colorado: Colorado School of Mines,
M.S. thesis, 68 p.

Priest, Sherlyn, 2004, Stream-aquifer relations in the
coastal area of Georgia and adjacent parts of Florida and
South Carolina: Georgia Geologic Survey Information
Circular 108, 40 p.

Rantz, S.E., 1982, Measurement and computation of
streamflow—Measurement of stage and discharge:
U.S. Geological Survey Water-Supply Paper 1.0.

Sloto, R.A., and Crouse, M.Y., 1996, HYSEP: A computer

program for streamflow hydrograph separation and analysis:

U.S. Geological Survey Water-Resources Investigations
Report 964040, 67 p.

Stewart, W.B, and Rouse, W.R., 1976, A simple method for
determining the evaporation from shallow lakes and ponds:
Water Resources Research, v. 12, no. 4, p. 623—628.

Selected References 55

U.S. Geological Survey, 1999, The National Hydrography
Dataset: U.S. Geological Survey Fact Sheet 106-99,
2 p., accessed June 24, 2014, at http.//pubs.er.usgs.gov/
publication/fs10699.

U.S. Geological Survey, 2009, The National Map—Elevation:
U.S. Geological Survey Fact Sheet 2009-3053, 4 p., accessed
July 24, 2012, at http.//pubs.usgs.gov/fs/2009/3053/.

U.S. Department of Housing and Urban Development and
U.S. Census Bureau, 2005, American housing survey for the
Atlanta metropolitan area: 2004—Current housing reports:
Series H170/04-21, 356 p., accessed January 2008, at
http:-www.census.gov/prod/2005pubs/h170-04-21.pdf.

U.S. Environmental Protection Agency, 2002, Onsite waste-
water-treatment systems manual: National Risk Management
Research Laboratory Report EPA/625/R—00/008, 215 p.

U.S. Army Corps of Engineers, 2004, Extended unimpaired
flow report, January 1994—December 2001, for the ACT/
ACF River Basins: 34 p.

Wahl, K.L., and Wahl, T.L., 1995, Determining the flow of
Comal Springs at New Braunfels, Texas, in Proceedings of
Texas Water ‘95, August 16—17, 1995, San Antonio, Texas:
American Society of Civil Engineers, p. 77-86.

Yang, Y., Learner, D.N., Barrett, M.H., and Tellam, J.H., 1999,
Quantification of groundwater recharge in the city of Not-
tingham, UK: Environmental Geology, v. 38, p. 183-198.


http://www.northgeorgiawater.com/
http://www.mrlc.gov/nlcd06_data.php
http://pubs.er.usgs.gov/publication/fs10699
http://pubs.er.usgs.gov/publication/fs10699
http://pubs.usgs.gov/fs/2009/3053/
http:www.census.gov/prod/2005pubs/h170-04-21.pdf




Appendixes




Influence of Septic Systems on Stream Base Flow in the Apalachicola—Chattahoochee—Flint River Basin Near Atlanta, 2012

58

HIAIND
Jo weansdn
1997 (0§ AIp weang - - - — A1a 000 000 €IclI c10T/11/6 UYSIH  100STHF80tSHSEE 6¢
- v6'9 8¢S L8 8¢ 0S ¥0°0 ¥0°0 LEEIT cloc/11/6 USIH  10990+¥80TH8FEE 8¢
- 16°S L6'S Y01 (44014 0T 0ro ¥0°0 - C10c/01/6 USTH  10ST9EH80686£E€E 9C
— — — - — 1| 000 000 Lyl c10T/11/6 USIH  T[06L6EF80TISHEE ST
— — — - — 8Tl 000 000 9evl cloc/11/6 USIH  10106£¥800T9F€€E 1£4
- 999 €Ce I8 60T 0s 0ro 90°0 0IST CcrLoc/11/6 USTH  10S90#8016SHE€ €C
“JIOAIND
e £1p Aeperdwo) — — — — £1q 00°0 000 STST  TIOU/I1/6  USIH  109€6£¥8090VYEE  TT
- cl'L 9¢'9 6L L1°0¢ 4 SIo 01°0 1€91 croc/11/6 MOT  [OTSEVP8OVIPYES Ic
- L9 vy ILL 861 0¢ S0°0 10°0 091 cloc/11/6 USTH  10%6CHH80SLSHEE 0T
- €9 8L'¢ 96 So'6l SC 90 0ro OILT cloc/11/6 UYSIH  10VY9vF801SEREE 61
- LSS c6'¢ 86 861 ST LEO 90°0 VELT cloc/11/6 USTH  10909+78080€H€€ 81
"HISAIND JO Wean)s
-uMop 133 G/
Apeyewrxoxdde A1(y - — - - 7| 000 00°0 - c10T/11/6 PIN  T0¥09¥¥80LYEVEE Ll
- ¢8'¢ €6'C 86 88°0C 94 €00 00 0291 clLoc/11/6 USIH  108S0S¥80SHTHeES 91
- IL°L 109 €L YLl 4 ¥0°0 €00 0580 [alravis USTH  10€TSSHR0LISHEE 14!
HRAIND
Jo ureansumop A1q - - - - 1| 000 000 - c10c/cl/6 USIH  10THPSH8091SHEE el
"AIp BRA[ND) _ - - - A1 000 000 - croc/cl/e6 PN 10€EPSYBOLYEVEE 4!
"AIp HRAIND — - - - Aiq 000 000 - cloc/11/6 MOT  JOT6LYP80SIIEEE !
- ve9 Y0'L Ie 6L°61 0l £€C0 €C0 VILT cl1oc/11/6 PIN 100L0St8069€€E 6
— 'L 8IS 8¢ G381 01 0ro 600 6501 cl1oc/cl/6 PN T090LSY80ESLEEE 8
- 6C'L L6°€E 125 6v'CC 0T S0°0 S0°0 0€cCI cl1oc/cl/6 USTH  101S8SH3009LEEE L
- 16'L 969 (474 e8I ST 01°0 00 vl c10c/cl/6 USTH  10TT8SHB0S8LEEE 9
_ 'L LS'L LS SL61 8 610 €e0 8Sv1 cl1oc/cl/e6 MOT  109€S0S800S8CEE S
- €L 8C'S 0cI 61°0C 94 00 10°0 LIyl Ccr1oc/cl/e6 PN T0¥0€0S80ELTEEE %
- V'L — 8S &6l ST ¥0°0 10°0 0rel c10c/cl/6 USIH  1061€0S80T1TEEE I
(smisja) (E
mh”“m_“w_.—_:v seaibap 6z e MM””M_MW. LD (puooas sad (piepueis F._“MM."_H_
S)leway (suun) uo1eIIIIU0D TR aine LR L B TR L 199} 91qna)  wid)sey) ajeq Kysuap laquinu ayg fequinu
Hd uabAxo suauiaisolol) -19dwa) 1043 139} 21qna) Mojjuieang awy wajsis uised
aauejanpuod p1aik
panjossig auoeds 13)ep\ TR -ondag
[S1qe[TRAR JOU BIRP ‘— "pa1y) duo 1oddn ‘YSIy ‘pIIy) S[PpIW PI (PIIY) SUO JIMO] ‘MO[ UOTIBOYISSE[O AJISUdp wdsAs-ondog]

'Z10Z ‘€1-01 Jaquaidag Buunp sialewesed Aljenb-1a1em paloa|as pue ‘pjalA moj-aseq ‘mojjweasts  °L xipuaddy



59

Appendix 1

— v0°L 9 LOT S0°0C 0¢ cro 90°0 - Cloz/01/6 MOT  [OP9EEV8OITLSEE  8S

- 169 8¢ L, STol 0S 00°0 00 - CLoT/T1/6 PUN  T0S60E¥80987EEE LS
08emas

I S[[OWIS JIoTepm 679 129 19 L9°0¢ 0S €0°0 S0°0 — Croz/01/6 PUN  TOI0EY80STSEEE  9S

- L8'S €88 SS1 €981 0¢ cro ¥0°0 — cr1oc/o1/6 MOT  T06VIEY80LLLEEE €S

- SEL 89 9 ¥1°0¢C 01 <o 80°0 v¥60 CLoZ/11/6 PUN  T06LTEVYB0OI8YEEE IS

— S'L €8y 16 6'81 01 00 €00 0€80 CrLoT/T1/6 PUN  T09VIEv80¥CSEEE  OS

- - - - - T 000 000 - croz/11/6 MOT  T00LTEYSOBTEEEE (414

— vE6 8¢S 9¢ 861 01 810 600 glvl CLoZ/11/6 MOT  JO6LLEVBOEIIEEE 8

- G388 S9v 8 8L'1C 01 €10 80°0 ITET C¢lLoT/11/6 MOT  T0IT9Er809CCEEE LY

- LT8 86'¢ 8L Svol 0T S0°0 €00 YOIT cloc/11/6 PN T0S0SEVB0TOVEEE 9

— 189 S0 S6 ¥8°0¢ 01 0€°0 €e0 ! C¢lLoT/11/6 MOT  JOLO9EYBOI9EEEE S

- IS°L 19 0s LO61 S¢ SO0 ¥0°0 CELO ClL0T/T1/6 MOT  JOICT6EVBOESTEEE T

- 60°L 989 L91 1244 01 01°0 90°0 9¢l1 c10c/cl/6 MOT  T09LSTY8099STEE [44

— €L 6v'8 9CI 86°0¢ 01 w0 81°0 L€l CLoz/cl/e MOT  1068STY8066LYEE Iy

- <L 6S°S SLY 89°61 01 cro ¥0°0 0vcl Croz/cl/6 MOT  TOVLSTPSOEILYEE  OF

- LS9 SO'L IL 60'1¢ 0S S¥0 v1°0 LSOT ¢10c/01/6 MOT  TOSLOEY8OITTSEE 6¢
A1p

Aa101dwod poAI) — — — — f1q 000 000 OvST  TI0T/01/6  MOT  [0TTTEYSOITYSEE  8€
"JIOAIND JO WIBALS

-umop A1p weang - - — — L1g 00°0 00°0 Se91 Cloz/01/6 MOT  T00VIEYBO9ICSEE L€

- 14 SIS 0 8'0C 0S €0°0 ¥0°0 6SS1 CLoT/11/6 MOT  JOE8TEVBOVBESEE  9€
“FOATND

Jo wreansdn A1y — — - - g 00°0 00°0 LOCT TI0T/11/6  USIH  1089LEV80606¥EE  ¥€

- 9L9 LTL €S £€0°0C 0s vT0 €ro Svel clLoZ/11/6 PIN  T00¥¥EP80011SEE €€

— 89 €&y Lyl 861 0¢ 100 100 LOTI CLoT/T1/6 PUN  T08€6E¥80C65SEE  CTE

— L LTS 14! L0t 0¢ 80°0 ¥0°0 €¢Il TI0T/11/6 USIH  10£00¥8098HSEE Ie

- ¥ LSS 9L IL81 0¢ 00 100 Svll TI07/11/6  USIH  10901++80L8FSEE  0F

(snisjag (E
mh”“m_“w_.—_:v seaibap 6z e MM””M_MW. LD (puooas sad (piepueis F._“MM."_H_
S)leway (suun) uo1eIIIIU0D TR aine LR L B TR L 199} 91qna)  wid)sey) ajeq Kysuap laquinu ayg fequinu
Hd uabAxo suauiaisolol) -19dwa) 1043 139} 21qna) Mojjuieang auy wajsis uised
aauejanpuod p1aik
panjossig auoeds 13)eM\ TR -ondag
[S1qe[TRAR JOU BIRP ‘— "pa1y) duo 1oddn ‘YSIy ‘pIIy) S[PpIW PIW ‘PIIY) SUO JIMO] ‘MO[ UOTIBOYISSB[O AJISUdp WwdsAs-ondog]
panunuo)— 'z10z ‘c1—01 Jaquaidag Buninp sialaweled Aujenb-ia1em palas|as pue ‘pjalA mojj-aseq ‘mojjweans | xipuaddy



Influence of Septic Systems on Stream Base Flow in the Apalachicola—Chattahoochee—Flint River Basin Near Atlanta, 2012

60

— 789 659 6¢ L'81 94 €10 €00 2080 C10T/11/6 MOT  TOPSLIY8OLYISEE 88

— — — — — Aiq 000 00°0 9€80 C10T/11/6 PIN  108981%808695¢¢ L8

— — ¥6'C €CII 961 4 LT°0 LO0 (1431 C10T/11/6 MOT  [OLSLIY8OSITOYE 98

"AIp wreang — — — — Aiq 00°0 00°0 00€T C10T/11/6 MOT  TO89LIF80S6EOVE €8
— — (4% 60L L6l 01 0T°0 110 (444! C10T/11/6 MOT  109961+80L6.EVE T8

— — — — — 0S §T0 €10 Yl C10T/11/6 MOT  T09L61¥80¥STOYE 08

“K1p weang - — — - A1q 000 000 ¥e01 c10T/11/6 USTH  102081+800£+0t€ 6L
"A1p wreang — — — — Aiq 000 000 §760 T10T/11/6 PIN  T0€I61¥80L6V0YE 8L
— — €rL 18 881 0S S0°0 S0°0 — TI0T/11/6  USIH  10860THS0ELEOVE  SL

— — 8SL €l 781 0S LT°0 90°0 9580 TI0T/11/6  USIH  106SITH8089v0VE  ¥L

— — €0'8 ¥9 ¥'6l 0S €10 800 Sl C102/01/6 PIN  10T€TTPR09TEOPE €L

— — 66°L S9 L6l 01 71°0 60°0 (444! c10T/01/6 PUN  1061CT80S€E0vE @,

— — WL 6¢ 9'1¢ 0S 80°0 90°0 0SST C102/01/6 PIAN  T08TETHR088COYE 1L

— €19 w9’ 89 €81 0S L0O0 €00 SYLO C10T/11/6 PIN  10TTSTPR00¥LSEE 0L

- 689 LS9 CL1 6561 0S €ro S0°0 9780 c10T/11/6 MOT  TOS8STH8OEYBSEE 69

— — — — — T 000 000 S180 C10T/11/6 MOT  T000STH80908SEE 89

— WL 6t 86 9¢61 01 11°0 1¥°0 9€60 C10T/11/6 PUAN  10S09TF809100%€ L9

— — — — — Aiq 00°0 00°0 2160 C10T/11/6 PIAN  1000LTF80€06S€E 99

— 69 90°L 08 7E6l1 0¢ 0€0 01°0 G680 c10T/11/6 PUN  TOLS8TYS0EYBSEE S9

— SL'S 68°S 6F sTel 0S S0°0 200 SvL1 C102/01/6 MOT  [OPPLTH8OE9SSEE P9

HIAIND
Jo weansumop

109J f A1p wreans — — — — fiq 000 000 9001 TIOT/11/6  USIH  10198THS0EL00VE €9
— L €L vLI gee 01 o 0T°0 erel C102/01/6 MOT  [OIETEYBOEBLSEE  T9

- - - - - A1g 00°0 000 20S1 ¢102/01/6 MOT  TO8LTEYBOESISEE 09

— $69 153 874! 90T 0S 01°0 S0°0 — C102/01/6 MOT  T09TEEFB09E9SEE  6S

SNIs|d, ajw
ot ot (D N it s
s)ieway (sun) uo1eIUIIU0D Jojauipugo tad aime ofiejusatad - puooas sad 133} 21qn9)  uldIsey) ajeq Aysuap laquinu ayg foquiny
Hd uabiAxo suauialsolau) -13dwa) 10143 18} 21qn2) Mojjweans awn) wajshs uised
32uejanpuod [ET
paajossig ayioeds 13)ep\ mojj-aseg -ondag
[o1qeqreae jou eyep “— paryy ouo 1oddn ‘YSiy pary) SIPPIL “PIUI {PIIY) AUO LOMO] “MO] UONEBOYISSEd ANISUP wdlsKs-ondog]

panunuo)— 710z ‘sl—01 Jequeidas Bunnp sialawesed Aujenb-1a1em pajos|as pue ‘pjalA moj-aseq ‘Mojjweang | xipuaddy



61

Appendix 1

= S€9 €9 01 §TC 0S 10°0 00°0 0ZST  TIOZ/O1/6  PUN  T0T00I¥80SLEOYE  €TI

= 8L9 8T'L 8% 8761 ST v1°0 €0°0 8191  TIOZ/OI/6  PUN  TOLLOIYSOVTHOYE 1Tl
= 69 v8'L YL LE6T 01 7o 60°0 L¥9T  TIOZ/01/6  YSTH  T0T€0T¥808F¥0FE 0TI

"AIp wieans = — — — 1| 00°0 000 — TI0T/01/6  USIH  108SO1#8090v0vE 611

"A1p wieans — — — — 8Tl 000 000 — TI0T/01/6  MOT  [0VECIFROV8IOLE  SII
— ¥8°9 80°'L €L 861 01 020 1€°0 LPET  TIOZIO1/6  PUN  T069€1¥800S6SEE  LII
— S€9 vy 96 L0z 4 90°0 10°0 TIET  TIOZ/O1/6  USTH  T0S6TIYS0IL6SEE 911

"AIp weans — — — — T 000 000 — TI0T/01/6  MOT  109LTIH806£00vE  STI
— 769 L9 01 v'61 0S 00 10°0 €€TI  TIOT/OT/6  MOT  T0bPyI¥80LS8SEE 1T

"A1p wieans = = = = 7| 00°0 00°0 — TI0T/01/6  MOT  [0S8F1#80SSLSEE  CTII
— ¥$'9 w9 LS €1°0T 01 v1°0 v1°0 8660  TIOZ/OI/6  MOT  [06SEI¥80669SE€E  I11
— = €89 £0€ L'81 ST 90°0 200 LS60  TIOT/CI/6  PUN  T0E£T60¥809€60¥E  OII
— — w9 9 1'81 01 S1°0 €0°0 8160  TIOT/CI/6  USTH  10€L80¥806911+E 601
— — €€'9 €S 9Ll 01 970 60°0 9€80  TI0T/CI/6  PUN  109CTIYS0EOEITE 801
— — S¥'9 91 181 ST 100 10°0 80CI  TIOZ/CI/6  PUN  T0E6EI¥800€0IFE  LOT
— — vT'9 91 ¢'81 01 88°0 SE0 [T CI0T/Cl/6 PUN  TOL8TIVSOIY60VE  SOT
— ) S'L 101 79°81 01 61°0 01°0 0¥60  TI0T/CI/6  USTH  TOLVEIYSOV6LOVE €01
— w9 €€°C STl SL61 ST 200 10°0 SEIT  TIOT/CI/6  PUN  TOSEEIH80OVLO0YE  TOI
= L €r's 01 LO'81 01 Tro S0°0 0201  TI0T/Cl/6  USTH  [061¥1+8011L0¥E 001
— — — — — A1g 000 000 SP80  TIOT/CI/6  MOT  [0€6VI¥8068S0VE 66
— se's 689 861 01 1o 600 YOIl TIOZ/CI/6  PUN  TOTSLIYS0SOYOYE €6

"AIp wieans — — — — T 000 000 v001  TIOZ/II/6  USTH  10¥061¥8090S0FE  T6
— — 33 $'09 TIe 0S 00 200 SP60  TIOT/LI/6  PUN  T0L661¥8099S0VE 16

"A1p wreang — — — — A1 000 000 — TI0T/11/6  USTH  10£881#80¥8F0FE 06

snis|9a ajluwi
mat siopgyre (72 T —— =
S)leway (sun) uonesnuaduUod Jajowua) sad aime ofieuadiad - puooas sad 193} 21qnd)  wid)se]) ajeq Aysuap Jaquinu ajg fequinu
Hd uabhiixo suaualsolaju) -19dwa) 10113 13} alqna) Mojjueansg awnj wajshs uised
3Juejanpuod piaiA
panjossiqg ayoadg 19)ep\ mojj-aseg -ondag

[o1qereA Jou eyep “— paryy duo toddn ‘YS1y {pIryy SIPPIW ‘PIul ¢PIIY} QUO JOMO] ‘MO] :UONBOYISSE[O ANISUdP WwoysAs-ondag]

panuiuog— Z10Z ‘cl—01 1aquaidag Buuinp sisyaweled Ayjenb-1aiem paioa|as pue ‘plalA mojj-aseq ‘mojjwesng ‘L xipuaddy



Influence of Septic Systems on Stream Base Flow in the Apalachicola—Chattahoochee—Flint River Basin Near Atlanta, 2012

62

— 179 61°S 8 ¥6°61 ST vT'0 700 6591  TIOT/CI/6  USTH  TOV9LSESOPLTOVE 091
"A1p wieang — — — — 1| 00°0 000 — TI0T/TI/6  PUN  10€69SE80TEEOVE  6ST
109Jj UIRI J[QISSOJ  69'9 L 69 LL'8T 01 850 01°0 bPEl TIOT/CI/6  PUN  10E8TSES809TEIVE  LSI
109Jj0 UIRIJ[QISSOd  9T'L 666 €S 6L81 8 €Il 260 9IIT  TIOT/CI/6  PUN  T00LSSES8098ETHE  9SI
“K1p weang — — — — Liq 000 000 — z10z/2l/6 PUN  1069SSE€80L611YE  SSI
1090 WIRIA[QISSOd  LO'L 796 8% 8Ll 01 8T°0 Tro T€80  TIOT/TI/6  PUN 10009S€8089TIvE €SI
"A1p wieans — — — — Aia 000 000 — TI0Z/I1/6  USTH  T0€19S€8060L0FE Ll
"AIp Weans — — — — L1g 000 000 — TI0T/11/6  USIH  10€99SE€80LL60VE  9F1
= 90°L LTS SSI v'81 01 1€°0 070 1S60  TIOT/TI/6  MOT  T0SLOOFS0SESOPE  €vl
‘uoye)
S3UIpEAI OPUOS ON — — — — 0S 200 10°0 0S¥I  TIO0T/11/6 PUN  TOLLYOY80SI¥OYE Tl
“K1p weang — — — — A1g 000 000 — ¢10c/01/6 USIH  10LT8SE809ETOTE 84!
"AIp wreang — — — — Aiq 000 00°0 - ¢10c/01/6 USIH  10£98S£80£8T0TE ol
“K1p weang — — - - A1q 000 000 (443! c10Z/11/6 MOT  [01S90¥8056€0T€ 8¢l
— 999 9L 06 9661 ST 110 S1'o LOVT  TIOT/II/6  USTH  106VSOPSOI9POPE  LEI
- 8L 816 8¢ 86T S 10°0 000 veel c10Z/11/6 MOT  T0S9S0¥8086€01¢ 9¢l
J02)° Ulel 9[qIssod 69 9I°L €81 G8'1¢ 0s 0 S0 10L1 ¢10Z/01/6 YSIH  10190S€801291+€ cel
"A1p wieang — — — — LAiq 000 000 — TI0T/01/6  USYH  10SYTSESOEEEIVE €I
J094J9 Ulel 9[qISSOd 689 86°¢ €91 61 0S 90°0 70°0 81yl ¢10Z/01/6 USIH  T006£SES0EHETHE (43!
"J021J° Urel 3[qIssod — — — — 0¢ ST0 €00 Icel ¢10c/01/6 PUN  109STSE80LLETYE 1€l
"AIp wreang — — — — A1g 000 000 — ¢10c/01/6 USIH  100TESEROVTHIHE 0¢l
"109J° Ulel 9[qISsOd LT9 6'S 09 §9°0¢ 0s Se0 80 €r01 ¢10Z/01/6 USIH  10€STSE800SH 1€ 8¢CI
HRAIND Je MO} ON — - - - A1q 00°0 000 1080 c1oz/cl/6 MOT  [OLSYIY808LYITE 9Tl
— €79 €Y L8 ¥8°1¢ ST [4N() €0°0 STl TIOUIL/6  USIH  10TPLOVSOFOLOPE  STI
- %9 LY'L YL 96l 4 71°0 200 10¢1 c10Z/11/6 PIN  106¥90¥80£9C0V¢€ 174!
sSnis|9 ajlu
et i (9 S s
sS)leway (suun) uonenuUadU0d TR aime LR L B TR L 199} 21qnd)  ula)se]) ajeq Ansuap Jaqunu aug fequinu
Hd uabikxo suauialsolau) -13dwa) 10143 18} 21qn2) Mojjuieang awn) wajshs uised
aosuejonpuod piaik
panjossiq ayoads 19)ep\ molj-aseg -ondag
[o1qeqreae jou eyep “— paryy ouo 1oddn ‘YSiy party) S[PPIL “PIUI :PIIY) AUO LOMO] “MO] UONLBOYISSEd ANISUP wdlsKs-ondog]

panunuo)— 'z10z ‘sl—01 Jequeidas Bunnp sialawesed Aujenb-1a1em pajos|as pue ‘pjalA moj-aseq ‘Mmojjweang | xipuaddy



63

Appendix 1

“MOJUIRANS
uedw Arep
‘a)is oFeSueong - - - - 0T ¥00°0 200 - cloc/cl/e6 /U 8LSYEETO 08I
“MOJUIBANS
uedw A[rep
‘a)1s oesweons — — — - 0T 910 90 - cloc/cl/e6 o] €1e9¢eeco  6L1
TREMIS) L SN QLSS0 @It - 89 $9°0¢ S¢ €00 €00 SS0I cloc/11/6 MOT  [0I8CIYOISTSEE 8L1
- L €88 LTI 9¢°1C 01 (430 ST0 0€ST cr1oc/cl/6 MOT  TOIT191¥80TOLYEE LLT
- VL 16'L 11e ¢6°0¢ 01 9T0 10 0evl c10c/cl/6 MOT  T06081+80€19¥¢€€ 9LI1
109)J9 UlRl 9[qIssod 90°L SEL 96 0T 01 L0C 88°0 L€60 clLoc/11/6 O/ TOBESTYEOLLESEE CL1
109)J9 UlRl 9[qIssod 9L9 6€9 IS1 Y061 94 00 00 8080 cloc/cl/e6 MOT  [0S€61VB0SITSEE 691
“1oopJ° Urel 9[qIssod LEL &9 SLE S9'1IC S¢ I1°0 €00 SS80 cloc/cl/e6 d/U 10CLOTY801CCSEE 891
“109pJ9 Urel 9[qIssoq €19 e 681 99°0C 94 700 10°0 560 cl1oe/cl/6 MOT  [0STTTYBO910SEE L91
- €09 €6'8 09 96°L1 01 €0 10 £ETI cl1oz/El/6 USTH  1008LYES08LLTYE 991
- 819 '8 0S SCTLI 01 (440 cro SEIl cloc/el/6 USTH  108¥97€809€6THE S91
- Iv'9 S6'8 St 68°LI 01 LTO €ro ce0l Ccloc/el/6 O/ T0Y0SHE80EE8TYE Y91
“A1p weang — — — — f1q 000 000 —  TIOTEL/6  USIH 1010LSE80TSTOVE €91
‘A1p ureang — — - - T 000 000 - c10c/el/6 MOT  T0¥FSSEB09610YE a1
- 859 9L'L L9 SS'LI 01 SIo 00 0SL0 clroc/el/e6 O/ T0L8ISEB066Y0YE 191
(snis|ag (311w
[1suliied saaifiap gz je (snisfa) aienbs sad uoneay
sweihijjiw) saaibap) (puoaas sad (piepueis -Isse|o
(syun) J1ajawnua Jad afieyuaasad puooas Jad Jaqunu
s)Heway uoneuUaIU0I aime 133} 21qn9)  uldIsey) ajeq Aysuap laquinu ajg
Hd SUaWIAIS01IIW) 10113 193} 21qna) uiseg
uabikxo -13dwa) Mojjweans awn) wajshs
anjossig 9uElINpUOI 13)ep\ prosk -ondag
P . aiyaadsg Mojj-aseg :
[S1qe[TRAR JOU BIRP ‘— "pa1y) duo 1oddn ‘YSIy (pIIy) S[PpIW PIW (PIIY) SUO JIMO] ‘MO[ UOTIBOYISSB[O AJISUdp wdsAs-ondog]

panunuo)— 710z ‘sl—01 Jequaidas Buninp sialawesed Aujenb-1a1em pajos|as pue ‘pjalA mo-aseq ‘Mmojjweang | xipuaddy



8G€‘E €8L°1 109 €70°1 PUN 611 €9 8°6¢ 4% ¥6'¢ 651 €50 dN 0) 100¥EF800T1SEE 313
11¥1 ¥T9°1 IL9 810°1 PIN 148! 1€l 9'6 1'6s 88°C 091 ST'T dN 0) 108€6€V80T6S5¢EE (43
788°1 0L6 069 L¥0°1 YSIH 66¢ 123! LTl 1’68 88'C 091 [40) dN 0) 10€00¥¥78098¥S€€ 1€
¥S0°1 €0¢ L9V ST0°l yStH 61¢ 6 99 1'6S 88°C 09°'1 620 dN 0) 10901+¥80L8YSEE 0¢
TLST TTTT Sge9 T€0°1 U3t LET (k43 S0I 1'6s 88°C 091 7L dN J 100SCry801STSee 6C
0€s (414 08°L €70°1 YSIH 81¢ c0¢ (I% 43 ¥6°¢ 6S°1 €60 dN Q) 109907¥780Ct81 €€ 8¢C
¥89 9¢ IL9 998 UStH 08¢ ol 9°¢ 6'8S 68 91 8¢0 dS a 10ST9€¥80686€£€€ 9¢
€79°1 €76°C 9L'9 870°1 YSIH 0v¢ 9¢ey Ll Sve v6'¢ 651 18°1 dN Q) 106L6EV80CTISTEE SC
1L¥1 998 €5°¢ 800°1 YSIH 8¢€¢ 661 981 43 v6'¢ 651 650 dN 0) 10106£¥7800C9t €€ 1L
820°1 609 689 €L0°1 yStH LyE 90¢ Cll 4% ¥6'¢ 651 65°0 dN 0) 10S90¥¥801651€€ €C
6501 SSL 68°G 866 y3tH [4:14 10T Il S 43 v6'¢ 651 1L°0 dN 0) 109€6€¥80901PEE (44
905°1 ¥00°T S09 €EI’l MO0] Sl 01 SIe 943 ¥6°¢ 651 L9°0 dN 0) 10CS e80T IYEe 1T
9€L1 87 0€9 801°1 U3tH €9 €91 L0T (43 ¥6°¢ 6571 9T°0 dN Q) 10v6CH80SLSTEE 0¢
€95°1 986 a0°S 7911 y3tH 0L ¥9¢C el 1'6s 88°C 091 LEO dN J [0VPOrP801SEv e 61
L98 6¢Cl IS°L 24N YSTH 8¢ (44 VIS oS LTS 09°1 SI0 dN Q) 10909%+78080€1 €€ 81
EIT°T s 6€°S ePI°l PIN LY € Ll 1'6S 88°S 09°1 61°0 dN Q) 10Y09%180LYEVEE Ll
16T 81 (4% or1‘1 y3tH 0T 9Cl LY 9°LS 89°¢ 881 290 dN 0) 108S0S¥80SYThee 91
98 L9 er's 801°1 YSIH L€ (444 89 065 98¢ o1 6L°0 dN 0) 10€TSSY8OLISTEE 14!
909 STI'l 86°S P11l yStH 844 87 8¢ 98¢ I8¢ 0L'1 981 dN 0) 10TrrS8091StEe ¢l
G8¢ 1443 €9 091°1 PIN 981 €01 L8l €LS ¥9°¢ 76'1 [S] dN 0) 10€EVSYBOLYEVEE 4!
€C 0l 0S'L 678 MOT 0¢ €l S0 I'6S 88°C 09°1 1340 dS a T0T6LY180S91€€€E I
8¢¢ LEE SEL 8LO°T PIN 9LI1 SLI S9 '8¢ LS 6L'1 001 dN a 100L0S¥80679€€€ 6
ILT (444 0S9 TLIT PN 76 78 91 8'8¢ ¢8'¢ SOl 68°0 dN a 1090LSY80ESLEEE 8
80L 6L9 L9 181°1 YSIH 6S¢ 8¢ 89 L'8S (45 891 960 dN a 10TS8S¥78009LEEE 3
oy 96 0TS 981°1 yStH 1s¢ 125 19 1'6S 88°C 091 o dN a 10CT8ST80S8LEEE 9
001 89 09 (44! MO ge 14 LY 065 L3S 1971 89°0 dN a 109€50580058C¢E S
SLY 8S1 19°¢ 901°1 PIA <01 143 vl 1'6S 88'C 091 €e0 dN a 10¥0€0S80ELTEEE 14
00§ eel 659 901°1 yStH 6¢C 19 4% 1'6S 88°C 091 LT0 dN a 1061€0S80C1CEEE I

(1w 1ad (88 GAVN uoneay  ,uw sad (1) () (1y/u)

Junog) 00z u! (uaosad) anoge  .isseg  sapg sajis () ydap ydap oo AW eale toquin

S uoneindod adojs 199)) . apdasjo  ease N e e eale s ealeqng laquinu ayg e

uogepdod |ejop  afiesany uoneas|a «\_ﬁm__o_“_ Jaqunp snoinadu) abelony -1ajem aBeiaAY afieuleig
abesany wiadjsis andag abesany

Influence of Septic Systems on Stream Base Flow in the Apalachicola—Chattahoochee—Flint River Basin Near Atlanta, 2012

64

[8861 JO wnje(] [BONISA UBOLIDULY YLON ‘88 JAVN ‘Pu0dds 1ad 100 01qnd “03s/1J youl “ur <oy 1ad your Iy/ur ofru
arenbs ‘1w :syiun) pary) ouo 1ddn Y31y pary) S[ppIu ‘pIudt LPIIY) SUO IIMO] ‘MO] UOTIBIYISSL]I ANISUIP WA)sAs-o1dog JUowWpald WdYINOS JS JUOWPI UIAIOU JN dU07Z I[Ne pIeAdlq ‘g :Bale J130[09D)]

"MOJJWEaS U0 $198)48 WalsAs 011das Jo UOIBN|BAS 10} PASN $81IS WEa.s J0 Wealsdn suiseq Jo sonsualoeieyy) -z xipuaddy



65

Appendix 2

vTs'c  8SL6 SLL ¥80°1 PIN S8 0¢e 9'¢l 43 v6'¢ 6S'1 L8'¢ dN Q) 10S09C¥809100FE L9
70T S€6 00°L 7S0°1 PIA 0L (43 ¥'6 Se ¥6'¢ 651 90 dN D 1000LTF80€06SEE 99
sl 90¢ voL €50°1 PIA 16 0¢ €81 SPe ¥6'¢ 651 €€0 dN D T0LS8TH80EY8SEE  S9
¥0S°C SyL S8’ €20°1 M07 01 € 1T rre ()3 S9'1 0€0 dN Q) 10PPLTH80E9SSEE 9
88VCT  609°C 1T$ 760°1 ysSty L1T 8¢ 91 (43 ¥6'¢ 651 SOl dN D 10198TF80€E00YE €9
S9€C S0T'C €€9 408! Mo 0 0 0’1t Sve ¥6'¢ 651 €6°0 dN D 101€TEY80E8LSEE 79
€98°1 89 €29 YO1°T Mo € I 1'9¢ S 43 76°¢ 651 S] dN 0) [08LTEYB0ESISEE 09
981°CT  090°T 689 660°1 Mo 0 0 ¥'6T Se v6'€ 65’1 6v°0 dN D 1091€€¥809€95€€ 65
880°C 1701 629 901°1 Mo 0 0 781 SPe v6'¢ 651 0S°0 dN 9 T10P9€EP80TILSEE  8S
€89°1 11Z°L SS9 €56 PIN L (1]33 10T 1'9¢ L0V 6S'1 6Ty ds a 10S60€78098Y€EE LS
6%S°1 SITe 169 796 PIA 8L I11 LT Se v6'¢ 651 €'l ds a 10I¥0€¥80STSEEE 95
St (0]4 9¢°¢ 786 Mo LE Tl 8'LT Se ¥6°¢ 651 €0 ds a 106V IEY8OLLLEEE €S
SLIT TSL 0C9 786 PIA 8! L v'ec L'ye S6'¢ 651 ¥9°0 ds a 106LTEY8018YEEE IS
756 8LS°1 LS9 996 PIA €el X414 ¥'6 (43 ¥6'¢ 651 991 ds a 1097 1€¥80FTSEEE  0S
S99 16S 09°¢ 86 Mo 8 L 9°6¢ 0'6S L8'S 091 68°0 ds a 100LTEY808TEEEE  6F
53 L1 wy L66 Mo €¢ 91 L 1'6S 88'¢S 09'1 310 ds a T06LLEYBOEITEEE  8F
© ! 1’9 866 Mo LT 81 €T 1'6S 88°¢S 091 99°0 ds a 10129€¥809TCEEE LY
(747 LL v8'L 866 PIAN 4! 144 8T 1'6S 88°¢C 091 LT°0 ds a 10S0SEY80C0PEEE  9F
LOO‘T €IL°T ey 666 M07 1T €C LT1 1'6S 88'S 091 A ds a T0L09EP80TOEEEE  SP
8Ly 98¢ 6S°S 100°1 Mo 144 61 Th 1°6S 88°¢S 091 18°0 ds a 101T6£780€STEEE PP
80T  0S9°C LS9 100°1 Mo 0 0 ¥'0¢ SLI 86T L1 €90 ds D 109LSTY8099SPEE  TF
€€9 08¢ ¥9'9 016 M0] 81 8 SIS SLI 85T IL'1 144\ ds D 1068STH8066LYEE 1Y
€9 61 €L9 116 Mo 01 € €LS SLI 85T IL'1 1€°0 ds D 10VLSTY8OCILYEE  OF
060°¢ 166 (494 810°1 Mo 0 0 8'SC Sve ¥6'¢ 651 €0 dN D 10SLOEY80TTTSEE  6€
S19°C ST8 143 €80°1 M07 0 0 ST (43 ¥6'¢ 651 e0 dN D 10TTTEY8OTTHSEE  8€
9I'c 99T €89 020°1 Mo 0 0 §'8¢ SPe ¥6'¢ 651 §8°0 dN D 100V 1€F8091CSEE L€
9Ty 8PLS LE9 110°1 M0 6 il e SPe ¥6'¢ 651 S| dN 9) 10£8TEY80P8ESEE  9¢€
6€CT°1 e €8'L SL6 yStH 6L9 Sel 6'ST 43 ¥6'¢ 651 0T°0 dN o) 1089LEV80606VEE  PE
(i sod (88 GAVN uoneay  ,uwiad (u) (') (1y/u1)
Junoa) OLozul (wadsad) anoge  .issey  seys says (1) pdep ydap Kijigesw (1) pale saquinu
Kisuep uonendod adojs 193}) . andas jo eale yaoipeq alger llog eale aiBojoey ealeqns laquinu ajg liseq
uonejndog Jelop  afesany uoneas|a Jisuap Jaqunp snoiniadwy) ofielony -13)eM aBesony abeureiq

aberany  Wwajshs andag abesany

[8861 Jo wme( [BONISA UBOLIOUIY YHON ‘88 JAVN ‘Pu02ds 1od 100 01qnd “09s/1J <youl ““ur <oy 1od your Iy /ur sofru
arenbs ‘1w :syup pary) duo xaddn YSiy {pIiy) S[ppIw ‘PIud {PIIY) SUO JOMO[ ‘MO] “UOIIBIYISSB[O ANSUIP Wd)SAS-013dog JUOWPAlJ UIAYINOS ‘JS JUOWPIJ UWIAYLIOU N U0 I[N PIeAdIg ‘g :BAIR JI50[090)]

PaNUIIU0) —MOJJWea.ls Uo S108))8 WwaisAs andas Jo uonen|eAs 1oy pasn says Weals Jo wealisdn suiseq Jo sonsualoeleyy -z xipuaddy



0vel 6LT 80°L STl yStH ¥Ts 601 0's¢ 1'6S 88'¢S 091 170 dN q 10€L80¥806911FE 601
10€ LOT 0€'L 0r1°1 PIA [41! (014 91 1'6S 88'¢S 09'1 9¢°0 dN q 109TC1¥80€0€IPE 801
LES 533 SS'L LOT1 PIAN 144! LL 06 1'6S 88°¢C 091 90 dN dq 10€6€1¥800€01FE  LOIT
LYE 8¢l L6'L 601°1 PIN €L 6¢ 6'¢ 1'es 88°C 091 0t°0 dN d 10L8C1¥801¥601¢ SOl
10€ 8S1 $S9 780°1 ysSIH 112 11 T0¢ 1°6S 88'¢C 091 €5°0 dN q TOLYETIF80F6L0YE €01
9¢1 IS 9L'9 160°1 PIN 98 TE 1’6 1°6S 88°¢S 091 LEO dN q 10SECTIF80YLO60YE  CTOIT
S61°1 8IS 90°L 74N yStH L06 €6¢ 9'81 1'6S 88'S 091 340] dN q T061¥I¥80TTLOYE 00T
S 4 v6'S L90°T Mo C I 6'8C 1'8¢ wty 651 I¥°0 dN q 10€6¥ 178068507 66
L61°€E 8€9°C €T’s 160°1 PIN L8 L 61T S43 r6'¢ 651 £8°0 dN q 10CSLIF80S0Y0PE €6
L11°T vLOT 90t ¥60°1 yStH ¥9¢ 143! 9Tl v'es (XY L9T 1S°0 dN q 10¥061¥8090S0¥E 76
650°1 (01374 §% T01°1 PIN €cl 149 €91 6'LS s €8'1 840 dN d 10L6611809950t€ 16
SSY'T  69S°¢C eey 201°1 Y3ty 9C 18¢ 9'81 L'8¢ 9Tt €91 St'l dN dq 10€881¥80¥870FE 06
STt Tss €89 0€0°1 M07 14 9 661 43 ¥6'¢ 6S'1 ST0 q g TOPSLIF80LYOSEE 88
€6L°C 71T LL'L 9%0°1 PIA (47 (43 Ll SPe ¥6'¢ 651 LLO dN q 1089817808695¢¢ L8
1S0°1 1437 WL €50°1 M07] 0 0 0°ST SPe ¥6'¢ 651 170 dN q T0L8LIF80SICOPE 98
60S‘1 €8L 789 LSO°T M07 Ie 91 L've 43 r6'¢ 651 50 dN q T089LT¥80S6€0FE €8
148! 19 €r's S60°1 Mo 61 01 I'1S Se v6'€ 65’1 ¥$°0 dN d 109961+80L6.£¥E T8
666 sot 99 090°1 Mo [4 I 6'¢€C Se v6'¢ 651 0S°0 dN dq 109L61¥80¥SCOFE 08
LOT1 L9S L9V 901°1 yStH LI1T <01 86T (43 vo'c 651 L¥'0 dN S| 102081¥800€¥0FE 6L
09¢€°1 3¥ S1°9 680°1 PIA €01 143 [ 9Ly 96'Y ¥9°1 €€0 dN S| 10€161¥80L6V0VE 8L
1€5°1 19€°1 ey LIT°T YStH 6LC 8¢ L0T SPe ¥6'¢ 651 68°0 dN q 10860CF80ELEOYE  SL
vSTl 90% 86'% 6¥1°1 yStH 544 €L €8 S6¥ crs 091 e0 dN q 106STCY808970FE VL
12€°1 (43 €6t orI°1 PIA 8LIT 48! 1°0T1 8°6¢ SEY 651 €9°0 dN q 10T€TTY809TEOrE €L
STell 8 S6'% 6€1°1 PIN 9L1 Tl €0I1 oy 8¢y 651 ¥9°0 dN q 1061CCH80SECOPE  TL
Ss0'T  T6E'l 88'¢S 111 PIN 9t1 S8 L'vT 6'LE 0Ty 651 89°0 dN q 108TETH8088¢0PE 1L
¥S0°C S€6 €0y SE0°1 PIA SL 143 v'LE rye €6'¢ €9'1 90 dN D 10TTSTY800PLSEE 0L
€L6°1 98L LT9 610°1 Mo 8 € 0°LE SPe ¥6'¢ 651 0r’0 dN D 10S8STH80EY8SEE 69
€06°1 [4Vi4 w'L ST0°l M0 133 L §oc (49 v6'¢ 6S'1 170 dN @) 1000ST¥80908S€€ 89
(i sod (88 GAVN uoneay  ,uwiad (u) (') (1y/u1)
Junoa) OLozul (wadsad) anoge  .issey  seys says (1) pdep ydap Kijigesw (1) pale saquinu
Kisuep uonendod adojs 193}) . andas jo eale yaoipeq alger llog eale aiBojoey ealeqns laquinu ajg liseq
uopejndog Jelop  afesany uoneas|a Jisuap Jaqunp snoiniadwy) ofielony -13)eM aBesony abeuleiq

aberany  Wwajshs andag abesany

Influence of Septic Systems on Stream Base Flow in the Apalachicola—Chattahoochee—Flint River Basin Near Atlanta, 2012

66

[8861 Jo wMe( [BONISA UBOLIOUIY YHON ‘88 JAVN ‘Pu023s 1od 100 01qNd “09s/1J <youl ““ur <Inoy 1ad your Iy /ur sofru
arenbs ‘1w :syup) pary) duo xaddn YSiy {pIry) S[ppIw ‘PIud {PIIY) SUO JOMO[ ‘MO] “UOIIBIYISSB[O ANSUIP Wd)SAS-013dog JUOWPAlJ UIAYINOS ‘JS JUOWPIJ UWIAYLIOU N U0 I[N PIeAdIg ‘g :BAIR JI50[090)]

PaNUIIU0) —MOJJWeals Uo S108))8 waisAs andas Jo uonen|eAs 1oy pasn says Weals Jo weaisdn suiseq Jo sonsualoeleyy -z xipuaddy



67

Appendix 2

6LL LTO1 YL L8O°T M0 i 91 0'1¢ 1'6S 88°S 09°1 (43 S| v T0SLOOY80EESOPE  €FI
1Z€C  9€9 v€9 710°1 PIN 3S 91 €0¢ 9'8¢ 8’ 89'[ LT0 dN d T0LLYOP8081FOVE  THI
8€I°l 8¢ 879 SSI°l YSIH e 89 9L 0°LS 09°S 00C 1€°0 ds v T0LT8SE809ECOVE ¥l
01%'1 T6¢ 919 vEL'L yStH §Ts 91 08 €LS ¥9°S S6'1 8T°0 ds v 10£98S€80€8C0FE  OFI
126 19% w'L £86 Mo 14 [4 TLI S'LS L9'S 061 050 dN g 101S9078056£0vE €1
LEE] 658°1 6L'8 ¥S0°1 Y3y (44 s6¢ el T8¢ 9L’S LL'T 6¢'1 dN dq 106¥S0¥8019¥0FE L€
TIv1 0LC 1678 8L6 Mo 1c 14 81 €LS ¥9°¢ 76'1 61°0 dN d 105950¥8086€017¢ 9¢l
LLTE 12I°S 9y vl ysStH LOE S6v 6'vS 1°6S 88'S 091 191 q v 10190S€801C91¥E  S€I
0€8 0IL L89 €0T°1 Y3IH 0S¢ 66¢ €¢€T L'LS 0L'S 98’1 98°0 q v 108YCSE8OEEEIPE €€
SITl 708 1449 €0T°1 yStH 16¢ 65T 811 0'LS 09°S 00C 99°0 q v 1006£SE80EPEIPE  TET
SE8l 6€C 679 11Tl PIAN 301 4! 79T 9'8¢ 8¢ 69'1 €10 q v 109STSESOLLEIYE 1€
0L 69T°C LT°9 €0C°1 Y3ty 60¢ €L9 €8l 1'8S SL'S 8L'1 e q v 100T€SE80PTYIvE  OFI
12€1 0LO‘T erg SIT1 U3t 9T [4¥4 8'CC 1'6s 88°C 091 18°0 d \4 10€STSEB00STITE 8¢CI
8¢h 96 L TTTl Mo 81 14 98 1°6S 88'S 091 o dN q 10LSYI¥808LYIVE  9TI
LOYT 09 erL L6 Y3y 0L8 €1c §0¢ 1°6S 88°¢S 091 ¥To dN q 10CrLOY80Y0E0YE ST
488! 91 ¥8'C ¢S6 PIN 8% 9 L'1T 1'6S 88'¢S 09°1 S1°0 dN d 106¥90¥80€920¥¢  ¥TI
(44! LS (%3 €T1°] PIA (47 L1 6T 68 98¢ €9°1 0¥°0 dN g T0T00TF80SLEOYE €T
8T8°¢E LT8 ¥$9 SII'T PIA 6¢1 0¢ TSt 1'6S 88°¢C 091 [44) dN dq TOLLOTY80VCHOYE 1T
9L9°T  001°C 1L LTI yStH 688 869 I'1e 1'6S 88'¢C 09°1 8L0 dN dq T0T€0TF8087F0OFE 0TI
9L0T 0TI 189 0r1°1 ysStH 0€9 (0149 €0¢ 1°6S 88°¢S 091 ¥$°0 dN q 108S01¥8090¥0¥¢€ 611
Ty 950°C €TL SL6 Mo 8 14 ¥'8C 8'8¢ 78S 991 810 dN dq 10¥€CIP80F810FE  8II
858°1 ¥T8°C 789 786 PIA rel €0T 9'0¢ 1'6S 88'¢S 09°1 (4! dN q 1069€1¥800S65€E LTI
€11°T (433 LTL 896 ysStH €5¢ (44 9'6¢ 1'6S 88'¢S 091 LT°0 q q 10€6CI¥80IL6SEE 911
¥89°1 9¢¢ w61 ¥56 Mo €l [4 L’ST 1°6S 88°¢S 091 S1°0 q q 109LCI#806£00¥¢  SII
STt s WL L86 M0 & [ §ce 1'6S 88'¢C 09°1 LTO S| q 10vPy1¥80LS8SEE I
€001 01S°1 0S8 TT0°1 Mo 6 4! 91y 1°6S 88'¢C 09°1 1671 d 3| 10S871¥80SSLSEE  CII
P1S°1 0zs°1 v6'L 920°1 Mo € € ¥'€T ey €9y 651 00T q q 106S€1780669S¢E 111
(044 79 (4°N3 SETl PIN 148! (1]3 9'6C 1'6S 88'S 091 970 dN g 10£T607809€607€  OTT
(i sod (88 GAVN uoneay  ,uwiad (u) (') (1y/u1)
Jungg) 002 U! (uadsad) anoge  .issejy  sang says (o) mdap ydap e eale e
Kisuep uonendod adojs 193}) . andas jo eale yaoipeq alger llog eale aiBojoey ealeqns laquinu ajg liseq
uonejndog Jelop  afesany uoneas|a Jisuap Jaqunp snoiniadwy) ofielony -13)eM aBesony abeureiq

aberany  Wwajshs andag abesany

[8861 Jo wme( [BONISA UBOLIOUIY YHON ‘88 JAVN ‘Pu02ds 1od 100 01qnd “09s/1J <youl ““ur <oy 1od your Iy /ur sofru
arenbs ‘1w :syup pary) duo xaddn YSiy {pIiy) S[ppIw ‘PIud {PIIY) SUO JOMO[ ‘MO] “UOIIBIYISSB[O ANSUIP Wd)SAS-013dog JUOWPAlJ UIAYINOS ‘JS JUOWPIJ UWIAYLIOU N U0 I[N PIeAdIg ‘g :BAIR JI50[090)]

PaNUIIU0) —MOJJWea.ls Uo S108))8 WwaisAs andas Jo uonen|eAs 1oy pasn says Weals Jo wealisdn suiseq Jo sonsualoeleyy -z xipuaddy



Influence of Septic Systems on Stream Base Flow in the Apalachicola—Chattahoochee—Flint River Basin Near Atlanta, 2012

68

19 896°01 8¢'8 S90°1 PIN 101 SIS 0°SI 1°6S 88°¢S 091 80°¢S ds q 8LSYEETO 08I
81 S0€‘E vL'L 788 M0 81 0S 1°cs €€T ¥0°¢ L9'1 18°C ds @) €1€9¢€C0 6L
vLS T 1€C 81°¢S 8€0°1 Mo 4! © 'y (743 v6°'¢ 651 SI'o ds d 1018CTI¥80ISYSEE  8LI
€61°T  169°l €6°S 7201 Mo L1 €l Tes (S43 r6'¢ 651 LLO ds 3 10T191+80C6LYEE  LLI
L6S°S SLY'y €6’y 010°1 Mo €l 01 0'¢y (43 r6'¢ 6S°1 080 ds d 106081¥80€19v€E 9L
6vey  LES'I S09 900°1 PIN Ly 0t €¢9 Se r6'€ 65’1 o ds 3| 108€STH80LLESEE  TLI
9€€T Ses’l €TL TL6 Mo 0¢ €l ¥'Te Se v6'¢ 651 99°0 ds dq 10S€61¥80STTSEE 691
oI’ 918 689 766 PIN 134 1 0°¢€T Se ¥6'¢ 6S'1 970 ds g 10CLOTY80TCTSEE 891
110°L TLLT 0S'L TL6 Mo 14 I L'y SLI 86°C IL1 §T0 3| @) 10STTTY80910SEE  LIT
861 00¢ 19°¢ 8¢l Y3ItH vTe Sel 9°¢ 1°6S 88°¢C 091 09°0 dN v 1008LYE808LLTYE 991
99¢ 891 SL'9 Tl yStH L1E 76 1'0 1°6S 88'¢S 091 0€°0 dN v 10879¥€809¢6ThE  S9I
L9T o€l 8y 0v°l PIN 691 78 TS 1'6S 88'S 09'1 6¥°0 ds Vv 10Y0S+€80€€8THE 191
9¢8 394 90°L vl Y3ty 4% 911 4] 0°LS 09°¢ 00'C ¥$°0 ds v 10T0LSE80TSTOPE €91
6LT°1 IS ¥8°¢S SPI°l Mo €T I r'6l 0'LS 09°S 00T ¥0°0 ds v 10¥7SSE8096F0FE 791
6vS°1 v01°C 66'S SLI‘T PN 891 8¢ vyl ¥'8¢ 6L'S €L'1 9¢'1 ds Vv 10L895€806610t€ 191
8LS°1 19¢ STL 191°1 YSItH 81¢ 9¢ 0'CC 0°LS 09°S 00C LT°0 ds v T0¥9LSE8OYLTOYE 091
€161 681°C L09 TLIT PIA 091 1€C (474! €8S 8L'S PLT Sl ds A4 10€69S€80TEEOVE  6SI
$9¢ Ly L SsTl PIN SEl 144 9'v¢C €8S 8L'S SL'T 81°0 d A4 10€8TSE809TEIYE  LSI
¥0S (0187 179 €61°1 PIN 191 1€l 9L 0°LS 09°¢ 00T 18°0 q v T00LSSE8098EIPE  9SI
SLE LLT 08'L 0LI1 PIN €6 144 Sy 0'LS 09°S 00T LY'0 q v 1069SS€80L6TTYE  SSI
9¢9 08¢ €16 681°1 PIA LTl 9¢ 9y 0'LS 09°S 00T ¥¥°0 q v 100095€8089C1¥E €SI
1l L6y 8¢S v1T1 Y3ty 88¢ 651 091 1'6S 88°¢S 091 10 ds v 10€19S€8060L0YE LY
¥€6 L8Y LE'S S0zl yStH 1ce L91 89 S'LS 99°¢ 161 [430) 3| v 10€995€80LL60YE 9P
(i sod (88 GAVN uoneay  ,uwiad (u) () (1y/u1)
Jungg) 002 U! (uadsad) enoge  .issejy  sapg sajis (o) mdap ydap e eale e
Kisuep uonendod adojs 193}) . andas jo eale yaoipeq gy 4 liog eale aiBojoen ealeqns laquinu ajg liseq
uopejndog Jelop  afelany uoneas|a Jisuap Jaqunp snoiniadwy) ofielony -13)eM aBesony abeuleiq

aberany  Wwajshs andag abesany

[8861 Jo wMe(q [BONISA UBOLIOUIY YHON ‘88 JAVN ‘Pu02ds 1od 100 01qNd “09s/1J <youl ““ur <oy 1od your Iy /ur sofru
arenbs ‘1w :syup) pary) duo xaddn YSiy {pIry) S[ppIw ‘PIud {PIIY) SUO JOMO[ ‘MO] “UOIIBIYISSB[O ANSUIP Wd)SAS-013dog JUOWPAlJ UIAYINOS ‘JS JUOWPIJ UWIAYLIOU N U0 I[N PIeAdIg ‘g :BAIR JI50[090)]

PaNUIIU0) —MOJJWea.ls Uo S108))8 WwaisAs andas Jo uonen|eAs 1oy pasn says wWeals Jo weaisdn suiseq Jo sonsusloeleyy -z xipuaddy



Manuscript approved July 29, 2014

Prepared by the USGS Science Publishing Network
Raleigh Publishing Service Center
Edited by Michael Deacon
lllustrations and layout by Caryl J. Wipperfurth

For more information concerning this report, contact:
Director, Georgia Water Science Center

1770 Corporate Drive, Suite 500

Norcross, GA 30093

(678) 924-6700

http.//ga.water.usgs.gov/


http://ga.water.usgs.gov/

Clarke and Painter—Influence of Septic Systems on Stream Base Flow in the Apalachicola—Chattahoochee—Flint River Basin Near Atlanta, 2012—Scientific Investigations Report 2014-5144

http.//dx.doi.org/10.3133/sir20145144

ISSN 2328-0328 (online)



http://dx.doi.org/10.3133/sir20145144

	Cover
	Contents
	Figures
	Figure 1 (pages 4 and 5). Location of Metropolitan Atlanta, Georgia, study area and data-collection sites. See facing page for enlargement of subareas A–D.
	Figure 2. Flowchart showing procedure for evaluating basins with high and low density of septic systems.
[HDS, high density septic; LDS, low density septic]
	Figure 3. Physiographic provinces and districts of the Apalachicola–Chattahoochee–Flint River Basin (modified from Copeland, 1968; Clark and Zisa, 1976; Lietman and others, 1983).
	Figure 4. Elevation in the study area (data from U.S. Geological Survey, 2009).
	Figure 5. Percent slope in the study area (data from U.S. Geological Survey, 2009).
	Figure 6. Geologic areas of northern Georgia (modified from McConnell and Abrams, 1984).
	Figure 7. Stream discharge at USGS site 02334578 Level Creek at Suwannee Dam Creek near Suwannee, GA, and USGS site 02336313 Woodall Creek at Defoors Ferry Road, at Atlanta, GA, September 3–14, 2012.
	Figure 8. Land use in the study area, 2009 (data from Atlanta Regional Commission, 2009).
	Figure 9. Percentage impervious area in the study area, 2006 (see table 1 for data source).
	Figure 10. Average annual surface-water withdrawals and return flows within the upper and middle Chattahoochee, upper Flint, and Apalachicola–Chattahoochee–Flint (ACF) River Basins in the study area, 2010.
	Figure 11. Conceptual diagram of groundwater flow in the vicinity of septic systems, groundwater divides, and streams during dry hydrologic conditions. Septic system includes absorption field. Pipe leakage includes water mains, sanitary sewers, and storm 
	Figure 12. Septic system density in study area, 2012 (see table 2 for data sources).
	Figure 13. Land-use characteristics for basins with high and low density of septic systems in the study area, 2009 (data from Atlanta Regional Commission, 2009).
	Figure 14. Boxplots showing drainage area, impervious area, and topographic and soil characteristics of basins with high and low density of septic systems in the study area.
	Figure 15. Base-flow yield and selected water-quality parameters in the study area, September 10 –13, 2012.
	Figure 16. Intensity of drought in Georgia, September 11, 2012 (modified from Drought Mitigation Center, 2013).
	Figure 17. Daily total rainfall, potential evapotranspiration, and net precipitation at Georgia Environmental Monitoring Network sites at Gainesville, Atlanta, and Roopville, September 2–14, 2012. Net precipitation is the difference between precipitation 
	Figure 18. Boxplots showing base-flow yield and selected water-quality parameters of basins with high and low density of septic systems in the study area, September 10 –13, 2012.
	Figure 19. Base-flow yield and septic system density for basins with high and low density of septic systems in the study area, September 10 –13, 2012.
	Figure 20. Specific conductance and septic system density for basins with high and low density of septic systems in the study area, September 10 –13, 2012.
	Figure 21. Predicted and observed base-flow yield and residuals for multiple linear regression model.
	Figure 22. Base-flow yield by geologic area, September 10 –13, 2012.
	Figure 23. Boxplots showing base-flow yield, drainage area, impervious area, and topographic and soil characteristics of basins by geologic area.
	Figure 24. Boxplots showing base-flow yield and specific conductance by geologic area and septic system density.
	Figure 25. Base-flow yield by subarea, September 10 –13, 2012.
	Figure 26. Boxplots showing base-flow yield, drainage area, impervious area, and topographic and soil characteristics of basins by subarea.
	Figure 27. Boxplots showing base-flow yield and specific conductance by subarea and septic system density.
	Figure 28. Boxplots showing drainage area, impervious area, and topographic and soil characteristics within the 45-meter buffer by septic system density.
	Figure 29. Boxplots showing base-flow yield and specific conductance within the 45-meter buffer zone by septic system density.
	Figure 30. Base-flow yield and basin characteristics of USGS site 02334578 Level Creek at Suwannee Dam Creek near Suwannee, GA, and USGS site 02336313 Woodall Creek at Defoors Ferry Road, at Atlanta, GA (see table 1 for data sources).
	Figure 31. Drainage area and location of USGS site 02334578, Level Creek at Suwanee Dam Road near Suwanee, GA.
	Figure 32. Drainage area and location of USGS site 02336313, Woodall Creek at Defoors Ferry Road, at Atlanta, GA.
	Figure 33. Base-flow separation using the local-minimum method for daily streamflow during January 2011 through September 2012 at USGS site 02334578 Level Creek at Suwannee Dam Creek near Suwannee, GA, and USGS site 02336313 Woodall Creek at Defoors Ferry
	Figure 34. Percentage contribution of base flow to streamflow during January 2011 through September 2012 at USGS sites 02334578 (Level Creek) and 02336313 (Woodall Creek). 
	Figure 35. Base flow contributed by maximum potential septic system percolation and other contributors, USGS site 02334578 Level Creek at Suwannee Dam Creek near Suwannee, GA, January 2011– September 2012.
	Figure 36. Base flow contributed by maximum potential septic system percolation and other contributors, USGS site 02336313 Woodall Creek at Defoors Ferry Road, at Atlanta, GA, January 2011– September 2012.
	Figure 37. Maximum estimated potential septic system percolation rate in the study area.
	Figure 38. Daily mean streamflow at USGS site 02338000 Chattahoochee River near Whitesburg, GA, and USGS site 02344350 Flint River near Lovejoy, GA, and maximum potential contribution from septic system percolation, January 2011–September 2012 (see fig. 1

	Tables
	Table 1. Sources of basin characteristic and population data.
	Table 2. Sources of information and procedures used to estimate septic system locations.
	Table 3. Statistical summary of base-flow yield, and selected water quality parameters, September 10–13, 2012. 
	Table 4. Statistics for multiple linear regression model comparing base-flow yield to selected basin characteristics, 
September 10 –13, 2012 . Includes data from sites with high, middle, and low density of septic systems.
	Table 5. Statistical summary of base-flow yield and specific conductance by geologic area, September 10 –13, 2012.
	Table 6. Statistical summary of base-flow yield and specific conductance by subarea, September 10 –13, 2012.
	Table 7. Statistical summary of base-flow yield within 45-meter buffer zone for areas with high and low density of septic systems, September 10 –13, 2012. 
	Table 8. Summary of streamflow, estimated base flow, and base-flow yield during January 2011 through September 2012 at sites 02334578 (Level Creek) and 02336313 (Woodall Creek). 
	Table 9. Average daily single family residential water use, 2009 (data from Metropolitan north Georgia Water Planning District, 2011).

	Conversion Factors and Datums
	Abbreviations
	Acknowledgments
	Abstract
	Introduction
	Purpose and Scope
	Previous Studies
	Methods of Analysis and Sources of Data

	Description of Study Area
	Physiography
	Geology
	Climate
	Surface-Water Hydrology
	Groundwater Hydrology
	Land Use
	Water Use

	Influence of Septic Systems on  Stream Base Flow
	Distribution of Septic Systems
	Site Characteristics of Study Area Basins
	Base Flow in September 2012
	Influence of Septic System Density
	Influence of Basin Characteristics
	Influence of Geologic Area
	Influence of Subareas
	Influence of Septic System Density in the Riparian Zone

	Base-Flow Analysis of Continuous  Streamflow Data
	Influence of Septic System Percolation on  Base Flow
	Level Creek Basin
	Woodall Creek Basin

	Maximum Potential Septic System  Percolation Rate
	Limitations of Analysis

	Summary and Conclusions
	Selected References
	Appendixes
	Appendix 1. Streamflow, base-flow yield, and selected water-quality parameters during September 10 –13, 2012.
	Appendix 2. Characteristics of basins upstream of stream sites used for evaluation of septic system effects on streamflow.




