
sprinkler timer, a Water-Miser 6-position garden hose 
nozzle and a how to make a rain barrel tip sheet.  In addi-
tion, the buckets distributed to each county also contained 
outdoor conservation tools such as a waterSmart/UGA 
rain gauge, and 100 waterwise landscaping brochures. 

 
Youth Component 

Since youth education is critical to the long term sus-
tainability of conservation implementation, a sub-
committee was formed to develop strategies for reaching 
youth. The youth sub-committee held a staff development 
training with the Environmental Protection Division’s wa-
terSmart staff to preview the Drought in Georgia unit writ-
ten for use with a sixth grade audience.  These materials 
were written by sixth grade classroom teachers and have 
the support of the Georgia Department of Education. The 
Drought in Georgia lessons are correlated to the earth sci-
ence standards of the Georgia Performance Standards. The 
lessons are engaging and useful and can easily be adapted 
for in school club meeting use.   

Georgia 4-H will adopt the Drought in Georgia lessons 
as a curriculum track for use in sixth grade in school pro-
gramming. During our first offering for the Drought in 
Georgia Staff Development session 24 Cooperative Exten-
sion faculty and staff were trained on the material. Each 
person attending the training received a Discovering 
Drought Activity Booklet and a  Drought in GA 
poster/lesson plan for 6th grade. The curricula can be re-
viewed at:  
www.ConserveWaterGeorgia.net/Documents/tools_teache
rs.html 

 
 

RESULTS AND EVALUATION 
 
As of November, 2008, county extension staff had 

submitted 3,382 reports of program activity related to the 
Water Conservation programs into the State reporting sys-
tem.  These activities resulted in more than 261,600 face 
to face contacts with clientele by more than 340 distinct 
personnel in 151 counties. Approximately, 1,740 hours of 
training activities were included with approximately 65% 
of this training targeted to adult populations and 35% tar-
geted to youth. These activities also resulted in 26,000 
hours of volunteer time being contributed and $85,000 in 
in-kind contributions or support.  It is important to re-
member that this reporting system only targets activities 
conduct by Extension personnel and would not include 
those of volunteers or teachers that had been trained 
through extension efforts.  

These activities cover a wide range of delivery prod-
ucts and audiences such as presentations to community 
groups and local officials, rain water harvesting work-
shops for homeowners and landscapers, neighborhood rain 
barrel construction by local 4-H clubs, or working with 

specific sectors such as agriculture and industry to develop 
site specific conservation plans. 

For example, in Oconee County, Georgia, agents re-
sponded with a multi-pronged educational and media out-
reach program that targeted both water use reductions in 
the home and landscape as well as county wide policy that 
will assure prudent water use by all county water system 
users. About 775 youth and adults received face-to-face 
educational programming and methods of conserving wa-
ter in the home and landscape. An estimated 15,000 at-
tended the Oconee Fall Festival and observed the Exten-
sion/Utility Department water conservation booth. In addi-
tion, 42,800 Oconee citizens received media coverage co-
authored by the County Extension Coordinator on water 
saving techniques. Resulting from the Oconee County 
Drought Contingency Committee recommendations, 
stricter enforcement and fines for outdoor water use are 
being implemented. Following Extension and other col-
laborators' educational effort, the Oconee Utility Depart-
ment reported a 41 percent reduction in county water use 
for September and October, 2008. 

Additional evaluation efforts are underway, although 
the results are not available.  Questionnaires have been 
developed to be used with multiple audiences in both tar-
get and non-target counties to analyze the impacts of the 
education and extension efforts. 

 
 

 
 

Figure 1.  Members of the Georgia Water Banner Pro-
gram Task Forces at an Extension In-service Training. 

 
 

CONCLUSIONS 
 
The extension water banner program task force is an 

excellent example of using our existing in-state network to 
deliver critical information in a timely manner.  By work-
ing through Extension, the state rapidly mobilized an edu-
cation effort that reached almost every county in Georgia.  
While evaluation data is still being collected and the pro-
grams are on-going, the success is evident in terms of the 
numbers of individuals reached and the impacts at the lo-
cal level. 
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Abstract Teams of Master Gardener coordinators, 

Extension agents and specialists from Georgia, Alabama 
and South Carolina met and pooled their resources to 
develop an advanced training for Master Gardener (MG) 
volunteers on urban water issues. The training, “Advance 
Concepts in Water Smart Landscape Design,” includes 
many aspects of watershed management not generally 
covered in MG training, such as non-point sources of 
water pollution, the effect of impervious surfaces and 
infiltration on water quality, the role of sediment as a 
pollutant, and assessing stream habitat and water quality. 
Each state team developed one, 2.5 hour training and 
delivered it to over 250 MGs spread out in 22 locations in 
four states. The trainings were presented using internet-
based “live classroom” technologies. Extension 
professionals in each location developed hands-on 
afternoon activities, assuring the trainings were locally 
relevant and encouraging active participation in the 
teaching process. MG volunteers often deal directly with 
home owners and home owner activities have a significant 
impact on both water quality and quantity in urban 
watersheds. MG volunteers will deliver this information to 
homeowners and others in their communities as they make 
presentations, answer questions and attend public gardens. 

 
 

INTRODUCTION 
 
As human populations increase and agent numbers 

remain the same or decline, urban agriculture agents must 
develop resources to serve ever increasing numbers of 
urban clientele.  The Master Gardener Volunteers are 
perhaps the most innovative and vibrant resource to 
expand urban agriculture education and outreach efforts.  

The Master Gardener (MG) program began in 1972 in 
Washington State (Grieshop, and Rupley, 1984).  
Teaching, Research and Extension faculty from land-grant 
universities and Extension professionals teach MG 
training classes in order to develop educated volunteers.  
A state coordinator oversees the program.  Extension 
professionals at the local level recruit, manage, schedule, 
and coordinate individual programs.  The volunteers must 
give 50 hours of volunteer service to Cooperative 
Extension in order to receive their certificate.  To remain 

an active member, they must volunteer for 25 hours a 
year.  The program is available in all 50 states and 
Canada. 

MG volunteers differ from other home gardeners in 
their special training in horticulture and their willingness 
to educate others.  They are uniquely positioned to deliver 
water quality information and resources to homeowners.  
They are active in their communities and are well 
respected.  Not only do MG volunteers deal with the 
public in their capacity as volunteers for Extension, but 
they also apply what they learn in their home, 
neighborhood, and community, exponentially expanding 
educational resources for landscape information.  A study 
by O’Callaghan and Robinson (2005) found that 92% of 
153 survey respondents stated they were neighborhood 
resources.   

As volunteers for Extension Services, MG volunteers 
answer office telephones, make site visits, give 
educational programs, write articles and perform many 
other outreach functions for agents (Figure 1).  In 2007 the 
Master Gardeners volunteered for 143,200 hours in 
Alabama, 193,000 hours in Georgia, and 50,000 hours in 
South Carolina, (personal correspondence, K. Smith, M. 
Fonseca, and T. Davis).  The roll of MG volunteers 
becomes even more important as the population of 
homeowners grows each year.  

 
 

 
Figure 1. Information flows to homeowners as Master 
Gardener volunteers perform their routine activities. 

 



MATERIALS, METHODS, AND RESULTS 
 

This project was coordinated by the UGA Center for 
Urban Agriculture.  In December of 2007, teams of MG 
coordinators, agents and specialists from Georgia, 
Alabama and South Carolina met to pool their resources to 
develop an advanced training for MG volunteers on urban 
water issues. The goal of this training was to define the 
landscape’s impact on water in the watershed and 
empower MG volunteers to think beyond the yard, to local 
streams, and ultimately, to the watershed. The objectives 
were to: 
• •Create an advanced training in water issues 

curriculum.  
• •Expand the knowledge of MGs from the home 

landscape beyond the boundaries of county and state 
to the watershed.  

• •Team-teach the course in Alabama, Georgia, and 
South Carolina using internet education technology. 

• •Supply teaching and demonstration resources to 
accompany the training.  

• •Empower MG volunteers and agents to educate 
homeowners of their impact on watersheds, nonpoint 
source pollution, water quality, and water quantity. 

The development team from South Carolina created 
the first training entitled “Landscape Planning and 
Design”.  Designed as a review and to assure a baseline of 
knowledge among volunteers in the three states, the 
lecture covered the seven steps of waterSmart landscape 
design.  It also covered the ‘waterSmart retrofit’, 
presenting ideas volunteers may use to switch a landscape 
with many high water-use areas to one with fewer.  The 
Georgia team developed the second training, “The Finer 
Points of Landscape Design”.  This training focused on 
the identification of landscape pollution sources, their 
transportation and treatment, infiltration and impervious 
surfaces, irrigation audits, rain gardens and rain 
harvesting.  The Alabama team developed the third and 
final day of training entitled “Making the Connection: Our 
Landscape, Our Stream, Our Watershed”.  This training 
taught volunteers to indentify healthy streams, focusing on 
visual, chemical, physical, and biological stream 
assessment.  Volunteer opportunities were also discussed. 

The groups participated in a wide variety of afternoon 
educational activities.  They designed rain gardens, 
designed waterSmart landscape retrofits, did irrigation 
audits, made rain barrels, assessed stream health, and 
many other activities. 

All trainings were conducted using Internet Distance 
Education Technology.   This technology allows a single 
educator or a small group of educators to make live 
presentations to volunteers via the internet.  It reduces 
travel costs and can be used to reach many small groups 
simultaneously, compounding the impact of the 

educational efforts.  Both Adobe Connect and Horizon 
Wimba Live were used.  Local agents hosted the trainings 
which were located in libraries, county offices, and other 
meeting rooms. All agents participating in the project had 
access to UGA webCT.  The development teams placed 
resources for afternoon, hands-on training sessions 
organized by agents on the classroom site.   Participating 
agents developed afternoon activities that complimented 
their programs and/or met local needs or interests.   

Pre- and post-training evaluations of subject 
knowledge were created by development teams and 
implemented across the region.  Over 250 MG volunteers 
were trained in the four states which participated 
(Georgia, Alabama, South Carolina and Tennessee).  This 
paper will focus on the results of trainings held within 
Georgia. The trainings were presented in 11 locations 
throughout the state.  Group size varied from 4-35 
volunteers.  All groups were more knowledgeable about 
the subject matter after each training (Table 1).  

 
 

Table 1.  Results of pre-training (Pre) and post-
training (Pos) evaluations given to groups of Master 
Gardener volunteers (n=number of participants) in the 
locations listed.  
 

Locations 
(county) 

Landscape 
planning and 

design 

Finer points of 
landscape design 

Our landscape, 
our stream, our 

watershed 

 n Pre Pos n Pre Pos n Pre Pos 

Richmond 35 66 88 30 62 85 31 70 10
0 

Clark 10 75 82 11 68 85 10 74 84 
Forsyth 28 75 91 28 69 94 26 78 98 
Houston 11 71 83 10 67 86 8 73 88 
Gwinnett 23 70 82 25 77 88 25 78 95 
Cherokee 23 76 82 20 66 85 16 74 91 
Muscogee 25   22 65 87 17 75 90 
Coweta 20 76 80 20 68 87 18 71 93 
Chatham 19 67 79 14 55 80 11 74 84 
Whitfield 4 67 95 4 63 80 4 85 98 

Carroll 8 70 93 7 60 81 31 70 10
0 

Total 206   191   166   

Weighted 
average  71 85  66 87  74 94 

 
Participants were asked “How many homeowners do 

you normally assist with landscape questions each year?” 
They reported a total of 9319 homeowners and estimated 
that 6856 of these homeowners would benefit from this 
training.  Participants were also asked if they would 
change something they were doing as a result of this 
training.  Virtually all intended to modify a landscape 
practice they were using and recommending.  These 
practices included changing the direction of gutter spouts, 
washing the car over turfgrass, installing drip irrigation, 



monitoring silt in a local stream, and getting involved with 
Adopt-A-Stream.   
 

 
CONCLUSIONS 

 
With the coordination of the UGA Center for Urban 

Agriculture, the participating state teams were able to 
successfully pool their knowledge and develop a training 
that would have been more difficult for any of the 
participants to do alone.  The Internet Distance Education 
Technologies were successful in reaching both small and 
large groups throughout the states.  Participants’ increased 
their knowledge of urban water issues and clearly 
indicated they would use this knowledge in their volunteer 
activities and personal activities. 
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    Abstract.    The Lower Flint River Basin is one of the 
most ecologically rich river systems in Georgia. The Flint 
River Basin Program is a conservation partnership 
between the Flint River Soil and Water Conservation 
District, the USDA Natural Resources Conservation 
Service and The Nature Conservancy. The objective of 
the program is to help farmers conserve water. 
    The irrigation water management practices supported 
by the program include irrigation retrofits, variable rate 
irrigation (VRI), remote soil moisture monitoring and 
conservation tillage. Since 2003, these practices have 
conserved more than 10 billion gallons of water. 
    In 2004, the program assisted in the deployment of 22 
VRI systems in south Georgia. VRI conserves water by 
mapping crop acres and defining irrigation patterns 
according to soil type, slope and hydrology. In 2005, the 
program deployed an 100 square mile wireless broadband 
telemetry network to provide connectivity to 17 center 
pivot irrigation systems covering 2,467 crop acres. The 
network supplied each farm with Internet access to 
monitor pivot activity via omni–directional cameras 
mounted to the boom and schedule irrigation based on 
real–time soil moisture readings recorded by wireless 
sensors in the field. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    In 2008, the program received a Strategic Agricultural 
Initiative grant from US EPA to implement a new sod 
based rotation conservation practice on working farms. Sod 
based rotation incorporates rotations of perennial warm 
season grasses into row crop systems. The benefits of this 
practice include water conservation, carbon sequestration 
and reductions in the use of agricultural inputs such as 
fertilizers, pesticides and fuel. 

 



Figure 4 shows the amount of cold-pool change for 25 
years of observations. It is worth noting that the fraction 
of release from the cold pool affects the cold storage by 
heat exchange. For example, if we assume that only 90% 
of the release was from the cold storage and the rest was 
from the warmer layer, then the loss of cold storage by 
heat exchange was about 250,000 AF in 2004. 

Projections of cold pool depletion can be made using 
this formulation. For example, Lake Lanier experienced a 
decline in total storage of 340,000 AF from June 1 to No-
vember 30, 2007 (from a surface elevation of 1067.2 to 
1051.8 ft). The total loss of cold pool storage could be 
approximately 600,000 AF, assuming a worst-case loss by 
heat exchange of 200,000 AF. 

In the early summer of 2007, the top of the cold pool 
lay at approximately 1030 ft. If 600,000 AF of total cold-
pool loss were experienced, the top of cold pool at the end 
of fall could be at approximately 984 ft. This would be a 
mere twenty feet above the penstock elevation. 

Over the last three decades, the cold pool tended to lie 
between 30 and 80 ft below the lake surface, with an aver-
age depth of 41 ft. If Lanier had a lower surface elevation 
(e.g. 1050 ft) in early summer of 2007, then the top of the 
cold pool would be at 955 ft toward the end of fall. This 
assumes that the reservoir would lose the same storage 
volume, and the cold pool starts the summer at 41 ft below 
the surface. If this had been the case, then the cold pool 
would be nearly exhausted, and releases from the warmer 
pool would constitute a large fraction of the total release, 
potentially causing devastating harm to the fish hatchery 
and the trout fishery in the Chattahoochee River down-
stream of Lake Lanier. 
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Figure 4. Change in cold-water storage due to heat 
exchange. 

CONCLUSIONS 
 
Increased utilization of reservoir storage during pro-

longed droughts may have unintended environmental and 
economic consequences. While reservoir management 
strategies have been developed for maximizing social and 
environmental benefits, these policies are only optimal if 
all appropriate impacts have been identified. This paper 
presents data and analyses that indicate that important 
downstream aquatic habitats could be adversely affected if 
appropriate reservoir management actions are not consid-
ered. 

Specifically, we show that the depletion of the cold-
water pool within the hypolimnion of Lake Lanier has the 
potential for exceeding maximum tolerable water tem-
peratures for fish species below Buford Dam. Because the 
volume of cold water within the reservoir is finite, low 
lake levels coupled with increased discharges during 
droughts may diminish the volume of cold water within 
the reservoir to the point where elevated thermal dis-
charges from the reservoir could reach lethal levels, caus-
ing significant diminution in fish populations, as well as 
the number of river miles with suitable habitat for cold-
water fish. 

A water-budget analysis was used over a 25-year pe-
riod from 1980 to 2008 (with three missing years due to 
insufficient sampling) to estimate the loss of the cold-
water pool. The calculated loss using the water budget 
was compared to observed changes in cold-water volume 
using lake water temperature measurements, and shown to 
substantially differ in some years. This discrepancy is at-
tributed to heat losses (or gains) due to thermal exchanges.  

In worst-case scenarios, the combination of low lake 
levels and elevated discharges could result in elevated 
temperatures of lake releases in the fall, (therefore, threat-
ening the unique fisheries habitat downstream of Buford 
Dam.) 
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Abstract: The Georgia Soil and Water Conservation 

Commission (GSWCC) is charged with coordinating the 
operation and maintenance of 357 USDA/Soil and Water 
Conservation District sponsored watershed dams in 
Georgia.  A majority of these dams were built during a 
program that began in 1957 that encouraged the 
construction of watershed dams designed to serve as 
sediment traps and to provide flood protection for 
agricultural lands in what was once considered to be rural 
Georgia.  Most of these watershed dams are maintained 
and operated by soil and water conservation districts.  In 
a few cases, cities or counties have the responsibility to 
operate and maintain the structures.  GSWCC, in 
coordination with the USDA Natural Resources 
Conservation Service (NRCS), completed a study by a 
private engineering firm to assemble data that established 
viability for municipal and industrial (M&I) water supply 
for an abbreviated list of 166 of the 357 watershed 
structures. This data included a preliminary analysis of 
yield potential of the watershed structures and associated 
stream, and dam proximity to existing surface water 
intake.  Environmental issues included trout water, 
threatened and endangered species, wetlands impacted, 
streams impacted, and potential impacts to cultural 
resources. Ultimately 20 dams were selected for detailed 
water supply assessments. Each assessment included a 
detailed analysis of yield potential for the structures to 
include use as pump storage facility, an estimate of 
current and future water demand based on population 
projections, and the identity and quantity of 
environmental issues. Detailed cost estimates addressed 
construction costs, costs associated with the mitigation of 
environmental impacts and costs for land rights required 
to secure ownership of these dams.  

 
 

EXECUTIVE SUMMARY 
 
GSWCC in partnership with NRCS and the Georgia 
Environmental Protect Division (GAEPD) evaluated 
flood control dams designed and constructed under 
Federal laws PL 544 and PL 566, to determine which 
structures could be modified to serve as water supply 
reservoirs. 

In excess of 350 dams were constructed under the 
federal watershed program, implemented in 1957. These 
dams were principally designed and constructed to serve 
as sediment traps and to provide flood protection for 
agricultural interests in rural areas. However, many of 
these dams are now in or adjacent to urban areas where 
flood control is even more relevant, and the demand for 
water is exceeding supply.  

GSWCC, with assistance from NRCS and GAEPD, 
performed an initial assessment of the 357 watershed 
dams. Initials assessments were based upon the 
structures’ proximity to heavily developed urban areas, 
and drainage basin or watershed area. If the watershed 
contributing runoff to the structure was less than 4 square 
miles (2,560 acres), or the dam was located near a dense 
urban environment, the structure was eliminated as a 
viable candidate based on low yield potential or the 
likelihood of not being able to readily acquire land for an 
increase in pool area. Based upon the above criteria, 191 
structures were determined not to be viable candidates as 
water supply reservoirs. 

GSWCC retained the professional services of the 
project team of Schnabel Engineering South, LLC 
(Schnabel), Jordon Jones and Goulding (JJG), Joe Tanner 
and Associates, and Tommy Craig to further evaluate the 
remaining 166 structures (Figure 1) based upon 
environmental impacts, infrastructure impacts, and 
potential yield. Twenty dams that were identified as 
having a relatively high potential for yield, relatively 
moderate potential for environmental or infrastructure 
impacts, and located in areas in serious need of water, 
were selected for more detailed studies. 

 
 

PREFACE 
 

The results of the analysis presented were based upon 
United States Geological Survey (USGS) quadrangle 
maps and should be utilized for planning purposes only. 
If any of the subject projects were identified as having a 
possibility of progressing past this analysis, additional 
studies are required. These studies should include, but 
not be limited to, detailed environmental evaluations, 
detailed yield analyses, preliminary engineering design, 



and detailed cost estimating. These additional studies will 
be required prior to beginning detailed design work 
and/or land acquisition. The level of study presented 
should be considered as a screening tool to evaluate the 
project strengths and weaknesses relative to other 
projects. Until further studies are performed, actual yield 
and environmental factors associated with each project 
cannot be readily determined. 
 
 

DESCRIPTION OF STUDY 
 
Evaluation Factors/Methodology 

GSWCC initiated this study in an attempt to 
determine which, if any, of the 357 watershed projects 
located throughout the state could be modified to serve as 
water supply reservoirs. Most of the watershed projects 
were constructed in the upper reaches of the watersheds. 
Therefore, the safe yield or the amount of water that the 
reservoir and associated drainage basin could supply in a 
drought would be limited. The remaining 166 projects 
were further evaluated by the consultant team of 
Schnabel and JJG based upon environmental impacts, 
infrastructure impacts, and potential yield. The purpose 
of the further evaluation was to identify 20 projects that 
had a relatively moderate potential for environmental and 
infrastructure impact while still providing a safe yield in 
an area of the state that was in need of a sustainable 
water supply.  

 
 

 
 
Figure 1.  Potential Water Supply Reservoirs 
 
 

DECISION MATRIX 
 
The study team’s approach to analyzing the 166 dams 
consisted of developing a matrix where multiple 

parameters could be weighted so that impact of 
individual parameters could be determined. The 
weighting of individual parameters allowed the study 
team to evaluate which of the parameters impacted a 
project’s potential to become a water supply reservoir. 
The matrix included the following: 

• Safe yield 
• Time to refill reservoir 
• Number of structures 
• Number of streets 
• Cultural resources 
• Historic structures 
• Trout streams 
• Warm water streams 
• Impaired streams 
• Open water wetlands 
• Other wetlands 
• Distance to downstream water intakes 
• Endangered flora 
• Endangered fauna 
• Endangered communities  

 
 

ENGINEERING FACTORS 
 
The following assumptions or boundary conditions were 
established in an attempt to provide evaluation equity 
between the projects: 

1. The maximum top of dam elevation would be 
selected such that only one saddle dam with a height 
of no more than one contour interval would be 
required. Contour intervals ranged from 20 to 40 
feet, depending on the region of the state. Dams were 
raised between 0 feet and 465 feet. 

2. The maximum top of dam elevation could not impact 
major infrastructure projects such as U.S interstate 
highways, hospitals, schools, or military bases. 

3. The normal pool of the reservoir was established by 
providing the same volume of flood storage (acre-
feet) to the raised reservoir as was provided in the 
original design. 

4. Pump storage would be considered for a project if a 
stream within two miles of the existing dam had a 
contributing watershed area of at least 50 square 
miles. 

 
 

TOP OF DAM CONTOUR 
 

The process of developing the maximum dam height 
began with delineating the drainage area of each dam. 
The contours were traced as polygon features at each 
contour interval from the normal pool of the existing dam 



increasing in elevation until the contour line crossed the 
drainage area boundary, indicating that impounded water 
would overtop the watershed boundary. 

The footprint of the raised dam was also developed 
within ArcGIS.  A 3.5 horizontal to 1 vertical slope was 
projected downstream from the centerline of the dam to 
form a polygon of the downstream slope of a dam 
embankment at its maximum height.  This slope was 
considered to be a conservative estimate that includes the 
typical 3H:1V slope of the embankment plus berms and 
the top of the dam.  The results were summarized and 
included in a Microsoft Access database. 

 
 

IMPACTED FACILITIES 
 

The number of buildings impacted was estimated by 
digitizing the structures (Figure 2) that fell within the 
contour lines using aerial photographs obtained from 
ESRI’s Online Services Beta Program.  Most of these 
aerial photos are seamless color mosaic from various 
sources including 2-foot imagery for metropolitan areas 
and USDA NAIP and USGS enhanced DOQQ photos for 
all other areas. Dates of the aerial photos for Northern 
Georgia range from 2004-2006. 

 
 

 
 
Figure 2.  Structures Potentially Impacted by 
Increased Reservoir Storage 

 
 

YIELD ANALYSIS 
 
Reservoir safe yield is generally defined as the reliable 
withdrawal rate of acceptable quality water that can be 
provided by reservoir storage through a critical drought 
period. While total water demands during a defined 
drought condition are usually less than normal, this 
situation is typically offset by higher than average 
demands prior to the clear definition of a drought 
condition. Safe yield is dependent upon the storage and 
hydrologic (rainfall/runoff/evaporation) characteristics of 
the source and source facilities, the selected critical 
drought, upstream and downstream permitted 
withdrawals, and the minimum in-stream flow 
requirements. 

For the initial phase of yield assessments, the safe 
yield of the 166 dams was estimated as follows. The 
study area was divided into six hydrologically-similar 
regions, with a representative stream gage selected for 
each region. Similar regions were initially identified as 
those having similar average annual runoff (as presented 
on Plate 1 of Storage Requirements of Georgia Streams, 
USGS Open-File Report 82-557), and subsequently by 
graphing unit discharge (cfs per square mile of drainage 
area) of daily gage data for several streams in each area.  
Of these, a representative stream gage was selected in 
each region based on length of record, drought periods 
reflected in the records, absence of significant in-basin 
withdrawals, and input from GAEPD. The various 
regions are presented in Figure 3, and the representative 
gages are presented below in Table 1.  

The yields presented in this report should be 
considered approximate. All yield calculations are based 
on topographic information from USGS quadrangle 
maps, which can have an appreciable effect on real 
reservoir storage volumes. 

 
 

 
 

Figure 3.  Hydrological Regions 
 



 
Table 1.  Selected USGS gages for six study regions 
 

Region USGS gage Record 
Period 

1 02333500 Chestatee River 
Near Dahlonega, GA 

April 1940 - 
Present 

2 02217000 Allen Creek at 
Talmo, GA 

Aug 1951 - 
Sept 1971 

3 02382200 Talking Rock 
Creek near Hinton, GA 

Nov 1973 - 
Present 

4 02412000 Tallapoosa 
River near Heflin, AL 

July 1952 - 
Present 

5 02193500 Little River near 
Washington, GA 

Oct 1949 - 
May 1971 
May 1989 - 
Present 

6 02227500 Little Satilla 
River near Offerman, GA 

Feb 1951 – 
Present 

 
 

DESIGN ASSUMPTIONS 
 

1. Dead storage of 20% of gross reservoir storage was 
incorporated to allow for sediment storage and poor 
water quality in lower reservoir strata. 

2. Water supply storage for expanded reservoir sites 
(including dead storage) was estimated by 
subtracting existing flood and surcharge storage 
(between normal pool and top of dam) from 
maximum computed storage at top of proposed 
raised dam. 

3. There was no consideration of upstream or 
downstream withdrawals in the initial assessment. 

4. For dam sites, minimum in-stream flow (MIF) of 
30/60/40% average annual flow (AAF) was used. 

5. For pumped-diversion sources, minimum in-stream 
flow of 30% AAF was used. 

6. Evaporation loss was based upon net historical 
evaporation rates. Lake evaporation was assumed to 
be equal to 70% of pan evaporation during each 
month. Generalized reservoir shape parameters 
reflective of each region’s physiography were 
incorporated into each model. 

7. Direct drainage area ratio of gauging station to dam 
and pumped diversion drainage areas was applied to 
flows. 

8. For sites considered as pumped-diversion projects, 
pump capacity was generally assumed to be in the 
range of 0.2 to 0.5 mgd/mi2 of diversion drainage 
area, and typically did not exceed 1.7 times to 2.5 
times the safe yield of the project. Pumped 
diversions in the model were bounded by pumping 
capacity and diversion MIF requirements. 

9. Total seepage losses would be less than the MIF 
requirements and, therefore, did not need to be 
separately considered. 

10. For the dam to be considered as a pump storage 
scheme, a large stream had to be within 2 miles of 
the existing dam and have a drainage area of at least 
50 square miles. 

 
The attainable safe yield during the analyzed period 

was found by iteration of the daily mass balance 
equation: 

 
Ending Storage = (Beginning Storage) + (Natural 
Inflow) + (Pumped Inflow) – (Water Supply) – 
(Evaporation) – (MIF) 

 
*Note pumped inflow only applied to pumped-storage 
projects. 
 
 

SAFE YIELD 
 

Incorporating the above assumptions, the safe yield of 
each site was computed. Table 2 demonstrates an 
example of the results of the on-stream safe yield 
analysis.  

The table presents the names of the dams with safe 
yield and refill time. In addition, notes are included in the 
table to denote special conditions encountered in the 
analysis. For example, for many sites the refill time of 
the reservoir extended more than 8 years, preventing 
refill from the 1999-2001 drawdown and thereby 
extending into the present drought. In many of these 
cases, the safe yield was estimated based on simulated 
reservoir drawdown through September 2007. The 
continuation of the drought could cause reduction in safe 
yield for the assumed conditions. 

 
 

PUMP-STORAGE ANALYSIS 
 
The results of the pumped-storage yield analyses are 
presented in Table 3. In addition to the data presented in 
this table, other information was also tabulated, including 
diversion drainage area, straight-line distance to the 
diversion source, and pump capacity. These initial 
analyses did not incorporate spillway sizing for the 
probable maximum flood, nor did they account for 
upstream and downstream withdrawals at the diversion 
source. The tabulated values represent maximum values 
that will likely be reduced in subsequent detailed safe 
yield analyses. 
 

 




