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Abstract. The proximity of the Upper Etowah River
watershed to such a vast urban and urbanizing area
(Atlanta,
Georgia)
makes
proactive
watershed
management essential because there is critical need to
balance water and wastewater demands with efforts to
maintain and enhance overall ecological conditions. The
monitoring program is intended to be comprehensive, help
address multi-jurisdictional watershed management
objectives, and focus on ecological condition at multiple
spatial scales. Therefore, the purpose of this project is the
development of a valid and technically defensible, longterm monitoring design for the Upper Etowah River
watershed. The Lake Allatoona/Upper Etowah River
Watershed Partnership specified a list of management
objectives and questions that the data gathered under the
monitoring program should address. The set of objectives
required an approach that incorporates sites selected based
on expected problems or issues (targeted), as well as sites
from which data could be aggregated for assessments at
broader spatial scales (probability-based). The resulting
network design is a set of sites that will, in part, be
sampled annually; intermittently; and as part of a regular,
rotating-basin schedule. Constituents to be sampled
include selected laboratory and field chemistry, various
aspects of flow and physical habitat quality, benthic
macroinvertebrates, and fish. Over a 6-year period, these
data will be gathered from approximately 400 locations
throughout the upper basin. Implementation of the
program will require training, tracking of data quality
characteristics, and performing analyses focused on
answering, with known confidence, the stated objectives
of the program.

Atlanta, land cover in the drainage area is predominantly
forested. However, there are dense residential and
commercial areas in the watershed near Woodstock,
Roswell, Marietta, and Canton. The area is located within
the region of north Georgia that is experiencing rapid
development and population growth from the expanding
Atlanta Metropolitan Area. It is this growth that is posing
a significant threat to the environmental quality and
ultimate economic sustainability of the water resources of
the area. There will be an ever-increasing need to balance
water resources protection while allowing for smart
economic development in the local communities.
The Lake Allatoona/Upper Etowah River Watershed
Partnership has been formed with the United States Army
Corps of Engineers (USACE), Mobile District to assist in
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The Lake Allatoona/Upper Etowah River Watershed is
located in northern Georgia, northeast of Atlanta (Figure
1). The drainage area covers 1,120 mi2 that is bounded on
its downstream end by Lake Allatoona and upstream end
by the Tennessee Valley Divide on the Blue Ridge
Mountains near Dahlonega, Georgia. Although most of
the watershed is within a 50-mile radius of downtown
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Figure 1 Location of the Upper Etowah River
watershed, Georgia.

the development of a comprehensive watershed protection
plan for the area. The partnership includes the following
Local Sponsors: Bartow County, Bartow County Water
Systems, Cherokee County, Cherokee County Water and
Sewerage Authority, Cobb County-Marietta Water
Authority, Cobb County, Cobb County Water System,
Dawson County, Etowah Water and Sewer Authority,
Forsyth County, Forsyth County Water and Sewer
Authority, Lumpkin County, Lumpkin County Water and
Sewerage Authority, Pickens County, and Pickens County
Water Authority.
The ultimate goal is to produce a WPP for the entire
Lake Allatoona/Upper Etowah River Watershed
regardless of geo-political boundaries. The WPP will be
used to guide management decisions in the watershed to
protect water resources. The WPP is comprised of two
key components: the Watershed Assessment (WA) and
the Monitoring Plan (MP). The MP will lead the
collection of data for the WA, which provides the
technical basis for the WPP. Each forms the core for the
subsequent step, ultimately leading to appropriate adaptive
management strategies. The overall design specifically
addresses the MP objectives, strategy, and requirements to
develop a sound WA.
MONITORING GOALS, OBJECTIVES, AND
NETWORK DESIGN
The overall purpose of this monitoring program is to
provide credible data, and valid, defensible results, to
address objectives specified by the local sponsors, which
include questions related to status and trends of stream
and
watershed
ecological
condition;
problem
identification; documentation of the relationship among
stressor sources, stressors, and response indicators; and
evaluation of environmental management activities.
Sampling and assessment will address questions of water
quantity, water quality, and ecological condition at
multiple spatial scales. The water quantity monitoring
will provide data on flow and volume into Lake
Allatoona; monitoring of water quality constituents, in
combination with flow data, is intended to address
question of pollutant loadings (in particular, phosphorus)
and specific regulatory requirements; the ecological
monitoring will provide an unbiased estimate of water
resource quality (that is, not based on the spatial
arrangement of known problems or stressor sources). In
line with recommendations by the National Research
Council (NRC 1990, 2001) and the directive of the Clean
Water Act of 1972 (U. S. GPO 2001), the design is also
intended to meet the State of Georgia’s goal of
comprehensive watershed monitoring and management
and planning (DeMeo and Kundell 2001). The set of
objectives required that an approach be used that

combined results from sites selected based on expected or
known problems or issues (targeted), as well as those from
which data could be aggregated for assessments at broader
spatial scales (probability-based). Targeted assessments
are intended to provide information on known “hotspots”
or stressor sources and effects (Freeman et al. 2002
[draft]), such as point source discharges, new or ongoing
land cover conversions, or (potentially) locations of
threatened and endangered species. Assessments using
stratified, probability-based sampling site networks can be
used to address questions at multiple spatial and temporal
scales, including watershed-wide (Larsen 1997, Urquhart
et al. 1998).
To perform the selection of station locations and
determine various monitoring activities, the watershed
was divided into Hydrologic Unit Codes (HUCs), a
standard defined by the US Geological Survey, which
provides a spatial framework useful in organizing
geographic and other environmental information. The 10digit HUCs and, the smaller in size 12-digit HUCs, were
used in the MP to locate sampling sites according to the
three major components: water quantity, water quality,
and water resource quality (biological and physical
habitat).
The goal of the water quantity monitoring is to measure
the volume and timing of water flow to the Etowah River
and Lake Allatoona from surrounding drainage basins.
The 10-digit HUCs were used as the spatial scale to
examine the percentage of the watershed that is currently
being measured. Based on the existing four USGS gages
and the five installed by the counties from July-August
2004, approximately 80% of the watershed is being
monitored. It is proposed that three new sites be added to
quantify 90% of the watershed. The additional sites will
cover three large 10-digit HUCs, which currently are not
monitored. All gages would provide a continuous record
of water surface elevation and flow.
For the water quality monitoring, the goal is to
determine pollutant loadings into the Etowah River and
Lake Allatoona. Calculation of pollutant loading requires
measurement of both continuous water quality and, at
least monthly water chemistry (grab sampling). Water
quality monitoring involves measuring in situ parameters
such as water temperature, pH, dissolved oxygen,
conductivity, and turbidity. Water chemistry will involve
laboratory analysis of grab samples for constituents such
as nutrients, BOD, metals, and sediment. Three wet
weather sampling sites were positioned based on land
cover, one in each of the following: forest, agriculture, and
urban. There are eighteen §303(d)-listed streams in the
Upper Etowah River Watershed that will be monitored for
fecal coliform and Escherichia coli (E. coli) on a quarterly
basis.

The ecological condition of a waterbody is determined
by sampling and analysis of one or more components of
the aquatic community, and comparison to that of similar
waterbodies minimally exposed to physical, chemical, or
hydrologic stressors; it also includes some understanding
of the five categories of environmental factors that can
affect the survival and reproduction of aquatic organisms:
biotic interactions, energy sources, chemical variables,
habitat structure, and flow regime (Stanford and Ward
1992, Karr et al. 1986). Assessment of ecological
condition for this program will include sampling and
analysis of biological response indicators (benthic
macroinvertebrates) and potential stressors (physical
habitat quality, rapid geomorphic assessment, and selected
field chemistry). Field sampling and data analysis
methods will follow those of Georgia EPD, and Gore et al.

be aggregated to a mean biological index score (with
known confidence). Following Year 1, a 5-year rotating
basin design will result in ten or eleven 12-digit HUCs
being sampled per year (approximately 53 sites). To
develop the basis for a watershed-wide assessment during
the first year of the program, one site per 12-digit HUC
was randomly selected from each of the 53 units. Because
there are usually multiple stressors that affect biology, and
each site is unique, water quality and chemistry data will
be collected at each site where water resource quality data
are collected during Year 1. Table 1 summarizes the
number of sites that will be sampled on an annual basis for
water quantity, quality, and resource quality.
The long term monitoring portion of this program, will,
in part, allow confirmation (or adjustment) of assessment
results from the Year 1 sampling and analyses. It also

Table 1 Summary of the number of sites to be sampled in the watershed over a 6-year period.
Year 1
a

Water Quantity
Water Quality b
Water Chemistry c
Ecological Condition d
Stratified random
Targeted
Total No. Sites

Number of Locations
Year 2
Year 3

Year 4

Year 5

Year 6

12
68
72

12
75
19

12
65
19

12
65
19

12
70
19

12
65
19

53
11
72

60
79

50
11
69

50
69

55
11
74

50
69

a - flow and volume; b - DO, pH, temperature, conductivity, turbidity; c - nutrients, BOD, metals, sediment; d - biology,
physical habitat, geomorphology

(2004 [draft]). Although fish will not be sampled as part
of this program, assessment results based on sampling of
the fish assemblage by GAEPD (Shaner and Biagi 1999
[draft]) will be used as supplemental indicators. Because
there is substantial natural variability in stream and
watershed ecosystems, understanding of these factors at
numerous locations across the entire watershed is
important to confidently predict change. Using biological
data previously evaluated for these ecoregions (Gore et al.
2004 [draft]), statistical power analysis revealed that five
samples/sites per 12-digit HUC are necessary to meet the
programmatic data quality objectives (ability to detect a
30% change in mean biological index score [sensitivity],
80% of the time [power], with 95% confidence
[uncertainty]). To allow the entire watershed to be
assessed, a random network design was chosen, and
stratified by 12-digit HUC and stream order. Thus, five
wadeable stream sites were randomly chosen within each
12-digit HUC, and further stratified among stream orders.
Assessments from all sites within each 12-digit HUC will

provides an increased likelihood that individual sampling
sites will be located on specific streams or subwatersheds
for which data needs are currently unknown. The
component of this program focused on ecological, thus,
will be comprised of sampling approximately 53 sites per
year over a 6-year period (318 total) throughout the
watershed. Ecological condition will also be evaluated for
11 sites targeting the effects of new and ongoing
municipal development activities and to fill potential gaps
in a gradient of land cover conditions. Implementation of
the monitoring program will require training, tracking of
data quality characteristics, performing analyses focused
on answering programmatic objectives, customization of a
data management system to the data and their required
uses, and coordination with ongoing activities of
organizations such as the USEPA Region 4, GAEPD, the
USGS, the University of Georgia, U. S. Fish and Wildlife
Service/Habitat Conservation Plan, and The Nature
Conservancy, and long-term monitoring by the local
counties.
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